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THE GOLDEN GATE BRIDGE, 
SAN FRANCISCO. 


By Currrorp E. Pare. 








tion of the bridge, which has a length of 4} miles, 
are indicated on the map, Fig. 3, page 2. It is not 
necessary here to deal with the conditions which led 
| to the building of this bridge, nor to describe it in 


Golden Gate, the strait connecting the great San 
Francisco Bay with the Pacific, is a mile wide. 


It is tidal and turbulent, and formed a serious 
physical handicap to the development of the penin- 


Notg.—As an introduction to thes? articles | any way, as we dealt with it fully in the early part | sula lying between the northern part of the bay 


which have been contributed to our columns by 


| of last vear.* 


It would, however, hardly have been | and the sea. 


San Francisco lies at the tip of tha 


Mr. Clifford E. Paine, who acted as Principal | possible to begin a description of the Golden Gate | southern peninsula formed by the bay, and its 
Assistant Engineer throughout the construction of | Bridge without some reference to the neighbouring | suburbs and neighbouring towns have spread south- 
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the Golden Gate bridge, we should like to point out 
that the completion of the San Francisco-Oakland 
Bay Bridge and the Golden Gate Bridge within six 


months of each other forms a remarkable example | 


of American enterprise and energy. These two 
structures, which stand, without question, among 
the greatest engineering achievements of any time, 
are situated within a few miles of each other, and 
both serve San Francisco. The Oakland Bay Bridge 
connects the city with Oakland, Alameda, Berkeley 
and other towns grouped on the east shores of the 
San Francisco Bay and having a combined popula- 
tion of some 450,000. These towns, and the posi- 


Marin County Approacn Roap. 
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structure. Both owe their origin to the growing 
wealth and importance of San Francisco or the 
districts surrounding it, while the contiguity of two 
structures of this magnitude, both in space and 
time, can have but few parallels in engineering 
history. Work was commenced on the two bridges 
within four days. 

Although a glance at Fig. 3 will make it ciear 
why the building of the Oakland Bay Bridge was 
so desirable, no similar conclusion can be drawn in 
this way regarding the Golden Gate Bridge. The 








* See ENGINEERING, vol. 145, page 491, et seg. (1938). 
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wards for a distance of about fifty miles. They are 
largely restricted to the immediate shores of the 
bay owing to the rocky Coast Range Mountains 
lying to the west. These mountains occupy an even 
larger part of the area on the northern, Marin 
County, peninsula, so that there is comparatively 
little land available for housing a dense urban 
population. The district is, however, ideal for 
suburban development and for recreational pur- 
poses. The industrial and commercial activities of 
San Francisco, as is the case in many other 
towns, are gradually encroaching on the residential 
areas of the city, and the Golden Gate Bridge, which 











2 


brings the Marin County peninsula within direct 
vehicular access, provides an outlet which, in view 
of the geographical position of San Francisco, could 
not have been obtained in any other way. Marin 
County is connected with San Francisco and its 
neighbouring towns by various ferry services, but 
these are not able to provide the rapid and ready 
access furnished by the motor transport which 
the bridge has made possible. In addition to pro 
viding this valuable local connection, the building 
of the Golden Gate Bridge has closed almost 
the last break in the two thousand miles long coast 
road which extends from Canada to Mexico and 
is used yearly by many thousands of tourists, who 
visit the Redwood Forest area to the north and 
travel downwards to Southern California. [Ed. E.| 





The bridging of the Golden Gate had been dis- 
cussed for very many years before any definite 
scheme took form. The difficulties of the project 
were obvious from the first. At the logical site for 
the bridge the channel is 5,357 ft. wide and the 
depth of water 300 ft. over a large part of this width ; 
the tidal currents reach speeds of 7 knots and have 
swept the rock bottom of the channel free from all 
sand or other loose material. The first practical 
move towards turning the dream of a Golden Gate 
bridge to a reality was made in 1919, when the City 
Engineer of San Francisco interested Mr. Joseph B. 
Strauss, the well-known bridge engineer, in the 
project. In view of the conditions mentioned above 
and the profile of the bottom of the strait, it appeared 
that a single span of at least 4,000 ft. would be 
required and that even with this minimum span 
it would be necessary to construct a main pier in 
65 ft. of water in a position exposed to the full tidal 
current or to storms from the ocean. At that time 
the longest existing bridge span was less than half 
the span required, and although calculations had 
been made for bridges having spans greater than 
2,000 ft., much of the mathematical analysis which 
is now available had not then been worked out. 
This analysis facilitates the evaluation of the stresses 
in the interdependent elements of long-span suspen- 
sion bridges. There were at that time differences 
of opinion about the width between wind chords 
necegsary to provide adequate lateral stiffness, and 
also about the depth of stiffening truss necessary 
to ensure a satisfactory degree of rigidity for the 
roadway of long spans carrying vehicular traffic. 
The first design for the bridge, submitted by 
Mr. Strauss in 1921, was for a combined cantilever 
and suspension structure, but as a result of further 
studies he proposed a bridge of the regular suspen- 
sion type long before the final design was settled. 
The estimate submitted with the design of 1921 
placed the cost of the bridge at 27,000,000 dols. 

After the submission of the preliminary design, 
considerable public interest was aroused by the bridge 
project and various civic authorities gave it con- 
sideration and attention. As a result of discussion, 
it was decided that the bridge should be built and 
operated as a toll bridge by a special public autho- 
rity. One reason for this was that the terminals 
of the bridge would be located on military reserva- 
tions which were the property of the Federal 
Government, and it was clear that rights-of-way 
across these reservations would be granted only to 
a public authority. Accordingly, a Bridge District 
was formed, the taxpayers of which would build 
and operate the bridge. This arrangement restricted 
the liability for special taxes to residents within the 
areas which would directly benefit from the bridge, 
and in which, consequently, a majority of voters 
was prepared to accept tle obligation involved. 
It was proposed to finance the erection of the 
bridge by the issue of bonds guaranteed by all 
taxable property in the Bridge District. Per- 
mission to build the bridge, subject to the approval 
of final plans, was obtained from the War Depart- 
ment in 1924, but matters were held up until 1928 
owing to various delaying actions being brought by 
taxpayers in the Bridge District. During 1929 and 
1930 the board of directors of the Bridge District 
levied taxes amounting to 465,000 dols. for preli- 
minary expenses. 

As will be seen from the profile of the bed of the 
strait given in Fig. 4,0n the opposite page, the rock 
bottom slopes downwards on an easy grade from the 
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south shore. It reaches a depth of approximately 
65 ft. in about 1,300 ft.; beyond this point the slope 
is steep. As it was desirable that the foundations 
for the south pier should be at least 20 ft. below the 
top of the rock, and not more than 100 ft. below 
water level, the most northerly point at which the 
pier could be placed was readily determined. On 
the north side, the slope of the bottom is steep and 
the shore line appeared to be the proper location for 
the north pier. These considerations led to a 
minimum span of 4,200 ft., which was in fact the 
span adopted for the final design. The difficulties 
which were encountered in the actual building of 
the south pier suggest that possibly a somewhat 
longer central span might have been adopted with- 
out adding to the total cost of the bridge. In view, 
however, of the remarkable step forward which 
the adoption of a span of 4,200 ft. involved, it is 
a matter for no surprise that nothing greater than 
this was adopted. The advance over anything 
before attempted, and incidentally the rate of 
increase in span of suspension bridges, is well 
illustrated in Fig. 5, opposite. 

The length of the suspended end spans was taken 
at 1,125 ft. This brought the shore end to a con- 
venient point on the San Francisco side. These 
dimensions being determined, calculation of the 
wind stresses and maximum lateral deflections 
showed that the stiffening trusses should be about 
90 ft. apart. The specified under-clearance, to- 
gether with the dimensions of the suspended struc- 
ture and the desirable cable sag, fixed the tower 
height. The tower dimensions, which are a function 
of that height, showed that a 60-ft. roadway, with 
proper clearances to pass between the tower shafts, 
might be adopted. At the present time, and it is 








believed for many years to come, a road width of 
40 ft. will be ample for the traffic. To keep the 
same resistance to cross wind as the 60-ft. road 
provides would have required an appreciable 
increase in the distance between the cables, a large 
increase in the section of the stiffening-truss chords 
of the centre span, or the addition of a distributed 
weight equivalent to the weight of the omitted 
floor slab. Under these circumstances, the most 
economical procedure was to adopt the 60-ft. 
roadway, permitting six lines of traffic, from the 
first. The question of arranging for tramway or 
interurban railway services over the bridge was 
given much consideration, but it was finally decided 
that public-vehicle service would be best provided 
by means of omnibuses. 

As soon as the major features of the bridge had 
been determined, they were embodied in a definite 
plan which was approved by the War Department, 
permission to construct the bridge being received 
in August, 1930. The approved plans were on a 
basis of a 4,200-ft. central span with a minimum 
vertical under-clearance of 220 ft. at mid-span and 
210 ft. at the towers. Before bonds for the con- 
struction of the bridge could be issued, a bond 
election was necessary in the Bridge District. 
Owing to some opposition, the Board of Directors 
of the District undertook that no bonds should be 
issued until after tenders had been received for the 
entire structure. This necessitated the working 
out of the preliminary estimate in some detail. 
Finally, permission was received for a bond issue 
of 35,000,000 dols. The plans for the bridge were 
then elaborated sufficiently to allow a specification 
to be issued and the tenders received from contrac- 
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tors in July, 1931, confirmed the accuracy of the 
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preliminary cost estimates. Veslow legal disputes 
then delayed matters for rather more than a year, 
but all major contracts were placed in November, 
1932. 

The construction of the bridge was started on 
January 5, 1933. “The Marin (North) pier and tower 
were completed by November, 1934, and the San 
Francisco pier two months later. By the end of 
June, 1935, the towers were ready to receive the 
cables. Fourteen months later the cables were in 
place and sufficient suspenders had been erected to 
permit the attachment of the suspended structure, 
the erection of which had already been commenced 
by canti-levering out from each tower, in both direc- 
tions, for a distance of 75 ft. The erection of the 
suspended steelwork was completed in December, 
1936. The floor decking was finished by April 15, 
1937, and the bridge opened to traffic on May 28 of 
that year. The construction cost was within the 
engineer's preliminary estimate of 1930, and of the 
bond issue of 35,000,000 dols. a surplus of 1,000,000 
dols. remained. At the present time the traffic is 
almost sufficient to meet the charges, although the 
tolls are considerably lower than was originally 
contemplated. 

The total constructional cost of the bridge, 
excluding design expenses, administration, etc., was 
27,125,000 dols. Of this total, the cost of the 
Marin pier was 436,000 dols; the San Francisco 
pier and fender, 2,935,000 dols ; the cable anchorages 
and housings, 2,328,000 dols. ; the steelwork of the 
main towers, 6,970,000 dols.; the suspended steel 
structure, 3,250,000 dols.; and the cables, sus- 
penders and their accessories, 5,910,000 dols. The 
contractors for the main piers were the Pacific 
Bridge Company ; for the anchorages and approach 
piers, Messrs. Barrett and Hilp; for the structural 
steelwork of the suspended spans, the Bethlehem 
Steel Company ; and for the cables of the suspension 
spans, the John A. Roebling’s Sons Company. 

The bridge as built has a central span of 4,200 ft. 
and two side spans of 1,125 ft. each, giving a total 
length of suspended structure of 6,450 ft. The 
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1125--->4 
immediate approaches add 2,351 ft. to the length of 


the bridge. On the San Francisco shore the bridge 
works include the Presidio Approach-road, which 
traverses the Military Reservation and provides a 
bridge road independent from the military roads. 
The construction of this road involved the building 
of a 3,308-ft. concrete viaduct and also a viaduct 
1,519 ft. long consisting of steel truss spans on 
concrete piers. This viaduct can be seen in the 
general view of the Presidio-road, seen from the 
tep of the San Francisco tower, which is given in 
Fig. 7, on page 16. A closer view of the piers of 
this viaduct during construction is given in Fig. 2 
The aerial view reproduced in Fig. 1 shows the 
Presidio-road in the distance and the Marin County 
approach road in the foreground. The oval-shaped 
area, where the road width is greatly increased, to 
be seen at the entrance to the bridge in Fig. 7, is 
known as the Toll Plaza, and contains the pay 
offices for vehicles using the bridge. 

The roadway across the bridge is 60 ft. wide, 
and there are two side-walks on the main spans, 
each 10 ft. wide. The dead load of the main span 
per lineal foot is 9-51 tons (long tons are used 
throughout this article), and the live load allowed 
for 1-78 tons per lineal foot. The stiffening trusses 
are 25 ft. deep and 90 ft. centre to centre. The 
two cables, which are slightly over 36 in. in diameter, 
are 7,650 ft. long, and each contains 27,572 wires, 
0-195 in. in diameter, arranged in 61 strands. The 
sag at the centre of the main span cables is 470 ft. 
The theoretical point of intersection of the centre 
and side-span cables at the top of the towers is 
746 ft. above mean low-water level. The two towers, 
which are 690 ft. 4 in. high from the top of the 
pier to the bottom of the saddle, have a combined 
weight of 35,178 tons. The total weight of the 
San Francisco pier foundation is 324,107 tons. A 
total of 380,000 cub. yards of concrete and 74,107 | 
tons of structural steel were used in the construction | 
of the bridge. The cables, suspenders, and acces- 
sories weigh 21,428 tons. 

The architectural treatment of the bridge was 
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carefully studied during the early stages of the 


| design, the towers being given special attention as 
| they constitute such a prominent feature. 
| and spacing of the struts above the floor, the treat- 


The size 


ment of strut enclosures, the location of the offsets 
in the shafts, the number and position of the 
diagonals, the sidewalk brackets and the link 
Because 
of the height of the bridge above the ground, the 
| San Francisco anchorage could not economically 
| be carried to the roadway and it was, therefore, 

| made as unobtrusive as possible. As, for historical 
reasons, it was desired to retain the old fort, which 
| was in the line of the San Francisco approach, a 
| steel arch, with flanking concrete pylons, was con- 
|structed to span the fort. The arch and pylons 
|form a terminal point for the main span and are 
| architecturally balanced by the anchorage structure 
| at the north end of the bridge. The minor elements, 
|such as handrailings and lamp-posts, were made as 
simple as possible in order to conform to a structure 
of such enormous size. The effectiveness of the 
architectural treatment as a whole is well brought 
out in the view of the finished bridge given in 
Fig. 6, on page 16. The steel arch spanning the 
fort is clearly shown in this illustration. The archi- 
tectural merit of the bridge has been recognised by 
the American Institute of Steel Construction, which 
selected it as the most beautiful bridge, costing 
more than 1,000,000 dols., completed in the United 
States in the year 1937. 

| The Chief Engineer responsible for the design and 
erection of the bridge was the late Dr. Joseph B. 
Strauss, whose name has already been mentioned in 
connection with the preliminary designs. Dr. Strauss 
| died on May 16, 1936, almost exactly twelve months 
| before the bridge was opened to traffic. The author 
of these articles acted as Principal Assistant 
Engineer. Other assistant engineers who were 
engaged in the construction of the bridge were Mr. 
Charles H. Clarahan, Junr., and Mr. Dwight N. 
Wetherell. Mr. Russel G. Cone was Resident 
Engineer, and Mr. Herbert J. Baker, Inspecting 
Engineer. Three consulting engineers were called 
in in connection with the project, Mr. O. H. 
Ammann, Mr. Charles Derleth, Junr., and Mr. Leon 
S. Moisseiff. Mr. Sydney W. Taylor, Junr., was 
consulted in connection with traffic problems. 
The Consulting Architect was Mr. Irving F. Morrow, 
and the Consulting Geologists, Mr. Andrew C. 
Lawson and Mr. Allen E. Sedgwick. 


(T'o be continued.) 








THE Moscow-BriANskK Rar“~way.—The doubling of 
the railway line between Moscow and Briansk, a town 
some 235 miles south-west of the Soviet capital, has 
been commenced. A second track will be constructed 
over a length of 183 miles and the existing line will also 
be rebuilt. The work will entail the reconstruction of 
some 200 bridges, the provision of additional water- 
supply facilities, and the equipping of the entire line 

with an automatic-block signalling system. It is an- 
| ticipated that the first section of the second track, 
| between Balabanova and Maloyaroslavets, 16 miles in 
| length, will be ready for operation by the end of the 
present vear. 
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THE CENSUS OF PRODUCTION, 
1935. 


By O. W. RosKIL1. 


Tue publication of Part II of the Final Report 
on the Fifth Census of Production and the Import 
Duties Act Inquiry, 1935, presents an interesting 
picture of long-term trends in the engineering, 
shipbuilding and vehicles trades, since it is now 
possible to compare the figures for output in 1935 
with those for 1924 and 1930. The fact that there 
has been a serious decline in, for example, ship- 
building activity, while the aircraft, motor and 
electrical engineering industries have shown a more 
or less steady expansion, is well known qualitatively, 
but the Census Reports provide the only means 
whereby such changes can be measured quanti- 
tatively over a period of years. Table I, herewith, 
shows the net output in 1924, 1930 and 1935 of 
the engineering and shipbuilding industries, divided 
in accordance with the main headings adopted in 
the Census. Table IT shows similar details for the 
various branches of mechanical engineering. 
It should be noted that the figures for 1924 are not 
exactly comparable with those for the other two 
years because in 1924, all firms, irrespective of 
size, were included for Northern Ireland, whereas 
in other years firms employing not more than 
10 persons were excluded. Net output is defined 
as the value of products less the cost of materials, 
fuel and electricity used and the amount paid for 
work given out; it is, therefore, the best measure 
available for the work done by any particular 
branch of industry. 

It will be seen from Table I that the most rapid 
expansion occurred in the case of the aircraft 
industry, the net output of which increased from 
1-5 per cent. of the total net output of engineering 
and shipbuilding industries in 1924 to 3-4 per cent. 
in 1935. Since that year the relative importance 
of the aircraft industry has, of course, increased 
very substantially under the influence of rearma- 
ment, and from a study of the Air Estimates it 
may be concluded that the gross output in 1938 
amounted, in value, to little short of 60,000,0001., 
compared with 13,919,0001. in 1935 and 8,688,000. 
in 1930. The second of the expanding industries 
is electrical engineering, the net output of which 
increased from 16-6 per cent. of the total in 1924 
to 19-5 per cent. in 1930 and 23 per cent. in 1935. 
The Census enables an interesting sub-division 
of the industry to be made for 1930 and 1935, but 
not for 1924. This is shown in Table III, also on 
this page. All sections of the industry, with the 
exception of telegraph and telephone apparatus, 
and primary batteries and accumulators, showed 
an increase between 1930 and 1935. In the case of 
batteries and accumulators, the small decline in 
net output was due mainly to the growth in popu- 
larity of all-mains wireless sets ; a factor which is 
likely to restrict permanently the sales of small 
accumulators and dry batteries. On the other 
hand, motor-accumulator sales have been increasing 
steadily, and, in spite of the setback to motor- 
vehicle production in 1938, this increase is likely 
to continue as long as the total number of cars on 
the road continues to increase, the replacement 
demand for accumulators being considerably more 
important than the consumption of accumulators 
fitted in new cars. There is a considerable demand 
for large stationary accumulators at the present 
time, for use in emergency lighting sets in connection 
with A.R.P., and also in submarines and warships. 

As regards the other sections of the electrical 
engineering industry, the most rapid rate of advance 
between 1930 and 1935 was shown by the wireless 
industry, followed by menufacturers of heavy 
electrical machinery. Some indication of the trend 
of activity in the wireless industry can be obtained 
from an examination of the figures for the number 
of wireless licences current. These indicate that 
the demand for new as opposed to replacement sets 
has been declining steadily for some years. The 
estimation of the number of sets purchased for 
replacement presents considerable difficulty because 
few people use a set until it is completely worn out, 
the majority preferring to replace it to take advan- 
tage of technical improvements. Any reduction in 
purchasing power caused by a fall in income or a 
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rise in the cost of living tends to cause a deferment 
of the replacement date. Such information as is 
available indicates that the average replacement 
rate is about once every six years, and, if this has 
remained constant, there would have been little 
change in the total production of wireless sets 
between 1935 and 1938. Actually, however, replace- 
ment demand probably fell somewhat during 1938, 
owing to reduced purchasing power and a feeling 
that, if replacement were deferred, it might be 
possible to obtain in the near future a combined 
wireless and television set at little additional cost. 


The  electrical-machinery industry — benefited 


between 1930 and 1935 both from the increase in! 


generating capacity installed and from a steady 
increase in the demand for electric motors for 
factory electrification. The heading also includes 
vacuum cleaners, the output of which increased 
considerably between the two years. It is interesting 
to note that in 1935 the value of the output of 
vacuum cleaners was nearly twice that of generators, 
the gross output having increased from 524,000/. 
in 1930 to 3,433,000/. in 1935. 

Returning to Table I, the motor and cycle industry 
also showed a marked expansion of output between 
1924 and 1935, the net output increasing from 
44,705,0001., or 22-6 per cent. of the total net 
output of the engineering and shipbuilding industries 
in 1924, to 64,378,000/., or 25-8 per cent., in 1935. 
On the volume basis, the increase was, of course, 
very much greater, as large reductions in price, 
following the introduction of mass-production 
methods, were made between the two years. 
Actually, the Census of Production figures for the 
motor industry are of rather less importance than 
those for other branches of the engineering industry, 
full statistics regarding the industry being published 
annually by the Society of Motor Manufacturers and 
Traders. According to the Census of Production, 
the number of private cars and chassis produced 
increased from 117,302 in 1924 to 172,147 in 1930, 
and 349,316 in 1935. According to the S.M.M.T., 
production reached 389,633 in the year ending 
September 30, 1937; but the preliminary figures 
for the year 1937-38 showed a decline to 342,390. 
The production of commercial vehicles showed a 
similar trend, increasing from 36,200 in 1924 to)! 
50,929 in 1930, and 91,942 in 1935. By 1936-37, 
this figure had increased to 118,116, only to fall 
in the following year to 105,171. The motor 
industry was peculiar, therefore, in that the volume 
of output increased most rapidly between 1930 and 
1935, while the majority of industries in the country 
had been able, by 1935, to do little more than 
restore activity to the 1930 level, following the 
intervening slump. The success of the motor 
industry in this period must be ascribed to a com- 
bination of two factors, namely, the introduction 
of the small car, and the fall in the cost of living, 
which together made motoring economically possible 
for a large section of the population with moderate 
incomes, which were comparatively unaffected by 
the slump. Since the ownership of a car is usually 
abandoned only with the greatest reluctance, a very 
considerable potential annual replacement demand 
has been created. As the result of a detailed investi- 
gation of the average life of private cars, the 
S.M.M.T. estimate that the replacement demand in 
1940 is likely to amount to about 190,000 and in 
the following year to 210,000, both figures being 
considerably in excess of the total output of the 
industry in 1930. These figures, however, are liable 
to be upset by the recent increase in the horse-power 
tax, although the effect of the tax will probably be 
rather to intensify demand for the lower-powered 
cars than materially to curtail the total demand. 

The net output of the mechanical -engineering 
industry also increased in absolute value between 
1924 and 1935, though less rapidly than that of the 
engineering and shipbuilding industries as a whole. 
Mechanical engineering comprises a wide range of 
products of which the most important are shown 
separately in Table II. The fortunes of the various 
branches of the industry have varied considerably 
over the period considered. The net output of 
prime movers and boilers fell from 15,340,000/. in 
1924 to 11,311,000/. in 1935 ; that of textile machi- 
nery from 11,159,000/. to 7,406,000/., and of marine 
engineering from 10,015,000/. to 5,542,000. On 
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the other hand, the net output of machine tools 
rose from 1,842,0001. to 5,577,000/., while smaller 
increases were also shown in the case of printing 
and bookbinding machinery and of machinery for 
the preparation of food, drink and tobacco. For the 
other branches of the industry comparison is only 
possible as between 1930 and 1935. Apart from 
constructional engineering, metal casements, gas 
meters, blast-furnace and rolling-mill machinery, 
and refrigerating machinery, all the branches of 


TABLE 'I.—Net Output of Engineering and Shipbuilding 





Industries. 
1924. 1930. 1935. 
- Per >» Per | o» Per 
£'000. | cont. | £000 cent. | £°000. | cont 
Mechanical en- 
gineeri 86,061, 43-5 | 92,826) 40-5 
Electrical engin- | | 
eering | 33,037) 16-6! 44,833) 19-5 
Shipbuilding 24,212} 12-2/| 27,553) 12-0 
Motor and cycle | 44,705 22-6) 53,099) 23-2 
Aircraft 3,079, 1-5 5,577, 2-4) 
Railway carriage | 
and wagon 5,302 2-7 4,396 1-9 
Carriage, cart 
and wagon 2,010 1-0 1,126 0-5 1,090 0-4 
Unclassified 20 
Total 198,406) 100-1 | 229,430) 100-0 |249,322! 100-0 
TaBLe Il.—Net Output of Mechanical-Engineering 


Industry.* 











1924. 1930 1935 
} £°000. £'000 £°000 
Prime-movers and boilers 15,340 11,125 11,311 
Textile machinery 11,159 | 7,342 7,406 
Machine tools 1,842 | 4,155 5,577 
Marine engineering 10,015 11,031 5,542 
Constructional , _ 7,356 9,098 
Conveyors, lifts, cranes »708 3,788 
Printing and bookbinding 1,726 3,134 2,593 
Agricultural machinery | 2,042 1,789 
Food and drink preparation 1,926 | 2,881 3,225 
Sewing and boot and shoe . .| — 2,275 1,927 
Heating, lighting and venti- 
lating . 2,542 2,217 
Metal casements 1,455 1,956 
Gas meters 1,596 1,752 
Pumps . , ' 1,385 1,356 
Blast-furnace, _rolling-mill 
and other metal working 887 1,407 
| Mining and quarrying 1,840 1,334 
Weighing ‘ an - 1,570 1,470 
Refrigerating 938 1,191 
Other machinery 25,561 33,088 
Total 84,363 92,826 98,027 





* Only those branches with a net output in excess of 1,000,000/. 
in 1935 are shown separately. 


Taste III.—Net Output of Electrical-Engineering 
Industry. 





1930. 1935. 


| 
£'000. |Per cent.) £°000. | Per cent. 
| | 


Electrical machinery ..| 13,443 30-0 18,615 32-5 
Electric wires and cables 7,865 | 17-5 9,064 15-8 
Telegraph and telephone | 

apparatus ‘ 5,260 11-8 5,209 9-1 
Wireless apparatus (ex- 

cluding valves) 3,112 6-9 6,793 11-8 
Wireless valves and elec- 

tric lamps 1,967 4-4 2,841 | 5-0 
Primary batteries and 

accumulators .. 3,289 7-3 3,181 5-6 
Lighting accessories and | 

fittings .. : 939 2-1 1,101 | 1-9 
Heating and cooking 1) | 

apparatus > 8,958 20-0< 1,459 | 2-5 
Other output 9,081 | 15-8 

Total 44,833 | 100-0 57,344 100-0 


the industry shown separately either just main- 
tained their net output or showed a slight decline. 
The greater part of the increase took place in the 
smaller branches, which are aggregated under the 
heading of “ other machinery.” 

Figures for employment, which are published 
annually by the Ministry of Labour, are frequently 
used as an approximate index of activity in those 
branches of the engineering industry for which 
statistics of output can be obtained only for Census 
years. This procedure takes no account of changes 
in the productivity of labour over a period of 
years, and the Census for 1935 shows that such 
changes are by no means uniform over the various 
branches of the industry. For the engineering and 
shipbuilding industries as a whole the net output 
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. ‘ | 
per person employed increased from 201. in 1924 | to 82,020, but many firms are reluctant to dispense | measure of reorganisation undertaken by the indus- 


to 214]. in 1930, and 226/. in 1935. This may, 
in fact, be considered the normal trend, as it is to 
be expected that the net output per person employed 
will show a gradual increase as the result of better 
organisation and increased mechanisation. 

In some branches of the industry, however, the 
net output per person employed showed a decline 
over the whole or part of the period considered. 
In the case of shipbuilding, for example, the figure, 


TaBLe IV.—Net Output per Person Employed According 
to Size of Establishment, 1935 (£). 























| Engin- | Mech- | Elec- | | | 
| eering | anical tri _ | Ship- | Motor Air 
Employees.| and Engin- | E ~~ | build- | and . 
Ship- ngin- | Engin- | ing. | Cycle. | craft. 
build- | eering. eering. | 
ing. 
11-24 ..| 190 219 196 176 | 205 192 
25-49 ..| 200 220 195 179 | 211 | 195 
R.A e 206 222 | 209 190 194 | 345 
99 ..; 212 223 
meas -| ar | os | Se | is | |, 
300-399 = 226 | 244 | 228 | 199 | 223 } 
00-499 ..| 228 | 224 310 190 | 192 
500-749 ..| 222 214 244 203 231 203 
750-999 ..| 211 224 215 | 177 186 
1,000—1,499 222 218 234 | 203 205 227 
1,500 and | | | 
over -.| 248 231 232 | 203 | 283 275 
wee — 
Total . 226 226 | 231 | 


194 | 247 | 241 





TaBLe V.—Net Output per Person Employed in Iron and 
Steel and Non-Ferrous Metal Industry (£). 











—— 1924. 1930. 1935. 

Iron and steel (blast-fur- 

naces) - ee ee 195 204 | 2538 
Iron and steel (smelting and 

rolling) .. re ‘ 203 187 | 249 
Iron and steel foundries 198 186 208 
Tinplate ia we 228 } 201 224 
Hardware... a Tr 174 179 184 
Chain, nail, screw and misc. | 

forgings .. a 183 170 187 
Copper and brass .. - 231 233 250 
Aluminium, lead, tin, etc. .. 292 | 277 359 
Gold and silver refining 554 557 434 
Finished brass - 178 176 194 
Plate and jewellery .. 183 181 180 
Mechanical engineering 192 204 226 
Electrical engineering 219 234 231 
Shipbuilding . . o 171 206 194 
Motor and cycle 232 220 230 
Aircraft an a as 262 262 241 
Railway carriage and wagon 180 188 199 
Carriage, cart and wagon .. 188 167 177 
Total engineering and ship- | 

building ‘ oe oat 201 214 | 226 





TaBLE VI.—Estimated Gross Output of the Engineering 
Industry (£000). 





Employment int—| 1935. 1936. 1937. | 1938. 











General engineering | 461,627 | 515,499 583,735 | 594,913 
Electrical engin- | | | 

eering ‘ --| 87,670 97,916 | 111,612 111,853 
Marine engineering..| 33,601 43,947 | 49,389 | 52,701 | 
Constructional engin- | | 

eering an -| 27,674) 31,733 | 36,025 41,520 
Motor vehicles, cycles | | | 

and aire ..| 259,292 | 294,295 | 334,616 357,044 
Railway carriage and | | 

wagon... ..| 43,521} 47,503} 48,921 | 55,633 
Stove, grate, pipe | | 

and general iron- | | 

founding .. a 81,827 | 90,774 | 97,459 87,763 | 
Heating and ventila- | } 

ting apparatus .. 11,815 | 13,903 17,877 18,441 
Total engineering . .|1,007,027 |1,135,570 |1,279,634 |1,320°768 
Index 1935 = 100 ..| 100-0 112-8 | 127-2 | 131-2 
Estimated output at 

1930 prices } 

(£000,000). . dl 455-6 | 514-1 | 579-3 597-8 
Estimated output | 

corrected for price | 

changes | 455-6 532-1 680-1 706-2 


| 





* These figures are obtained by subtracting the number | 
unemployed at July in each year from the number of persons 
registered in each industry. 

+ Actual figure from 1935 Census of Production. 


after increasing from 1711. in 1924 to 2061. in 1930, 
fell to 194/. in 1935 ; while in the case of the motor | 
and cycle industry, after falling from 232/. in 1924 | 
to 2201. in 1930, it rose again to 230/. in 1935. In 
the aircraft industry the figure remained constant | 
at 262/. between 1924 and 1930, but fell to 2411. in 
1935. These fluctuations are probably due to special 
factors associated with these particular industries. 
In the case of the shipbuilding industry, the decline 
in 1935 was probably due mainly to the working of 
short time in that year. The fall in output between 
1930 and 1935 was accompanied by a decline in the 
average number of persons employed from 133,453 


| smallest factories covered by the Census, #.e., those 





| with skilled labour to the full extent justified by the 
amount of work remaining in hand, if recovery can 
reasonably be expected in the near future. 

In the case of the motor and cycle industry, the 

introduction of mass-production methods brought 
| about a considerable change in the type of labour 
| required, and there can be little doubt that, between 
1924 and 1930, it became possible to employ a con- 
siderably higher proportion of unskilled or semi- 
skilled labour. The economies made in this way 
were reflected in a substantial fall in selling prices : 
according to estimates prepared by the S.M.M.T., 
the index for retail prices for private cars fell from 
100-0 in 1924 to 68-1 in 1930, while the cost of 
living index fell from 100-0 to 90-3 over the same 
period. These factors would be sufficient to account 
for the fall in net output per person employed. 
Between 1930 and 1935, there was a further reduction 
in average prices to 49-8 on the same scale as that 
above, but there was probably little change in the 
class of labour employed and the normal tendency 
for the net output per person employed to increase 
reasserted itself. Similar considerations as regards 
| the change-over from highly skilled to less skilled 
labour were probably behind the fall in net output 
per person employed in the aircraft industry between 
| 1930 and 1935. 

The Census of Production includes some interest- 
ing tables, showing a division of the factories in a 
particular industry according to size. These give 
for each category, based on the number employed, 
| the actual number of factories, the gross output, net 
output, number of persons employed, and the net 
| output per person employed. The latter show some 

considerable variations as can be seen from Table IV, 
herewith. The figures indicate that, for mech- 


| anical engineering and electrical engineering, there 
| is an optimum size of factory beyond which the net 


try, and the increase in prices consequent on the 
agreement concluded between the British and 
Continental manufacturers. It is significant that 
the greater part of the increase took place between 
1930 and 1935. 

| Table V brings out the limitations of the use of 
| employment statistics for assessing the trend of out- 
| put of any particular industry. In certain cases, 
| where little change has taken place in net output 
per person employed, e.g., in the motor and cycle 
or railway carriage and wagon industries, such a 
| method is not likely to give rise to any considerable 
| error, but in the case of iron and steel (blast-furnaces) 
'the error between 1924 and 1935 would have been 
| of the order of 25 per cent. 

Bearing these limitations in mind, it is possible to 
make an estimate, which should prove reasonably 
accurate, of the total value of the output of the 
| engineering industry (excluding shipbuilding) for 
years subsequent to 1935. This is done in Table VI, 
on this page. The principal difficulty in making 
this calculation is to allow for changes in prices, 
which have been considerable over the period stated. 
In Table VI, the Board of Trade Index of Prices of 
Manufactured Articles is used for this purpose. On 
this basis, it is estimated that the gross output of 
the industry increased from 455-6/. millions in 1935 
| to 706-27. millions in 1938. 





| (To be continued.) 








THE LONGFORD GENERATING 
STATION OF THE COVENTRY 
CORPORATION. 


WueEn the Longford generating station of the 





output per person employed does not increase further | Coventry Corporation was opened in October, 1928,* 


and may even show some falling off. In the case 


| of mechanical engineering, the highest figures are 
| obtained in the case of factories employing between | 


200 and 400 persons. As the size of factory in- 
creases, the net output per person employed falls | 
considerably, although the large factories employing | 
over 1,500 persons show the next best figure to the | 
200-400 range. The electrical-engineering industry 
shows a similar trend, the highest figure being 
obtained in the case of the moderate-sized factories. 
In the case of shipbuilding, on the other hand, there 
is a fairly steady increase in the average output per 
person employed according to the size of the estab- 
lishment, but it is significant that increase in size 
beyond 750 employees does not produce any further 
rise in the output per employee. 

The motor and cycle, and aircraft industries, how- 
ever, show a different trend. In both cases the large 
firms employing over 1,500 persons show the 
highest net output per person, while for smaller 
factories the actual size appears to exert very little 
influence. Thus, in the motor industry, in the 


employing between 11 and 24 persons, the net output 
per person employed was 205l., the same as for 
factories employing between 1,000 and 1,500 ; while 
the intermediate sizes of factory do not show any 
marked variations. These figures indicate that the 
advantages to be gained from mass production are 
considerable, and that the full benefits cannot be 
achieved in factories employing less than 1,500 
persons. 

It is interesting to compare the net output per 
person employed in the engineering industry with 
the corresponding figures for the other industries 
covered by Part II of the Final Report of the Census 
of Production, namely, the iron and steel industry 
and the non-ferrous metals industry, which are 
shown in the accompanying Table V. The Table 
shows that the net output per person employed in the 
engineering and shipbuilding industry as a whole in 
1935 (2261.) was exceeded by that in gold and silver 
refining (4341.), the smelting and rolling of aluminium, | 
lead, tin, etc. (359/.), iron and steel blast-furnaces | 
(2581.), copper and brass (250/.) and iron and steel | 
smelting and rolling (249/.). The iron and steel | 
industries in particular showed a marked increase | 
in net output per person employed between 1924 | 
and 1935, which is probably the result of the large | 





its equipment consisted of eight Stirling boilers, 
| each of which supplied 60,000 Ib. of steam per hour 
| at a pressure of 326 Ib. per square inch and a final 
temperature of 700 deg. F., and two 20,000-kW 
British Thomson-Houston turbo-alternators, which 
generated three-phase current at a pressure of 6-6 kV 
and a frequency of 50 cycles when running at 3,000 
r.p.m. Coal was brought to the site either by canal 
or rail, and was delivered to the bunkers by a con- 
veying system constructed by Messrs.Edward Bennis 
and Company, Limited, Bolton, who also supplied 
the ash-handling plant. ‘the turbine exhaust 
was delivered into two 22,000-sq. ft. condensers, 
which were supplied by Messrs. Worthington-Simp- 
son, Limited, Newark, the circulating water being 
dealt with in four reinforced-concrete cooling towers. 


|The condensate was re-heated in a closed system 


with two stages of feed heating, which was designed 
to give a temperature of 200 deg. F. at the feed-pump 
inlet. The output from the turbo-alternators, 
which was stepped up to a pressure of 33 kV by 
two banks of three single-phase 23,475-kVA trans- 
formers, was controlled by circuit breakers with 
a rupturing capacity of 500,000 kVA. Both the 
transformers and the switchgear were also con- 
structed by Messrs. The British Thomson-Hous- 
ton Company, Limited, Rugby. Two 3,000-kVA, 
33/6-6-kV transformers were provided for supplying 
outgoing feeders, which operated at the lower pres- 
sure and were controlled by oil circuit breakers, while 
the auxiliary services were supplied through two 
33,000 /420-volt transformers, which were controlled 
by appropriate switchgear. The increase in the 
electrical demand in the district has now necessi- 
tated the extension of the station by three 30,750- 
kW turbo-alternators and additional boiler plant. 
Some details of two of these extensions are given 
below. 

As before, the coal required by the station is 
brought to the site either by the Oxford Canal or 
by rail. Originally, the supplies arriving by the 
former route were unloaded at a mass concrete 
wharf by a telpher system, the grabs of which 
discharged through a hopper either on to U-link 
conveyors, which were connected with the boiler- 
house bunkers, or through chutes into store. The 
rail-borne coal was delivered to the storage ground 








* See ENGINEERING, vol. 126, page 549 (1928). 
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enaad 
by a rotary wagon tippler, where it was trimmed | vibrators discharge the coal into the concrete 
by a travelling jib crane. hopper shown in the same figure, and this 


The extensions to this system, for which Messrs. 
The Fraser and Chalmers Engineering Works, 
Erith, are responsible, have a capacity of 100 tons 
per hour, and are designed to receive coal from 
railway wagons or from the existing hopper, and 
to deliver it either into the boiler-house bunkers 
or into the original or future coal stores. The 
lay-out of this plant will be clear from Figs. 1 to 3. 

The rail-borne coal, which is delivered in stan- 
dard 10-ton to 12-ton wagons, is emptied by a 
rotary tippler into a concre‘e hopper, shown in 
Fig. 2. This hopper, in turn, feeds a 20-in. belt 
conveyor, No. 1, which discharges into a chute 
fitted with two cut-off plates. The coal can thus 
be diverted on to No. 2 belt conveyor and taken to 
a point inside the boiler house, where it is discharged 
on to two drag-link conveyors, each of which has 
a capacity of 50 tons per hour. These conveyors 
then distribute the coal into the bunkers as required. 

The barge-borne coal is discharged by the original 
telpher plant into steel hoppers, which have now 
been fitted with chutes and Sherwen electro- 
These 


magnetic vibrators, illustrated in Fig. 3. 


















































hopper, in turn, feeds belt conveyor No. 5. 
conveyor, which has a capacity of 100 tons per 
hour, is 20 in. wide, and runs at a speed of 350 ft. 
per minute. As will be seen in Fig. 1, it discharges 
on to horizontal belt conveyor No. 6, which takes 
the coal across the Oxford canal and discharges it 
on to conveyor No. 2. From this point it is taken 
to the bunkers, as described above. 

Coal from the railway wagons for the coal store 
is delivered through the rotary tippler, previously 


mentioned, and is subsequently distributed by a | 
Similarly, | 
coal from the store can be taken to the bunker by | 


jib crane, which travels on a gantry. 


means of the same crane which discharges it into 
the tippler, whence it is conveyed by conveyors 
Nos. | and 2 and the scraper conveyors in the man- 
ner already described. Coal for No. 2 coal store 
is also delivered from the railway wagons by the 
tippler into the hopper and taken thence by No. 1 
conveyor to a chute at the head of the latter. Here 
a flapper valve diverts the coal on to No. 7 
conveyor, which is 20 in. wide and runs at 350 ft. 
per minute. In this way it is possible to carry 
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100 tons of coal per hour across the canal and to 
discharge through a chute. This coal is then re- 
claimed by a jib crane and delivered into a concrete 
hopper, whence it is taken to the boiler house by 
means of conveyors Nos. 5 and 6, and conveyor - 
| No. 2 in the way already described. 

| All the conveyors are fitted with roller-bearing 
troughing and return idlers, while the belts them- 
selves are of stepped ply construction and are 
equipped with cast-iron head and tail pulleys. 
The driving motors, which range in output from 
3 h.p. to 10 h.p., are connected to the head pulleys 
through flexible couplings and worm gearing, 
the latter being totally enclosed and mounted on 
the same bedplate as the motors. The inclined 
conveyors are fitted with Fraser and Chalmers’ 
ratchet-type hold-back gears, where necessary. 
The motors are of the General-Electric totally- 
enclosed high-torque cowl-cooled squirrel-cage type, 
and are controlled by switchgear of the air-break 
contactor pattern, which is fitted with overload 
'trips and start-and-stop buttons. ‘There are also 
isolating switches for each starter. 

The additional steam-raising plant consists of 
four boilers, each of which has a normal output of 
120,000 Ib. of steam per hour at a working pressure 
of 325 lb. per square inch and a final temperature of 
720 deg. F. The maximum continuous rating is 
150,000 Ib. per hour. These boilers, the design 
of which will be clear from Figs. 4 and 5, Plate I, 
and from Fig. 7, opposite, were constructed by 
Messrs. John Thompson Water-Tube Boilers, Limi- 
ted, Wolverhampton, and are of that firm’s Gamma, 
or three-drum, type. Firing is effected by twin 
L-type stokers, which were supplied by Messrs. 
International Combustion, Limited, Derby. Each 
of these stokers is 24 ft. wide by 18 ft. long, giving 
a grate area of 432 sq. ft. The combustion chamber, 
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a view in which appears in Fig. 8, above, has a | water cooled, the total heating surface of this part | walls are of the plain type. The headers supplying 
volume of 8,800 cub. ft., and is provided with a | of the equipment being 2,040 sq. ft. The tubes in-| the wall cooling system are inside the combustion 
front arch of the Detrick type. All four walls are | stalled for this purpose on the side, front and rear | chamber, and are supplied by 12 downcomers, each 
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of which consists of a hot-drawn tube with an 
external diameter of 3} in. The 12 side-wall feeder 
tubes are of the same diameter. The side-wall tubes, 
of which there are 34 per boiler, are cold drawn and 
have an external diameter of 3} in., while the rear- 
wall tubes, of which there are 49, are of the same 
size. The plain tubes in the front wall are also 
cold drawn and have an external diameter of 3} in. 

The boiler proper has a heating surface of 14,900 
sq. ft. Each of the three drums, which are of fabri- 
cated construction with double butt straps, has an 
internal diameter of 4 ft., and in the case of the 
front and rear steam drums, the overall length is 
31 ft. 6 in. The overall length of the mud drum is 
40 in. shorter. The thickness of front, rear and 
mud drums is, in eech case, 148 in. The steam 
receiver, which is solid forged, is 3 ft. in diameter, 
16 ft. 9 in. long over the straight, and 2 in. in 
thickness. All the drums are designed for a blow- 
off pressure of 350 lb. per square inch. 


The superheater, which has a heating surface of 


4,500 sq. ft., is of the MeLeSco type, and was con- 
structed by Messrs. The Superheater Company, 
Limited, Bush House, London, W.C.2. As will 
be seen from Fig. 5, Plate I, it is placed in the first 
gas pass, so that the gases pass upwards over 
it and descend through the second group of boiler 
tubes. The two air heaters are of the Howden type, 
with a heating surface of 5,560 sq. ft., and each raises 
the temperature from 90 deg. F. to 230 deg. F. when 
the boiler is on normal full load. Under the same 
conditions, the gas temperature is reduced from 
374 deg. F. to 254 deg. F. The weights of air enter- 
ing and leaving are 201,500 Ib. and 182,000 Ib. per 
hour, respectively, the draught loss through the 
preheater on the flue-gas side being 1-1 in. water 
gauge. The economiser, which is of the Foster gilled- 
tube pattern, was constructed by Messrs. E. Green 
and Sons, Limited, Wakefield, and under normal 
conditions raises the temperature of the feed water 
from 180 deg. to 290 deg. F. It has a heating 
surface of 9,702 sq. ft. 

Each boiler is operated under balanced-draught 
conditions, the equipment installed for this purpose 
consisting of two forced-draught and two induced- 
draught fans, the position of which will be clear 
from Figs. 4 and 5, Plate 1, while a view on the 
fan floor appears in Fig. 6, on page 7. Both sets 
of fans were constructed by Messrs. James Howden 
and Company (Land), Limited, Glasgow. The forced- 
draught fans are capable of supplying 34,700 cub. ft. 
of air per minute against a pressure of 6-92-in. water 
gauge when running at 970 r.p.m. They are driven 
by 123-h.p., 440-volt, three-phase motors which can 
be operated at speeds of 725 r.p.m. and 970 r.p.m. 
These motors were supplied by Messrs. Lancashire 
Dynamo and Crypto, Limited, Petty France, 
London, 8.W.1. They are controlled on the Tate 
system from a panel in the boiler-house. The 
induced-draught fans, which were also constructed 
by Messrs. Howdens, as will be seen from Fig. 6, are 
provided with Vortex collectors, and have a normal 
output of 52,000 cub. ft. per minute against a 
pressure of 8-5-in. water gauge. They are also 
driven by 440-volt three-phase motors with outputs 
of 71 h.p. and 147 h.p. when running at speeds 
of 580 r.p.m. and 725 r.p.m., respectively. The 
secondary-air fan, which supplies air to the com- 
bustion chamber, has a normal output of 13,000 
cub. ft. of air per minute against a pressure of 6-in. 
water gauge and is driven by a 28-h.p. motor. 

Both the boiler casings and the gas ducts are 
made of mild steel, in accordance with the practice 
usually adopted by Messrs. Thompson. It 
claimed that the use of this material improves the 
appearance of the plant, vesides being easy to 
assemble and dismantle. The beading is in standard 
lengths with holes already drilled for the insertion 
of special bolts and washers. This, it is claimed, 
makes for rapid fabrication, as it is possible to 
shear off the required lengths in one operation 
on site. This type of casing is also claimed to be 
highly efficient as regards gas tightness and to 
accommodate expansion and contraction without 
strain distortion. Special attention has also 


is 


or 
been given to ease of access to all the gas passages 
for the removal of grit and soot, and a com plete 
set of soot blowers has been installed by Messrs. 
Simpsons (Derby), Limited. The boiler fittings 
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include Cope’s water regulators, Hopkinson valves, 
and Electroflo instruments. 

The ashes from the boilers are handled by sub- 
merged conveyors of the type constructed by 
Messrs. John Thompson Water Tube Boilers, 
Limited. 'These conveyors are composed of a special 
rubber belt, which is formed into a trough by 
guide wheels on the carrier side and travels inside 
a cast-iron trough containing water. The hot ashes 
drop from the hoppers below the boilers through 
extension chutes, and are quenched before reaching 
the continuously moving belt. As shown in Fig. 5, 
Plate 1, the bottom of each chute is carried below 
the water level, thus forming a seal, which prevents 
the escape of fine dust. As the troughed side of the 
belt is submerged the power required for driving 
purposes is reduced. For instance, in the present 
case the length of the belt is 320 ft. and it will 
deliver 5 tons of ashes per hour into the bunker 
when running at a speed of 6 ft. per minute; the 
power consumption is 6 brake horse-power. 


(To be continued.) 








APPLICATIONS OF COLLOIDAL GRAPHITE.—Messrs. k. G. 
Acheson, Limited, Thames House, Millbank, London, 
S.W.1, have issued a new technical bulletin (No. 270) 
~oncerning the industries applications in which 
colloidal graphite is used as a lubricant. The subject 
of films and coatings formed with colloidal graphite is 
dealt with under a number of headings. Thus there are 
sections dealing with films on metals, on glass, and on 
A last section on special coatings 
is included An interesting application, not perhaps 
generally known, is that of dipping metal parts in a 
hot dispersion of ** dag" colloidal graphite in water to 
dry self-lubricating surfaces. In the 
industry colloidal graphite in water is described as a 
lubricant for the working tools. while the oil dispersion 
provides high-temperature lubrication for the glass- 
working machines themselves 


and 


miscellaneous surfaces. 


provide glass 
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(Continued from page 769, vol. 147.) 


AmonG the most interesting exhibits at the Show 
| is a submersible lifeboat tractor, specially designed 
for the Royal National Lifeboat Institution, and 
also supplied to the corresponding institution in 
Holland. This tractor, which is shown in Fig. 10, on 
this page, about to launch the boat at Skegness, 
is manufactured by Messrs. Roadless Traction 
Limited, Gunnersbury House, Hounslow, Middlesex. 
For launching purposes, the tractor is reversed and 
then pushes the boat on its carriage into the sea, 
and it is shown in this position in the illustration. 
During this process, the wheeled forecarriage is 
locked to prevent inadvertent steering. The tractor 
is a development from the firm’s model for agricul- 
tural and general contracting purposes. It is com- 
| pletely watertight up to the height of the air-intake, 
|7 ft. 6 in. above ground level, as in launching the 
boat, it has to run submerged in a rough sea to a con- 
| siderable depth. It may be called upon to operate 
over beaches incapable of carrying even the weight 
|of a man, and to haul a lifeboat on girder track 
| units weighing, with its carriage, 11 tons. 

The power unit of the tractor and part of the 
transmission are identical with those used in the 
Case Model “ L”’ tractor. While these units are suffi- 
ciently waterproof for agricultural purposes, it was 
|necessary for the conditions of lifeboat launching 
to make them virtually submersible, involving the 
effective sealing of every possible inlet for water. 
Such inlets include the carburettor, engine and gear 
breathers, fuel-tank filler caps, clutch control, steer- 
ing mechanism, and rear axle, and, in addition, it 
was essential to prevent water reaching such parts 
as the magneto, dynamo, distributor, starting motor, 
fan, and starting plugs. All these parts are water- 
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proofed with some form of sealing device, or are 
connected up to the air-intake pipe for the engine. 
Special measures were necessary to waterproof the 
governor, as any attempt to seal this component 
by means of glands would have interfered with its 
free operation. The governor mechanism was, 
therefore, completely enclosed in a watertight 
casing. ll the electric wiring is carried in water- 
proof conduits with the exception of that for the 
lamps, which is of the cab-tyre type with water- 
tight glands at the terminals. The sparking plugs, 
generator, magneto, and so on, are all enclosed in a 
large watertight aluminium casing on the off-side 
of the engine. Access to these components for 
adjustments or repairs is provided by readily remov- 
able watertight doors. To ensure against over- 
heating in stagnant air of any of the electrical 
equipment in the casing, the air intake for the engine 
passes through this casing, so that a continuous 
stream of cool air passes over the components. In 








Setr-Apsusting Wincu; Mrssrs. AuTto-MOWER ENGINEERING CoMPANY, LIMITED. 


addition to the normal electrical equipment of a 


tractor, provision is made for a powerful searchlight | 


for night work, and for head and tail lamps for road 
travelling. An electric starter 
engine. The batteries are housed on the near side 
of the tractor in a waterproof box. 

To guard against the possibility of the tractor 
being stalled on soft ground, a differential lock is 
provided, and to ensure against the risk of this 
being put into operation when the tractor is being 
steered, the lever which locks the differential is 
interconnected with the steering. A bollard is 
provided by means of which the boat and carriage 
can be hauled by the tractor from a distance if 
necessary, Oo: by means of which the tractor 
can haul itself out of a patch of quicksand or similar 
treacherous ground. A sprag beam is provided to 
anchor the tractor against the pull of the bollard 
when this is used for hauling the carriage. The 


width of the tracks has been increased from 16 in. - 


| tional rubber-jointed design. 


is fitted to the | 


na-Tyre Loa Carrier; Messrs. ROADLESS 


TRACTION LIMITED. 


to 18 in., and the length of the ground contact has 
also been increased by employing four weight- 
carrying rollers on each side instead of three. In 
other respects, the tracks are of the firm’s conven- 
The rubber is stated 
to be entirely unaffected by sand or salt water. The 
launching platform and buffer are carried forward 
as an extension of the main frame. A grid is pro- 
vided over the platform for a man to stand on, and 


when not in use, this grid can be hinged back against 


the radiator, so that the engine can be started by 
hand, if necessary. 

Another interesting tractor exhibited by the firm 
is illustrated in Fig. 11, opposite. This is a half- 
track model embodying a Fordson power unit, 
specially suitable for aerodrome maintenance, and 


|can be fitted with a l-ton jib crane, if desired. 
| Although front wheels are now somewhat unusual 


on track-laying vehicles, the special purpose for 
which this tractor is intended render them desirable. 
The tractor is largely used for maintaining the 
surface in aerodromes by hauling gang mowers to 
cut the grass at rates up to 100 acres a day. With- 
out the front wheels, it has been found that pitching 
occurs to a considerable extent when working on 
undulating surfaces at high speeds. By the addition 
of the front wheels shown, pitching is entirely 
eliminated, and the machine runs on an even keel 
in all circumstances. In addition, all normal steer- 
ing is controlled by the front wheels, the steering 
brakes only being employed on a very sharp turn, 
or when the ground conditions are such that satis- 
factory adhesion cannot be obtained for the wheels. 
The addition of the front axle and wheels also 
greatly facilitates the titting of the crane already 
referred to, as the jib is mounted on the axle with 
tie rods carried back to the tractor frame, leaving 
a clear space for working. The crane can be at- 
tached to, or dismounted from, the tractor in a few 
minutes, and has hand-operated lifting and lowering 
gear. A 12-ft. lift is provided under the hook. 
The engine of the tractor is a four-cylinder model of 
20 rated horse-power, operating on paraffin or petrol. 
Assisted thermo-syphon cooling is employed, and 
the radiator is fan-cooled. Ignition is by magneto 
with an impulse starter, and lubrication is by splash. 
The tractor is fitted with a three-speed gearbox 
giving road speeds of 1-4 m.p.h., 2-3 m.p.h. and 
6-3 m.p.h. The reverse speed is 1-86 m.p.h. 
Alternative gear ratios are available. The drawbar 
horse-power is 17, and the drawbar pull on the 
three gears is 4,500 lb., 2,740 Ib. and 1,000 Ib., 
respectively. The belt horse-power is 27 b.h.p. 
The track centres are at 52 in., the width of the track 
plate is 13 in., and the length of ground contact is 
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40 in. The ground pressure is 5-3 lb. per square 
inch. The turning radius is 10 ft. 9 in., and the 
weight is 3 tons | ewt. 

In addition to the two tractors described, Messrs. 
Roadless Traction Limited, are exhibiting the two 
types of log carrier illustrated in Figs. 12 and 15, 
on page 9. In the first of these, known as the Stan 
dard type, the log is carried on the top of the carrier, 
which is suitable for loads up to 5 ewt. The second 
carrier, illustrated in Fig. 13, is of the underslung 
type, and is suitable for loads up to lO ewt. Carriers 
for heavier loads can be supplied if required. As will 
be clear from the illustrations, the essential featurefof 
these carriers is that they are provided with tracks in 
place of wheels, enabling the log to be readily moved 
over rough ground. The track units employed, 
known as the * Orolo,”’ are equivalent to a wheel of 
about 15 ft. diameter. Any type of log, pole or pipe, 
van, of course, be carried, and a load which requires 
two men to lift one end to insert the carrier, can easily 
be moved over rough ground by one man. The 
particular advantage of the underslung carrier is 
that, by its means, the laying of pipes in trenches is 
greatly facilitated. When required for shipment 
abroad, the carrier can be supplied without the 
lever, so that the latter can be made locally. In 
some cases, a rough tree branch has been found to} 
serve the purpose of the lever satisfactorily. In the | 
case of short logs, the carrier can be conveniently | 
pushed and steered by this lever, but when the log 
is long, the lever is lashed to the log and the end of 
the latter is harnessed to a horse or tractor. Carriers 
can be supplied with screw lifting gear in place of 
the lever for heavy loads. 

In addition to the machine described | 
on page 767 of our previous volume, Messrs. | 
The Auto-Mower Engineering Company, Limited, | 
Norton St. Philip, near Bath, are exhibiting the 
self-anchoring winch illustrated in Fig. 14, on| 
page %. In the illustration, the winch fitted 
to a Fordson Utility tractor, but it can also be 
supplied for Fordson industrial, agricultural, or 
roadless models. The attachment is constructed as 
a self-contained unit the front 
axle of the tractor being mounted on the front of 
the chassis. The winding drum is located near the 
front of the chassis, the rope passing underneath the 
tractor, and between rope roLers at the rear. The 
rollers are close to the ground, but are hinged to 
swing back should an obstacle be encountered. The 
rollers can also be locked in a raised position for 
The considerable distance 
between the drum and the final roller is a marked 
advantage in winding, as if these two units are 
close together, it is difficult to wind evenly unless 
the tractor and the object being pulled are in close 
alignment. The additional stresses set up by the | 
application of the winch are all absorbed within | 


mowing 


is 


built as a chassis, 


reversing over obstacles. 
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drum and anchor, so that no additional stress is 
imposed upon the tractor. The anchorage is auto- 
matic and positive, the anchor being pivoted on the 
front of the chassis and being drawn more firmly 
into the ground as the load increases. An extremely 
heavy draught can therefore be obtained. As an 
example, it may be mentioned that a pull of 
7,000 Ib. was attained with the tractor operating 
on shingle at Dungeness. Further advantages of 


the arrangement adopted are that there is no/| 


tendency to raise the front wheels of the tractor 
when driving in the ordinary way, owing tothe weight 
of the drum overhanging the back, and that when 
the winch is actually in use, the anchor does not 
act as a jack, tending to take the weight off the 
rear wheels and thus making it difficult to withdraw 
the anchor from lack of wheel adhesion. The 
winding drum is equipped with a brake, operated 
from the driver’s seat, and the lifting lever for the 
anchor is also within reach of the driver. The 
brake prevents drum spin when paying out the 
rope, and enables the load to be held as may be 
required. Provision is made for forward roping for 
use if the tractor is bogged, or for negotiating bad 
banks. The main frame and anchor are of heavy 
channel-steel sections. The drum is of large 
diameter, and is fitted with bronze bushes running 
on a 2}-in. diameter steel shaft. The gears are all 
machine cut, and the secondary shaft runs in heavy 
bronze bearings. The main drive to the gearbox is 
by chain running on machine-cut sprockets, and 
enclosed in a casing. The drum brake is of the 
internal-expanding type. Both vertical and hori- 


the chassis, owing to the relative positions of the | zontal rope rolls are provided at the front and rear. No foot action is necessary in changing the gears 


Lubrication is by high-pressure grease gun through- 
out. The standard rope speed is approximately 
75 ft. per min. 

While the majority of the exhibits of Messrs. 
Ruston and Hornsby, Limited, Lincoln, have been 
previously described in our columns, the firm are 
showing the new locomotive illustrated in Fig. 15, 
above. This locomotive is fitted with a 10-h.p. 
to 13-h.p. Diesel engine, and is designed to find a 
ready market amongst large farmers, particularly 
potato and sugar-beet growers. The engine used 
is a vertical single-cylinder unit operating on the 
four-stroke cycle, with detachable wet-type liners 
of specially hardened material. A straight-through 
exhaust pipe is normally fitted, but if a higher 
degree of silence is required, a silencer is fitted 
without extra charge. As the engine is generally 
similar to the model described in ENGINEERING, 
vol. 142, page 645 (1936), it need not be described 
in detail, but it may be mentioned that it.has a 
wide speed range, the power output being approxi- 
mately proportional to the speed. The accelerator 
is conveniently placed on the left-hand side of the 
driver. Practically full torque is developed between 
600 r.p.m. and 1,600 r.p.m., and easy and certain 
starting is obtained under thé most adverse condi- 
tions. The engine is radiator-cooled and is fitted 
with a fan, well protected from damage by derailed 
wagons, etc. The drive from the engine is by shaft 
to a five-speed gearbox of the constant-mesh type, 
the clutches for engaging the gears being of the 
plate type and enclosed in the gearbox. A flexible 
coupling is interposed between the engine and box. 
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as this operation consists simply in moving a hand- 

lever on the driver’s right-hand side from one slot 
to another. No skill is required, so that there is no 
temptation for the driver to remain in an unsuitable 
gear. The operation of the clutches and brake can, 
if necessary, be effected from outside the locomotive 
to facilitate the coupling up of wagons. Reversing 
is effected by a sliding dog clutch and bevel gears in 
the usual way. The whole of the clutch and gear 
unit revolves with the engine, acting as a subsidiary 
tivwheel to assist in acceleration when it is desired 
to engage a higher gear. The gearbox is totally 
enclosed, the casing being of cast iron and the 
vears of hardened steel running in oil. The revolving 
shafts run in ball and roller bearings and are auto- 
matically lubricated, as also are the clutches. The 
final drive is by chain to each axle, the driving 
sprockets being placed at each end of a solid cross- 
shaft and therefore distributing the power equally 
between the two axles. The springing is arranged 
so that the axles swing on radius rods on the 
chain sprocket centres, eliminating chain snatch on 
aun uneven track or due to abuse of the clutch. 
Chain adjustment is effected on the radius rods. 
Leaf springing is employed, but without horn plates. 
The locomotive is of substantial construction, the 
frame being built up of rolled-steel sections to form 
a single piece. The centre of gravity is low and 
midway between the two axles, the weight of the 
gearbox balancing that of the engine. Solid-steel 
rail wheels, pressed and keyed to the axles, are 
fitted. A brake, operated by a hand lever with a 
pawl and ratchet, is provided, the brake shoes 
being of cast iron. The brake system is compen- 
sated to give equal effect on each wheel. The 
axles are made from 45-ton to 55-ton steel, and are 
3} in. in diameter. The axleboxes are of the plain 
dust-proof type with bronze bearings. Large- 
capacity sand boxes are provided. 

An all-crop harvester which has not been pre- 
viously exhibited in this country is shown by Messrs- 
Allis-Chalmers Manufacturing Company, 728, Salis- 
bury House, London-wall, E.C.2. This machine 
which is known as the “* Model 40,” is illustrated in 
Fig. 16, opposite. It is essentially a combine 
harvester of small size, designed for the economical 
handling of crops on farms of moderate acreage, and 
can be used with advantage when not more than 
40 acres are ready for harvest. The machine is 
claimed to be suitable for practically every variety 
of commercially-grown grain, beans and seeds with- 
out special equipment. The combine is entirely 
operated from the power take-off of the tractor. 
The sickle is 40-in. wide? and the grain flows direct 
from this into the bar-type threshing cylinder, which 
is 36-in. wide. The bars of the cylinder are of 
helical form, and the individual heads or pods are 
separately processed between the fast-moving bars 
and the concaves and stripper plate, thoroughly 
beating out the kernels. Straw and green weeds 
go through practically whole and unbroken. Separa- 
tion is effected by a vibrating single-unit straw rack 
and four-wing heater, which extends across the full 
width of the cylinder and thresher body. The straw 
rack area is 16 sq. ft. Rubber-faced bars on the 
cylinder, and the facing of the shelling plate and 
concaves with rubber, minimise cracking and pre- 
vent injury to the kernels. Variable-speed, Vee-belt 
drives are used throughout the machine. Variation 
in the speed is effected by adjusting the width of the 
pulleys, and in this way, a wide speed range is 
obtainable on the cylinder, straw rack, cleansing shoe, 
sickle, and drapers, to suit different crops. The 
header of the combine is built in, and is spring- 
balanced. The range of cut varies from 2 in. above 
the ground to 25 in. The header is stated to get 
under lodged crops, lifting them on to the sickle. 
The full-width draper takes the grain straight back 
to the sickle, instead of parallel to it, preventing 
thickening and loading on the canvas. The upper 
canvas hinges on the upper roller and the lower end 
floats on the incoming straw. It travels faster than 
the lower canvas, feeding with a combing action 
off the top of the moving stream of straw directly 
to the cylinder. Both canvases are supported by 
wooden slats. The sickle is driven by a simple bell- 
crank pitman, carried on ball bearings, and the 
tinal drive is rubber-cushioned, permitting high- 
speed cutting without vibration or excessive wear. 
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The sickle and guards are mounted on a rigid steel 
axle, extending across the full width of the header. 
High side walls guide the grain and serve as a wind 
break. The reel is driven from the right-hand road 
wheel, automatically ensuring the correct reel speed 
for any cutting speed. The reel is raised or lowered 
by simply pulling a cord from the tractor seat. The 
fan on the cleansing shoe is of the underblast type, 
and is 18 in. in diameter. The air-control valves 
are of the saw-tooth type. All the important high- 
speed shafts are carried on ball bearings. There is a 
master safety clutch at the end of the propeller 
shaft. The grain bin is of 11-bushels capacity, with 
auger unloading. The latter may be effected while 
cutting, if desired. The tongue hitch and propeller 
shaft are adjustable for height. The weight is 
approximately 1,700 lb., the overall width 7 ft. 10 in., 
and the overall length, 16 ft. 3 in. 


Messrs. J. and H. McLaren, Limited, Midland | 
Engine Works, Leeds, 10, are exhibiting one of their | 


latest designs of Diesel cable ploughing and culti- 


vating units, together with a number of their well- | 
The ploughing and culti- | 


known Diesel engines. 
vating unit is of particular interest in view of the 


Government’s programme for ploughing up grass- | 
The | 


land, for which the unit is eminently suitable. 
firm have specialised in the design and construction 
of cable tackle since their establishment in 1876, 
and such units have been introduced and are in use 
all over the world. The power units employed in 
the early days were steam engines, and these were 
later superseded by engines operating on petrol, 


paraffin, or alcohol, these engines, in turn, giving | 


place to the Diesel engine. This latest development 
completely revolutionised the whole system of cable 
cultivation, as it resulted in a great reduction in 
cost while giving a flexibility approaching that of 
the steam engine. 

The windlass illustrated in Fig. 17 opposite con- 
sists of a very strong steel frame built up of rolled 
channels rigidly stayed together, and carried by 
three-point suspension on four road wheels. The 
front wheels are ribbed to give efficient steering, and 
the rear wheels are fitted with cross plates for ad- 
hesion. Additional equipment includes spuds for the 
driving wheels to obtain additional adhesion, angle- 
iron rings for the road wheels to help the steering on 
soft ground and to prevent side slip on greasy ground, 
and widening rings to give a greater bearing surface 
on sandy or boggy land. Steering is effected by 
chains, and the rear wheels are driven through worm 
and differential gearing. The motive unit is a 
four-cylinder light-weight McLaren-Ricardo Diesel 
engine, capable of developing 100 brake horse- power 
at 1,000 r.p.m. An auxiliary unit, consisting of a 
two-cylinder water-cooled petrol engine of 8 h.p., 
with clutch and reduction gear, is provided to 
facilitate starting the 
The crankshaft of the main engine is provided with 
an extension shaft on the near side to carry the 
driving pulley for actuating belt-driven machinery. 
The extension shaft is coupled to the crankshaft 
through a friction clutch, which also controls the 


travelling and ploughing gears. The travelling | 


gear and ploughing drive are mounted at the rear 
end of the frame overhanging the rear axle, enabling 
the wheel base to be shortened and economising 
weight. The power is taken to the main driving 
shaft by means of a chain from a sprocket wheel on a 
countershaft. 
main shaft, and can be engaged at will with either 
the road travelling gear or the ploughing drum. 


The road gear is reversible, and is operated by a} 


set of bevel pinions and a bevel wheel on a vertical 
shaft, and from this shaft, by means of a worm drive 
to the differential gear and rear road wheels. The 
winding drum gear and road gear are fitted with a 
locking arrangement which renders it impossible 
to engage both these motions at the same time. 


The winding drum is vertical, and can therefore be | 
conveniently carried on a shaft supported at both | 


ends. By using a vertical drum, the coiling of the 
rope is also greatly simplified, as it is not affected 
by the position of the machine on uneven ground. 
The machine can stand at almost any angle to the 
ploughing field, and the rope draught is kept low 
to prevent side slipping. The rope is arranged so 
that the pull comes from the weight centre of the 
machine. 





main engine from cold. | 


Sliding pinions are mounted on the | 


Finally, there is no chance of the rope | 


dropping from the drum. The number of speeds 
provided depends on the type of implement to be 
used, and nine different drum speeds can be provided 
to enable every variety of soil to be worked and the 
heaviest work to be done at an appropriate speed. 

The engine fitted embodies the well-known 
Ricardo Comet Mark IIT head, and is a five-cylinder 
model with a cylinder bore of 142 mm. and a piston 
stroke of 200 mm. The cylinders are fitted with 
renewable wet liners surrounded by ample water 
spaces. The heads are detachable, and carry the 
atomisers, together with the exhaust and inlet valves. 
The pistons are of the trunk type, and are fitted 
with five rings. The gudgeon pins are case-hardened 
and ground. The connecting rods are forged-stee| 
stampings of H-section, with phosphor-bronze 
bushes at the small end and bushes lined with 
white metal at the big end. The crankshaft is 
of large diameter, and is machined all over from a 
high-tensile nickel-steel forging ; there is a bearing 
| between each crank. The camshaft is of case- 
hardened steel, ground on the bearing surfaces and 
cam profiles. The valves, which are of special 
heat-resisting steel, are of the overhead mushroom 
type operated by push rods. The valve guides are 
of phosphor-bronze and are removable. The fuel 
pumps and atomisers are of the C.A.V.-Bosch 
type. The governor is of the spring-loaded centri- 
fugal type, and a speed regulator is also fitted to 
|enable the speed to be varied while the engine is 
running. All working parts of the engine are force- 
feed lubricated. As stated, the engine is started 
by a petrol engine. When starting up, the Diesel 
|engine is run without compression, and when a 
speed of 200 r.p.m. is reached, the energy stored in 
the flywheel enables full compression to be overcome. 
| As soon as the main engine starts, the petrol engine 
is automatically disengaged and is prevented from 
over-running by a governor. 


(To be continued.) 








LABOUR NOTES. 


THE Ministry of Labour provisionally estimates that 
at June 12 the number of insured persons between the 
ages of 16 and 64 in employment in Great Britain was 
approximately 12,810,000. This was 143,000 more 
than the total for May 15. It is estimated that on a 
comparable basis there was an increase of approxi- 
mately 600,000 compared with June 13, 1938. The 
improvement in employment between May 15 and 
June 12 extended to all but a few industries. It was 

| most marked in building and public works contracting, 
agriculture and horticulture, hotel and boarding-house 
service, the distributive trades, engineering, metal 
goods manufacture, the cotton, wool, hosiery, printing 
and fishing industries, and the road transport, dock and 
harbour, and shipping services. On the other hand, 
there was a slight decline in employment in the 

| coal-mining industry. 


At June 12, the numbers of unemployed persons on 
the registers of employment exchanges in Great Britain 
| were 1,098,793 wholly unemployed, 195,625 temporarily 
stopped, and 55,161 normally in casual employment, 
| making a total of 1,349,579. This was 142,703 fewer 
| than the number on the registers at May 15, and 453,333 
| fewer than at June 13, 1938. The total on June 12 
| comprised 1,022,790 men, 28,264 boys, 266,836 women, 
| and 31,689 girls. 


total of 1,349,579 registered unemployed 
included 1,231,559 persons who were applying for 
benefit or unemployment allowances. An analysis of 
these applicants according to the length of the last 
spell of registered unemployment is as follows :— 
268,000 (22 per cent.), 12 months or more ; 809,000 
(66 per cent.), less than 6 months; 665,000 (54 per 
cent.), less than 3 months ; 521,000 (42 per cent.), less 
than 6 weeks. Of the persons on the registers at June 
12, about 54 per cent. were applicants for insurance 
benefit and about 37 per cent. for unemployment 
allowances, while about 9 per cent. had no application 
for benefit or unemployment allowances. 


The 


The Industrial Court issued its award last week on 
the claims of the trade unions which have members 
employed in the workshops of the four main-line 
railway companies for increased wages and improved 
conditions. The unions asked for an increase in wages 
of 2d. an hour, a minimum wage of 50s. a week, a 
guaranteed day and a guaranteed week, and 12 days 
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annual holiday with pay. In its findings, the Court 
stated that the claim for an increase of 2d. an hour 
had not been established. The minimum of 50s. a 
week would, they said, involve a departure from the 


basis of the various rates—-namely those of occupations | 


and localities—-would affect piecework prices, and 
would render inevitable a review of the wages of other 
classes of workpeople. In these circumstances, the 
award stated, the Court took the view that whatever 
ground there might be for adjustment of the lower 
wages, the claim was not one which should be conceded 
either at the present time or in its present form. The 
grounds of the applications for the guaranteed day 
and week and for 12 days holiday with pay were not, 
in the Court’s opinion, such as to warrant their 
concession. 

On the second ballot, Mr. Jack Tanner has been 
elected president of the Amalgamated Engineering 
Union in succession to Mr. J. C. Little, who retires in 
September. Mr. Tanner polled 36,345 votes, and his 
opponent, Mr. W. H. Hutchinson, 26,414 votes. Mr. 
Tanner is at present a member of the executive council 
and was for some time London District 
Mr. Hutchinson is one of the National Organising 
Delegates, and a former president of the Union. 


A provision of the United States Fair 
Standards Act permits employees to be worked up to 
12 hours a day and 56 hours a week without payment 


of overtime, provided that certain other conditions | 


are met, namely, if the employer and employees are 
working under collective bargaining 
arrived at between a bona fide union and the employer, 
which limit hours of work to not more than 1,000 
during a period of 26 consecutive weeks, or on an annual 
basis to not more than 2,000 hours within a twelve- 
month period. According to the weekly organ of the 
International Labour Office at Geneva, an “ Interpreta- 
tive Bulletin” issued by the administrators of the 
Act clarifies the application of the provision. The 
phrase “on an annual basis ”’ is interpreted to mean 
that the employee must be guaranteed a fixed amount 
of wages or continuous employment for a year. The 
Bulletin makes it clear that the mere existence of 
a collective agreement does not exempt employees or 
employers from the Act. Unless such agreement is 
accepted as fulfilling the 1,000 or 2,000 maximum 
hour requirements, in which case the 56-hour limit 
can be applied, overtime must be paid at time and 
« half up to 44 hours. In any case, payment must be 
at the rate of at least 25 cents an hour. 


An employee will be considered to be employed on 
an annual basis if in the collective agreement which 
covers the terms of his employment he is guaranteed 
either a fixed annual wage (whether it be payable 
weekly, fortnightly, monthly or otherwise) or con- 
tinuous employment for 52 weeks (including normal 
vacation periods with or without pay) or employment 
for 2,000 hours in a year. If an employer guarantees 
his men 2,000 hours in a year it need not be 2,000 hours 
of work, but may be 2,000 hours’ pay. The limitation 
restricting hours to 1,000 or 2,000 is on the number 
of hours worked. If an employer paid his employees 
for 2,080 hours during the year, but two of these weeks 
were vacation weeks with pay, and not more than 
2,000 hours were actually worked, the 2,000-hours 
limitation in the Act is satisfied. All hours worked, 
even though they be paid for at overtime rates, will 


Delegate. | 


Labour 


agreements, | 
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The Order, which is operative throughout Germany: | 
including the Ostmark, the Sudeten Territories and the 
Province of Memel, provides that the possession of an 
employment book is obligatory not only for the wide 
field of employed persons, numbering about 22 millions, 
hitherto covered, but also for employed persons hitherto 
excepted whose fixed monthly remuneration exceeds 
1,000 RM.; persons in independent employment, 
including persons engaged in home industry; and 
persons assisting in family undertakings. The scheme 
does not, however, apply to seamen (for whom other 
employment records exist), school children, foreign 
migrant workers who leave the country on the termina- | 
tion of their seasonal employment, persons who merely | 
follow occasional employment for short periods, and | 
persons in independent employment in the health | 
services and the legal profession. | 








The issue of employment books to the persons newly 
brought within the scheme is to be effected in four 
stages, starting as from May 1 this year with persons 

|in independent employment, in agriculture, and the 
family assistants of such persons. For persons in 
|independent employment in commerce, transport, 
| industry and other branches of economic activity, the 
| family assistants of such persons, and also manual and 
non-manual workers whose remuneration exceeds 
1,000 RM. a month, the issue of the books is to be | 
deferred until a date to be fixed by the Federal Minister | 
of Labour. | 


A communication received by the International 
Labour Office states that various measures for dealing 
with the requirements of the present emergency in 
|China have recently been taken by the National 
| Government. Regulations issued on December 10, 
| 1938, require persons who have received technical 
| education or have had experience of technical work, 
jincluding graduates in technology, medicine, law, 

commerce, etc., of Chinese or foreign universities, to 
| furnish details regarding their qualifications, etc., and 
| register with official agencies designated for the purpose. 
| These persons may be called upon to do such work as 
| is assigned to them by the Executive Yuan or by the 
| military authorities. Arrangements have also been 
| made by the National Committee for the Co-ordination 
| of Education and Reconstruction in Chungking for the 
registration of unemployed persons with technical 
| qualifications with a view to placing or retraining them. 
' 

According to Tokio newspapers, the Japanese 
|Government published on March 31 this year, in 
| application of the General Mobilisation Act of April 1, 
| 1938, an Order for the limitation of hours of work in 
| factories. The aim of the Order, it is stated, is to 
| protect workers in branches of industry which have | 
undergone rapid development in complying with the 
requirements of national defence. It applies to 
| factories covered by the Factory Act, and definitely 
specified by the Minister of Social Welfare in adminis- 
| trative regulations issued on April 16 this year. These 
industries include machine-tool manufacture, ship and 
| railway-coach building, metal working and metal 
| refining. This is the first time that the hours of 
workers over 16 years of age have been limited in 
principle to 12 a day, including a break for rest (the 
| break is 30 minutes a day when more than six hours 
are worked, and one hour for a working day of over 
| 10 hours). Under the Order, every worker is entitled 
| to at least two days’ holiday a month. All exemptions 





be included in computing the 1,000 and 2,000 hours | from the regulations concerning the limitation of work- 
permitted. Although under the general terms of the | ing hours or holidays must be approved by the Prefect. 
Act the length of the work day is not fixed, employers | No exemption from the hours of work regulations can 
availing themselves of the exemption provided by | apply on more than seven days a month or for longer 
working under such collective agreements described| than two hours a day. The Minister of Social 
above must pay overtime at the time-and-a-half rate | Welfare or the Prefect may require the employers con- 
for all hours worked in excess of 12 hours in any work | cerned to send in reports on the observance of the new 
day. = | regulations, and all undertakings are liable to inspection. 
The Order does not apply to State undertakings, but it 
Writing on Friday last week, The Times correspon- | applies to Japanese dependencies and Colonies. In 
dent in Berlin stated that the continued labour shortage | Japan itself the number of workers affected by the 
in Germany was made evident hy the Labour Exchange | Order is about 1,800,000. 
figures for May. For 1,744,100 vacancies in that | 
month there were no more than 987,000 applicants— | 
184,000 fewer than in April. At the end of May there! An agreement signed by the joint committee for the 
were still 752,000 vacancies unfilled—5,000 more than | iron-working industry of Moselle on the subject of 
at the end of the previous month. In the old Reich,| holidays with pay during the current year contains 
vacancies unfilled were twice as many as at the end of | some interesting features. According to Industrial and 
April. 


In Austria, too, vacancies were more numerous | Labour Information holidays are granted in accordance 
than applicants, the former numbering at the end of | with the Act of June 20, 1936, and the administrative 
May 90,000, while there were only 69,000 persons | regulations issued under it. The ordinary holiday 
looking for posts. | period will extend from May | to October 31. The 
| holiday allowance will be assessed in the following 

In furtherance of the official control of the labour} manner: For an uninterrupted period of 15 days the 
supply in Germany, the system of employment books | allowance will be equal to twice the usual wages earned 
instituted by the Employment Book Act dated Feb-| by the worker for 40 hours of work (42 hours in con- 
ruary 26, 1935, has been extended by an Order of the | tinuous process undertakings)—that is to say, 80 times 
Federal Minister of Labour dated April 22 this year. | (84 times in continuous process undertakings) the sum 
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of the following elements: (1) the basic hourly wage 
of the worker and (2) a bonus equal to the hourly 
average of bonuses received by the worker during the 
first quarter, this bonus being calculated by taking into 
account the number of actual working days and by 
supposing the application since January 1 of the 
collective increases in wages resulting from agreements 
and arbitration awards issued or which will be issued 
after January 1 and before the date of the worker’s 
departure on holiday. For one uninterrupted week’s 
holiday the allowance will be equal te 40 times (42 
times in continuous process undertakings) the sum 
mentioned. Holidays with pay will not involve any 
deduction from the monthly family allowance. 





Speaking at a meeting on Sunday last, on the eve of 
the annual conference, at Clacton, of the National 
Union of Railwaymen, Mr. Marchbank, the general 
secretary of the organisation, said that there would be 
no peace in the railway services until the 50s. minimum 
had been established. The arguments used in the past 
that the financial position made it impossible to 
concede improvements could not, he declared, be 
accepted. 








THE LABORATORIES OF THE 
BRITISH NON-FERROUS METALS 
RESEARCH ASSOCIATION. 


As we record on page 19 new laboratories of 
the British Non-Ferrous Metals Research Asso- 
ciation, Regnart Buildings, Euston-street, London, 
N.W.1, were formally opened on Thursday, June 29, 
by the Right Hon. Oliver Stanley, M.C., M.P. 
The Association, which was established in 1920, 
obtained space in 1931 in Regnart Buildings to house 
its administrative offices, development department and 
laboratories under one roof, and a description of the 
premises and equipment has been given previously in 
ENGINEERING.* The continuous growth of the associa- 
tion’s membership and research work, however, caused 
serious congestion in the laboratories ; hence, in 1937, 
a scheme involving the doubling of the floor space of 
the available accommodation was approved by the 
Council. Building operations were begun in December, 
1937, and the extension was completed early in the 
present year. The new building, which faces Euston- 
street, has been erected in front of the older premises ; 
it is a steel-framed structure with brick panel walls, 
care being taken, in the design, to give adequate space 
with the minimum interference from service pipes, 
etc., in the laboratories. The new laboratories com-* 
prise semi-basement, ground, first and second floors, 
while the flat roof is used for conducting atmospheric- 
exposure corrosion tests. As is appropriate, non- 
ferrous metals have been extensively employed in 
fitting out the new building, copper pipes being used 
in the lavatories and for a great proportion of the 
plumbing. The ternary lead alloy known as BNF 
No. 2, has been adopted for the water-supply pipes 
to the laboratories. The principal stair balustrade 
has a nickel-silver handrail ; and the door fittings are 
of nickel silver, Anodised aluminium and _ bronze. 
Radiators and cumbersome pipework have been 
avoided by having a heating system of warm water, 
the temperature of which is 90 deg. F. to 110 deg. F., 
circulating through pipes embedded in the ceiling. 
The electricity supply available consists of 400-volt, 
three-phase, 50-cycle alternating current for power ; 
and 230-volt, single-phase, 50-cycle current for small 
power, lighting and heating. The physics laboratory 
is provided with 220-volt direct current and the 
mechanical testing laboratory with 440-volt direct 
current, both supplies being obtained from an 11-kW 
hot-cathode-type rectifier. 

The mechanical-testing laboratory, a view of which is 
shown in Fig. 1, opposite, occupies the whole of 
the working space, amounting to 2,800 sq. ft., in the 
semi-basement of the new building. As may be seen, 
the equipment includes tensile, impact, hardness, 
cupping, and other testing machines. Creep-testing 
equipment is also installed in this laboratory, and in 
Fig. 2 are shown the six high-temperature creep units, 
the load capacity of which are | ton and 2} tons. 
These machines and the furnaces, thermostats and 
extensometers employed with them, have been designed 
and constructed in the Association’s workshops. Also 
installed in the mechanical-testing laboratory are 
machines for determining the creep resistance of lead 
pipes, under internal pressure, at elevated tempera- 
tures. The primary object of these tests, however, is 
to determine the life of the specimens, but diametral 
creep can be measured, the pressure being provided by 
gas from cylinders. Since it is important that some 
of the creep tests should be conducted in conditions of 


* See vol. 131, page 772 (1931). 
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steady room temperature, a constant-temperature 
laboratory, measuring 30 ft. by 16 ft., is provided at 
one end of the mechanical-testing laboratory. A 
general view of this constant-temperature laboratory 
is given in Fig. 3. The temperature in this room is 
maintained at 20 deg. C. + 4 deg. C. Six frames are 
installed in this laboratory for performing creep tests 
| under dead-loading conditions, and they allow a total 
of 120 specimens to be accommodated, each of which 
can be subjected to a dead load of up to 350 Ib. 
Other apparatus installed in the constant-temperature 
room includes Barr and Bardgett stress-relaxation 
| creep-testing equipment and a machine, designed and 
constructed in the Association’s workshops, for creep 
tests under conditions of repeated loading and unloading 
at room temperature. In this latter machine the 
| period during which the load is acting on the specimen 
| can be varied by adjusting a timing mechanism. The 
| preparation of the metal specimens for mechanical 
and creep testing is carried out in the machine shop, 
| which has been re-arranged to allow individual drives 
by three-phase motors to each machine. 

In the commodious physics laboratory, which is 
|arranged on the ground floor of the new building, 
considerable attention is devoted to spectrographic 
|analysis. The apparatus for this work includes three 
| Hilger spectrographs and a non-recording micro- 
| photometer, and both direct- and alternating-current 
| spark equipment are employed. Electrical-resistivity, 
| thermal-conductivity, and other determinations are 
| conducted in the physics laboratory. Adjoining the 
physics laboratory are metallography laboratories. The 
main microscope room contains two Watson bench 
metallurgical microscopes, a Watson binocular micro- 
| scope, and a Vickers projection microscope. 
| A glass-roofed single-storey melting shop has been 
| installed in the 20 ft.-wide well between the new and 
|the old building, and in it are provided facilities for 
| moulding, melting and casting work. The furnace 
equipment includes coke- and gas-fired crucible furnaces, 
each of which has a capacity of 100 Ib. of copper; a 
27-kVA Efco electric resistance furnace the capacity 
of which is 120 lb. of copper ; a 21-kVA Birlec electric- 
resistance annealing furnace having a hearth capacity 
of 32 in. by 20 in. and furnished with thermostatic 
temperature control supplied by Messrs. Cambridge 
Instrument Company, Limited; and a 35-kVA Efco 
| high-frequency furnace. The latter is of the spark- 
gap type, and three separate furnace units are provided 
| with melting capacities of 22 Ib., 11 Ib. and $ Ib. of 
| copper, respectively. 
| The new building has made it possible for ample 
| Space to be given to the library, which is now housed 
|in a room measuring 34 ft. by 30 ft. on the first floor. 

| The space allows for the inevitable increase in the 
| technical literature that may be expected in coming 
| years, its present compleme nt being 4,000 books and 
20,000 pamphiets and reprints. An important branch 
|of the Association’s work lies in corrosion research 
and in the preparation of suitable metals for condenser 
tubes. The main corrosion-research laboratory, which 
| has a floor area of 800 sq. ft., and also a smaller labora- 
tory for special operations and a general chemistry 
laboratory, are arranged on the top floor of the older 
| building. Among other equipment, the main labora- 
tory contains jet-test apparatus for the investigation 
| of the resistance of condenser-tube materials to attack 
by rapidly-moving aerated sea water and a special 
still for producing highly-pure distilled water for 
certain corrosion experiments. The smaller corrosion- 
| research laboratory is equipped very completely for the 
| carrying out of chemical and microchemical work, on 
specimens and corrosion products, and their examination 
| under the microscope. The development department, 
which is largely concerned with adapting the results 
|of research to industrial practice, has been allotted 
| adequate space on the first floor of the older building. 
| Much of this is taken up by an exhibition of specimens 
| illustrating in a concrete and striking manner the 
results of many of the Association’s researches. The 
work of this department, which, in effect, constitutes 
;a@ liaison service between the research worker and 
| industry, is steadily increasing year by year; during 
1938 it dealt with 813 technical inquiries submitted 
by member firms, as compared with 744 in 1937. The 
staff of the department also frequently visits members, 
| by request, to discuss technical matters and to carry 
| out experiments and trials in their works. 











THE ANNUAL CONVERSAZIONE OF THE INSTITUTION OF 
ELECTRICAL ENGINEERS.—The Annual Conversazione 
of the Institution of Electrical Engineers was held at the 
Natural History Museum, South Kensington, London, 
on Tuesday, July 4. A large number of members and 
ladies attended and were received by the President, 
Dr. A. P. M. Fleming, C.B.E., and his daughter-in-law, 
Mrs. Mavis Fleming. A formal opportunity was also 
given to those attending to take leave of the Secretary. 
Mr. P. F. Rowell, who is retiring after twenty-five years’ 
service, and Mrs. Rowell. 
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BRITISH STANDARD 
SPECIFICATIONS. 


AMONG the specifications issued by the British Stan 
dards Instifution, the following may be of interest to 
our readers. Copies are obtainable from the Publica- 
tions Department of the Institution, 28, Victoria-street, 
London, S.W.1, and, unless otherwise stated, the price 
is 24. net, or 2s. 2d., post free. 

Testing of Vegetable Adhesives.—The methods of 
testing vegetable adhesives given in this specification, 
which is designated No. 844-1939, are intended to 
apply to such adhesives manufactured from 
starch or from materials such as wheat flour and potato 
starch. Typical adhesives of this type are crystal 
gums, dextrins, and water-soluble pastes and powders. 
Descriptions are given of methods for the determination 
of moisture content, ash, chemical residues, colour, 
efficiency of adhesion, foam, keeping quality and 
viscosity. 

Cold-Rolled Mild-Steel Strip.—This specification, No. 
847-1939, relates to commercial-quality cold- 
rolled mild-steel strip, and is similar to No. 725-1937, 
which deals with hot-rolled mild-steel strip. Four 
classes of temper are provided for, namely (a) hard, for 
flat work and easy punching; (6) medium-soft, for 
work requiring bends ; (c) soft, for shallow cupping and 
bending; and (d) deep-drawing, for deep- 
drawing and pressing. The tolerances on the thickness 
and on the width of the strip are fully defined. No 
chemical composition or tensile tests are specified, but 
a table indicating these properties for the various 
tempers is given for the guidance of users. A cold- 
bend test is specified for the medium-soft strip, but, 
as regards the other qualities, the appropriate form 
of test is dependent upon the nature of the work for 
which the material is required, and it is recommended 
that, in all cases, the manufacturer of the strip be 
consulted. 

lireraft Materials and Parts.—Seven specifications 
relating to materials for aircraft purposes have recently 
heen published. Specification No. A.15 concerns high 


as are 





good 


severe 


tensile steel hexagonal-headed bolts machined from 
bars. It covers }-in. to l-in. B.S.F., and Nos. 2, 4 
and 6 B.A. sizes. In order to distinguish the bolts 


| branches, 


from those of the low-tensile steel type, the heads are | 


to be marked with a vee-shaped groove on the hexagonal 
Specification No. A.14 deals with ordinary and 
thin hexagonal brass nuts machined from bars comply- 
ing with specifications No. 3.B.13 or 249. ) 


faces 


No. S.P.8 concerns the material and dimensions laid 
down for turnbuckles of the tension-rod type. This 
hitting comprises a right- and left-hand threaded | 


tension rod used in conjunction with two standard fork 
joints (No. S.P.3). Specification No. 4.T.47 constitutes 
which includes a mercurous-nitrate test 
adopted as a check on the tendency of the brass tubes 
usedl for honeycomb-type radiators to develop cracks 
due to the internal stresses in the hard-rolled material. 
Specification No. 5.L.3 relates to aluminium-alloy sheets 
and coils, and Specification No, 2.L.38 to aluminium- 
coated aluminium-alloy and coils. Both are 
revisions, but the chemical composition of the alloy 


t+ revision 


sheets 


Specification | all 
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PERSONAL. 


Messrs. EDGAR ALLEN AND COMPANY, LIMITED, 
Imperial Steel Works, Sheffield, 9, have appointed Mr. 
E. F. Wren specialist representative and demonstrator, 
for die steels in particular, in the Birmingham district, 
under Mr. 8S. Gregory. 

Mr. H. H. BERRESFORD has been appointed deputy 
managing director of Messrs. Staveley Coal and Iron 
Company, Limited, Hollingwood, near Chesterfield 

Mr. R. W. Greeory, M.I.E.E., consulting engineer, 
Pilgrim House, Newcastle-upon-Tyne, 1, has taken into 
partnership Mr. H. E. Baker, B.A., A.M.L.E.E., as 
from July 1. The firm will continue under the name of 
Messrs. R. W. Gregory and Partner. 

MeEssks. HOUSEMAN AND THOMPSON, LIMITED, are 
removing from Exchange Buildings, Newcastle-upon- 
Tyne, 1, to larger premises on July 8. The new address 
will D.M. House, Newcastle-upon- 
Tyne, 

The offices of THE NEW ZEALAND INSTITUTION 
ENGINEERS have been transferred, from 54, Molesworth- 
street, to 8-12, The Terrace, Wellington, C.1. 

As their entire works at Heather Park-drive, North 
Circular-road, Wembley. are required for a manufacturing 
Messrs. J. GERBER AND COMPANY, LIMITED, 
and their associated company, MESSRS. KESSEL (POWER 
PLANT), Limrrep, have transferred their machinery- 
trading business and their workshops to the Wembley 
Exhibition grounds. The new Palace of 
Engineering. Exhibition Grounds, Wembley, Middlesex. 
The of their office 23a, White- 
street E.C.2. 

MESSRS. FREDK. BRABY AND LIMITED, 
Petershill-road, Glasgow, N.., Mr. 
George H. Ferguson general manager of their Scottish 
which embrace the Petershill-road Works, 
Springburn, Glasgow ; works at Falkirk, and bar-rolling 
mills at Motherwell. Mr. James P. MacKinnon has been 
appointed assistant manager. 

The University of Sheffield has conferred the Honorary 
Degree of Doctor of Metallurgy upon Mr. JAMES EDGAR 
British Cast [ron 


be Jesmond-road, 


OF 


process, 


address is 


address head remains, 
London, 
COMPANY, 


have appointed 


Hurst, a member of the Council of the 
Research Association. 

MANUFAC- 
Trafalgar- 
10, 
sales, 


VEHICLE 
Buildings. 


MESSRS. ASSOCIATED ELECTR 
LIMITED, 231-4, 
square, London, W.C.2, as from July 
their administrative departments, including 
will be centralised at their Birmingham factory, Webb- 


TURERS, Grand 


inform us that 





lane. Hall Green, Birmingham, 28, and all communi- 
cations should be addressed accordingly. Their Leicester 
| factory will now produce bodywork solely and their 
Birmingham factory, chassis. Their Bristol depot, 
however, will continue at 7, Temple-street. Bristol, 1, 
and their London service depot at 77, Marylebone High- 
street, W.1. 
TENDERS. 
Wr have received from the Department of Overseas 


remains unaltered, with the exception that the upper | 


limit for magnesium has been raised to 0-8 per cent. 
Che copper employed for making the alloy is to assay 
not than 99-8 per cent. Other modifications 
introduced relate to testing procedure. Specitication 
No, 3.F.50 relates to eveleted fuselage webbing, and is 
ilso a revision in which a modified method of holding 


less 


the webbing in the test for the determination of the 
tensile breaking strength of the material has been 
ulopted, to avoid erratic results due to the sample 


slipping in the jaws of the testing machine 
of each of the seven specifics trons le 
post free. } 


[The price 
net, or la. 2d 
Welded Air Receivers \ second revision of 
this specification, No. 487-1939, has now been pub 
It was originally issued in May. 1933, and first 
revised in February, 1937. The present revision was 
originally undertaken in order that the provisions in 
reviewed in the light of the 
Act, 1937. The lower 
limit to which the specification is applicable has been 
defined to exclude air receivers stialler than 9 in. in 
internal diameter, these smaller receivers, together with 
pressure paint containers, being the subject of separate 
specifications. An important additional amendment is 
the omission of the provision referring to lacing straps. 
\ number of other amendments, of a minor nature, has 
been made and the appendix, in connection with the 
tensile-test pieces, has been brought into line with the 
revised specification for the tensile testing of metals 
(No. 18) 


Fusion 


lished 


regard to access might be 
requirements of the Factories 





TRANSMISSION SECTION OF THE INSTITUTION OF 
ELECTRICAL ENGINEERS.—-Mr. F. W. Purse been 
elected chairman and Mr. H. J. Allcock vice-chairman of 
the Transmission Section of the Institution of Electrical 


19838-1940 


has 


Engineers for the year 


Trade, 35, Old Queen-street, London, 8.W.1. particulars 
of the undermentioned tenders. the closing dates of which 


are stated Details may be obtained on application to 
the Department at the above address, quoting the 
reference numbers given 

Electric Pumping Sets, six. for deep-well service ; 
July 25 (T.Y. 24.156/39.) Also two electric pumping 
sets for deep-well service at the town of San Nicolas; 
July 31. (T.Y. 24,157 /39.) Argentine National Sanitation 
Works Department, Buenos Aires 


Diesel-Engine Driven Pumping Seta for drinking water. 


Argentine National Sanitation Works Department, 
Buenos Aires; August I (T.Y. 24,158 /39.) 

Steam Boilers, self-contained, double  return-tube, 
titted with automatic stokers, for Bloemfontein Mental 
Hospital. Union Tender and Supplies Board, Pretoria ; 
\ugust 3 (T. 24,348 39.) 

Tranamission-Line Towers, galvanised-steel, complete 
with arms, ground stubs or footings. to carry 110-kV 


line, 107 towers for Penrose-Henderson transmission line 


(T. 24,.275/39), and 15 towers for Waikaremoana tie line 
(T. 24.283 39). Public Works Department, Wellington, 
N.Z October 10. 


Electricity and Water-Supply Plant for Rawanduz 
Barracks, including two 10-kW sets and two electrically- 
driven centrifugal pumps. Ministry of Defence, Bagdad, 
Iraq: July 15. (T. 24.371 39.) 





MACHINERY CONVERSION ON &.S. LLANSTEPHAN 
CASTLE Messrs. Harland and Wolff. Limited, have 
now completed the machinery conversion, from coal to 
oil-burning, of the 8.8. Lianstephan Castle, and the 
vessel left Belfast for London on June 26. She is the 
last of three intermediate Union-Castle liners to be simi- 
larly treated, the other two the Llandovery 
Castle and the Llandaff Castle 


being 
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BOOKS RECEIVED. 


Diesel Hand Book. A Practical Book of Instruction for 
Engineers and Students on Modern Diesel Engineering, 
Land, Marine, Locomotive, Aero, Automotive and Port- 
able Installations. .4 Combined Hand Book and Text 
Book. Sixth edition. By Jutrus Rossioom. Jersey 
City, N.J., U.S.A.: Diesel Engineering Institute, 137- 
143, Franklin-street. [Price 5 dols.}] London: Angus 
and Robertson, Ltd., 37, Great Russell-street, W.C.1. 

Reinforced-Concrete Bridges. With Formulas Applicable 
to Structural Steel and Concrete. By the late F. W. 
TayLor, S. E. THOMPSON and EDWARD SMUISKI. New 
York : John Wiley and Sons, Inc. London: Chapman 
and Hall, Ltd. [Price 32s. 6d. net.]| 

Calculus. By Proressor F. H. MILLER. 
John Wiley and Sons, Inc. London: 


New York: 
Chapman and 


Hall. Ltd. [Price 15s. net.) 

Direct-Current Machinery. By Prorressor H. 8. BULL. 
New York: John Wiley and Sons, Inc. London : 
Chapman and Hall. Ltd. [Price 15s. net.) 

New Zealand. Public Works Statement, 1938. By the 


Hon. R. SEMPLE. Wellington: E. V. Paul, Govern- 
ment Printer. 
Graphical Analysis of Vibrations in 


By Proressor K. J. De JUHASZ. 


Mechanical Springs. 
Philadelphia, Pa., 


U.S.A.: The Franklin Institute. 

Department of Scientific and Industrial Research. Report 
of the Building Research Board for the Year 1938. 
London: H.M. Stationery Office. [Price 3s. 6d. net.| 

F.Bd1. Register of British Manufacturers. 1939-40. 
London: Federation of British Industries. [Price 
15s.) 


During Manufacture. 
By A. N. BARRETT. 
Pitman and Sons, 


Inspection 
(D. Licence.) 


sir 


Aero-Engines. 
Overhaul and Test. 
Sixth edition. London : 
Ltd. [Price 6d. net.) 

Applied Aerodynamics. By PROFESSOR LEONARD BAIR- 
stow. London: Longmans, Green and Co. [Price 
63s. net.) 

Department of Scientific and Industrial Research. Forest 

Records. No. Strength Tests of 

Structural Timbers. Part 4. The Development of a 

Minimum Structural Guide for Redwood (Pinus Sylves- 


Tsaac 


3s. 


Products Research 28. 


tris). By C. J. CHAPLIN and E. H. NEVARD. [Price 
6d. net. No. 29. The Manufacture of Charcoal in 
Portable Kilns. By G. H. Donan. [Price 6d. net.) 
London: H.M. Stationery Office. 

The Economics of Business Enterprise. By PROFESSOR 
WALTER RAUTENSTRAUCH New York: John Wiley 
and Sons, Inc. London Chapman and Hall, Ltd. 
{Price 20s. net.| 

A Practical Manual of Chemical Engineering. By 
HAROLD TONGUE. London: Chapman and Hall. 
Ltd. [Price 36s. net.] 

United States War Department. Port Series No. 4. The 


Ports of Philadelphia, Pa., Camden and Gloucester. 
N.J. Revised 1938. [Price 1-25 dols.] No. 5. 
The Port of New Orleans, Louisiana. [Price 1 dol.) 


Washington : Superintendent of Documents. 


Cast Iron Pipe. Manufacture and Properties, with 
Special Reference to Centrifugal Casting. By Dr. 
Percy Lonemurr. London: Charles Griffin and 


Co., Ltd. [Price 4s. net.] 


The Students’ Tert Book of Heating and Ventilation 
Second edition. By NORMAN WIGNALL London : 
Technitrade Journals Ltd. 8, Southampton-row. 


Ww.c.l. Price 10s. 


Elements of Practical Aerodynamics By PROFESSOR 
BRADLEY JONES. Second edition. New York: John 
Wiley and Sons, Inc. London: Chapman and Hall, 
Ltd. [Price 18s. 6d. net. 


1 Text Presenting Those Fundamentals 
inalysis Which Are Basic to the Field of 
Machine Design. By Proresson &. E. WINSTON. 
Chicago American Technical Society. London: 
The Technical Press Ltd. 
Decharge électrique dans les Gaz. 


Vachine Design. 
of Theory and 


Price 15s. net.) 


By PROFESSEUR MARCEL 


LAPORTE. Paris Librairie Armand Colin, 103 
Boulevard Saint-Michel. Price 15 francs.) 

Engineering Questions and Answers. Vol. Il. London 
Emmott and Co., Ltd. [Price 6s. net.) 


Marine Engineers’ Pictorial Drawing Book for Board of 
Trade Examinations. Steam and Motor. Third edition. 
By W. C. MacGrspon, in collaboration with ARcH 
MARTIN and Hvueun Barr. Glasgow. C.2: James 
Munro and Co.,. Ltd. 16 Carrick-street. [Price 15s. net.] 

Vedical and Scientific Lending 


Catalogue of Lewis's 


Library. New edition, revised to end of 1937. Part II. 
Classified Index of Subjects, with Names of Authors 
Who Havre Written Upon Them. London: H. K 
Lewis and Co., Ltd. [Price 16s. net (&s. net to sub- 
scribers).)} 

Clay Products Technical Bureau of Great Britain. Bulletin 
A.R.P.2. A.R.P. Structural Brick Shelters for the 
Protection of Personnel. Designed to Meet Home Office 
A.R.P. Standards. London: Offices of the Bureau. 


{Price 2s. 6d 
Institution of Chemical Engineers. 
Offices of the Institution. 


Transactions of the 


Vol. 16. 1938. London 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 


lron and Steel.—The flow of orders is as strong as 
and capacity working is reported at all the big 
works. The demand for raw and semi-finished materials | 
shows further improvement. Steelmaking alloys are 
also in strong request, while more activity has developed 
in the scrap market. A healthy state of affairs exists 
in the heavy machine and engineering branches. The 
new quarry and bituminous-macadam plant recently 
opened at Oakham, near Dudley, contains rotary granu- 
lators made in Sheffield. Sheffield Corporation Electricity 
Department is to carry out extensions to street mains at 
a cost of 67,0007. Consent has been received from the 
Electricity Commissioners for the borrowing of 32,5621. 
in respect of extension work at the Blackburn Meadows 
generating station. Electrical equipment generally is in 
strong demand, good orders coming to hand on both 
home and overseas account. There is a steady call for 


ever 


electric motors. The Corporation Transport Depart- 
ment is to purchase 12 “buses from Messrs. Leyland 
Motors. Limited, and 12 "buses from Messrs. A.E.C., | 


Limited. The special steel branches are operating at 
high pressure. The market in aircraft and automobile 
steels is expanding, and consumption reaches record 
dimensions. Tool production has been well maintained. 
Road-making tools form a progressive section. 

Yorkshire Coal Trade.—Export trade is not so 
but the volume of business being done is in 
Cobbles and washed trebles 


South 
active. 
excess of that of a year ago. 
are firm; bunker coal continues quiet. Exports from 
the Humber ports last week totalled 79,000 tons, as 
compared with 47,000 tons in the corresponding week 
last year. There is a brisk demand for coal on inland 
account; iron and steel works are taking increased 
supplies. Stocks of small coal, however, tend to increase. 
Business in house coal reaches seasonal dimensions. 








NOTES FROM THE SOUTH-WEST. 
CARDIFF, Wednesday. 


The Welsh Coal Trade.—Chief interest on the Welsh 
steam-coal market last week again centred on the French 
trade. The French National Railway, a body formed 
@ year or so ago to make central purchases of coal for 
the railways, were inquiring in the market for sub- 
stantial quantities of coal, estimated to be between 
200.000 tons to 300,000 tons. The classes required were 
large and throughs, and delivery had to be made over 
the second half of the year. The Mixed Commission, 
set up under the Anglo-French Trade Agreement of 
1934 to work the French pitwood for Welsh coal exchange 
scheme, meet in London on July 12 to arrange details 
for the coming quarter. Under the scheme South Wales 
imports 80,000 tons of French pitwood every quarter, 
in return for which France issues licences for 120,000 
tons of Welsh coal. The current price of the wood is 
fixed at 21s. 9d., but some increase was expected locally 
for the coming period as a great deal of the labour 
employed in the French forests would be diverted to the 
harvest fields. Business on contract account remained 
on the quiet side. An order for between 4,000 tons to 
6,000 tons of sized coals was secured locally from the 
Tunis tramways for delivery during July, while the 
Algiers electricity concern bought 5,000 tons of through 
coals also for shipment this month. Demand generally 
remained on restricted lines and it was apparent that 
buyers were still holding aloof pending some material 


| heavy tonnage. The current output, while on a large 





NOTES FROM THE NORTH. 
GLasGow, Wednesday. 

Scottish Steel Trade.—Considerable activity is general 
in the Scottish steel trade at present and all works are 
nearing the point of capacity in production; the 
only thing which may affect record output figures is a 
scarcity of raw materials. This state does not arise 
at the moment, as the recent heavy purchases of Ame- 
rican scrap have eased the position and ensured steady 
running of plant for some time. In the matter of pro- 
duction, the Scottish steel works have been steadily 
increasing the output since the beginning of the year 
and the January figure of a little over 90,000 tons has 
been almost doubled in the six months. All classes of 
steel material are in demand and with the near approach 
of the Annual Fair Holidays the pressure for deliveries 
is daily getting stronger, as consumers are anxious not 
to be short ofsupplies. In order to cope with the extra- 
ordinary demand of to-day, Messrs. Colvilles, Limited, 
have made arrangements to keep their Clydebridge 
Works running during the holiday period and allow 
the workers off at intervals during the summer. In the 
black steel-sheet trade an almost unprecedented demand 
prevails and the present output is well above all previous 
figures. Besides the large tonnage on order for Govern- 
ment purposes a considerable quantity of sheets is also 
on order for the motor industry and for containers of | 
different kinds. The following are the current quota- | 
tions :—Boiler plates, 111. 8s. per ton; ship plates, | 
101. 10s. 6d. per ton ; sections, 107. 8s. per ton; medium 
plates, 127. 2s. 6d. per ton ; black steel sheets, No. 24 
gauge, 147. 15s. per ton; and galvanised corrugated 
sheets, No. 24 gauge, 17/. 15s. per ton, all delivered at 
Glasgow stations. 

Malleable-Iron Trade.—The recent improvement in the 
conditions ruling in the malleable-iron trade of the West 
of Scotland are well maintained and quite a fair demand 
is reported. The re-rollers of steel bars continue to be 
very actively employed and order books represent a 





scale, could be increased considerably if there were a 
better supply of raw materials, but the uncertainty in 
this matter continues to give the makers a certain 
amount of concern. The more immediate outlook has 
been clarified to some extent by the forthcoming arrival 
of semies from Australia, and the British Iron and 
Steel Corporation are reported to have made further 
purchases of billets and sheet bars, so that the prospects 
in the trade are a little brighter. The market prices are 


as follows :—Crown bars, 121. 5s. per ton for home 
delivery or export; re-rolled steel bars, 111. 15s. per 
ton for home delivery, and 11/. per ton for export ; 


No. 3 bars, 12/. per ton, and No. 4 bars, 121. 5s. per ton, 
both for home delivery. 

Scottish Pig-lron Trade.—in the pig-iron trade of 
Scotland there is a very steady demand for basic iron 
and the output of the six furnaces in production is 
being readily absorbed. Hematite iron is also in quite 
good demand and the reduction of 5s. per ton which 
took place as from last Saturday, July 1, may tend to 
increase sales. Foundry grades move yery slowly, but 
the recent reduction in price of 5s. per ton, reported 
last week, would seem to have improved the demand 
slightly and producers are hopeful that this will continue. 
The following are the market prices :—Hematite, 
5l. 158. 6d. per ton, and basic iron 4/1. 12s. 6d. per ton, 
both delivered at the steel works; foundry iron, No. 1, 
5l. 38. per ton, and No. 3, 51. 0s. 6d. per ton both on | 
trucks at makers’ yards. 





easing in quotations. Collieries generally, however, 
were still able to maintain outputs at full recent levels, | 
as considerable deliveries had to be made on account | 
of recent bookings. These were sufficiently heavy in | 
some cases to account for the bulk of potential outputs | 
over a very long while to come and prospects of any early 
easing in conditions therefore seemed very remote. | 
Bituminous classes remained very firm. The large | 
grades were only sparingly available for early delivery 
and commanded full late values. Sized sorts were in good | 
demand and firm while the smalls were being steadily | 
absorbed. Duffs were scarce. Among the dry coals, | 
however, apart from the popular sized and duff descrip- | 


Scrap Iron Prices.—At a meeting held in London, 
last week, between the National Federation of Scrap 


| now have well-filled order 


=. 4 


NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

General Situation.—The international position con- 
tinues to hamper genuine trade, but producers of material 
needed for defence purposes are still running plant at 
high pressure in an endeavour to meet the heavy demand. 
While prospects of a material movement towards restora- 
tion of normal market conditions are not yet in evidence, 
the usual buyers have low stocks and a volume of general 
commercial business, while light, shows improvement. 


The Cleveland Iron Trade.—Makers of Cleveland pig 
adhere to their policy of keeping stocks low by restricting 
production to a tonnage sufficient to cover consumption 
needs as they arise, and the intermittent output, they 
claim, meets current requirements. Merchants, however, 
declare that they could increase sales if they could 
obtain supplies for distribution to customers. No effort is 
made to recover lost export trade, quotations for Cleve- 
land brands being too high to compete with sellers of 
Continental products. Rather more Cleveland pig is 
passing into use at local foundries, but improvement of 
demand for other purposes cannot be reported. Fixed 


market values remain at the level of No. 3 quality of 
iron at 99s. delivered within the Tees-side zone. 
Hematite.—-The demand for East-coast hematite has 


expanded slightly, but addition is still being made to 
heavy stocks, and prospects of early appreciable'change for 
the better in the somewhat disquieting statistical position 
are not too bright. The one ortwo blast furnaces in ac- 
tion are still operating below capacity. Producers’ own 
consuming departments are expected to absorb increasing 
tonnage, and users who have to buy iron are considered 
likely to cail for larger deliveries than of late. Sales for 
shipment abroad are still few and small, and are virtually 
confined to cargoes of special quality iron to Continental 
firms. Stabilised quotations are at the equivalent of 
No. 1 grade of hematite at 115s. 6d. delivered to North of 
England areas. 

Blast-Furnace Coke.—Supplies of Durham blast-furnace 
coke are ample with sellers in the market at prices based 
on good medium qualities at 24s. 3d. at the ovens. 

Manufactured Iron and Steel.—The aggregate tonnage 
out-put of semi-finished and finished iron and steel, though 
exceptionally heavy, does not fully cope with demand. 
Inadequate make of semi-finished steel necessitates con- 
tinued considerable imports of Continental material for 
urgent needs of re-rollers and the make of some descrip- 
tions of finished steel is not equal to requirements. 
Sheet makers are fully employed and well sold. A satis- 
factory feature of the situation is the still increasing 
inquiries for shipbuilding requisites, producers of which 
books. The principal market 
quotations for home trade are: common iron bars, 121. 5s 
steel bars, 11/.; soft steel billets, 7/. 7s. 6d.; hard steel 
billets, 87. 10s.; steel ship, bridge and tank plates, 
101. 10s. 6d.; steel ship rivets, 141.; iron ship rivets, 
151. ; steel constructional rivets, 151. 58.; steel boiler 
plates, 111. 8s.; steel angles, 101. 8s.; steel joists, 
101. 88.; tees, 111. 8s.; fish plates, 13/. 108.; black 
sheets, No. 24 gauge, 141. 5s.; and galvanised corrugated 
sheets, No. 24 gauge, 171. 5s 

Imports of Iron and Steel.—Imports of iron and steel 
to the Tees last month amounted to 14,838 tons, com- 
pared with 8,904 tons in May and 4,640 tons in June last 
year. Unloadings of pig iron were 374 tons, against 
135 tons in the previous month and 135 tons a year ago ; 
the semi-finished steel unloaded reached 14,336 tons, 
against 8,041 tons in the previous month and 4,270 tons in 
June last year, and manufactured steel landings amounted 
to 128 tons, against 224 tons in May, and 235 tons in 





agreed that the present prices for scrap as classified should | 
be maintained until October 31. 








THE MANCHESTER AND LEEDS RAILWAY CENTENARY- 
—On July 4 occurred the centenary of the public opening 
| of the first section of the Manchester and Leeds Railway, 
later part of the Lancashire and Yorkshire Railway 
and now a portion of the London, Midland and Scottish 
Railway system. Proposals for a railway between 


tions, supplies were usually readily obtainable for prompt | Manchester and Leeds were mooted as early as 1825 and 


delivery, although late values were upheld. 
mained only in very limited supply toimeet a good request, 
while patent fuel again displayed activity. 

The Iron and Steel Trade.—Brisk conditions again 
ruled in the iron and steel and allied trades of South 
Wales and Monmouthshire last week. A good demand 
was encountered, while, as most producers held well-filled 
order books, employment at the works promised to 
remain on present active lines for a considerable time 
to come. 








INSTITUTION OF MINING ENGINEERS.— At a recent meet- | 


ing of the Council of the Institution of Mining Engineers, 
Mr. E. O. Forster Brown was unanimously elected to 
succeed Colonel Sir Frank R. Simpson as President. in 
January, 1940- 


Cokes re-| the route was surveyed. The line was constructed by 


| George Stephenson, who regarded the Summit Tunnel, 
| between Littleborough and Walsden, as the greatest 
piece of railway engineering he had yet achieved. This 
| tunnel is 2,885 yards in length and is the eighth longest 
beg the L.M.S. system. It cost upwards of 250,0001. 
to construct and required the labour of 1,000 men for 
nearly four years, while the materials used in its con- 
| struction included 23 million bricks and 8,000 tons of 
| cement. 
the Pennines. It was owing to the Summit Tunnel being 
unfinished that the line could not be opened farther than 
| from M hester to Littleborough, a distance of 14 miles, 
| on July 4, 1839. 
trains a day in each direction, whereas now about 150 
trains pass through Littleborough on a normal day. 





At its deepest point the tunnel is 300 ft. below | 


At the opening there were only eight | 


| Iron and Steel Merchants and the steelmakers, it was | Jyne, 1938. 


Tees Ironand Steel Shipments.—-The aggregate shipinents 
| of iron and steel from Middlesbrough and sub ports last 
month were the heaviest since February of last year, 
amounting to 42,321 tons, or 7,287 tons more than in 
the previous month. While pig iron loadings showed a 
decrease, manufactured iron and steel clearances increased 
by approximately 10,000 tons. Of the June shipments, 
1,897 tons were pig iron, 4,262 tons manufactured iron, 
and 36,162 tons steel. The largest purchaser of pig iron 
was Denmark, with 360 tons; Belgium being second 
with 350 tons, Netherlands third with 200 tons, and 
Union of South Africa next with 134 tons. Egypt and the 
Union of South Africa were the chief importers of manu- 
factured iron, accepting 1,158 tons and 1,126, respec- 
tively. Among the principal customers for steel were : 
Union of South Africa, 5,708 tons; India, 2,941 tons ; 
Egypt, 2,889 tons; Netherlands, 1,832 tons; Italy, 
1,805 tons; Brazil, 1,454 tons; and Palestine, 1,194 
tons. 

Scrap.—tron scrap is in ample supply and easy in 
price. There are sellers of heavy cast iron at 74s., and 
57s. 6d. is a minimum figure for light cast iron, while 
machinery metal is offered freely at 80s. Heavy steel is 
appreciably less scarce than recently, due to substantial 
imports from America, but available parcels still readily 
realise control quotations, 
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THE GOLDEN GATE BRIDGE, SAN FRANCIS 


(For Description, see Page 1.) 
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120,000-LB. THOMPSON BOILER AT THE LONGFORD GRAT 
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PLATE I. 


GRATING STATION OF THE COVENTRY CORPORATION. 
MARS@).E.E., ENGINEER. | 
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Offices for Publication and Advertisements, 
35 & 36, Bedford Street, Strand, London, W.C.2. 


We desire to call the attention of our readers to 
the fact that the above is our SOLE ADDRESS 
and that no connection exists between this Journai 
and ony. _ publications bearing somewhat 

es. 


similar 
“ ENGINEERING,” LESQUARE 
LONDON 





TELEGRAPHIO 
ADDRESS : 
TELEPHONE NumBER—TEMPLE BAR 3663 (2 lines). 


SUBSCRIPTIONS, HOME AND FOREIGN. 
“ ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 


stalls, or it can be supplied by the Publisher, post free, | 


at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 
~ -_ 


For the United Kingdom .................. 5 0 
For Canada— 
Thin paper copies................ £2 18 6 
Thick paper copies................ £3 3 0 
For all other places abroad— 
Thin paper copies................ £3 3 0 
Thick paper copies................ £3 7 6 


Foreign and Colonial subscribers receiving incom- 
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is no longer possible to take boat from Ipswich 
down the Orwell to Harwich and Felixstowe. The 
Thames passenger services, once so numerous and 
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ns ‘ ts noted that passenger boats are now practically 
—— -- | non-existent throughout the British canal system, 
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the above instances are only typical of many other 

| eases in which short-distance water transport, once 

|regarded as the natural method of travel, has 
| gradually ceased to attract. 

The reasons, so far as general indications may be 

ie . : | trusted, are not entirely economic in origin. The 

| extensive use of waterways a century ago could 

THE — te WATER ‘be attributed to the fact that they offered better 

. facilities than the contemporary roads and road 

Ar 10.20 p.m. on Friday, June 30, the last | vehicles. The advent of railways did something to 

steamer departed from Rock Ferry pier, Birken- | outclass the water routes, but the effect of this 

head, for Liverpool, and so brought to an end a}| competition should not be exaggerated ; much of 
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fourteenth century. The decision to close the ferry by novelty but even more by the provision of 
was taken at a meeting of the Birkenhead Town facilities and, therefore, of possibilities of business, 
Council on May 3, and it is understood that the | which did not exist before. Something more of the 
closure would have been effected even sooner, but | decline is attributable to the success with which the 
for the problem of finding alternative employment | #dvocates of public utilities appear to have con- 
for the 90 men whose occupation is now terminated. | Vinced the legislature, at all times, that monopoly 
The steamers are to be sold, and it is intended to| powers are essential to economic operation. Ad- 
demolish the pier ; so that the chance of a resump- | mittedly, wasteful competition is always to be 
tion of the service is negligible. | deplored and, whenever possible, avoided ; but it 
That Birkenhead has discontinued a ferry service | does not follow that all competition is wasteful, 
on which the ratepayers were losing a steady | °T that a public utility which does not pay its way 
27,0001. per annum is not in itself a matter of such | On a strictly cash basis is not justifying its existence. 
import as to make the subject of a leading article ;| It is difficult at any time to assess the value of an 
but as a portent it takes on a different significance. | @#menity in terms of money. 
This is not the first nor the second Mersey ferry, Should the country be faced, in the near future, 
service to be shut down in recent years, and the | with the state of national emergency against which 
same tendency is to be seen at work in other dis-| so much preparation is now being made, the prin- 
tricts. Everywhere there appears a marked re- ciple which makes speed the main criterion of a 
luctance to make use of water transport,even when, | transport service may require to be drastically 
as in the Rock Ferry instance, it would appear to modified, and at very short notice. Railways and 
offer definite advantages over the available alter- | roads alike are certain to be hard pressed merely 
native routes. The tendency is so widespread, | to satisfy military requirements, and both are un- 
and has developed so insidiously, that it is worth | fortunately vulnerable to air attack and to sabotage. 
while to explore something of its extent, and | In such circumstances, the public may well come 
examine the possibility of some national encourage- | to regret the policy or the inertia which has per- 
ment to the preservation and better use of the | mitted one waterborne service after another to be 
natural and artificial waterways with which this | abandoned on the ground of insufficient support. 
country is so well provided. | The evacuation arrangements for London envisage 
In 1844, when the construction of Birkenhead | a full use of the passenger launches now plying on 
docks was under discussion before a House of | the Thames, a move which is all to the good ; but 
Commons committee, there were six cross-river | the principle is capable of a much wider application. 
ferries serving Birkenhead and district, where now | During the war, inland water transport developed 
there is only one; in addition to the Eastham | into a considerable organisation, and in another 
Ferry, and the three services to Seacombe, Egre-| war would certainly do so again. The advantages of 
mont and New Brighton, now operated by the | maintaining all possible ferry services, as a relief to 
Corporation of Wallasey. The boats were smaller | other means of transport, appear sufficiently evident 
than the present craft, of course ; but they were! to justify some general supervision on a national 
steam-propelled and maintained regular sailings.| basis, to prevent the abandonment of particular 
Industrial development along the river frontage | services for reasons of purely local expediency. 
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ELECTRICAL REGULATIONS FOR 
BUILDINGS. 


lH publication last week of the eleventh edition 
of the Regulations for the Electrical Equipment of 
Buildings, more familiarly known as the LE.E. 
Wiring Rules, once again calls attention to the fact 
that this branch of engineering carries on its work 
encompassed by a series of restrictive covenants. 
There are imprimis the general acts, which date 
from 1882 and periodically receive fresh additions. 
There are also the regulations of the Electricity 
Commisioners for securing the safety of the public, 
for ensuring a proper supply of energy, and for 
controlling the erection of overhead lines. Next 
come the Home Office Regulations covering the use 
of electricity in mines, in factories and in cinemato- 
uraph theatres, and others dealing with theatres 
and such places of public resort. The Institution 
of Electrical Engineers, as will have been gathered, 
rules for the electrical equipment of | 
buildings, while ship installations are also dealt | 
with by them and by Lloyd’s. And, as if these | 
were not enough, some supply undertakings impose | 
restrictions of their own. The ostensible purpose of | 
all these regulations is to secure the safety of the | 
public while an invisible, odourless and useful, if 
potentially dangerous, form of energy is being | 
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these rules compulsory. Such a course would not, 
however, meet with universal approbation. The 
reason for this lies in the regulations themselves 
and the conditions under which they have been 
compiled. To illustrate this argument it is 
germane to the subject to point out that since 
wiring rules were first issued by the Institution, 
in 1882, they have passed through 11 editions, 
four of which have been published since the war. 
Though there may have been some reason for 


| numerous revisions in the early days, when know- 


ledge was meagre and conditions were changing 
rapidly, it is a little difficult to discover the need 
for the many later alterations, especially since, as 
we have pointed out, the corresponding compulsory 
regulations issued by Government Departments 
have undergone little change over a long period 
of years. One explanation for this constant altera- 
tion may be that the Institution regulations are 
the work of a committee whose membership includes 
representatives of many interests, not all of whom, 
we suspect, see eye to eye upon particular points 
at issue. The result is, inevitably perhaps, com- 
promise and, what is more important, a generality 
rather than a particularity of statement, as well 
as, not unnaturally, an attempt to secure a very 
high standard of material and workmanship. 


For the same reason, no doubt, the actual codi- | 


employed, and if this aim has not been absolutely | fication of the rules has presented difficulties, with 


attained, at least the rapidly increasing consump- 
tion of electricity has not been accompanied by a 
proportionate rise in accidents, whether fatal or 
non-fatal, due to its use. 

Mere compliance with these laws is, however, not 
” simple as might appear at first sight. Research 
will show that there is, as is perhaps natural, a 
certain amount of overlapping, while in some 
instances there is even something very like contra- 
diction. An undertaking, for instance, which 
a substation to comply with the general 
regulations of the Electricity Commissioners will 
lind that this is not sufficient. For a substation 
is also a factory, and is therefore subject to the 
more detailed code of the Home Office. 
moreover, a factory is also a building, it comes 
within the ambit of the regulations of the Institution 
of Electrical Engineers. The undertaking, or con- 
sumer, who wishes to be on the safe side must 
therefore con his books with care. In practice, 
it is true, this multiplicity need cause the factory 
owner or large power user little trouble. It is upon 
the Home Office Regulations, compliance with 
which is compulsory, that he must keep his eye 
and if he fails to do so his omission will soon 
he brought to his attention by 
Inspectors, : 


equips 


Since, 


Moreover, these regulations demand 
little, if anything, more than is necessary in the 
cause of safety, and the care with which they 
have been compiled, though they now require 
revision in some respects, is shown by the fact that 
they have stood the test of many years’ experience. 
rhe same applies, pari passu, to the specialised 
regulations under which electrical equipment. is 
installed in mines and theatres. 


The position is, however, very different when 


non-factory buildings sucn as dwelling-houses and | 


shops, are considered. In the first place, electrical 
installations in such buildings are subject to no 
statutory control other than that imposed by the 
very general Electricity Supply Regulations issued 
by the Commissioners. Except in West Ham and 
Bradford, where, almost fortuitously, special condi- 
tions apply. an electricity supply undertaking has 
for instance, no right to refuse a supply to a con- 


sumer so long as the insulation resistance of the | 


installation exceeds a comparatively low figure. 
lhe consumer, who is, of course, generally a lay- 
man, is not, therefore, protected against bad work- 
manship or the use of unsafe materials. There is 
nothing. persons without 
adequate training setting up as electrical con- 
tractors and, at cut prices, wiring a building in such 
# way as to be a real danger both to persons and 
to the structure itself. The reason for this is that 
the Regulations of the Institution of Electrical 
Engineers, full and detailed as they undoubtedly 
are, are permissive only and not compulsory. 

\t first sight it would seem that the logical 
remedy for this state of affairs would be to make 


moreover, to prevent 


H.M. Electrical | 


|the result that discrepancies, and even something 
|like contradiction, can be found, between the 
| various sections. The most important consequence 


|of this compilation by committee is, however, that | 


it is quite possible to erect an installation which, 
| though as reasonably safe as can be expected, does 
}not comply in all respects with the regulations. 
| If, therefore, these regulations were made compul- 
|sory, it is felt an unnecessary expense might be 
|imposed upon the industry and development, 
lespecially among the poorer class of domestic 
| consumer, might be checked. At the same time, 
| contravention might be hard to prevent and com- 
| pliance equally difficult to maintain. The view has, 
| therefore, been expressed that unsafe wiring could 
|more easily and effectively be eliminated by the 
| establishment of a licensing authority, which would 
|} ensure that not only contractors and their employees 
| would be properly qualified, but that the work they 
|carry out would reach a certain standard of safety. 

It is important to notice that it is not contended 
| that this standard should be the same as that laid 
|down in the Institution regulations. Something a 

little less high-class would, we suspect it is generally 
| felt, do all that is required. 


| Electrical Equipment of Buildings, like its imme- 
|diate predecessors, covers the control and distri- 


| bution of the supply of electricity, the arrangement | 


|of the final sub-circuits, the installing of con- 
ductors and cables, of accessories, lighting fittings, 
and other current-using apparatus, including dis- 
charge tubes and electric signs, radio and television 
apparatus. Earthing and testing receive special 
attention, as do the installation of private generating 
plant and secondary batteries, while requirements 
| in regard to the design and construction of electrical 
|apparatus, including cables, are also laid down. 
| Unfortunately, the Committee responsible for the 
compilation of this code has neither in general or 
particular provided any indication as to how this 


edition differs from its predecessors and to compare | 


the two in detail is, we fear, a task for which we 
have neither time nor space, though had we been 
given some assistance we should have liked to do 
so. It is perhaps not without significance, however, 
|in this connection to remark that after the tenth 
ledition had been published the Association of 
| Supervising Electrical Engineers, which represents 
the important class of works managers and foremen, 
| found it necessary to appoint a committee to prepare 
|a simply-worded commentary on the regulations 
land to elucidate discrepancies. As one of this 
committee is now a member of the Institution’s 
Wiring Regulations Committee, we hope that this 
| task will be unnecessary on this occasion. We note, 
j nevertheless, that the regulations are frequently 
‘supplemented by notes. This only shows how 
| difficult it is to state requirements of this kind in 
unambiguous language. 


The present edition of the Regulations for the | 
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There is, however, one important matter to which 
attention may be drawn. The earlier editions of the 
regulations, in particular the tenth, laid down that, 
with a few exceptions, all metal parts of an electrical 
installation not carrying current should be earthed. 
It is hardly necessary to point out why this practice 
was considered essential or that it was imposed by 
the almost universal employment of metal for such 
accessories as lampholders. During the past few 
years, however, the manufacture of such accessories 
from insulating material has made great strides, 
and it is interesting to note, therefore, that in the 
present edition it is strongly recommended that 
such apparatus should be installed wherever prac- 
ticable and that the use of fittings with exposed 
metal parts should be avoided as far as possible. In 
particular, the employment of lampholders so con- 
structed of, or so shrouded in, insulating material 
that it is impossible to touch any metal part of a 
lamp cap or lampholder plug is suggested. The 
advisability or otherwise of earthing the metal 
parts of domestic apparatus is at best a contro- 
versial subject, especially in view of the fact that 
more often than is desirable its effectiveness is 
doubtful. If, therefore, the practice can be avoided 
in the way indicated a great step towards absolute 
safety will have been taken. 

To return to the general subject, it will be gathered 
that the position with regard to electrical installa- 
tions in buildings is not altogether satisfactory 
from more than one point of view. It is evident 
that with the increasing use of this form of energy 
for all purposes steps must be taken to ensure that 
safety to life and property is secured. At the same 
time, that end must be attained in the simplest 


| possible way and care must, in particular, be taken 


that there is no doubt in the minds of those con- 
cerned about exactly what is required of them. That 
position has hardly been reached at present ; until 
it is reached progress will inevitably be slow. 








NOTES. 


CONFERENCE ON ENGINEERING EDUCATION 
aND TRAINING. 


Furtuer official information is now available 
about the conference on Engineering Education 
and Training, which is being promoted by the 
Institution of Civil Engineers and which we dis- 
cussed in a leading article last week. It is now 
announced that the conference will be held at the 
headquarters of the Institution from the 6th to 
8th of February, 1940. It is being organised by 
a general committee representing engineering insti- 
tutions, universities, technical schools and colleges, 
engineering consultants, industrial organisations, 
government departments and other interests. Sir 
Clement Hindley, president-elect of the Institution 
of Civil Engineers, will be the president of the 
conference, and invitations to act as vice-presidents 
have been accepted by Lt.-Col. John Colville. 
Earl de la Warr, Captain Euan Wallace, Sir William 
Bragg, Sir Will Spens, Lord Stamp and Lord Weir. 
The subject of the conference has been an essential 
interest of the Institution of Civil Engineers since 
the time of Telford. None the less, as we pointed 
out in our leading article of August 26. 1938, which 
we believe has had some influence towards the 
promotion of the conference, it is nearly thirty years 
since a similar function was organised. Apart from 
the particular aspect of engineering education which 
was dealt with by Professor Southwell in his Presi- 
dential Address to the Engineering Section of the 
British Association last year, and which we have 
already discussed, the development of scientific 
knowledge and engineering practice in the past 
quarter of a century may well call for a reconsidera- 
tion of every aspect of training and’ education in 
the engineering field. The twenty-five or thirty 
years of technical advance have naturally also seen 
changes in educational procedure and the conference 
may result in valuable methods, which now perhaps 
have only local application, being applied in wider 
fields. It is proposed to publish in advance the 
papers which are to be presented at the conference, 


|so that contributions to the discussion may, it is 


| hoped, be of a considered type. This procedure 
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may possibly tend to reduce the number of speakers 
who are usually ready to contribute to the discussion 
of a paper which they admit they have not read. 
Further information about the conference may be 
obtained from the secretary of the Institution of 
Civil Engineers, Great George-street, London, 8.W.1. 


Non-Ferrous Metats RESEARCH. 

The opening of the new laboratories of the British 
Non-Ferrous Metals Research Association, which 
we describe and illustrate on page 12, marks an 
important stage in the history of a very successful 
organisation. In 1920, the first year of its activities, 


the Association had an income of 5,731l.; the} 


corresponding figure for 1938 was 30,195/. As is 
the case with other research associations, part 
of this income is furnished by a grant from the 
funds of the Department of Scientific and Industrial 
Research, the sum in this case being 10,7501. Since 
the size of the grant is determined by the income 
which the Association receives from industry, it is 
to be hoped that the additional facilities provided 
by the new laboratories may result in substantial 
further assistance from that quarter. Probably 
the most satisfactory way in which further industrial 
support could be furnished would be by a consider- 
able increase in membership. Although progress in 
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|no relief would be secured for a deficiency, even | struction of two miles of tunnels from Archway 
| though that deficiency might be greater than the | (Highgate) station of the former to the Barnet line 
excess during other periods. A clause designed to | of the latter, a new joint station being constructed 
prevent this hardship is therefore proposed and it | at East Finchley. The principal engineering work 
lis also suggested that 1937 should be taken as the | of the extension lay in the construction of the 
| period on which the profit standard is founded, as | tunnels, which was commenced in November, 1936, 
this was the first year in which any degree of normal | and carried on from four working sites. Eight 
operation was attained in relation to productive | shields, including a rotary excavator, were employed, 
| capacity. Another suggestion is that the Board of | and progress maintained at the rate of 15 ft. a day 
Referees, whose duty it will be to consider, on the | at each face enabled the driving of the tunnels to 
|application of the taxpayer, how the standard | be completed in fifteen months. The construction of 
profits shall be ascertained, should have full power | the tunnels involved the removal of 112,000 tone of 
to take into account all relevant factors which | material and the erection of 27,000 tons of cast- 
| affect the profit-earning capacity of the business. | iron segments. To secure the quiet running of 
In this connection abnormal home and foreign | trains, the rails have been laid in 300-ft. sections, 
| competition and exceptional expenditure on develop- and this, combined with the use of sound-absorbing 
ment are specifically mentioned as matters which | materials placed along the tunnels near wheel level, 
|might be reviewed. It is also submitted that | has enabled a degree of quietness to be reached which 
| liability to Armament Profits Duty should not be | a few years ago was hardly anticipated. Now that 
| dependent upon the internal structure of a number | this link between the Underground Railways and the 
of undertakings operating under a central control | London and North Eastern Railway has been estab- 
}and that, as in the case of the National Defence | lished, the electrification of the latter’s line to High 
| Contribution, an aggregation of the results of prin- | Barnet, due to be completed early next year, will 
| cipal and subsidiary companies should be allowed. | substantially improve the travelling facilities to the 
| Furthermore, it is suggested that expenditure | north of London. In 1941 the congestion on the 
| imposed on armament firms as a result of the recom- | Edgware branch of the Northern line will be relieved 
| mendations of the Hailey Conference, the Ministry | by the electrification of another branch of the 
| London and North Eastern Railway’s suburban 
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this direction is not unsatisfactory, the membership of Supply Act and the requirements of the service | L , sunt 
rising from 263 to 276 during 1938, there is stil] | departments, in respect of the protection of person- | line to Edgware, and the extension of this line to 


a large field from which further support might be | Rel, obscuration of lights, and the camouflage of | Elstree and Bushey Heath will bring new railway 
recruited, particularly in some sections of the | buildings, should be deducted in calculating the | services to those districts. 
foundry and electroplating industries and among | €X¢ess profits on which duty has to be paid. 


large users of non-ferrous metals. The official | 
opening of the new laboratories was performed by | 
the Rt. Hon. Oliver Stanley, President of the Board| The last day of the summer meeting of the; The Department of Chemical Engineering at 
of Trade, on Thursday, June 29. Preceding the | Institution of Mining Engineers, which was held in| University College, Gower-street, London, W.C.1, 
opening, a lunch was held at the Savoy Hotel, under | Sheffield from June 28 to 30, was devoted to visits | was established upwards of 10 years ago, and as a 
the chairmanship of Dr. H. W. Brownsdon. In| to two steel works in the City. The whole of the} result of an appeal for funds, launched in 1928, 
the course of his speech at this lunch Mr. Stanley | morning was spent in the East Hecla Works of the Ramsay Memorial Laboratory, a roomy and 
raised the question of foreign competition in the | Messrs. Hadfields Limited, after which the visitors | well-equipped structure, was built and opened 
technical field and said that Ministers were frequently | were entertained to a luncheon presided over by | towards the end of 1931. It may be recalled that 
approached by sections of industry with the request | Mr. P. B. Brown. In proposing the toast of the | we gave an illustrated description of the laboratory 
for some kind of protection, in order to enable them | Institution, Mr. A. J. Grant, J.P., the Master Cutler, on page 52 of our vol. 133 (1932). We are informed 
to meet on fair terms the competition of other coun- | said that a body which concerned itself with the | that 185 post-graduate students have now been 
tries which was so often assisted by low wages or | production of coal was of very great importance | trained in the Department, the majority of whom 
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State subsidies. Frequently, there was justification 
for the contentions raised, but at times he wondered 
if some of our manufacturers had allowed those 
of other countries to get ahead of them in technical 
practice. It is to be feared that in some lines of 
activity there is justification for the doubt in Mr. 
Stanley’s mind. Matters, however, are in a much 
better state than they were twenty years ago and 
it was largely to rectify the unsatisfactory position 
in this respect that the research association move- 
ment was inaugurated after the war. In this matter 
the non-ferrous metal industries have a good record 
but there is no reason why it should not be made 
even better, so that not only may the new laboratories 
be fully occupied, but that the Council of the Associa- 
tion may feel justified at an early date in proceeding 
with a still further enlargement of the accommo- 
dation. The Association already owns neighbouring 
property so that such extensions could be carried 
out without difficulty. Following the ceremony 
of opening the laboratory, Mr. Stanley unveiled 
the bronze memorial plaque to the late Thomas 
Bolton, which has been placed in the entrance hall. 
Mr. Bolton was a valuable friend and supporter 
of the Association for many years and acted as 
Chairman from 1920 to 1937. As he was a strong 
supporter of the extension scheme, it is very 
appropriate that his memory should be honoured in 
the entrance hall of the new building. 


THE ARMAMENTS PrRorFits Duty AND INDUSTRY. 


A letter and memorandum of representations 
have been addressed to the Chancellor of the 
Exchequer by a Joint Committee of the Association 
of British Chambers of Commerce and the Federation 
of British Industries, which has been formed to 
consider the proposed Armament Profits Duty. 
A deputation from this committee was also received 
by the Chancellor on June 28, for the purpose 
of supplementing the written representation by 
personal discussion. It is pointed out in the 
memorandum that while, as the Bill now stands, 
an undertaking could be liable to duty in one or 
more years during which an excess profit was earned 


to Sheffield, because the steel industry could not | are employed in industry in many different parts 
flourish unless coal were efficiently obtained. | of the world. With the object of showing how the 
| Indeed, it might be said that the prosperity of the | subject of chemical engineering is presented to 
| country, as a whole, ultimately depended upon the | students, an exhibition of materials and equipment 
efficient production of coal. The thanks of the | and of the methods adopted for using them for 
colliery industry were due to Messrs. Hadfields | purposes of teaching and research is being held in 
for the work they had done in producing numerous | the laboratory. The exhibits of metals and alloys, 
appliances for use in coal mines. This matter was | rubber, refractories, insulating materials and other 
also referred to by Sir Walter Benton Jones, who, | products are arranged on tables and in showcases 
| in the course of his speech, stated that the mining | in various parts of the building, while in the several 
|industry had derived as much benefit from the | general and research laboratories are to be seen, 
| adoption of manganese steel as any other engineer- | among other apparatus, equipment for measuring 
| ing industry. Messrs. Hadfields had been pioneers | the distribution of air flow in ducts, for calibrating 
_in catering, on a large scale, for the requirements | orifices, for determining the laws of flow of liquids 
of the colliery industry. Our mines, he concluded, | jn straight pipes and coils, for the estimation of 
were becoming more and more mechanised and @| metal and other dusts in flue gases, for determining 
| continual increase in the precision of production | the laws of heat transfer, for the fractional dis- 
| methods was taking place. The Lord Mayor of | tillation of liquids and for ascertaining the rate of 
| Sheffield, Alderman W. J. Hunter, voiced the thanks | drying of pigments. In the drawing office are 
| of the visitors to Messrs. Hadfields and referred in | shown examples of students’ work. It is stated 
| congratulatory terms to the honour of the freedom | that no attempt is made to produce draughtsmen, 
of the City which had been recently conferred upon | the main object being to teach men to read draw- 
Sir Robert Hadfield. In the afternoon, the members | ings and to express their own ideas in a form which 
of the Institution paid a visit to the Atlas Works | is intelligible to other engineers. Nevertheless, the 
| of Messrs. Thos. Firth and John Brown, Limited. | drawings of plant displayed, many of which were 
|executed by students who had little or no know- 
: ledge of engineering drawing before entering the 
ELECTRIFICATION. Department, are very well done and reflect: great 
The extension of the London Passenger Transport | credit on the methods of instruction adopted. A 
Board’s Northern Line to East Finchley was opened | feature of the Department is the large, lofty in- 
|to the public on Monday, July 3. In 1935 a| dustrial laboratory, in which plant can be erected 
| programme of improvement of transport facilities | and used under conditions which approximate to 
| in London was undertaken by the London Passenger | those of commercial production. In this are 
| Transport Board in conjunction with the main-| shown evaporators, heat exchangers, hydraulic and 
| line railway companies, and the opening of this new | filter presses, pumps, an air compressor, and crush- 
line marks the completion of one part of their | ing and grinding plant, many of which are in opera- 
programme. In past years the Finchley district | tion. A demonstration of a method of shellac 
has been much in need of an electric train service to | spraying is of interest in view of the use of this 
the City and West End, and the post-war growth | material for protective and insulating coatings, and 
of population in the northern suburbs have caused | other applications. A special form of spray pistol, 
| a great deal of congestion on the local services. This | designed in the Department, is employed and the 
‘new and important link between the London Pas- | shellac, which is ground to a fine powder, is sucked 
| senger Transport Board and the London and North | through a carefully-controlled gas flame and pro- 
| Eastern Railway was effectively forged by the con- | jected on to the work by compressed air. 
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THE SUMMER MEETING OF THE 
INSTITUTION OF ELECTRICAL 
ENGINEERS. 


ALTHOUGH the numbers present at the Summer 
Meeting of the Institution of Electrical Engineers, 
which was held in Manchester from Monday, June 19, 
to Friday, June 23, did not exceed 250 members and 
ladies, not all of whom took part in the whole of the 
proceedings, this relatively small attendance had 
both its explanation and its advantages. Unlike 
members of some other branches of the profession, 
electrical engineers organise numerous conferences. 
Thus, at this time of year the municipal engineers, 
contractors and wholesalers all hold meetings lasting 
several days, usually at some provincial centre, 
while the various sections of the Institution itself, 
such as those interested in the problems of trans- 
mission, meters and instruments and_ wireless, 
organise gatherings at which full attention is paid 
to their specialist activities. At the present time, 
moreover, the international situation is imposing 
an unusual strain on the staffs of many concerns, 
with the result that they cannot be spared to take 
part in a function which, though educational in 
essence, is largely social. The advantage is that 
the smallness of the numbers enables all the 
participants to become easily and closely acquainted 
and from that point of view, among others, the 
Manchester meeting can be regarded as an entire 
success, It would be wrong to omit to say that this 
success was largely due to the excellent organisation 
of the various functions in which Mr. W. Fennell 
and Mr. L. H. A. Carr, chairman and honorary 
secretary, respectively, of the North Western 
Centre of the Institution, played a leading part. 
They were ably assisted in their efforts by Mr. A. L. 
Gireen, the Assistant Secretary, and Mrs. L. H. A. 
Carr, who had the ladies under her special care, 
as well as by Mr. A. E. Rayner, Assistant Secretary 
of the Institution, and other members of the 
Headquarters staff. 

The proceedings opened on Monday evening, 
June 19, with an informal reunion at the Midland 
Hotel, when those attending the meeting were 
received by Mr. Fennell and by Dr. A. P. M. Fleming, 
the President. 

On Tuesday morning, alternative visits were 
paid to the works of Messrs. The Chloride Electrical 
Storage Company, Limited, at Clifton Junction, 
and to the Bower-street handkerchief factory of 
Messrs. Tootal Broadhurst Lee Company, Limited. 
At the former, visitors were shown the whole 
process of manufacture of Chloride, Exide and 
Drydex batteries of various kinds, from the imposing 
models required for submarines to the almost 
pocket units which find a place in wireless sets, ete. 
Perhaps the most spectacular portion of the works is 
the moulding department, where lead sheet and 
tape are rolled and perforated and pressure-castings 
of various types of plate made. After careful 
inspection, the plate grids go to the pasting depart- 
ment, where they are filled with lead-oxide paste. 
The oxide used in this department is stored on the 
upper of two floors in drums, which are emptied 
through tippers into air-tigh dry mixers on an inter- 
mediate floor. In turn, these dry mixers release the 
mixed dry oxide to wet mixers, which are installed at 
one end of the pasting department proper. As is well 
known, the manufacture of secondary batteries 
is not the safest of trades and a striking feature of 
the works at Clifton Junction is the care taken to 
ensure that any risk of lead poisoning is reduced 
to a minimum. Thus, those engaged in the more 
dangerous processes work in masks and heavy rubber 
boots, while the floors are kept constantly flooded. 
It is, perhaps, hardly necessary to add that the 
reporting of the slightest accident is insisted on, 
and visitors were both interested and relieved to 
see the completeness of the cleaning facilities. 
A resident doctor and sister are in constant atten- 
dance and periodical blood tests and dental examina- 
tions are a routine part of the works procedure. 
The result of these precautions is that there has 
not been a single case of lead poisoning in the factory 
for the past ten years. 

On the conclusion of the morning visits, both 
parties were entertained to luncheon at the Midland 
Hotel, Manchester, by Messrs. The Chloride Electrical 
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Storage Company, Limited, the chair being taken by 
Mr. W. 8. Naylor. 

In the afternoon, those attending were again 
divided into two parties, one of which visited the 
Kearsley power station of the Lancashire Electric 
Power Company and the other the Walkden domestic 
appliance and meter-testing station of the same 
concern. The Kearsley station was originally 
opened in September, 1929, when its equipment 
consisted of two 31,250-kW units, which were 
supplied with steam at a pressure of 320 lb. per 
square inch and a temperature of 710 deg. F., from 
eight 95,000-Ib. per hour boilers. It was at first 
intended that the station should be completed by 
the addition of two further 31,250-kW units and 
eight boilers, but owing to the requirements of the | 
Central Electricity Board the capacity has been 
increased by two 50,000-kW machines, which are 
supplied with steam at a pressure of 625 lb. per 
square inch and a temperature of 830 deg. F., 
from eight 173,000-Ib. boilers. There are, therefore, 
virtually two separate stations on the same site. 
In designing Kearsley, great attention was paid 
to every factor likely to make for efficiency with 
the result that during the first year of its opera- | 
tion the coal consumption was only 1-17 Ib. per | 
kilowatt-hour generated, and the thermal efficiency | 
was as high as 23-84 per cent. These results, which | 
made it the most efficient station in the country at 
the time, were, in 1938, improved to 1-14 Ib. and | 
24-88 per cent., with an output of 677,601,240) 
kWh at a load factor of 51-3 per cent. 

The testing station at Walkden was also first 
opened in 1929 for the testing of the various types 
of meters, indicating instruments, current and 
voltage transformers, relays and other electrical 
apparatus used by the company. It was extended 
in 1934 to deal with those electrical domestic 
appliances which are supplied on hire or hire- 
purchase and are maintained by the Testing Depart- 
ment; and again in 1938, to keep pace with the 
increasing demands under both these heads. The 
equipment in the meter department consists of | 
three double-sided racks to carry the apparatus | 
under test and three test sets which can be connected 
to either side of any rack. Energy can be measured | 
both at the lower pressures and at 2-2, 3-3, 6-6, | 
11 and 33 kV. A feature is made of good lighting | 
and even temperature, all the buildings being | 
heated by  thermostatically-controlled tubular 
heaters. In the domestic appliance section, such 
work as the testing of the durability of radiators, 
the operation of refrigerators, and the performance 
of cookers and water heaters, under various condi- 
tions, is carried out, while routine tests are also 
made on appliances before dispatch. As an indica- 
tion of the importance of this branch of the com- 
pany’s work, it may be stated that the number of 
domestic appliances connected to the mains increased 
from about 400 in 1930 to 37,500 in 1938. 

On the conclusion of these visits both parties were | 
entertained to tea by the Lancashire Electric Power 
Company, while in the evening a civic reception 
was held in the Town Hall, Manchester, the guests 
being received by the Lord Mayor (Councillor E. J. 
Hart, J.P.) and the Lady Mayoress (Miss B. Hods- 
man), as well as by the President. 

On Wednesday morning, June 21, alternative 
visits were paid to the Barton power station of the 
Manchester Corporation and the Barton oil refinery 
plant of Messrs. The Manchester Oil Refinery, 
Limited. Full accounts of the Barton station have 
appeared in ENGINEERING* from time to time, but 
it may be recalled that it was designed by Sir 
Leonard Pearce and was opened in 1923. At that 
time its equipment consisted of nine boilers, each 
with an output of 100,000 lb. of steam per hour at 
a pressure of 350 Ib. per square inch and a tem- 
perature of 700 deg. F., and three 25,000 kW alter- 
nators, which generated three-phase current at 
6-6 kV and a frequency of 50 cycles. In 1928, 
two 130,000-lb. boilers operating at a pressure of 
375 lb. per square inch and a temperature of 750 
deg. F. were added, together with a 40,000-kW 
alternator, while in 1938 the station was completed 
by the erection of two 200,000-Ib. boilers, which 


* See ENGINEERING, vol. 121, page 2 (1926), et seq; 
vol. 126, page 759 (1928); and vol. 145, page 531 
(1938). 
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operate at a pressure of 375 lb. per square inch and 
a temperature of 855 deg. F. and a 50,000-kW 
alternator, which generates current at a pressure 
of 33 kV and a frequency of 50 cycles. Both these 
extensions were designed by Mr. H. C. Lamb, 
the present chief electrical engineer of the Corpora- 
tion. For many years Barton has been among the 
most efficient stations in the country, and in 1938, 
829,049,900 kWh were generated at a coal consump- 
tion of 1-3 lb. per kilowatt-hour, the thermal effi- 
ciency being 21-75 per cent. and the load factor 
55-7 per cent. 

The plant of Messrs. The Manchester Oil Refinery, 
Limited, in Twining-road, Barton, was established 
in 1936, for the production of high-class solvent, 
treated and dewaxed lubricating, transformer and 
white oils, conventionally treated lubricating oils 
and kerosene, gas oil, Diesel oil, fuel oil, axle oil 
and dark cylinder stock. The site has the advan- 
tages that the consumers of 40 per cent. of the 
British total of lubricating oil and of 65 per cent. 
of the British total of transformer oil are within a 
radius of 100 miles of Trafford Park, while there is 
direct access to the sea through the Ship Canal, 
to the west side of the country, which will be more 
favourably placed than elsewhere in times of 
emergency. The equipment comprises a high 
vacuum distillation unit with a capacity of 150,000 
tons per annum, the latest type of combined solvent 
treating and dewaxing benzol-sulphur dioxide plant 
with a yearly capacity of 40,000 tons, a De Laval 


| acid treating plant and a constant clay treating and 
| filtration plant with an annual capacity of 60,000 


tons. After high vacuum distillation, solvent extrac- 
tion and low temperature dewaxing the oil shows 
qualities very near to the B. 30 transformer grade, 
and only a comparatively light treatment, consisting 
of washing with alcoholic soda and filtering over 
activated clay, is necessary to produce a transformer 


| oil with a sludge test well below 0-6 per cent. If 


the A. 30 grade of transformer oil is required, acid 
treatment is applied to reduce the sludge content to 
0-05 per cent. to 0-08 per cent. Another important 
line of manufacture, which has recently been under- 
taken, is that of turbine oil. The light grade, it is 
stated, has a demulsibility of not more than 30 
seconds, while in the case of the heavy grade the 
corresponding figure does not exceed 60 seconds. 
Up till now, about 95 per cent. of the 12,000 tons 
of transformer oil used in this country has been 
imported and the existence of a native plant which 
can supply a larger proportion of these requirements 
is therefore well worth recording. 

At the conclusion of these two visits, both parties 
were conveyed to Trafford Park, where they were 
entertained to luncheon by Messrs. the Metropolitan- 
Vickers Electrical Company, Limited. In welcoming 
the guests, Sir Felix Pole, who occupied the chair, 
briefly recounted the history of the works since its 
foundation by Messrs. The British Westinghouse 
Electrical and Manufacturing Company, Limited, 
in 1901. The factory was then the largest of its 
type in the world built at once, and employed about 
3,000 workers. The number was now 15,000, 
and the works covered an area of 130 acres, with 
a roofed-in area of 1,590,000 sq. ft. and a floor 
area of 2,310,000 sq. ft. Sir Felix added that 
it was a peculiar pleasure for them to welcome as 
President of the Institution one of their own 
directors, who had been connected with the firm 
in one capacity or another almost since its inception. 
In the course of a brief reply, Dr. Fleming empha- 
sised the importance of the work the company was 
doing in the field of technical education. Its 
operations were imbued with the true democratic 
spirit. 

After luncheon, the party was divided into two 
main groups, one of which made a comprehensive, 
if hurried, inspection of various parts of the works, 
while the other mainly devoted its attention to an 
inspection of a film, entitled ‘‘ Planned Electrifica- 
tion ’ and to the Education Department. The film 
showed in an informative manner how the original 
steam plant at the Bickershaw Colliery was replaced 
by electrical equipment, and the resulting effect on 
the operating conditions and technical and economic 
efficiency. 

It would obviously be impossible for us to give 
even a cursory description of what there was to 
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be seen at Trafford Park during this inspection- 
The general lay-out of the shops will, however, be 
familiar to readers of ENGINEERING, from the 
descriptions which we have published from time to 
time. In the mechanical department, the largest 
machine now being built is the 100,000-kW three- 
cylinder turbine for the Battersea station of the 
London Power Company. This, it will be recalled, 
consists of a primary and secondary unit operating 
under two different sets of steam conditions. 
The high-pressure cylinder and low-pressure spindle 
of the secondary unit, and the forged-steel cylinder 
and spindle of the primary unit were on view. 
A more normal machine was the 33,000-kW 3,000 
r.p.m. unit for the Klip River power station in 
South Africa. The alternator for this machine was 
also seen under construction in the large electrical 
machine department, and here also were to be seen 
a comprehensive selection of rolling-mill equipment 
for the Lancashire Steel Corporation and of winder 
equipment for the Easington Coal Company, 
Limited. An interesting piece of apparatus in the 
transformer department was a 30,000 kVA, 132/32 
kV mobile unit. This is one of five being constructed 
for the Central Electricity Board. These transfor- 
mers are specially designed so that they can be 
transported by road or rail complete with all bush- 
ings, cooling equipment and other necessary appa- 
ratus in position. They are to form part of the 
national reserve of electrical equipment and we 
hope to publish a more detailed description of 
them in a later issue. 

Passing over the X-ray, lamp, motor, switchgear, 
traction and research departments, in all of which 
much of interest was to be seen, we must finally call 
attention to the Metrovick Ripplay system of 
centralised control, which is designed to afford a 
means of switching a large number of individual 
pieces of apparatus connected to all parts of a dis- 


tribution system from one point. It is particularly | 


designed to enable groups of water-heaters or space- 
heaters to be switched on or off from the central 
station for the purpose of load levelling. It is also 
uitable for controlling two-rate meters, street- 
lighting units and for giving air-raid warnings. The 
system consists essentially of a tuned relay on each 
controlled device. This is actuated by a high- 
frequency ripple, which is superimposed simul- 
taneously on the three phases of the 50-cycle supply 
and passes through all the step-down transformers 
to the low-voltage circuits. The ripple-injecting 
equipment is connected to the distributing system 
at one point only, and its application calls for no 
alteration to an existing network. No series-con- 
nected transformers are required, and no modifica- 
tions in the high-voltage *bus bars or feeders are 
necessary. 

The ripple is generated by a motor-driven high- 
frequency generator, which is connected directly 
in parallel with the 50-cycle high-voltage ’bus bars 
through a three-phase coupling circuit. The 
frequency of the ripple can be varied in steps over a 
range of 400 to 1,000 cycles per second. This 
waveband has been carefully chosen to avoid 
interference by the system frequency and to obviate 
other troubles that have been found to affect 
signals, if they are substantially above 1,000 cycles, 
particularly on long networks. The Ripplay 
switch, which constitutes the receiving device, 
operates at pressure as low as 0-25 volt at the 
relay terminals, so that the output of the generator 
even on very widespread networks need not exceed 
20 kW. It is designed to respond to two separate 
high frequencies, which open and close the circuit 
respectively through the controlled device and, owing 
to its high discriminating qualities, a large number 
of different signals can be accommodated within 
the limits of the standard waveband. It is suitable 
for controlling thermally-operated switches for the 
control of 5-ampere and 15-ampere water-heater 
circuits at pressures up to 400 volts. The Ripplay 
switch consists essentially of two carefully-tuned 
reeds, which respond to the frequencies of the open- 
ing and closing signals, respectively. Each reed 
carries a small contact near its root which controls 
either the opening or closing action of the thermally- 
operated switch mentioned above. No work is 
thrown on the reeds so that they can be very sharply 
tuned to selected frequencies. For the same reason, 





they can be made to respond decisively to uncom- 
monly small signals and under the designed condi- 
tions, it is stated, they will operate with certainty 
on less than 0-25 volt, the power consumed being 
only a few microwatts per relay. 

At the conclusion of the works inspection, the 


party was entertained to tea by the company, while | 


in the evening a reception was given by the Mayor 


and Mayoress of Salford (Councillor and Mrs. J. T. | 


Harrison) and the Chairman of the Light, Heat 
and Power Committee (Councillor C. J. Townsend) 


and Mrs. Townsend, at the handsome Royal Art | 


Gallery in Peel Park. 
The whole of Thursday, June 22, was devoted 


to non-technical pursuits. A journey was made | 
by special train on the London Midland and | 


Scottish Railway to Lakeside, at the southern end 
of Lake Windermere; whence the journey was 
continued by steamer to Ambleside, at the northern 
end. After a short interval at the latter place, the 
cycle was reversed, Manchester being again reached 
in the early evening. Later, a reception was held 
at the University of Manchester, where the guests 
were received by the Vice-Chancellor (Professor J. B. 


Stopford, M.D., F.R.S.) and Mrs. Stopford, and by | 


the Chairman of the Council (Sir Christopher T. 
Needham) and Miss Needham. 

On Friday morning, June 23, alternative visits 
were paid to the Irlam steelworks of the Lancashire 
Steel Corporation, Limited, and the Irlam soap 
works of the Co-operative Wholesale Society, 
Limited. The steel works combine on one site 
the coke ovens, blast-furnaces, open-hearth steel 
plant, rolling mills and auxiliaries necessary for the 
production of finished steel from the raw material. 
Great care has been taken in their lay-out, and in 
the arrangement of the internal transport to ensure 
economical production, and the raw-material 
handling plant, in particular, practically eliminates 
hand labour. This plant, which can handle 4,000 
tons of raw material in 24 hours, is arranged as an 
integral part of a 600-ft. concrete wharf. 

The coke-oven installation comprises a battery 
of 62 Becker ovens, with a total capacity of 7,000 
tons per week, and associated by-product plant of 
the semi-indirect type. Five blast-furnaces, with 
their complement of hot-blast stoves, ore and coke 
bunkers, sintering, gas-washing and blowing plant, 
are provided for the production of basic open- 
hearth iron, though “foundry” iron and ferro- 
manganese are also made. 

The finishing mills comprise a 28/32-in. two-high 


reversing mill and a 20-in. three-high mill, both of | 


which are served by a 36-in. two-high reversing 


cogging mill. The main drive on the latter mill, | 


which is designed to handle ingots weighing up to 
5 tons, consists of an Ilgner set with a peak capacity 
of 16,000 h.p. and a maximum turning moment of 
210 m. tons. It is capable of producing 100 tons of 
8-in. square blooms per hour, which are cut to 
length in vertical electrically-driven shears. The 
roughing mill is driven by two reversing steam 
engines of 7,500 h.p. each, while the 20-in. mill 
comprises cogging and finishing trains, consisting 
of one roughing and two finishing stands of rolls. 
The cogging mill is arranged in tandem with the 
roughing stand of the finishing train, and is equipped 
for automatic bloom-tilting on the ingoing side and 
with a deflecting table on the outgoing side. It 
is driven by a direct-current motor with a con- 
tinuous rating of 1,200 h.p., which is fitted with a 


flywheel weighing about 80 tons. The roll train of | 


the finishing stands is equipped with two 1,200-h.p. 
direct-current motors. One of these is placed at 
each end of the train, so that the stands can be 
driven in any combination. 

After lunch at the Midland Hotel, at which the 
opportunity was taken to express the thanks of 


members to those who had so generously contri- | 


buted to their entertainment, and by their powers 
of organisation to the success of the visit as a whole, 
the party proceeded to the Park Works of Messrs. 
Mather and Platt, Limited. Here an opportunity 
was taken to see what was being done by the firm 
in the manufacture of textile and hydraulic machin- 
ery, but the most interesting item was a series of 
demonstrations designed to show the effectiveness 
of the Mulsifyre system in extinguishing inflam- 


mable-liquid fires. As is quite well known, the under- | 
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| lying principle of this system is the extinguishing of 
| the fire by the conversion of the inflammable liquid 
| into an emulsion by the use of water only. To 
jillustrate this, a tray containing oil was placed 
| below a Mulsifyre projector, and the water was 
| turned on and allowed to bombard the oil for several 
seconds. That emulsification had taken place was 
shown by a characteristic change in colour. At the 
same time, no damage is suffered by the oil, which 
will separate out from the water completely in 
| about 5 hours or 6 hours. To show how a fire can 
be extinguished by this system, oil was ignited 
|in a tank 12 ft. square. The heat of the resulting 
fire then caused a standard Quartzoid bulb sprinkler 
to operate, with the result that an automatic 
hydraulic valve was opened. Water was then simul- 
taneously delivered to a number of projectors 
mounted on a pipe system above the oil, and the 
fire was extinguished in less than 3 seconds. That 
the successful operation of the system is independent 
of the time the oil has been burning was illustrated 
by allowing a similar tank fire to burn until it had 
reached its full intensity. The projectors were then 
turned on by a manually-controlled valve, and the 
fire was again almost instantaneously extinguished. 
| Further demonstrations indicated how oil under 
pressure, such as that escaping through a faulty 
joint on the lubricating system of a turbine, could 
be successfully dealt with in a few seconds, and 
how the emulsifying power of the discharge was 
not impaired by the severe up-draught of hot gases, 
such as might occur in a chimney. Finally, there 
were three demonstrations showing how incendiary 
bombs of the pattern which the authorities antici- 
pate will be used for fire-raising purposes, in the 
event of war, could be dealt with. The bombs, 
which weighed about 1 kg., consisted of a tube of 
magnesium alloy 9 in. long and 2 in. in external 
diameter, with a wall thickness of 2 in. They were 
charged with thermite and ignited electrically. 
Experiments were made to show that such a bomb 
will not burn through a }-in. steel plate, and that 
it can be extinguished either by one of the firm’s 
Simplex extinguishers of the soda-acid type, or 
more effectively by the discharge of water from a 
Mulsifyre projector. 

In the evening the party were entertained at the 
Midland Hotel by Messrs. Metropolitan-Vickers 
Electrical Company, Limited. 











‘THE DUNTON PUMPING STATION 
OF THE BIGGLESWADE WATER 
BOARD. 


| Avrnouen, during the extended droughts of some 
years ago, water undertakers in many parts of the 
| country were subjected to adverse criticism, much of 
| this criticism was ill-informed, the authorities respon- 
| sible for water supply being, in the great majority of 
cases, fully alive to their responsibilities. As an 
illustration of the way in which country areas are 
administered in the matter of water supply, we may cite 
| the Biggleswade Water Board, which is responsible for 
the eastern portion of Bedfordshire, and owns approxi- 
mately 129 miles of trunk and distributing mains 
| supplying a population of some 36,000 persons. Since 
| the first well was sunk in 1902 and pumping plant and 
| reservoirs constructed, additional pumping machinery, 
| a water tower and ancillary plant were installed in 
| 1934. The Board has now brought in a further 
| source of supply by the construction of a new pumping 
| station at Dunton, about 4 miles east of Biggleswade 
and 2 miles from the Cambridgeshire border. This 
station was officially opened on Tuesday, July 4, by the 
Rt. Hon. Lord Luke of Pavenham, K.B.E., H.M. 
| Lieutenant for Bedfordshire. It consists of a main 
building housing four oil-engine driven generating sets, 
pump houses over the four boreholes, attendants’ 
| cottages, and garages. The total pumping capacity is 
| 64,800 gallons per hour, the boreholes being sunk in 
| the greensand to depths of between 230 ft. and 250 ft. 
| The preliminary pumping tests showed that the site is 
capable of a yield of approximately 50,000 gallons per 
hour. 

The main building is 131 ft. long by 38 ft. wide and 
| 28 ft. high, and comprises an engine and generator 
|room, an iron-removal plant room and entrance hall 
and workshops, with a mess room and store room 
on a separate floor. The four pump houses, built 
over the boreholes, are each 16 ft. square in plan by 
21 ft. high. All the buildings are of sand-faced brick 
and the design, although severe, is dignified and pleasing. 
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Fie. 1. 85-KW O-Enerne GENERATING Sets. 


\ view of the interior of the engine room, showing 
the four Diesel generating sets, is given in Fig. 1, above, 
and a view of the interior of one of the pump houses 
in Fig. 2. Two of these houses are situated close 
to the main building but the other two, as necessitated 
hy the position of the boreholes, are at some distance 
from it. This somewhat scattered arrangement 
determined the adoption of  electrically-operated 
borehole pumps deriving their current supply from a 
central generating station. The four generating sets 
seen in Fig. | are identical, and were supplied by 
Messrs. W. H. Allen, Sons and Company, Limited, 
Bedford, who also supplied the borehole pumps and 
motors Each consists of a two-cylinder vertical 
airless-injection oil engine, with cylinders 330 mm. 
(13 in.) bore by 470 mm. (184 in.) stroke, developing 
127 brake horse-power at 275 r.p.m. and direct-coupled 
to an 85-kW, 440-volt direct-current generator. All 
are mounted on a concrete bed 40 ft. long by 20 ft. 
wide and 7 ft. thick. Starting is by compressed air, the 
individual receivers being of sufficient capacity to give 
four or five consecutive starts without recharging 
and being interconnected so that any engine can be 
turted from any receiver. The receivers, of which there 
are four, are charged by two compressors, either of 
which is capable of bringing a receiver up to working 
pressure in less than 20 minutes. Both compressors 
were supplied by Messrs. Hamworthy Engineering 
Company, Limited, and each delivers 18 cub. ft. of 
air per minute at 300 Ib. per square inch. One is 
motor-driven, and runs at 1,000 r.p.m. The other is 
driven by an oil engine, mourted with the compressor 
on a common bedplate, at 700 r.p.m. 

The fuel, which is heavy oil, is supplied directly from 
individual service tanks on the wall above and behind 
the engines. Each tank provides for 24-hour continuous 
full-load running of its engine. The tanks are provided 
with level indicators and meters, and are charged as 
required from two circular storage tanks, each holding 
30 tons of oil and situated in a covered underground 
chamber of concrete, outside the main building. The 
oil is pumped to the service tanks from the storage 
tanks and is subjected to purification and heating on 
the way. Purification is effected by De Laval centri 
fugal separators, of which there are two, each having 
a capacity of 60 gallons per hour, and fitted with 
motor-driven pumps and a 3-kW electrical heater. 
Che jacket cooling water is gravity-circulated through 
the engines, overhead tanks giving the supply and the 
How being visible by open tun-dishes on the discharge, 
which is led to a cooling pond. The cooled water is 
returned from the pond to the tanks by two Allen motor 
driven pumps. The lubricating oil in the engine sumps 
is taken through Streamline filters, working at the 
rate of from 0-75 to | gallon per hour. The viscosity 
is lowered during filtration by coil-type heaters in 


the exhaust manifold of each engine. The exhaust 
pipes, which are lagged with asbestos compound 
and planished steel, are led vertically downward 
at the rear of the engines. Each is provided with an 
isolating valve and discharges into a common expansion 
box from which the gases pass through a Burgess 
terminal silencer and the uptake pipe. A Clarkson 
waste-heat boiler, by-passed from the exhaust system, is 
utilised, when necessary, to warm water for engine-room 
heating. The silencer is of ample capacity to allow 
three engines to be run together, but: normally only 
two will be required. 

The generators are two-pedestal bearing type 
machines with the armature shaft bolted to the 
flywheel face. The switchboard is situated along the 
engine-room wall immediately behind the generators 
and is flanked on one side by the control gear for the 
borehole-pump motors and on the other by the water- 
flow instrument panel. The engineer in charge has, 
therefore, the whole of the controls directly accessible 


and is fully informed of the working of the plant. Of 


the seven panels of the switchboard, each of the first 
four is fitted with a double-pole circuit breaker, a 
double-pole main and equaliser switch, an integrating 
watt-hour meter, and a shunt regulator. The fifth 
panel is a feeder serving two of the borehole pumps ; 
the sixth panel serves the other two borehole pumps, 
while the seventh is fitted with quick- break knife 
switches and fuses to control the circuits to the auxiliary 
motors and heaters. The control panels are of the 
contactor type, with push-buttons for starting and 
stopping, mounted on the case. The speed of the 
borehole pumps may be varied between 1,350 r.p.m. 
and 1,520 r.p.m. by shunt regulators having externally- 
operated handles. The starters are interlocked with a 
pressure switch at each borehole pump head. Should 
the pressure-water supply to the pump-shaft bearings 
fail, this switch stops the motor concerned automati- 
cally. Each borehole-pump motor may be also started 
from each pump house by means of an auxiliary switch 
therein, but locking devices on the engine-house switch- 
gear prevent any motor from being started up from 
there when work is being carried out on the pumps. 
The motors are connected to their respective starters 
by multi-core cables embodying the shunt and interlock 
leads, in addition to the main power leads. 

As will be seen from Fig. 2, the borehole pumps 
are of the direct-coupled motor-driven vertical centri- 
fugal type. The boreholes are all 14 in. in diameter. 
Two of the pumps are designed to deliver 18,000 gallons 
per hour each from a depth of 140 ft. below the surface 
into the delivery main, the total head generated by 
the pumps at 1,450 r.p.m. being 404 ft. The other 
two pumps have a capacity of 14,400 gallons per hour 
each and have practically the same characteristics. 
The first lift in each borehole is by a seven-stage conical 








Fig. 2. Verticat Motror-Driven BorEHOLE 
Pump. 


flow deep-well pump mounted at the end of the rising 
main, which is of 8 in. internal diameter and consists 
of 23 lengths of 6 ft. 3 in., separated by the bearing 
housings. The flow from the rising main is picked 
up by a four-stage turbine force pump, which effects 
delivery and is situated just below the girders of the 
well head. The motors are carried on pedestals at 
the well head as shown. For the two larger pumps 
they are of 62 brake horse-power, and for the two 
smaller ones, 50 brake horse-power. They are of 
the drip-proof type and run normally at a speed of 
1,450 r.p.m., shunt regulation giving the range stated 
above. The transmission shaft is 2 in. in diameter 
and is supported in steady bearings lined with lignum 
vite. The shaft and bearings are enclosed in a steel 
tube through which clean water, taken from the force 
pump discharge after filtration, is circulated. The bear- 
ings are thus effectively lubricated and as the pressure 
of the clean water is greater than that in the rising 
main there can be no leakage inwards to the bearings. 
The automatic cut-out switch is actuated by the 
pressure of the water in the shaft tube. 

The pump houses are provided with overhead lifting 
gear so that the pumps can be removed from the 
boreholes for inspection and repair. A very complete 
system of indicating and recording instruments for 
pump performance is installed on a large panel in the 
engine house on the opposite side of the switchboard 
to the control panels. The quantity discharged by 
each borehole pump is measured by a Venturi meter. 
the total output being checked by a similar master 
meter. The differential-head reading of all the Venturi 
meters is electrically-transmitted to the How-measuring 
and flow-integrating instruments on the panel. The 
water levels in the borehole are also continuously 
indicated and recorded on the panel, the instruments 
being actuated by compressed air taken from the engine 
starting receivers. The connections between the 
pump houses and the engine house are made by copper 
piping laid alongside the cables. Lighting of the 
various buildings is effected by an auxiliary oil engine. 
direct-coupled to a 2}-kW. 110-volt direct-current 
generator. The unit is automatically controlled, /.¢.. 
it stops and starts when the lighting switches are 
operated. A 5-ton overhead crane, hand-operated, is 
provided in the engine house. Normally, two of the 
four generating sets will supply current to the two large 
borehole pumps and one of the small borehole pumps. 
The guaranteed fuel consumption under these conditions 
was 0-712 lb. per water horse-power per hour. This 
figure includes all losses and, we understand, was 
easily obtained on the acceptance tests. 

Reference was made earlier to an iron-removal plant 
room in the engine house. This plant eliminates 
iron from the pumped water, the proportion present 
being somewhat variable but generally of the order of 
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0-08 part per 100,000. The plant consists of eight 
Permutit vertical pressure filters, each 9 ft. in dia- 
meter by 6 ft. high on the shell, both ends being 
dished. These filters are generally similar in construc- 
tion to the ordinary sand filters commonly employed 
for the removal of suspended matter, but in operation 
an air space is maintained at the top and the sand bed 
contains a quantity of special iron-removing material 
known as Permiron. The rate of filtration, when 
pumping is being carried on with a flow of 50,000 gallons 
per hour, is 98 gallons per square foot per hour. The 
raw water is sprayed through the air space in the 
tilters and the iron contained in it is transformed into 
solid particles of iron oxide which are retained in the 
sand bed. The Permiron is an active oxidising agent 
and so removes any traces of iron escaping the 
spraying process. With raw water having a content 


of 0-08 part Fe per 100,000, the iron in the filtered | 


water is reduced to 0-0043 part. The air required 
for the oxidising process is supplied from two small 
reciprocating compressors and is injected into the 
feed pipes so that it enters with the water. An auto- 
matic release allows the escape of excess air and the 
water level is ascertained by means of a gauge glass. 
The material is automatically regenerated by the 
re-oxygenation which takes place when the filters are 


air scoured during the cleansing process. The whole | 


iron removal operation is automatic, as the material 
adapts itself to varying degrees of iron content without 


the necessity for the preparation and administration | 
In order to eliminate corrosion, the | 


of chemicals. 
underdrain system of the filters is constructed of non- 
metallic materials, this elimination being of particular 
importance when treating waters liable to contain free 
CO, in solution. The system is arranged so that an 
adequate supply of air is evenly distributed over the 
whole area of the filter when the cleansing process is in 
operation. This process consists of the discharge of 
compressed air through the filter for a period of 


3 minutes to 4 minutes, followed by a reverse flow of | 


filtered water which passes through the bed in an 
upward direction and carries away the loosened iron 
oxide and any other impurities. The air for cleansing 
is supplied by a rotary motor-driven blower and is 


passed through a filter to eliminate oil which might | 


contaminate the underdrains or filtering media. 
Twin sinks are provided through which continuous 
streams of unfiltered and filtered water flow, and there 


is also a test bench and sink for the clarity and other | 


tests of both kinds of water. 

The iron-removal filtration plant, described above, 
was supplied by Messrs. Permutit Company, Limited, 
London, W.4, and the Venturi meters and the indicat- 
ing and recording apparatus were made by Messrs. 
George Kent, Limited, Luton. The consulting engi- 
neers were Messrs. Binnie, Deacon and Gourley, 
MM. |Inst.C.E., Westminster. We are indebted to the 
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|shed has been built, 820 ft. long, with four roads, | 
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bentonite up to 20 per cent. did not burn-on during 


for the maintenance of the 152 new motor and trailer casting. The properties of the clays and their relation 
coaches which have been constructed at the company’s | to bonding power were investigated, and the chemical 


works at Eastleigh and Lancing. 
has been built to the designs of Mr. O. V. Bulleid, Chief 
Mechanical Engineer, is made up in two-car sets, and 
| is unusual in that each set consists of a motor coach 
| with third-class compartments, and a trailer, fitted 
with a driver’s cabin, and providing both first-class 
and third-class compartments, with a corridor and 
lavatories. The design is intended to meet the needs 
lof both the short-distance and the long-distance 
| traveller, the service being more outer-suburban than 
truly suburban in character. The coaches have been 
built to the full available width of 9 ft., instead of the 
8 ft. 6 in. adopted for earlier stock on the electrified 
lines. On the opening trip we found the new coaches 
to ride very smoothly, and, in this respect, consider 
| them an improvement on some of the trains running 
to the South Coast. The train, which left Charing | 
| Cross at 10.25 a.m., carried, in the place of the usual | 
head-code, the armorial bearings of the Southern 
Railway and, below, a board displaying those of 
Rochester, Maidstone, Chatham and _ Gillingham, 
grouped about the familiar “ Invicta” crest of Kent. 
lt proceeded first to Maidstone West, where a civic 
welcome was accorded to the Chairman (Mr. R. Holland- 
Martin, C.B.), the directors and their guests, by the 
Mayor (Councillor P. Brown) and the Mayoress. 
Thence the train proceeded to Gillingham via Strood, 
Rochester and Chatham, and after a reception at the 
station by the Mayor of Gillingham (Councillor L. J. 
Newnham), the party returned by motor coaches to 
Chatham Town Hall, where luncheon was served. Capt. 
the Rt. Hon. Euan Wallace, M.P., Minister of Transport, | 
responded to the toast of ‘* Our Guests,” proposed by 
Mr. G. S. Szlumper, C.B.E., general manager of the 
Southern Railway; and Mr. Holland-Martin to that 
of ** Success to the Southern Railway Electrification to 
Maidstone and the Medway Towns,” proposed by the | 
Mayor of Chatham (Councillor J.T. Hawes). The return 
journey was made via Rochester and Swanley to 
Victoria, and was timed to take exactly one hour, 
including the two brief stops to set down the Rochester 
and Swanley guests. Actually, it was accomplished 
in some minutes less. The ordinary public services 
by the new trains, which represent marked increases 
in number, frequency and speed, began on Sunday, 
July 2. 
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| THE INTERNATIONAL FOUNDRY 
CONGRESS. 


| : ‘ ‘ P 

| IN our issues of June 23 and June 30, on pages 750 
| and 780, respectively, we gave a general report of the 
|events associated with the International Foundry 


| good distribution of the clay. 


The new stock, which | analysis, »H values, and particle sizes of the clays in 


suspension were determined. A relation was ~found 
between bonding power and the quantity of water 
absorbed by the clays. It was concluded that ben- 
|tonite, the proprietary clay, and the more plastic 
fireclays were most suitable as bonding clays. 

The discussion was opened by Dr. J. G. A. Skerl, who 
observed that only the laboratory side of the subject 
had been presented, to the exclusion of what was 
possible under foundry conditions ; bentonite in the 
foundry did not and could not show anything like the 
superior results given by the author. He drew atten- 
tion to the fact that the refractoriness of coal dust was 
similar to that of bentonite, and argued from that the 
importance of the refractoriness of the bonding clays. 


|Mr. R. J. Richardson said that his experience of 


bentonite was very poor indeed ; he had found Dorset 
clay far better for the reason that he could use it in 


|larger amounts, and, consequently, with a greater 


Even so, he had difficulty in obtaining 
Mr. F. J. Cook said that 
he had experienced trouble with bentonite in a 
mechanised plant, as the prepared sand came through 
the riddle unbroken, due to the great bonding powe1 
of the bentonite. In that case he had to resort to the 
use of coal-dust in order to save discard. Mr. A. 
Tipper asked whether there were any simple tests 
whereby it could be ascertained immediately whether 
a clay was good or not. He was interested also in the 
synthetic addition of ferric hydroxide as a red bonding 
matter. Mr. W. J. Rees confirmed the relationship 
found by the author between moisture absorption and 
bonding power, and stated that his own work on more 
than twenty British clays had shown this point to be 
important. Clays in synthetic-sand mixtures must 
first be ground to pass 30 mesh. When the clay was 
added as a slurry it did add greatly to its distribution 


water-content. 


|in the sand ; but it was not easy to control the propor- 


tion of water, and it was found that getting enough 
clay meant getting too much water. He recommended 
a trace of alkali so as to enable the use of a defloccu- 
lating slurry. The author’s figures showing that the 
optimum green strengths using ball clay and bentonite 
were the same, but that the dry strength of the 
bentonite mixture was much higher, were, in his opinion, 
extraordinarily interesting. It was a point of which 
an explanation would be a step forward in our 
knowledge of synthetic sands. 

In his reply, Dr. Piper said that the low moisture 
content of the sands given in his Tables I and IT was 
| due to the fact that silica sand was used, containing 
| very little silt ; otherwise, no doubt, more water would 
| have been required. It was found that bentonite gave 
| twice as much increase of bonding power, as compared 


Biggleswade Water Board, to which Mr. T. A. Stani- | Congress organised by the Institute of British Foundry- | with coal dust, when used in old moulding sand with a 
forth is the engineer, for facilities to visit and describe | men and held in London from June 11 to June 17. | moisture content of 5 per cent. or 6 per cent., which 
their new station, which is an excellent example of a| Limitations of space made it impracticable in that | was more in agreement with what was used in an actual 


small self-contained plant. 








THE SOUTHERN RAILWAY AND 
THE MEDWAY TOWNS. 


On Friday last, June 30, the official opening took 
place of the last section of the Southern Railway 
Company’s 1935 scheme of electrification, namely, 
the extension to Maidstone West, Strood, Rochester, 
Chatham and Gillingham. Particulars of the various 
instalments of the scheme have been given from time 
to time in our columns, as the different sections were 
completed, and it is sufficient to recall, as the prin- 
cipal items, the extension from Orpington to Seven- 
oaks and the route to Lewes, Seaford, Eastbourne 
and Hastings, in 1935; the Portsmouth, Woking-Alton 
and Weybridge-Staines extensions, opened in 1937 ; 
the Mid-Sussex or “‘ Portsmouth No. 2” scheme of 
1938, which linked Brighton and Portsmouth; and 
the Ascot and Reading conversions, opened in the 
present year. The routes covered by this concluding 
portion of the scheme undertaken under the Railways 
Agreement Act of 1935 are those from Gravesend 
Central to Gillingham and Maidstone West, via Strood ; 
Swanley to Gillingham ; and Otford to Maidstone East. 
The total cost of the extension was 1,750,000/., and the 
54 route miles which it represents bring up the total 
of Southern Railway electrified route miles to 709, 
with 1,760 track miles. The main source of power 
supply is the transforming sub-station of the Central 
Electricity Board at Northfleet. Fifteen new sub- 
stations have been constructed, and the existing 
Swanley control station, in which there were fourteen 
panels, has been enlarged to accommodate 54 panels. 
A new passenger station has been built at Swanley, 
and extensive alterations have been made to those at 
Maidstone East, Strood, and New Hythe—amounting, 
in the last-named case, to virtual re-building. At 
Gillingham, carriage sidings have been laid and a car 


report to record the proceedings at the technical sessions 
| otherwise than by mentioning the papers delivered at 
}each, and we now amplify the former account by 
| dealing with the technical meetings at greater length. 

| At the first technical session, held on the afternoon 
| of Tuesday, June 13, in the ballroom of the Dorchester 
| Hotel, Park-lane, W.1, the chair was taken by 
Mr. W. B. Lake, the newly-elected president of the 
Institute of British Foundrymen, and five papers were 
presented for discussion. The first of these, by 
Dr. G. H. Piper, and entitled “‘ Bonding Clays and the 
Properties of Synthetic Moulding Sands,”’ described an 


in which a number of naturally occurring and proprie- 
tary clays were investigated to determine their suita- 
bility as bonding clays for synthetic moulding sands. 
The clays included china clays, ball clays, Stourbridge 
and Scottish fireclays, a Wyoming bentonite and, for 


cent. of the clay were examined at various moisture 
contents. Bentonite had the greatest bonding power, 
and synthetic sands containing 3 per cent. bentonite, 
5 per cent. Dorset ball clay, or 5 per cent. of a proprie- 
tary clay gave approximately the same maximum 
green strength. The china clays had low bonding 
powers, while the fireclays varied according to the 
seams from which they had been obtained. 
strength of moulding sands was discussed and a relation | 
was found between green strength and the tensile 
strength of the moist clay. 

The dry strengths were determined at various initial 
moisture contents and temperatures of drying up to | 
250 deg. C. Sands containing 3 per cent. bentonite or | 
5 per cent. of the proprietary clay, respectively, showed 
the highest dry strengths. The 5 per cent. ball-clay | 
mixture, while possessing adequate green strength, had 
low dry strength. The fusion points of the clays 





were determined. Bentonite had a fusion point of 
1,330 deg. C., but refractory silica sand bonded with 


extended programme of research carried out under the | 
auspices of the British Cast Iron Research Association, | 


comparison, a clay extracted from Bromsgrove moulding | 
sand. Synthetic sands containing in general 5 per | 


Green | by packing uniform grains. 


|foundry. He agreed with Mr. Rees on the difference 
| between the green and dry strengths of the mixtures ; 
possibly it was due to the dry strength being dependent 
| upon the grip between the clay and the sand grains. 
| It was a point that he had not investigated. 
The second paper, by Mr. J. J. Sheehan, dealt with 
*Core-Shop Control” as practised in the mass- 
| production foundries of Messrs. The Austin Motor 
Company, where separate sections are devoted to steel, 
grey iron, and non-ferrous castings. Mr. Sheehan 
| stated that no clay-bonded sands were used in the core 
|shop and the whole of the technique was built up 
round large-grain, medium-grain, and fine-grain sands. 
For core making alone the exact chemical composition 
was not of great importance, but it had to be considered 
in this case as spent sands were utilised as the best 
grain for synthetic moulding sands. By balancing the 
proportion of each of the three sands, some control 
was possible over the permeability of the cores, the 
amount of binder used, the finish on the castings, the 
tendency to expansion cracks, and to some extent the 
‘sagging of the green cores. A mathematical con- 
sideration of the factors involved was demonstrated 
by the various ways of packing uniform spheres, and 
it was indicated that in a sand mass 74 per cent. of 
the volume might be considered as occupied by uniform 
spheres, while 26 per cent. was void. This was the 
smallest proportion of voids which could be obtained 
The screens used in control 
work were the 1.M.M. series, and if d (the diameter of 
| the original spheres) was made equal to the aperture 


of the 30-mesh screen the fractions of d were: 


+30 mesh, d; +70 mesh, 3d; + 150 mesh, }d; 
and — 200 mesh, +, d. 

The use of a sand of fine uniform grains gave good 
permeability and good surface finish, but, owing to 
the large area to be covered, binder consumption was 
high. Such sand also gave rise to defects due to the 
entry of the metal into a crack in the sand. When a 
mixture of coarse and fine grains was used the defect 
did not occur. A further defect in cores prepared 
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from uniform-grained sands was a tendency to sag, 
which could be controlled to some extent by using a 
mixture of grain sizes. The selection of core binders 
was based on the requirements in green strength of the 
core-sand mixtures and the requirements in dry strength 
of the finished core. No difficulty had been experienced 
in controlling dry strength. Shop conditions neces- 
sitated a careful control of green strength, the method 
of distribution of the prepared mixtures and of trans- 
portation of the green cores being the determining 
factors. In addition, the installation of a sand- 
recovery plant called for an ashless binder. The 
method of control adopted was to use a solution of 
ammonium nitrate in place of the water normally added 
to the sand mix. Solutions of three strengths were 
used, the choice being governed by temperature and 
the humidity of the atmosphere. By this means the 
variation in the rate of skin drying had been kept 
within the permissible limits. 

Silica flour was used in washes for both steel and grey 
iron, and plumbago and blacking had been eliminated. 
4 comparison between silica washes and graphite 
washes of the same viscosity had been made. The 
gravity of the former was higher and the weight of the 
coating left on the smooth plate was also higher. 
The thermal conductivity of the graphite coating was 
150 times that of the silica coating, and with very 
hot metal the heating of the core under the graphite 
coating was sufficiently rapid to cause cracking and 
allow penetration of the metal. The change from 
graphite to silica was necessitated by a change of the 
composition of the metal and the consequent rise in 
pouring temperature. Defects in the silica could 
readily be correlated to the viscosity figures. 

Dr. J. G. A. Skerl, who opened the discussion, 


praised the paper highly, saying he had read it three | 


times, and considered it the finest he had encountered 
on the subject. Mr. R. J. Richardson thought there 
might be difficulty in securing uniformity when using 
silica flour. Mr. A. Tipper suggested that the prin- 
ciples used by the author for core sands might be 
adapted for moulding sands, and he inquired whether 
they applied to irregularly-shaped grains as distinct 
from spheres. He regretted that the paper did not 
deal also with the baking of the cores. Mr. Sheehan, 
replying to the discussion, said that round-grain sands 
did cause trouble in use when they fell narrowly within 
the grouping referred to in his paper. He found that 
silica flour was better added as powder, suitably 
graded. 
a formula given in the paper, and no trouble had been 
experienced since they had controlled it by viscometer 
in the first place and by Beaumé gravity afterwards. 
As to the possibility of applying to moulding sands 
the same methods regarding grain size, he said that 
he was using his core sand as the basis of his synthetic 
moulding sand, and no sand at all was purchased. 

“ The Selection and Testing of Cupola Refractories ’ 
was the title of the third paper, presented by Mr. W. J. 
Rees, of Sheffield University, who briefly outlined the 
characteristics in bricks 
fractory purposes of this class. Bricks for cupolas, he 


necessary 


said, should be very dense and well burned, in order | 
to resist the corrosive and erosive action of the slag. | 
Also, they should be perfect in shape, to ensure sound | 


jointing. He emphasised particularly the importance 
of using good cement for the joints. For rammed 
linings and patching ganisters, he considered, mecha- 
nical grading was essential to ensure close packing, 
and he suggested that the methods of grading crushed 
rock, together with an admixture of suitable bonding 
clay, would show advantages. 

Mr. J. H. Cooper, who opened the discussion, said 
that, after many years’ experience of cupolas and 
bricks of every description. he failed to see the effect 


of the slag reduction which the author had stressed. | 


He mentioned the carelessness of many foundries in 
storing their cupola-patching and repairing materials, 
and the consequent defects arising from it. In rotary 
furnaces, he thought, the main consideration was the 
expansion of high-silica bricks as compared with the 
contraction of those of high alumina content. It was 
often found, for example, that the lining of a rotary 
furnace no longer fitted the casing, after only a few 
days’ working; this had little ~o do with the refrac- 
toriness of the bricks. Modern cupolas gave metal 
tapping at 1,400 deg. C., and therefore, the actual 
temperatures attained in the melting zone were much 
higher ; he asked how the author could reconcile these 
practical points with the figures given in the paper. 
Mr. A. J. Shore doubted the necessity for the bricks 
being so very close together, as indicated by Mr. Rees ; 
he thought they were protected by a ganister covering. 
He asked also whether it would not be advantageous 
to use insulating bricks on the outside of the lining, 
next to the shell of the cupola. Dr. Skerl questioned 
whether more rigid control of the slag coming from 
a cupola would result in better life for the lining. He 
drew attention also to rammed linings giving, in his 
opinion, a better life than a brick lining, the former 
having a composition of about 94 per cent. of silica. 


It could be kept in suspension by following | 


intended for re- | 
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|Mr. W. R. Bean, past-president of the American | 


| Foundrymen’s Association, stated that slag control 
| had received much attention in America. Over there 
they had not as much experience of rotary furnaces as 
British foundrymen, but they found a silica brick 
to be the best. Behind this brick, which was 6 in. 
in thickness, there was a permanent lining of clay 
brick, also 6 in. thick, and this was against the shell of 
the furnace. Great care had to be exercised, especially 
during the initial warming-up and running periods. 
Such linings were built in less time than was required 
for ramming with ganister. 

In reply to the discussion, Mr. Rees said that the 
slag used in his tests came from a local foundry and 
contained 12 per cent. of iron oxide and 35 per cent. 
of lime. He agreed that a more complete control of 
the slag composition would promote the durability 
of the cupola lining. He agreed also that ganister 
which had been exposed to rain and weather could 
give rise to trouble and he had known it do so in 
several cases. He associated himself with the remarks 
of those speakers who had favoured the use of silica 
bricks in the lining of rotary furnaces. They were 
especially advantageous for such a purpose. They 
should be warmed by heating slowly between 200 deg. C. 
and 300 deg. C., after which the bricks would not 
spall as long as the temperature did not fall below 
that range. A silica brick made from quartzites 
containing 2 per cent. to 3 per cent. of titanic oxide 
was highly resistant to shock, and some of our natural 
quartzites contained it, as did some in South Africa. 


These bricks are much superior to those normally | 


dealt with here. Insulation, he thought, was highly 
important, as it would improve the thermal efficiency 


|of the cupola and prevent steep thermal gradients | 
that | 


through the bricks themselves. He wished 
someone would try insulation on a cupola, as had been 
| done with success on other furnaces. 

Dr. E. M. H. Lips (Holland) then presented his 
| paper, entitled “‘ Gating, with Special Reference to 
| the Optimum Flow Conditions in the Molten Metal.” 


The gating system of a casting, Dr. Lips observed, | 


| should satisfy the requirement that the molten metal 


should be introduced into the mould in the best possible | 


manner. On the basis of hydrodynamical principles, 
this requirement would be met by ensuring that the 
gating system promoted laminar or streamline flow as 
much as possible ; did not involve sudden changes in 
direction, and was free from sudden changes in cross- 
section. In support of the argument that streamline 
flow should be promoted as much as possible, the author 
showed that a downgate could practically never serve 
at the same time as a riser. 


system of a mould based on hydrodynamical principles 


was illustrated by reference to examples. 
In the case of a cylindrical casting of, say, 25-in. bore 
and 29 in. outside diameter, with a flange of 5 in. 


radial width and 4 in. in depth at each end, and a | ing 


belt of similar section round the middle, it would be 

found that the metal would * hesitate ” 
the bottom flange, again at the middle belt, and for a 
third time at the top flange. This example was typical 
of such castings as large steam-engine cylinders, and 
any defects would be found usually at the points where 
these “ hesitations *’ occurred. That the problem was 
a real one was evident from the fact that no one had 
yet discovered how to overcome such defects, other 
than on paper. 

Apart from some brief remarks by Mr. A. E. McRae 
Smith, who commended the paper as one containing 
facts which it was not possible to dispute, no discussion 
| was forthcoming; a regrettable circumstance, as the 
paper dealt with an interesting subject and suggested 
several lines for further investigation. 

The concluding paper in the Tuesday afternoon 
session described “‘Some Castings for Steelworks 
Plant,” and was presented by Mr. J. Roxburgh, 
| foundry manager of Messrs. Davy and United Engin- 
eering Company, Limited, Sheffield. The author 
prefaced his paper by emphasising the importance of 
both practical and theoretical knowledge in the foundry, 
and maintained that foundry executives should be 
obliged to examine every stage of manufacture and 
be cognisant of the conditions of service of a casting 
before they attempted to begin its production. Re- 
garding metallurgical considerations, he said, in the 
main the properties of east iron could be attributed 
to the amount and condition of the graphite ; by its 
reduction in quantity, refinement and dispersion, 
great improvements could be effected. It was becoming 
increasingly essential for the executive to decide on 
the ultimate structure desired in the casting. Such con- 
siderations as composition, materials used in the metal 
mixture, metal furnaces, superheat, inoculation, artifi- 
cial means of accelerating or prolonging cooling, and 
heat treatment, all exerted some influence on ultimate 
structure. Typical large castings were selected to illus- 
trate these principles, and particulars given of the 
methods of moulding, compositions of metal, etc. The 
author stressed the importance of good melting condi- 
tions, the supply of hot metal, and the necessity to cast 


while filling | 


ce. 


at temperatures in excess of 1,300 deg. C. if possible. 
In conclusion, he observed that, while familiarity with 
technical and metallurgical developments was desirable 
in a foundry executive, it was necessary, also, that 
the actual practice in the foundry should be economi- 
cally sound and suited to the conditions of service. 

Mr. McRae Smith opened the discussion, and com- 
mented upon the low sulphur content of the irons used 
by the author, inquiring whether this was achieved by 
desulphurising. He questioned also the carbon-plus- 
silicon ratio used for such heavy castings ; and, in the 
case of the alloy irons, he asked why the one which 
was not heat-treated contained molybdenum, while the 
one which was heat-treated did not. Mr. A. J. Shore 
asked whether the author could give some further 
particulars regarding the casting of rollers ; and whether, 
in making a cylindrical casting, he would use a pencil 
or a large-diameter runner gate. 

The author, in his reply, said that the carbon-silicon 
figures given in his paper might seem high, but were 
average results obtained. He had found low-silicon 
irons, although correct to use, very difficult for large 
quantities of metal ranging from 20 tons to 40 tons. 
He did not desulphurise the iron, but used raw materials 
of low sulphur content. He explained the absence of 
molybdenum in the case mentioned by Mr. McRae 
Smith as due to the high nickel content of 2-5 per cent. 
to 3-5 per cent. in that particular iron. In reply to 
Mr. Shore, he would always run rollers from the top, 
no matter what their thickness might be, and would 
simply increase the number of gates, having four 
instead of two. For ordinary irons, 1 ft. of casting 
head might be ample, but for special irons 18 in. 
or 2 ft. might be necessary. 

The first session of the Congress then terminated. 


(To be continued.) 














THE B.T.-H. WILLESDEN 
APPRENTICE ASSOCIATION. 


THE parents or guardians of the engineering appren- 
| tice are generally ignorant as to the conditions under 
which the lad works or as to what he is doing. This 
ignorance is, in most instances, not due to carelessness 
or apathy; the parent or guardian would often like 
to see something of the works or factory concerned, 
but is not permitted to do so, and so, perforce, has to 
be content with hoping that the employer takes a 
reasonable interest in his apprentices. Messrs. The 





The design of the gating | British Thomson-Houston Company, Limited, Rugby, 


however, have long discarded this forbidding attitude 
} and once a year invite parents or guardians to inspect 
their Willesden Works and to meet the supervisors 
and foremen who have charge of the boys during work- 
hours. The “ Apprentice Parents’ Day ” was this 
| vear held on Saturday, July 1, when some 300 visitors, 
including the heads of a number of technical schools, 
| assembled at 2.15 p.m. for a tour through the works, an 
exhibition of actual work carried out by apprentices 
and demonstrations in such places as the high-voltage 
laboratory. After tea in the canteen, the visitors 
attended the distribution of awards and certificates 
gained by the apprentices, and subsequently inspected 
an exhibition of hobbies and handicrafts, including a 
| collection of models made by apprentices in their spare 
| time. The whole function closely resembled the Speech 
| Day of a public school and was equally interesting. 
The apprenticeship system of Messrs. British Thom- 
| son-Houston Company, Limited, is flexible, but is not 
weakened by admitting too many apprentices or by 
accepting all comers. On the contrary, the acceptance 
standards are high. A trade apprentice undergoes a 
training course designed to give him the opportunity of 
becoming a skilled artisan, and if his ability warrants it, 
opens to him the callings of charge-hand, inspector or 
rate-fixer. Drawing-office apprentices are trained to 
become engineering draughtsmen, factory experience 
being also provided. A school certificate with a head- 
master’s recommendation is required at entry. Engin- 
eering apprentices must have reached London Matricu- 
| lation standard and are given a course intended to fit 
them to fill technical or executive positions. Student 
apprentices must be university graduates and the 
course for them comprises training for the higher 
executive and sales posts, in addition to research. 
No premiums are required for any of the grades and 
there is nothing to prevent promotion from one grade 
to the other. The first three grades are expected to 
attend evening classes throughout their course and 
diligence therein results in the award of bonuses. 
Special awards include the “ Easthope Medal” for 
an essay competition, and the ‘“ Apprentice Shield ” 
for general public spirit in all the works activities. 
An Apprentice Association provides cultural, recrea- 
tional and social facilities. The Willesden apprentice 
supervisor is at present responsible for the training 
and discipline of some 140 trade apprentices and 72 
drawing-office apprentices. 
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POST-HOLE DRIVING AND BORING MACHINES. 
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Fie. 1. Horie-Driving Macuine. 














Fie. 2. Hore-Borinc Macnine ON CRAWLER CHASSIS. 














Fic. 3. Hore-Bortrnc MACHINE ON WHEELED CHASSIS. 


POST-HOLE BORING MACHINES. 


TuE operation of sinking a hole for the reception of 
a post or pole is always a tedious and expensive one 
when manually performed, since, in order to reach 
the necessary depth, the hole has to be made of much 
greater cross-sectional area than the post, and when 


| this is in position a considerable amount of excavated 


earth has to be put back and tamped down. When 


|a number of posts have to be put in, such as those 


for the guard rail of an embanked highway, or for 
a long line of poles, such as are needed for carrying 
electric supply cables in rural districts, the time and 
labour needed become unduly high. Two machines 
employed in the United States for the rapid sinking 
of such holes are illustrated in Figs. 1 to 3 on 
this page. Both machines are made by Messrs. 
The Hughes-Keenan Company, Mansfield, Ohio, 
U.S.A., and though used for the same purposes are 


| radically different in principle. The machine illus- 
| trated in Fig. 1 is known as the Gaty hole-driving 
| machine, and makes the hole by driving a plunger, of 


similar cross section to the post, into the earth, none 


|of which, however, is thrown out of the hole, the 


necessary displacement being taken up by compres- 
sion at the sides. The other machine, illustrated 
in Figs. 2 and 3, is known as the Gaty hole 
borer, or, more colloquially, as the Hydraulic Dirt- 
worm, both titles indicating that the hole is made by 
a process analogous to the employment of an ordinary 
auger in wood. Which of the two machines shall te 
employed is determined in the main by the diameter 
of the post or pole to be erected. 

The hole-driving machine shown in Fig. 1 consists of 
a self-propelled vehicle with a superstructure generally 
similar to a runabout crane; the machine can, indeed, 
be readily converted into a crane, concrete-breaker or 
excavator. The jib can, of course, be slewed and luffed 
as required while the hole-driving apparatus can be 
traversed along it, the three movements enabling a 
hole to be sunk with precision without manceuvring 
the vehicle. The hole-driving apparatus consists of a 
pair of columns attached to the traversing saddle and 
connected at the bottom by an annular disc. Between 
the columns is a ram of nickel steel, with a conical 
bottom end and a flat top. Above the ram and between 
the columns is a hammer which is raised and allowed to 
fall on the ram in the same way as a pile-driver. The 
ram seen in the illustration is circular, but other cross 


| sections are also used. The maximum diameter is 


13 in., and the hammer weighs 1,000 lb. The spikes 
seen on the underside of the column ring are merely 
for holding the apparatus in place at the start of the 
operation, and the conical point is pierced with a hole 
through which air can pass when the ram is being 
withdrawn from the completed hole. The maximum 
depth of hole is 4 ft.6in. As regards performance, 140 
holes, 10 in. in diameter by 3 ft. 6 in. deep can be made 
in a day. We understand that this method of hole 
driving is found particularly suitable in made ground 
as the loose fill is thereby so compacted that there is 
no risk of settlement later. A little dry sand filling 
round the post is all that is required. 

The hole borer shown in Figs. 2 and 3 is a somewhat 
more complex and heavier machine. It can be 
mounted in a variety of ways; thus Fig. 2 shows it 
with crawler tracks, and Fig. 3 on a wheeled chassis 
with a motor-car type cab. In the first case the jib 
does not slew, but in the second case it does, while 
luffing is possible in both cases. The level part of the 
jib is provided to enable the worm to be inclined should 
the hole be required to be out of the vertical. The 


| mounting enables the inclination to be made sideways, 


as well as fore and aft. Holes up to 16 in. in diameter 
by 7 ft. deep can be bored. The long reach, viz., about 
20 ft., enables holes to be bored at some distance from 
the ground on which the tractor is operating, over an 
intervening fence or ditch, etc. The boring attachment 
consists of a pair of columns, connected at the bottom 
by a ring fitted with spikes. Between the columns is 
the boring worm which traverses along them, the column 
ring remaining on the ground throughout the operation. 
The worm is driven by a six-cylinder radial hydraulic 
motor which develops 234 h.p. at a working pressure 
of 600 lb. per square inch. Transmission is through 
enclosed reduction gear with ball bearings, and the 
pressure fluid is supplied through the flexible pipes 
shown from a pump driven by the tractor engine and 
having a volumetric displacement of 35 gallons per 
minute at 1,000 r.p.m. The motor, pump, valves and 
all accessories are designed for a pressure of 1,000 lb. 
per square inch. 

The apparatus is adjusted on the site by wire ropes 
from winches and the motor started up. The worm 
then penetrates the ground at a rate dependent on the 
nature of the soil, etc. With ordinary earth, a hole 
16 in. in diameter may be bored to a depth of 6 ft. 6 in. 
in less than one minute, the working pressure at the 


| motor being 650 lb. per square inch. Should an 


obstruction be met with, a relief valve on the delivery 
pipe by-passes the operating fluid to the suction tank 
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and the motor stops. The driver then hoists the 
worm slightly and the motor starts up again auto- 
matically. A cautious re-lowering will generally enable 
the obstruction to be cut through, but if it proves 
intractable, the worm must be withdrawn and another 
hole put down close by. The worm, however, will 
usually pass through shale and soft rock quite easily. 
With compacted gravel and hard sandstone it is neces- 
sary to use hydraulic pressure to put a load on the 
worm and a little water is passed down the hole. 
When the required depth has been reached the worm is 
withdrawn and the tractor backed away until it is 
clear of the hole. The pole is then attached to the 
tackle seen at the top of the columns in Fig. 2 and 
hoisted into a vertical position, being subsequently 
lowered into the hole. The hole is left with a smooth 
finish, and is generally a close fit for the pole. Any 
filling required, however, is readily done as the spoil 
brought up by the worm is heaped up outside the 
bottom ring, so that when the worm is withdrawn none 
of it falls back into the hole. The winch for handling 
the poles has a 300 ft. length of cable, so that the poles 
can be hauled up to the site from a pile that distance 
away. The pull provided is normally 2,500 lb. The 
winch for raising and lowering the worm and gear is of 
similar power, while the third winch, for moving the 
jib, has a capacity of 7,500 lb. As regards capacity, 
the standard machine can bore 10 holes per hour, each 
15 in. in diameter by 6 ft. deep, and set 40 ft. poles 
in them. This rate includes travelling time between 
the holes, which are spaced at an average distance of 
350 ft. The machine can readily converted for 
other purposes when not required for hole boring, the 
three winches and long jib provided being a considerable 
asset in such conversions. 


be 





THE THERMAL CONDUCTIVITY OF 
HIGH-DUTY AND ALLOY CAST 
IRONS.* 


By J. W. Doxatpson, D.Se. 
Tue thermal conductivity of grey cast iron was 
determined by the authort some ten years ago in a 
series of investigations covering a wide range of cast 


irons. Experiments were also made to determine the 
influence on the thermal conductivity of grey cast iron 
of certain alloy additions. All the determinations were 
carried out over a range of temperature from 50 deg. ¢ 

500 deg. ¢ As a result of these investigations, it 
was shown that the thermal conductivity of grey cast 
iron varied from 0-110 cal. to 0-137 cal. per centimetre 
per second and decreased as the temperature increased. 
The values obtained for thermal conductivity depended 
not only on the composition, but although to a 
much smaller extent, on structure, free ferrite being a 
much better conductor of heat than eutectoid pearlite. 
The influence of silicon was to lower the conductivity 
considerably, but with over 2 per of silicon the 
falling-off in conductivity was reduced, owing to the 


to 


also, 


cent. 


TABLE I.—Composition of Plain and Alloy Cast Trons. 
Cast . . > Chre - 
iron Plain 1 Copper Plain 2 RS 

Per cent Per cent Per cent Per cent 
ra +20 sas ; 12 
si 1-56 1°58 2-26 2-31 
Mn 0-72 0-09 0-39 0-38 
(ry 0-54 
Cu 1:58 
Mo 0-77 
TABLE II.—Composition of High-Duty Cast Irons. 
Cast Iron Plain Motyb- Ni om - > _ 
denum. | Tensyl. | #&"es cus 
nickel mium 
Per Per Per Per Per 
cent cent cent cent cent 
ra 2-61 2-56 > 0 10 +41 
si > 46 2-20 2 51 2°51 1-03 
Mn 0-45 0-63 0-68 11 0-65 
Ni 1-71 Lim) 1-49 
cr (4 o-54 
Mo 0-58 

Tensile strength 
toms per aq 
ir + ar 25:4 0 24-7 > , 


formation of a ferrite structure. Phosphorus tended to 


produce a slight decrease in thermal conductivity, and 
manganese had a somewhat similar effect. As regards 
alloy additions, nickel produced a similar effect to 
silicon. Vanadium had little influence, while chromium 
* Paper presented at the International Foundry 
Congress, London; on Wednesday, June 14, 1939 
+ Proceedings 1. Mech. E., 1928, No. 4, page 953. 
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and tungsten tended to raise the conductivity. Heat- 
treatment at 550 deg. C. at first increased the thermal 
| conductivity due to pearlite decomposing to form 
ferrite and graphite, after which oxidation of iron in 


the vicinity of the graphite flakes caused a slight 
decrease. 
Since these investigations were carried out, con- 


siderable advances have taken place in the metallurgy 
of cast iron, and have resulted in the development 
of the high-duty and alloy cast As it had 
been found that alloy additions exerted an important 
influence on the heat-conductivity property of cast 
iron, it was considered of interest to investigate this 
property in those newly developed irons with a view 
not only of determining the effect of the combination 
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Fig. 2 2. THERMAL CONDUCTIVITIES OF 
PLAIN & ALLOY CAST IRONS 





0-130; 
-~CrMo 
O-920)-—hat: a a n ! ee 
cx | ini i 
o-no8— an = 1 (a 
- 2 en Cu > 
P2 : 
o-loo— J 
SO wo 60 20 «6%O) 6300 6350) «6400 450 
(689: 8) Mean Temperature...Deg.C. “Exanezxna” 
Fig.3. THERMAL CONDUCTIVITIES OF 
HIGH-DUTY CAST IRONS 
130 —y . 7 . : ee 
o-120° + J {Mo + + + +—— — 
7 : 1Ni-Cr 
- a {P {Mn Ni Ni -Teneul 
ono 2 © r ee 
SE 
e100 eh 
009055 700 180 200 250 300 350 400 460 
(6891.0) Mean Temperuture...Deg.C. “ENGINEERING” 


of alloying elements already experimented with, but 
also to determine the effect of new alloying ‘elements, 
while at the same time obtaining reliable data on the 
thermal conductivity of such irons. 

The first series of cast irons tested consisted of two 
unalloyed or plain cast irons and two alloy cast irons. 
The former were cast from two hematite and steel-base 
mixtures and contained varying amounts of silicon and 
manganese. To the lower-silicon iron copper was 
added, and to the higher-silicon iron additions of 
chromium and molybdenum were made. The compo- 
sitions of the four irons are given in Table I. All 
the irons were cast in bars 20 in. long by 0-875 in. 
diameter and were poured in green-sand moulds. The 
second series of cast irons tested are commercial high- 


duty cast irons, and include an unalloyed cast iron, a 
molybdenum iron, a manganese-nickel iron, a nickel- 
chromium iron, and a Ni-Tensy! iron. The composi- 


tions of these irons, which were cast in 1 -2-in. diameter 
barsin dry-sand moulds, are given in Table II, together 
with their tensile strengths. The heat-resisting cast 
irons Ni-Resist and Nicrosilal, together with an 
aluminium-chromium cast iron, formed the third series 
of irons tested, and their compositions are given in 


Table III. 


TABLE III.—Composition of Heat- penenenanated Cast Irons- 
Cast Iron Ni-Resist Aluminium- Nicrosilal 
: . —— chromium. " 4 


Per cent. Per cent. Per cent. 

Tc 2-41 2-70 1-81 

Si 1-80 0-96 6-42 

Mn 0-62 0-58 | _— 

Ni 13-70 - 18-65 

Cr 3-37 0-95 2-02 

Cw .. 6-41 — _ 

Al .. e« 7-00 — 

The apparatus used in determining the thermal 
conductivity, a sketch of which is given in Fig. 1, 


has already been described in various papers, so that 
only a brief description is now necessary. It an 
apparatus based on the familiar guard-ring method of 
determining conductivity, designed for use in a commer- 
cial laboratory, and combines fair accuracy with fairly 
rapid manipulation. The flow of heat is measured by 
three thermocouples, placed 4 in. apart in a test bar 
15-5 in. long by 0-75 in. in diameter. The test bar is 
heated by means of an electric heater, and the amount 
of heat flowing through the bar is measured by means 
of a continuous-flow calorimeter. Lateral loss of heat 
is compensated for by an insulated guard ring heated 
and cooled in a similar manner to the test bar. Deter- 
minations were made over a range of temperature 
varying from 40 deg. C. to 530 deg. C., copper-con- 
stantan thermocouples being used for the lower tem- 
perature measurements and platinum-rhodium for the 
higher temperatures. The thermometers used were 
standard ones reading to 0-05 deg. ¢ 

The thermal conductivity K was calculated by 
formula : 
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the 


W (t, — #,) 1 
( a 1 2) a “ 
where 
W weight of water in grammes flowing through 
calorimeter C 
ty temperature of outlet water from C in deg. C. 
te temperature of inlet water to C in deg. ¢ 
T, temperature of the hotter thermocouple in 
deg. ( 
T, = temperature of the colder thermocouple in 
deg. ( 
l distance between the thermocouples in centi- 
metres. 
a cross-sectional area of the bar in square centi- 


metres. 

Determinations for each iron were made over tive 
varying temperature ranges, and a period of six hours 
was allowed at each range to obtain a heat balance 
and to establish equilibrium conditions. Three sets 
of readings were taken, and the average values obtained 
were used in calculating the thermal conductivities for 
the two different temperature ranges measured. The 
various sources of error which may occur in using this 
apparatus have been very fully considered and a 
detailed description of the methods adopted to check 


them has been published.* When such sources of 
TABLE IV.—Plain Cast Iron 1. 
Temperature Mean 
lest Range Temperature. K. 
Deg. C Deg. C 
51-118 84-5 0-122 
i 118-187 152-5 0-118 
e 74-154 114-0 0-121 
- 154-237 195-5 0-117 
130-252 191-0 0-117 
, 252-382 317-0 0-111 
144-306 225-0 0-115 
4 306—480 393-0 0-107 
160-334 247-0 0-115 
, 334-520 27-0 0-107 
error are considered, they show that, provided the 
test bar is made to accurate dimensions and the 


apparatus is properly manipulated, the results obtained 
cannot vary by more than 2 percent. As an additional 
check on the apparatus and the accuracy of the thermo- 
couples and thermometers, a commercially-pure alumi- 
nium test bar, kept specially for calibration purposes 
was tested before and after the determinations of eac h 
series of irons. 

The results of the determinations for the 
irons are given in Tables IV to XV. 


various 


cast Curves 


* J. W. Davidson, Metallurgia, 1930, vol. 1, page 151. 
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plotted from these determinations showing the varia- | taining 0-65 per cent. to 6-49 per cent. silicon. From 
this curve it appears that 0-8 per cent. of silicon lowers 
the 
In Table XVI are given the thermal | the present determination with copper shows that twice 


tion of thermal conductivity with the mean temperature | 
for each of the three series of cast irons are given in | 
Figs. 2 to 4. 
conductivity values at 100 deg. C. and 400 deg. C. of | 
unalloyed and alloyed cast irons determined in a| 
previous investigation, and in Table XVII the thermal 
conductivity values at similar temperatures of all the 
irons experimented with in the present investigation. 
Consideration of the data in these two tables and of 
the curves in Figs. 2 to 4 shows the unalloyed iron Pl 


TABLE V.—Copper Cast Iron. 


Temperature Mean 
Test. Range. | Temperature. K. 
Deg. C. Deg. C 
1 | 47-120 83-5 0-113 
; 120-195 157-5 0-109 
e 80-189 134-5 0-112 
7 189-302 245-5 0-108 
3 107-236 171-5 0-110 
= 236—368 302-0 0-105 
4 136-304 220-0 0-108 
: | 304-478 391-0 0-104 
5 152-331 241-5 0-105 ? 
331-518 424-5 0-100 
TABLE VI.—Plain Cast Iron 2. 
Temperature | Mean 
Test | Range. Temperature. | kK. 
Deg. C. Deg. C. 
| 
1 51-122 86-5 0-110 
, 122-196 159-0 0-106 
2 | 85-192 138-5 0-109 
7 192-303 247-5 0-105 
3 | 114-242 178-0 0-108 
” 242-375 308-5 0-104 
4 133-302 217-5 0-108 
7 302-478 390-0 0-103 
5 143-327 235-0 0-105 
327-518 422-5 } 0-100 | 


j 


TABLE VII.—Chromium-Molybdenum Cast Iron. 








to Table XVI shows that a nickel addition of 0-75 per | 
Fig.4. THERMAL CONDUCTIVITIES OF 
HEAT-RESISTING CAST IRONS 
0-100, ) 
} | | 
|_| | | 
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Fig.5. VARIATION OF THERMAL 
CONDUCTIVITY WITH SILICON 
ou0 ——;— 4 
et 
1 \| aw | 
0-130 -— 
e } 
| Temperature | Mean | 
Test. Range. Temperature. K. ° | 
Deg. C. Deg. C. 0-120} | 
‘bs aac i \ |- 
1 43-115 79-0 0-121 | | . | 
. | 115-189 152-0 0-118 O-110} 
2 87-197 142-0 0-118 = 
may “*\} 197-309 253-0 0-115 } 
3 115-242 178-5 0-116 0100 ~ | 
wie 242-374 308-0 0-112 7 } 
‘ 139-307 223-0 | = +114 Ph 
° | 307-483 395-0 | 0-110 | 
5 | 159-339 249-0 0-113 0-090 | 
Wee vs 339-528 433-5 0-108 — 
y 
TABLE VIII.—Low-Carbon Cast Iron. 0-080, a "ie wen Ue” 6 ee 
- —_ —- - --= (6891.6) Silicon per Cont. “ENGINEERING” 
Temperature Mean 
Test. Range. Temperature. K. 
Deg. C. Deg. C. 
1 40-111 75-5 0-110 
; } 111-185 148-0 0-106 
° 80-186 133-0 0-109 
- 186-296 241-0 0-105 
; 117-246 181-5 0-107 
=e 246-380 313-0 0-102 
4 126-294 210-0 0-104 
- “"\] 294-468 381-0 0-101 
5 146-330 238-0 0-103 
oe . 330-520 425-0 0-099 





to have a somewhat similar heat-conducting value to 
the unalloyed iron S8 previously determined, which | 
contained approximately the same amount of silicon. 
The addition of 1-58 per cent. of copper lowers the 
conductivity of the former iron from 0-121 to 0-112 
at 100 deg. C., with a proportional decrease at 400 deg. C. | 
The plain iron P, which is of lower carbon content and | 
higher silicon content than P1, has a thermal conduc- 
tivity of 0-110 at 100 deg. C., due to its higher silicon 
content, a value somewhat similar to that obtained 
with the plain iron P2, which contains slightly lower | 
silicon but a higher carbon content. The thermal | 
conductivity of P is increased to 0-118 by an addition 
of 0-58 per cent. of molybdenum, and that of P2 is | 
raised to approximately the same value by an addition 
of 0-54 per cent. of chromium and 0-77 per cent. of 
molybdenum. 

The results obtained from these five cast irons show 
that copper lowers the thermal conductivity of cast iron 
in a similar manner to silicon and nickel. Its influence, 
however, is not so marked as that of silicon or nickel. 
In Fig. 5 is shown the influence of silicon in lowering | 
the thermal conductivity of cast iron, as determined | 
by the author* in a previous investigation, where | 
experiments were made on a series of cast irons con- 


* Jl. Iron and Steel Inst., 1933, vol. 78, page 255. 


thermal conductivity approximately 0-01, while 


the amount of this element is required to produce the 
TABLE IX.—Molybdenum Cast Iron. 














| Temperature Mean 
Test. Range. Temperature. K. | 
Deg. C. | Jeg. C. | 
1 47-118 82-5 0-118 
= wi 118-191 154-5 0-115 
e 84-191 137-5 | 0-118 
= 191-302 246-5 0-114 
3 | 122-248 | 185-0 0-115 
: 248-380 | 314-0 0-110 
4 | 184-302 218-0 0-114 
4 302-478 | 390-0 0-108 
162-341 251-5 0-112 
5. 341-530 435-5 | 0-107 


same effect. As regards the influence of nickel, reference 




























































































cent. produces a fall in thermal conductivity of 0-013, 
or approximately 10-5 per cent. The influence of | 


TABLE X.—Ni-Tensyl Cast Iron. 











] | 

















| 
| Temperature Mean | 
Test. | Range. | Temperature. | K. 
| Deg. C. Deg. C. | 
id ae 2 2 
| | | 
1 38-114 | 76-0 0-103 
' | 114-192 | 153-0 0-100 
° 87-196 | 141-5 | 0-099 
a 196-308 } 252-0 | 0-096 
3 } 120-254 j 187-0 ; 0-098 
mais 254-392 | 323-0 0-093 
4 | 129-300 | 214-5 0-096 
; | 388-0 | 0-093 
. 228-5 | 0-095 
“i | 422-5 | 0-091 
! 
iagpindemppniatiematnaamniaias — | 
TABLE XI.—Manganese-Nickel Cast Iron. 
| Temperature | Mean 
Test. Range. Temperature. K. 
Deg. C. Deg. C. 
1 45-120 82-5 | 0-107 
: 120-197 | 158-5 0-104 | 
2 86-195 | 140-0 0-105 
= 194-305 | 249-5 0-102 
3 116-248 182-0 0-104 
: 248-385 316°5 0-099 | 
4 | 132-302 217-0 0-102 | 
se “ 302-477 | 389°5 0-098 
. 146-335 | 240-5 0-101 
| 433-0 0-096 


ry ae 8 335-531 





copper in lowering the heat-conducting property of | 
cast iron would therefore appear to be less than half 
that of silicon, while the influence of nickel is probably 
30 per cent. more than that of silicon. 

The influence of molybdenum is to raise the thermal 


conductivity of cast iron in a similar manner to! 


| Ni-Tensyl, 


| silicon contents to the plain iron P. 


| are 0-101, 0-106, 0-110. nc 
|in the Ni-Tensy! iron is produced by the addition of 


l|iron by the 1 per cent. of nickel. 


chromium and tungsten. Its influence, however, is not 
so marked as in the case of these elements, for when 
the values given in Tables XVI and XVII are con- 
sidered it is observed that a similar rise in thermal 
conductivity of approximately 7-3 per cent. is produced 
by 0-4 per cent. of chromium, 0-5 per cent. of tungsten, 
or 0-6 per cent. of molybdenum. Alloying of the two 
elements, chromium and molybdenum, in cast iron in 
proportions of 0-54 per cent. and 0-77 per cent. does 
not appear to produce a very much greater increase in 
conductivity, as the value obtained for the chromium- 


TABLE XII.—Nickel-Chromium Cast Iron. 








| Temperature Mean 
Test Range. Temperature. | K. 
| Deg. C. Jeg. C. | 
| | 
—— = + ----—- — Se 
1 | 44-119 | } 0-118 
‘ rs? 119-190 0-115 
m 81-188 | 0-114 
= | 188-298 | 0-111 
3 110-241 0-112 
ve | 241-376 0-108 
4 141-308 | 0-110 
308-481 | 0-106 
- 153-340 0-109 
ale 340-534 | 0-105 
TABLE XIII.—Ni-Resist Cast Iron. 
Temperature | Mean 
Test Range. | Temperature. | K. 
Deg. C. | Deg. C. | 
| | 
35-113 74:0 0-082 
a. 113-194 153-5 | =: 0-079 
e 76-186 131-0 0-081 
me 186-299 | 242-5 0-079 
3 104-239 | 171-5 0-079 
- | 239-379 | 309-0 0-076 
4 } 129-297 213-0 0-079 
297-471 | 384-0 | 0-075 
s 149-333 | 241-0 | 0-078 
wis 333-524 | 428-5 0-074 
| 
' 
TABLE XIV.—Aluminium-Chromium Cast Iron. 
Temperature | Mean. 
Test nge. | Temperature. K. 
Deg. C. | Deg. C. 
' 
| | 
| 44-124 | 83-5 0-080 
, | 123-205 164-0 0-078 
° | 80-193 | 136-5 0-078 
- | 193-807 250-0 0-077 
‘ 106-242 | 174-0 0-078 
$.. | 242-382 312-0 0-075 
127-298 212-5 0-077 
$.. | 298-474 | 386-0 0-074 
. | 144-333 238-5 0-075 
sa | 333-527 430-0 0-072 
TABLE XV.—Nicrosilal Cast Iron. 
Temperature Mean : 
Test. Range. | Temperature. K. 
Deg. C. | Deg. C. 
——$—$ 
40-119 79°5 | 0-071 
1.. a © 119-199 | 159-0 0-070 
e | 82-195 | 138-5 | 0-069 
7 | 195-310 252-5 | 0-068 
‘ | 107-244 175-5 | 0-068 
ony 244-385 | 314-5 0-065 
| 132-303 | 217-5 | 0-066 
4. 303-479 391-0 0-064 
P | 143-333 | 238-0 0-066 
ait | 333-528 | 430-5 0-063 


| | 


molybdenum iron at 100 deg. C. is only 5-2 per cent. 
higher than in the corresponding unalloyed iron. The 
thermal conductivity values for the high-duty irons, 
manganese-nickel and nickel-chromium, 
indicate the influence which the special element addi- 
tions in combination with silicon have on the heat- 
conducting property of these materials. The Ni-Tensyl 
and the manganese-nickel cast irons have similar 
The thermal 
conductivity values of the three irons at 100 deg. C. 
) The decrease in conductivity 


1-71 per cent. of nickel and in the manganese-nickel 
In view of what 
has been indicated of the influence of nickel in lowering 
the thermal conductivity of cast iron, a larger decrease 
might have been expected in both irons. The addition 


| of chromium in the one iron and of manganese in the 


other appears to have had a beneficial effect in counter- 
acting the full influence of the nickel. A somewhat 
similar result is obtained with the nickel-chromium 
iron. This iron, on account of its lower silicon content, 
cannot be compared with the unalloyed iron P, but if 


| the value for an unalloyed iron containing 1 per cent. 


of silicon is derived from Fig. 5 and is taken as 0-127, 
the influence of the nickel addition of 1-49 per cent. 
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THERMAL CONDUCTIVITY OF CAST IRONS. 


TABLE XVI.—THerRMAL ConpvucTIVITIES OF PLAIN AND ALLOY Cast IRONS aT 100 DEG, AND 400 DEG. C. 
Composition hk 

Mark - oa —_ 

ra si Mn Ni Cr V. Ww. 100 deg. C. | 400 deg. C. 
8.8 +16 1-48 0-97 0-122 0-108 
3.9 $25 1-91 0-97 0-110 0-103 
Mn $32 1-52 2-43 0-118 0-101 
Ni 3-16 1-56 o-O4 0-75 0-108 0-101 
Cr $17 1-40 0-97 0-39 0-131 0-114 
v +19 1-45 0-99 0-124 0-122 0-103 
Ww ,- 02 1-39 0-76 0-475 0-118 0-105 

TABLE XVII.—THERMAL CONDUCTIVITIES OF PLAIN AND ALLOY HigHn-Duty Cast IRONS AND HEAT-RESISTING 

Cast Irons aT 100 peG. AND 400 bDrE@. C. 
Composition kK. 

Mark sas 

TA Si Mn Ni cr Mo Cu. Al. 100 deg. C.| 400 deg. C 
P.1 $-20 1-56 0-72 0-121 0-108 
cu +18 1-58 0-69 1-58 0-112 0-101 
P.2 s+ 11 2-26 0-39 0-111 0-101 
Cr-Mo $12 2-31 0-39 0-54 0-77 0-119 0-109 
P 2-61 2-46 0-45 0-110 0-100 
Mo 2-56 2-20 0-63 0-58 0-118 0-108 
Ni-Tensy! 2-30 2-51 0-68 1-71 0-54 0-101 0-092 
Mn-Ni 3-10 2-51 s 11 1-00 0-106 0-097 
Ni-Cr S41 1-03 0-65 1-49 O-54 0-116 0-106 
Ni- Resist 2-41 1-30 0-62 13-70 3-37 6-41 0-081 0-075 
AL-Cr 2-70 0-06 0-58 0-95 7-00 0-079 0-072 
Nicrosilal 1-1 6-42 18-65 2-O2 0-070 0-063 

in lowering the conductivity and the counteracting 


effect of the 0-54 per cent. of chromium are seen in 
the value of 0-116 obtained at 100 deg. C. 

The influence of special elements in lowering the 
thermal conductivity of cast iron is also seen to a 
more marked degree when the values obtained for the 
three irons in the third series are considered. The 
Nicrosilal, containing approximately 18-5 per cent. of 
nickel and 6-5 per cent. of silicon, has a value of 0-070 
at 100 deg. C. Replacing part of the nickel by copper 
and reducing the silicon content, as is done in the 
Ni-Resist, raises the heat-conducting value of the iron 
by 15 per cent., a conductivity of 0-081 being obtained 
at 100 deg. C. A somewhat similar value of 0-079 
at 100 deg. C. is obtained with the aluminium-chromium 
iron. This low value is produced in an iron containing 
a low percentage of silicon by the addition of 7 per cent. 
of aluminium, which would appear to indicate that 
aluminium has a very marked effect on the thermal 
conductivity of cast iron, an effect which is much 
greater than that produced by nickel. 

The general conclusions to be formed from the data 
of these investigations may be summarised as follows : 
(1) The thermal conductivity of grey cast iron 
lowered by copper in a manner similar to that in whichit 
is lowered by silicon and nickel. Theinfluence of copper, 
however, approximately half that of silicon. 
(2) Molybdenum tends to raise the thermal conductivity 
of grey cast iron, and in this respect acts in a similar 
manner to chromium and tungsten, although its 
influence is not so pronounced. (3) Where nickel and 
chromium or nickel and manganese are alloyed together 
in cast iron, the influence of nickel in lowering the 
thermal conductivity is counteracted to a slight degree 
by the chromium or manganese. (4) A large propor- 
tion of nickel has a pronounced influence in lowering 
the thermal conductivity of cast iron, but where part 
of the nickel is replaced by copper the influence is not 
so marked. (5) Aluminium, even in the presence of 
chromium, has a very pronounced influence in lowering 
the thermal conductivity of grey cast iron. 

The author's thanks are due to Mr. J. Brown, C.B.E., 
and the other directors of Messrs. Scotts’ Shipbuilding 
and Engineering Company, Limited, of Greenock, for 
permission to carry out the above investigations. 
also wishes to thank Mr. J. Arnott, F.1.C., of Messrs. 
G. and J, Weir, Limited, Cathcart ; Dr. A. B. Everest, 
of Messrs. The Mond Nickel Company, Limited, London ; 
and Mr. J. G. Pearce, M.Sc., of the British Cast [ron 
Research Association, for the san:ples of the various 
cast irons tested. ; 
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Moscow-KHABAROVSK TELEGRAPH AND TELEPHONE 
Line.—The new telegraph and telephone line between 
Moscow and Khabarovsk, on the River Amur, some 
400 miles north-east of Viadivostok, has recently been 
brought into service. The line, which is 5,415 miles in 
length, connects Moscow with the Far East and passes 
through 18 republics, territories and provinces, many 
of which are now in direct telephonic communication 
with Moscow for the first time. The construction of 
the line involved the erection of 174,000 poles and the 
suspension of some 22,000 miles of copper wire. 
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ATMOSPHERIC POLLUTION. 


Tue 24th Annual Report* on the Investigation of 
Atmospheric Pollution which has been issued by the 
Department of Scientific and Industrial Research, 
deals with the observations made during the year 
ending March 31, 1938. The report gives a short 
reference to the Standing Conference, which is composed 
of the representatives of 50 bodies co-operating in the 
investigation, comprising 43 municipal authorities, 
four industrial undertakings, and three other institu- 
tions. In addition to these, there were 37 municipal 
authorities and one industrial undertaking which 
co-operated in the work but did not appoint repre- 
sentatives. The Standing Conference meets twice a 
year and discusses various matters of interest in connec- 
tion with the investigation, making any suggestions 
which appear advisable. There were thus 88 co-operat- 
ing bodies and they maintained, at their own expense, 
123 deposit gauges, 16 automatic filters, 11 sets of 
volumetric SO, apparatus and 47 sets of lead-peroxide 
apparatus for estimating the activity of the sulphur 
pollution in the air. Technical control is by a Research 
Committee of the Department. Last year, a special 
investigation was carried out in Leicester with the im- 
mediate object of accumulating observations likely to 
yield information upon the general occurrence and 
distribution of atmospheric pollution in a typical town. 
No final report, however, has yet been issued. 

The main part of the 24th Report is occupied by the 
report of the Superintendent of Observations, in which, 
to permit comparison with the condition of the air 
during the past, a general-average figure is adopted for 
each place ; this is the average for five years ending 
March 31, 1932, where available. Again, there is a 
classification based upon the amount of deposit from 
the air, and the basis is set forth in the form of a 
table. This enables places to be divided into those 
with clean, moderately clean, dirty and very dirty air, 
the classification letters being respectively A, B, C and D. 
For example, a city of class A must have a total deposit 
of under 500 metric tons per 100 square kilometres, or 
12} tons per square mile, per month. If the total 
deposit reaches 2,500 metric tons per 100 square kilo- 
metres, the city ranks as having very dirty air ; this is 
equivalent to 624 tons per square mile per month. 
Based on total deposit there seems to be little im- 
provement, as the percentage of A stations in the general 
average is the same as in the year under review, namely 


| 27 per cent. in both. 


A table is given comparing the last three years on the 
basis of the general average figures, and for a group of 
33 stations. The inference from this table is that during 
1937-38 the deposit of tar from the air was reduced, 
as 57 per cent. of the stations showed a reduction 
and 30 per cent. an increase. The carbonaceous 
matter, which includes soot and other combustible 
matter, is rather worse than the year before, as the 
percentage of stations showing an increase has risen 
from 18 to 42. Sulphates, which are a definite product 





=. 


* H.M. Stationery Office. [Price 
Deposit Tables [Price 4s. 6d,] 
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of combustion and very injurious to materials such as 
building stones and exposed metals, showed practically 
no change between 1937-38 and 1936-37. When the 
total deposit of all constituents is considered, there 
appears to be some improvement ; but it is not very 
great as during the year under review the percentage 
of stations showing a reduction was 55 as compared 
with 43 in the previous year. The percentage showing 
an increase was 9, compared with 17 in 1936-37. 
While this is satisfactory so far as it goes, it is probably 
attributable mainly to the fact that the rainfall during 
1937-38 was much lower than the average ; this 
affects the weight of deposit, as it has been shown 
that the soluble matter in the air is largely brought 
down by rain. A considerable amount of lime is deposited 
from the air in some stations. The highest deposit 
was obtained at Kingston-upon-Hull Central Station, 
with 13-2 per cent. of the total, while two other stations 
at Hull gave 11-1 per cent. and 10-4 per cent. A high 
deposit of lime was found in London at Golden-lane, with 
10-7 per cent. of the total, possibly due to dust from 
building operations. The lowest deposit of lime was 
found at Pontefract, with 1-2 per cent. of the total. 

The pH value is returned from a number of stations, 
as well as the alkalinity and acidity, and a table is 
given showing the acidity estimated as H,SO, and 
the alkalinity as NH,. This table reveals curious 
differences between the cities. For example, Kingston- 
upon-Hull gave a consistently alkaline deposit through- 
out the year, and this was also true for the two previous 
years. On the other hand, a high degree of acidity 
was found at Newcastle-upon-Tyne, where, at Welbeck 
Reservoir, 262 metric tons of acid per 100 square kilo- 
metres, estimated as H,SO,, was measured in Novem- 
ber; this is equivalent to 6-55 English tons per square 
mile. The next highest acidity was at Burnley, Marsden- 
road, with 191 metric tons per 100 square kilometres in 
January and 159 in July. These correspond to 4-875 
tons and 3-99 tons per square mile. Leicester Town Hall 
gave the next highest with 185 metric tons in January 
and 178 in October, that is, 4-62 tons and 4-45 tons 
per square mile. The highest average acidity occurs 
in December and the lowest in March. 

Interesting results are obtained by the automatic 
filter, which gives an estimate of the degree of sooty 
pollution in the air by filtering measured volumes 
through a white filter paper, the black discoloration 
left giving a measure of the amount of soot suspended 
in the air. These dark spots formed by the automatic 
filter are read by means of a scale of shades which has 
been calibrated experimentally, and the unit of which 
represents, in London, 32 milligrams per 100 cubic 
metres, or 0-54 lb. per million cubic yards. An 
arbitrary definition of smoke haze has been adopted, 
that is, any day which shows a shade number of four 
or more, and these days are referred to as “ Z” days. 
Thus a “Z” day indicates that there were 128 or 
more milligrams per 100 cubic metres of sooty matter 
suspended in the air; this is a light smoke fog. 

The results indicate that the worst pollution by 
smoke was at Greenwich for the winter of 1937-38, 
with an average shade number of 2-79. The next 
highest was 2-43 at Stoke, followed by 2-28 at London, 
Victoria-street. The lowest concentration of sooty 
matter was at Cardiff, with an average winter shade of 
0-21; the next lowest being Kew Observatory with 
0-56. City pollution is naturally higher in winter 
than in summer. The ratio of winter to summer 
for a few London stations was as follows :— 


South Kensington 1°86 
Kew Observatory 4°00 
Greenwich em 1°82 
Westminster Bridge 1°64 
Victoria-street S.W.1. .. 2-03 
Westminster City Hall .. 1°75 


The variation in suspended sooty impurity from 
hour to hour is illustrated by graphs in the Report. 
All cities appear to have a roughly similar distribution ; 
that is, comparatively pure air from midnight until 
about 6 a.m., about which time a rapid rise of impurity 
commences, reaching a peak which varies in time at 
different places, but is usually between 9 a.m. and 
1l a.m., after which a steady fall commences, checked 
again by a second peak at about 8 p.m. to9p.m. In 
some places, such as Westminster, these two peaks 
are very well marked, the forenoon showing the highest 
impurity, while at others, as South Kensington, Kew 
Observatory, and Greenwich, the evening peak is the 
higher. The time at which the peaks occur is associated 
with human activity in the places ; for example, there 
is a tendency for the morning peak to be about an 
hour later on Sundays than on weekdays. 

Reverting to the definition given above of hazy 
days, called “Z” days: when all the observations 
taken by the automatic filter are collected, and this 
means one observation per hour, it is found that, at 
Victoria-street, 15 per cent. rank as hazy ; at West- 
minster City Hall, 11 per cent. ; at Edinburgh, 14 per 
cent.; and at Stoke, 15 per cent. On the other hand, 
at Cardiff there were no recorded hazy days, while at 
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In the above diagrams the figures plotted for tin and copper are the official closing cash quotations 
of the London Metal Exchange, for “ fine foreign” and “ standard” metal, respectively. The prices shown | 
for lead are for English metal, while those for spelter are for virgin metal. Middlesbrough prices are plotted | 
for steel plates and rails, and also for hematite and Cleveland pig-iron. The prices given in the case of | 
steel plates are for ship, bridge and tank qualities, and those for steel rails are for heavy sections. The | 
pig-iron prices are for East Coast hematite and Cleveland iron, both of No. 1 quality. The price of 
quicksilver is per bottle, the contents of which vary from 70 Ib. to 80 lb., and the price of tin-plates is per 
standard box, but in all other cases the prices are per ton. Each vertical line in the diagrams represents 
a market day, and the horizontal lines represent 1/. each, except in the case of the diagram relating to 
tin-plates, in which they represent ls. each. 


centimetres per day. This gives a measure of the 
activity of the attack upon buildings and is not strictly 
comparable with a measure of concentration. The lead- 


Coventry and Kew Observatory there were only 
1 per cent. The highest percentage of hazy days 
occurs on Mondays, Tuesdays and Wednesdays. | 
The reason for this is not very clear, but it would | peroxide method also shows a high degree of pollution at 
appear that smoke fogs are more liable to occur on Westminster Bridge. The only places with an average for 
Mondays, Tuesdays and Wednesdays than on the other | the year of 4 or more milligrams of SO, per 100 syuare 
days of the week. The average percentage of hazy | centimetres per day are London, Westminster Bridge, 
days for the last five years was : Monday, 32; Tuesday, | 4-98 ; Chelsea, 4-23 ; Manchester, Oldham-road, 4-77; 





35; Wednesday, 33; Thursday, 29 ; Friday, 29 ; | Salford, Ladywell Sanatorium, 4-15; and Regent-road, 
Saturday, 27; and Sunday, 24 |4-16. During the previous year four of the same 
Sulphur measurements were made at 11 stations by | 
the volumetric method and 47 by the lead-peroxide | TaBLeE I.—Sulphur-Dioxide Concentrations. 
method. The volumetric method takes average concen- | — - - 
trations over periods of 24 hours; it must be kept in | Average Month 
mind that these figures are averages and that the hourly | | Sulphur | in 
concentration may vary considerably above or below | Place. Dioxide | Maximum.) — which 
tl ~ “ . 5 “1s in Vol. per | Maximum 
1e average. A concentration of 0-2 part per million | Million. | Occurred. 
of SO, is taken as about the limit which should be | 
reached in ordinary industrial places, and figures | —~ ae ~_ s Ti. 
above this may be regarded as too high under | Glasgow 0-090 0-579 =| January. 
t Jiti C : bel l Greenwich 0-054 0-316 November. 
present conditions. oncentrations ow 0-1 part | Kingston-upon-Hull 0-058 0-232 | November. 
per million represent fairly sulphur-free air. The con- | Leicester 0-100 0-405 | October. 
centration of varies greatly betwee ace and | London : 
| d at — t ti gre d Tabl 1 Pl ‘tee! Chelsea 0-107 | 0-388 November. 
piace, and at different times, an able 1 shows e | Westminster Bridge. . 0-144 | 0-740 March. 
average results for the year for a number of places | Westminster City Hall} 0-135 0-332 | April. 
and the maximu or each. he s no Newcastle oe 0-110 0-220 | March. 
hee. biaiind wd Aono z es fe “ Salford .. |); 0-059 | 0-277 | November. 
e highest concentration, but simply the highest | gpemeia gee eal 0-145 | 0-524 November. 


Thus, out of ten places, the | = 


average for 24 hours. 
highest figures occurred in November in half of them q 
The highest figure found was at London, W estminster | stations gave records of over 4 mg. ; that is, London, 
Bridge, with 0-740 parts per million of SO, in March ; | Westminster Bridge, 5-60; Manchester, Oldham-road, 
the next highest was Glasgow with 0-579, followed by | 5-23; Salford, Ladywell Sanatorium, 4-72, and Regent- 
Sheffield with 0-524. road, 4-57. Thus there is a constant heavy attack 

The second method referred to is one in which a| by sulphur at these places. The minimum sulphur 
porcelain cylinder coated with a paste of lead peroxide | pollution based on the average for the year was at 


February and March ; 


University 


In January, 1938, observations of the pollution of 
the air of Dublin were begun by Dr. Leonard, of 
College, Dublin. He set up a deposit 
gauge and a lead-peroxide apparatus on Leinster Lawn, 
and also an automatic filter nearby. A table is given in 
the report showing the results obtained for January, 
also, for comparison, a similar 
table is given for London, Westminster. This shows 
that the deposit in Dublin is about two-thirds of that 
in London, while the sulphur pollution measured by 


| the lead-peroxide method in London is more than twice 


| York City,” 
| Public Health, April, 1937. 


| in New York is much heavier than in London. 


| Annual Reports. 


| combination of these. 


| 


is exposed to the air for a month, while protected from | Lymington with 0-23 mg. of SO, per 100 square | 


rain. The sulphur gases in the air attack the lead | centimetres per day. This great variation brings out the 
peroxide and convert it into sulphate. At the end of | need for reducing sulphur pollution as much as possible. 
a month the proportion of sulphate formed is estimated, | It is found that the sulphur gases travel for greater | 
and is returned as milligrams of SO, per 100 square | distances than the solid matter emitted from chimneys. 


that in Dublin. Some figures are also given from the 
United States in ‘‘ A Study of Air Pollution in New 
published in The American Journal of 
A comparative table of 
London stations for the same period is given in the 
report and this shows that the deposit of sooty matter 
Indeed, 
the highest deposit found in New York for tar was 
4-17 tons per square mile per month at No. 1 West 
125th-street. This compares with the highest found 
in London of 0-7 ton at South Kensington. The 
maximum deposit of total solids in New York was 
217 tons per square mile per month at 38, Catherine- 
street, while the maximum in London was 30-6 at 
South Kensington. 

A note on the definition of fog is given in the 
report in conformity with a decision of the Re- 
search Committee to publish a note on one specific 
subject related to atmospheric pollution in each of the 
The note is written by Dr. J. S 
Owens, who acts as Superintendent of Observations. 
It is an attempt to clarify the position, as there has 
been a good deal of confusion in the use of the word 
“fog.” In this note the word is taken to mean an 
obscurity or obstruction to vision due to suspended 
particles in the air; but a certain concentration 
should be reached to justify being termed a fog. Meteo- 
rologists accept a visibility of one kilometre as the 
limit, so that a haze which makes things invisible one 
kilometre away would be entitled to the term “ fog.” 
It is pointed out that such a haze may consist of sus- 
pended water particles or solid dust, or often a suspen- 
sion of hygroscopic materials such as sea salt or any 
It is shown that the fog due to 
water is usually white, and owing to the comparatively 
large size of the particles, the sun, if visible, appears 
as a white disc, whereas in a smoke fog the sun appears 
red, if visible at all, owing to the much smaller dimen- 
sions of the smoke particles. It is shown that the 
fog due to condensation of water is always due to a 
fall of temperature of air below the point at which it 
|can contain as vapour the water already present. 
For example, a cubic foot of air at freezing point can 
carry only 2-113 grains of water, while at 60 deg. F 
it can carry 5-743 grains, and thus, if cooled from 
60 deg. to 32 deg. F., a fog of liquid particles is formed. 
The smoke fogs of cities are dependent upon totally 
different causes. It is shown that the cause is not the 
variation in the quantity of smoke produced but rather 
a failure of the natural scavenging processes. The 
smoke is poured out into the air as a convenient means 
of getting rid of it, and usually the wind does, in fact, 
carry it away, but if the wind fails, the smoke cannot 
be carried away and unless it can penetrate upwards 
into currents of air usually found at higher levels, it 
is likely to accumulate and form a fog on the surface. 
The failure to penetrate upwards into these currents 
of air is brought about by an inversion of the vertical 
temperature gradient which usually accompanies 
the condensation or water fog. Thus, if the wind 
fails and there is such an inversion at the same time, 
smoke fog is very likely to occur in cities where a suffi- 
cient quantity of smoke is being produced. It is 
pointed out that sometimes the smoke accumulates 
at some level above the house tops in the form of a 
layer known as “ high fog,’ and this is because the 
temperature inversion is at a high level above the 
ground. When the inversion is low enough, the smoke 
collects at ground level. The note indicates an extreme 
case in order to clarify this matter and states :— 
‘“* Supposing that over a city like London, the wind 
fails completely up to a height above which the smoke 
cannot penetrate. The result of this will be that, 
after a few hours of a winter’s day, the city will be 
covered by a pall of smoke, and this will get darker as 
the smoke accumulates overhead until equilibrium is 
established between the rate at which the smoke 
particles settle out of the air on to the ground and 
houses and that at which they are poured out from the 
chimneys. Ultimately, under such conditions, the 
soot fall in the city would be just equal to the soot 
emitted from the chimneys ; but before this condition 
could be reached, the city would probably be in complete 
darkness and life might become practically impossible, 
because not only would the smoke accumulate but also 
other products of combustion such as carbon dioxide 
and sulphur dioxide.” It is stated that, in London, 
there is sufficient smoke produced in two or three 
| hours in winter to make a dense fog if the atmospheric 
conditions prevent its escape. 
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‘* ENGINEERING "” ILLUSTRATED 
PATENT RECORD. 


ABSTRACTS OF RECENT PUBLISHED SPECIFI 
CATIONS UNDER THE ACTS OF 1907 TO 1938. 


The number of views given in the Specification Drawings 
ia stated in each case; where none is mentioned, the 
Specification is not illustrated, 


Where inventions are communicated from abroad, th 
Vamea, etc., of the Communicators are given in italics 
Copies of Specifications may be obtained at the Patent 
Office Sales Branch, 25, Southampton Buildings 

Chancery-lane, London, W.C.2, price 1s. each. 

The date of the advertisement of the acceptance of a 
Complete Specification is, in each case, given after th 
abatract, unless the Patent has been sealed, when the 
word “* Sealed’ is appended. 

Any person may, at any time within two montha from the 
date of the advertisement of the acceptance of a Complete 
Specification, give notice at the Patent Office of 
opposition to the grant of a Patent on any of the 
grounds mentioned in the Acta. 


AERONAUTICS. 


504,539. Aijroraft Engine. Sir W. G. Armstrong 
Whitworth Aircraft, Limited, of Whitley, and J. Lloyd, 
of Whitley. 10 Figs.) September 30, 1938.—-The usual 
form of egg-shaped engine cowling which is merged with 
the wing and through which the cooling air is drawn 
introduces a drag greater than that due to the actual 
flow of the cooling air. 
mounted actually within the wing and the invention is 
an arrangement of this kind which reduces the drag 
without detriment to the cooling efficiency. The wing 11 
has a smooth upper contour, the lower surface being 


Engines are therefore sometimes 


slightly bulged at 12 to accommodate the engine, which 
is arranged completely within the interior of the wing 
snd has no cowling of the usual kind. There are four 
banks of in-line cylinders, and for each bank there is 





provided one air duct 15 of sheet metal bolted to the 
wing girders and to the wing surfaces. The inlets to the 
ducts are of semi-circular section (Fig. 1), the two inlets 
for the two left-hand cylinder-banks being grouped 
together to form a completely circular opening, as are also 
the inlets for the two right-hand banks Thereafter 
the ducts are mainly of oval section, and extend back 
to the rearmost girder 17, where they communicate 
with a space 18 from which there are outlets at the trailing 
edge of the wing, the outlets being controlled by pivoted 
flaps. The walls of the space 18 are flared towards the 
rear so that the cross-sectional area of this space from 
the girder 17 to the trailing edge of the wing is maintained 
constant. The line of cylinders in each bank is inclined 
slightly to the duct and individual baffies round the 
cylinders ensure that the cooling air is guided past each 
cylinder. As no engine cowling is used the inherent 
drag is avoided without impairing the cooling of each 
bank of cylinders. (Accepted April 26, 1939.) 


ELECTRICAL APPARATUS. 


504,285. Contraction and Expansion Indicator. 
Synthetic Oils, Limited, of Epsom (formerly Robinson 
Bindley Processes, Limited), and A. A. Aicher, of Wim- 
bledon. (1 Fig.) October 21, 1937 In the catalytic 
synthesis of hydrocarbon oils from a mixture of hydrogen 
with carbon monoxide, the extent of contraction in the 
gaseous mixture during its passage over the catalyst 
affords an accurate indication of the progress of the re- 
action. The invention is an apparatus which enables 
this contraction to be accurately measured without the 
necessity of long and careful measurements of the volumes 
of gas flowing into and out of the reaction chamber. 
The rates of flow of gas through the inlet and outlet pipes 
1 and 3 are measured by means of a pair of exactly 
similar instruments, each consisting of an annular 
chamber 4 which can rotate about its geometrical axis. 
The lower part of the chamber contains mercury while 
the upper part is divided by a partition, the spaces on 
each side of which are connected to opposite sides of a 


constriction in the inlet or outlet pipe. The difference of 


ENGINEERING. 


pressure on the two sides of the constriction alters the | 


level of the mercury on the two sides of the chamber, 
thus throwing it out of balance and causing it to rotate. 
A contact arm carried by each chamber moves over an 
electrical resistance connected to a battery, thus varying 
the current flowing in the external circuit which consists 
of a galvanometer 12 or 13 and the respective coil of a 
differential galvanometer 14. The readings of the 
galvanometers 12 and 13 correspond respectively to 
the rates of flow of gas entering and leaving the apparatus, 
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while the reading of the differential galvanometer 14 
corresponds to the contraction or expansion of the gas 
during the reaction. The readings are dependent upon 
the density of the gas, and where the reaction alters its 
density, the readings of galvanometers 14 and 13 must 
be corrected with reference to the reading of the galvano- 
meter 12. In the synthesis of hydrocarbon oils, as well 
as in a number of other reactions, the change in density 
is a function of the change in volume, and the necessary 
correction is made by appropriate calibration of the 
galvanometer scales. In cases where the change in 
density of the gas is not a function of the change in 
volume, compensation is effected by means of a gas 
balance in the outlet which is coupled to the outlet 
instrument and corrects the potential applied to the 
galvanometers 14 and 13. (Accepted April 21, 1939.) 


LIFTING AND HAULING APPLIANCES. 


503,986. Grab Crane. Cowans, Sheldon and Company, 
Limited, of Carlisle, and J. B. Pearson, of Carlisle. (3 Figs.) 
December 23, 1937.—The invention is a grab crane 
designed to deal with iron ore, coal and general cargo, 
which does away with the necessity of detaching the hook 
and substituting the grab, or vice versa, each time the 
kind of traffic is changed. The crane is provided with 
cargo-hook hoisting gear and independent grab-hoisting 
gear incorporating level-luffing mechanism of the Toplis 
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(503 986) 
type The mechanism includes a three-part rope, the 
parts of which are trained over sheaves 1, and 2 and 3 
mounted, respectively, on the jib and on the crane super- 
structure. 4 cradle 6 accommodates the grab and is 
mounted on the superstructure outside the zone of opera- 
tion of the cargo hook 8 and its hoisting rope. The sheaves 
3 are mounted on trolleys which ride on guideways and are 
normally locked in the operative position, but are unlocked 
when the grab is stowed. The trolleys can either be loaded 


or can operate under their own weight. When the jib is 


JULY 7, 1939. 
luffed inwards the slack in the grab-hoisting rope is ab- 
sorbed by movement of the sheaves 3 away from the 
sheaves 2 in the jib, and when the jib is luffed outwards 
the tension in the hoisting rope is relieved by their reverse 
movement. The cargo-hook hoisting gear also incorpo- 
rates level-luffing mechanism of the Toplis type, the rope 
parts being trained over sheaves 2a and 3a. The sheaves 
3a are co-axial with the sheaves 3 when they are in the 
locked position. The trolleys can be left permanently 
unlocked and be restrained against movement towards 
the sheaves on the end of the jib by a buffer, so that, in 
the event of the grab resting on the bulk material while 
the jib is being luffed outwards, the slack in the grab- 
hoisting rope will be absorbed by movement of the 
sheaves. (Accepted April 18, 1939.) 


MOTOR ROAD VEHICLES. 


504,598. Motor-Cycle Shock Absorber. Metalastik, 
Limited, of Leicester, and M. Goldschmidt, of London. 
(2 Figs.) June 27, 1938.—The assembly is of a general 
tubular form and is made up of a series of elements 
interconnected by rubber blocks. An element consists 
of a sleeve 4 and a sleeve 8, of different sizes, guided 
upon a stem 16 connected by a lug to the motor-cycle 
frame. A conical rubber block 17 is secured by surface 
bonding to the outer surface of the sleeve 4 and to the 
inner surface of a sleeve 5 the latter being connected to 
a cup 6 on a lug connected to the motor-cycle axle. 
A number of elements similar to the parts 4, 8 are 
disposed in tandem. The larger sleeve 8 is secured by 
surface bonding to anot)er rubber block, the opposite 
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surface of which is similarly surface bonded to a smaller 
sleeve 10 corresponding to the sleeve 4. This sleeve is 
provided with an internal liner, corresponding to the liner 
for the sleeve 4, the liners being formed as self-lubricating 
bushes sliding freely upon the cylindrical stem. The 
sleeve 10 is connected to a larger sleeve surface bonded 
on its inner surface to a third rubber block which is, in 
turn, surface bonded to the outer surface of the stem. 
In this form, the rubber blocks take the load in com- 
pression and shear, Fig. 2 showing the shock absorber 
in the fully compressed condition. The characteristic 
stress-strain curve of the blocks need not be similar, 
the rubber of the various blocks being of differing 
degrees of hardness. The distortion of a block can be 
restricted by bonding it to one of the cups which connect 
This also has the effect of varying 
(Accepted April 27, 1939.) 


the pairs of sleeves. 
the stress-strain curve. 


MISCELLANEOUS. 

504,325. Road-Lighting Standard. Concrete Utilities, 
Limited, of Ware, C. A. Marques, of Ware, and F. Thomas, 
of Preston. (5 Figs.) June 20, 1938.—The invention is 
a road-lighting standard which is cheaper to manu- 
facture and also avoids the danger of corrosion of metal 
parts between supporting brackets and metal reflector 
casings which may result in the reflector casing and 
lighting fixture falling. A standard 1 of reinforced con- 
crete has a bracket 2 which carries a spigot 3 fitting into 
the top of the standard 1 and held by a peg passed through 


Fig.1. 
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ahole 4. The bracket 2 is made integral with the light- 
ing fitting. being of an inverted-trough shape with 
wings 5, which are reinforced by embedded wire mesh. 
The inside surface of the trough is sprayed with enamel 
or metallic deposit to form the reflector for the electric 
lamps which are carried in fittings embedded in the 
concrete. Since the standard is of moulded construction 
throughout, any shape can be chosen and any curvature 
can be adopted for the reflecting surface according to the 
particular nature of the illumination to be provided. 
(Accepted April 24, 1939.) 
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THE GOLDEN GATE BRIDGE, 
SAN FRANCISCO. 


By CuirForpD E. Parnes. 





(Continued from page 3.) 
THE ANCHORAGES. 


Tue development of the design of the anchorages 
and piers of the Golden Gate Bridge forms an inter- 
esting illustration of the changes which may be 
found necessary during the planning and con- 
struction of a large bridge as knowledge of the 
physical conditions increases, as details of the lay- 





end of the suspended structure to provide archi- 
tectural portals. 

The rock on which the San Francisco anchorage 
is founded is of igneous type; originally peridotite, 
it has been transformed into serpentine by hydra- 
tion. During the change the rock has sheared 
internally and become an aggregate of spheroids 
of strong serpentine, varying from a few inches to 
more than 10 ft. in diameter, embedded in a matrix 
of sheared serpentine of little tensile strength. 
The serpentine when adequately confined has ample 
strength in compression to carry the loads imposed 
by the bridge structure. After consideration, it was 


finally decided by the Chief Engineer that the 


at these points. The elaborate concrete portal 
was replaced by a steel arch with flanking concrete 
pylons. 

On the Marin side, the rock at the anchorage is 
partly sandstone and partly greenstone. This rock 
is much stronger than the serpentine on the San 
Francisco side, but was found to contain many 
seams which made it unsatisfactory for the forma- 
tion of tunnel-type anchorages, particularly as one 
of the tunnels would have come close to the surface 
of the hillside. A comparison of the costs of the 
tunnel and gravity anchorages also showed that the 
gravity type would be the cheaper. This form was 





accordingly adopted, at the end of the side span, 
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Fig.9. ELEVATION OF SAN FRANCISCO 
CABLE ANCHORAGE 





out are studied, and as constructional difficulties 
arise. The two anchorages were entirely re- 
designed during the interval between the presenta- 
tion of the preliminary report by the Chief Engineer 
and the preparation of the tender drawings in 1932. 
During the period of construction, the design of 
the San Francisco pier was altered considerably, 
although the general scheme of execution was not 
changed. The design of the Marin pier remained, 
however, substantially unaltered. The prelimi- 
nary report of 1930 proposed the use of anchor- 
ages tunnelled into the rock. Supports for the 
cables at the turning points were to be cast-steel 
saddles, carried on rocker bents at the San Fran- 
cisco end and directly on concrete pedestals at the 
Marin end. Elabgrate, but structurally function- 
less, concrete structures were to be built at each 
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tunnel anchorages originally proposed would be 
of doubtful strength in rock of this type. Further 
investigation also showed that there were other 
objections to the preliminary proposals. The pro- 
posed location of the turning point of the cable close 
to the anchorage was found to be objectionable 
because it permitted too much vertical movement 
of the cable at the shore end of the side span. The 
architectural portals also appeared to be needlessly 
expensive. As a result of these considerations, 
the whole lay-out of the San Francisco anchorage 
was changed, a gravity-type anchorage being 
substituted for the tunnel-type. The turning point 
was placed close to the end of the side span, where 
the cable was turned upwards slightly so that there 
would always be some tension in the tie-down ropes 
which held the cables to a predetermined elevation 





the cable being bent upwards and tied down in the 
same manner as at the corresponding point on the 
San Francisco side. A simple cable housing was 
substituted for the concrete portal originally planned 
to mark the end of the main structure. This 
housing was arranged to carry the roadway and 
side walks of the bridge on its roof. Pylons were 
provided at each end of the anchorage to match 
the pylons flanking the arch span on the San 
Francisco side. 

The anchorages proper are made in three parts, 
the base block, the anchor block and the weight 
block. These, which are all of concrete, are shown 
in the drawing reproduced in Fig. 9, on this page. 
The base block, which, as will be clear from this 
figure forms a considerable proportion of the total 
mass, transmits the load to the rock. The anchor 
block contains the eyebars, to which the strands 
of the main cables are connected, and also the 
anchor girders for these eyebars. The weight 
block merely furnishes an additional dead load to 
control the position and direction of the resultant 
thrust of all the loads on the rock. The total 
weight of each anchorage is about 54,000 tons and 
it resists a cable pull of 28,000 tons. 

Each anchorage contains 122 chains of eyebars, 
the chains being approximately 133 ft. 4 in. long. 
The centre bars in each chain are 66 ft. 7} in. long, 
and the end bars about half this length. As will 
be seen from Fig. 9, the front bars project from the 
anchor block and are connected to the cable strands 
by means of strand shoes. One of these shoes is 
illustrated in Figs. 10 and 11. The eyebars at the 
strand shoes are 10 in. by 2} in. in cross-section, 
except for four bars carrying two small strands, 
which are 10 in. by } in. The design is worked out 
on the assumption that the entire cable pull shall 
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be transmitted through the eyebar chains to the 
anchor girders at the rear of the anchor block. In 
order to realise this condition to the greatest possible 
extent, precautions were taken to prevent the eye- 
bars from transmitting their load to the concrete 
in which they are embedded. The arrangements 
adopted were to wrap the eyebar heads with 1} in. 
of expansion-joint material, so as to reduce the 
load which could be transferred to the. concrete, 
and at the same time to give the bars two coats of 
heavy red-lead paint in order to reduce the bond 
between the concrete and the bars. 

As the anchorages are on shore and excavation 
could be carried out in the dry, no difficulties were 
encountered during erection. During the construc- 
tion of the anchor block, the eyebar chains and 
anchor girders were supported in position by 
structural-steel frames which were left embedded 
in the block. A view of the San Francisco anchorage 
during construction is given in Fig. 17, on Plate II, 
while a view of the Marin anchorage at an approxi- 
mately corresponding stage is given in Fig. 18. 
The eyebars projecting from the front of the anchor 
block can be seen in this latter figure. At the 
front of the anchorages proper, there are anchorage 
housings which protect the cables between the 
strand shoes and the splay point shown to the right | 
in Fig. 9. The completed housing at the San 
Francisco end of the bridge can be seen in Fig. 6, 
page 16, ante. At the Marin end of the bridge, 
the housing supports the roadway. Concrete 
pylons are constructed at the front of the housings, 
the pylon at the San Francisco end of the bridge 
being shown during construction in Fig. 17. This 
pylon flanks the steel arch which spans the old 
fort but actually it is an architectural and not a 
functional element of the bridge. The corresponding 
pylon at the other end of the steel arch serves as an 
anchor for the tie-down ropes. At the north, 
Marin, end of the bridge this function is performed 
by the pylon at the front of the housing. 

The cable tie-down ropes at the pylons are a 
distinctive feature of this bridge. The cable must 
be held in position both vertically and laterally 
at a point near the rocker links of the stiffening 
trusses, otherwise its deflection would produce 
severe stresses in the suspenders and links, which 
could not readily be provided for. As a rule, this 
control is provided by bending the cable downwards 
over a saddle supported on a rocker. In the case 
of the Golden Gate Bridge, however, it was consi- 
dered to be more desirable to bend the cable up- 
wards through an angle sufficient to ensure that the 
tie-down ropes would be in tension at all times. 

At the tie-down points, the cable is fitted with an 
articulated series of nine cable bands, or clamps. 
These are secured to the cable by heat-treated 
bolts which are stressed to exert sufficient clamping 
pressure to prevent the bands from sliding on the 
cable. In the series of bands, six grooves, for 2-in. 
diameter wire rope, are provided. The twelve 
parts of rope terminate in cast-steel sockets by 
means of which adjustable connection is made to a 
loading girder. The ropes are spaced at 27-in. 
centres and the centre of a group is 12 ft. 6 in. 
towards the anchorages from the end of the side- 
span stiffening truss. End and side elevations of 
the arrangement are shown in Figs. 12 and 13, on 
this page. The loading girder, which is shown to a 
larger scale and in greater detail in Figs. 14 to 16, 
takes the form of a box girder having two web-plates 
97 in. wide and § in. thick, two reinforcing plates 
81 in. wide and { in. thick, and four 8-in. by 6-in. by 
j-in. angles. Each end of each web of the box girder 
is connected to the web of a 26-in. by 157-lb. joist 
by two 8-in. by 8-in. by §-in. angles. These joists 
form columns which extend below the loading 
girder to structural anchorages, as shown in Figs. 
12 and 13. These anchorages transmit the tie-down 
load to the concrete pylon. The maximum load 
at each tie-down is 1,050 tons. 

Arrangements are made for stressing the tie-down 
ropes by means of hydraulic jacks. The rope 
sockets, which are best seen in Fig. 16, are provided 
with 44-in. diameter tapped holes at their lower ends. 
Into these screwed rods are threaded. ‘The rods vary 
in length depending on the positions of the various 
sockets on the loading girder. They are shown in 
position in Fig. 16. The lower ends of the rods 
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THE GOLDEN GATE BRIDGE, SAN FRANCISCO. 


Fig.12. Fig.13. in Brides — 
‘9 ~~ mates 
am 


iy *2s “44 






‘ - 
110 [Phage Brom ee 
alts Step 4 
~" Tied 
U w * 








. 




















CL .of Main Bridge Cable 


7 


— | 
a 
-3\ > 













































































































; 
| 
an i 
oy ' 
! i : 
| ; I 
in 
I ) rc) 
_— Ae 
\ | # } 
| I 
‘* 
, . ¥ ! 
«-8.0" 80> 
7 " i H LU } 
| t 1L q l= - 
fill mill 
ie 4 Ez 
We ee Hoe ot 
Been S5S8: 
P-~ 10. 6~—> be ---- 14.6" ---> 5.3" 
e0s.0,) meseaet 
Fig.14. ‘ - .16. 
Al 8] > SECTION HALF SECTION 
1T Tote Nhat a0 O Otten i of oh aeetete  be bo ee Oat =o tetete ee . AA —_— BB 
H my pathname eget pts + , : y ° > ! 
i! ae ane i 5 = kel 
i 1 , i i | @ |ehefolclee 
' i it it — | © |shebslolos 
i a : | lele? 
Li or Pew 5 3H 
pu ’ | elt steleles 4 
Siem 1 —| slik Tne tchafelclosil th 
| A q ; 3 i 5 ° olmfolelos ys 
J mas ; 2 ojutoleles ~ 
¥ 
° Bearing Pl 
||] 1442x% 
Steel 








































































































Fig. 1. SECTION CC - 
—— — => : ——s 


~ 7 J 




















\. 


~ / 











(eas) 


pass through yokes in the form of box girders, there | diameter rods may then be tightened up and the 
being one girder for each rope, and the lower ends | jack removed. 

of the rods which are threaded, are fitted with} The transverse, or lateral, support.for the cables 
hexagonal nuts. The lower side of the loading consists of a pair of heavy joists 14 in. deep. One 
girder is provided with bearing plates and by | joist of each pair is placed vertically at each side 
inserting a hydraulic jack between any of the|of the cable, the lower end being embedded in 
bearing plates and the corresponding yoke below | concrete. The upper part of these joists is shown 
any rope may be stressed to any desired extent. in Figs. 12 and 13. Phosphor-bronze guide plates 
This operation draws the rope sockets away from | are attached to the inner faces of the joists and make 
their supporting seats on the loading girder and | sliding contact with flat machined faces on the sides 
when a suitable stress on a rope has been obtained | of the articulated cable bands. 

shim plates are inserted between the sockets and the| The pylons also contain structural anchorages 
seats, as shown in Fig. 16. The nuts on the 4}4-in. | for the rocker links supporting the shore ends of the 




















— 


_ JOEY 14, _1959-- 


ENGINEERING. 


33 








THE GOLDEN GATE 


















side spans. They are designed for a downward 
force of 390 tons and an upward force of 90 tons. 
The downward force is relatively large because it 
has considerable dead-load reaction on the rocker 
link. This is due to the fact that the first suspender 
is situated three panels out from the link. The 
pylons carry transverse wind loads from the cables 
and side spans, but the longitudinal forces on the 
side spans are carried by the main towers. This 
arrangement was economical since it permitted 
the use of slender pylons without involving any 
increase in the sections of the main towers. 


THE Martin Prer. 


The Marin pier, which is located on the north 
shore-line, is founded on greenstone at a nominal 
elevation of 20 ft. below the lowest low-water level. 
Rock was found at the south-west corner of the 
pier, 13 ft. 6 in. below the nominal pier base and was 
accordingly stepped-down at that corner. The 
base of the pier is 80 ft. by 160 ft., the dimensions 
at the top being 65 ft. by 134 ft. It is 64 ft. high. 
The maximum direct load on the rock is 118,000 tons, 
producing a uniform pressure of 9-2 tons per square 
foot. Under partial live load and transverse wind 
action, the maximum pressure is 15-2 tons per 
square foot. An earthquake acceleration amounting 
to 10 per cent. of gravity would increase the maxi- 
mum bearing pressure by 3-5 tons per square foot. 

As the site is exposed to heavy waves and as part 
of the area was under water, a U-shaped cofferdam 
was constructed, isolating the working position. 
This is shown in the general view of the pier during 
construction, which is given in Fig. 8, on page 
31. Along portions of the south and west sides, 
where the water was more than 15 ft. deep at low 
tide, the contractor decided to use three rock-filled 
timber cribs as supports for the line of steel sheet 
piling. These cribs had a width of 34 ft. and a total 
length of about 175 ft. They had irregularly-shaped 
bottoms to fit the rock surface as closely as was 
practicable. After these cribs had been towed 
to site, sunk and rock-filled, the sheet piling was 
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| steel sheet piling with a rock dike inside was used 
| to resist the wave action. The rock dike was 12 ft. 
wide at the top, the back sloping on a batter of 
1 ft. vertically to 14 ft. horizontally. Considerable 
difficulty was experienced in unwatering the coffer- 
dam owing to the piling siting on loose rock. Cement 
bags placed outside the piling by divers somewhat 
reduced the leakage, while further assistance was 
obtained by dumping mud, sand and other fine 
materials outside the cofferdam near the probable 
position of the major leaks. Pumps having a 
combined capacity of 12,000 gallons a minute drew 
the fine material into the loose rock and finally 
reduced the leaks to reasonable proportions. The 
cofferdam contained 263,000 lineal ft. of timber 
and 250 tons of steel-sheet piling. 

The pier was divided into eleven blocks for 
concreting. Some of these were run to a height 
of 33 ft. in a single pour. This necessitated the use 
of heavy form work, double 3-in. by 16-in. timber 
waters being employed with 1-in. round ties at 10-ft. 
centres. A heavy reinforcing mat consisting of 
four layers of 1}-in. square bars was placed in the 
top of the pier. This was supported during con- 
creting by a steel frame which was embedded 
in the pier. After the completion of the concrete 
work, the whole pier was encased in heavy timbers 
to protect it against possible damage during the 
construction of the superstructure. This timber 
work can be seen in progress in Fig. 8. 


THE San Francisco Prer. 


The major constructional feat accomplished in 
the course of the work was the building of the San 
Francisco pier in 65 ft. of water, on bare rock 
and in a position exposed to tidal currents up to 6-5 
knots and the heavy waves of severe storms. The 
rock at the pier site is serpentine, of the same general 
characteristics as that found at the San Francisco 
anchorage. It was desired that the pier foundation 
should be at least 20 ft. below the original surface 
of the rock and that construction should be carried 
out so as to permit the final preparation of the 





driven along the outer face. In shallow water, 


foundation to be made in the dry. The design and 
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programme of work on which the contract was 
awarded covered the building of a concrete fender 
wall to surround the pier site ; building a pneumatic 
caisson within this protection; excavating within 
the cutting edge and sinking the caisson to the eleva- 
tion of the pier base which had been tentatively 
set at elevation — 100. Under this scheme, which 
is illustrated in Fig. 27, on this page, the fender wall 
would have been founded on the levelled surface 
of the rock. 

Experience which had been gained during the 
early part of the excavation for the San Francisco 
anchorage raised doubts about the feasibility of 
sinking a caisson through the serpentine rock because 
of the possibility that large spheroids of the material 
might become detached from the matrix and wedge 
themselves between the caisson and the sides of the 
excavation. To avoid this danger, the contractor 
proposed to excavate the pier site to a depth close 
to the final elevation by blasting and dredging, and 
then to enlarge the excavation so that the inner 
portion of the fender wall could be carried down 
to the depth tentatively chosen for the foundation 
of the pier. Under this plan, which may be referred 
to as the first revision and is illustrated in Fig. 28, 
only the final preparation of the bottom would be 
performed under air pressure. 

It was proposed that, while excavation proceeded 
at the pier, an access trestle should be constructed 
from the shore outwards for 1,100 ft., to the pier 
site. From this fixed structure, all work except 
excavation could be performed. The fender round 
the site of the tower would be built in units about 
30 ft. square in plan, the initial unit being built 
at the end of the access trestle by first lowering a 
steel framework which would be guided into position 
and held there by means of a substantial steel 
guide tower which formed the end of the trestle. 
Divers would place forms around the frame which 
would then be filled with tremie concrete. The 
initial unit, 30 ft. by 40 ft. in plan, could then be 
concreted up to an elevation of — 20 above which 
only the steel framework would project to carry the 
working deck at elevation + 25. With the initial 
unit in place the fender construction could then 
proceed unit by unit, working out in both directions 
from the first one until the entire pier site was 
encircled. 

At the east end of the fender the concrete would 
be temporarily omitted above elevation —40, and 
the steel bents there would be so constructed that 
they could be readily removed. With the remainder 
of the fender concreted up to a final elevation of 
+15, the bents at the east end would be removed 
above elevation —40, leaving a clear opening 
through which the caisson could be floated into 
position. The east end of the fender wall would 
then be completed and the caisson sunk. This 
floating-in of the caisson was the method of proce- 
dure chosen by the contractor in preference to 
constructing it in place inside the completed fender 
as had been intended by the engineers. As the 
caisson was sunk, its cutting edge would come to 
rest at the bottom of the excavation substantially 
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at the chosen elevation of —100. A clay seal would 
then be placed between the caisson and the inside 
of the fender wall and the final preparation of the 
foundation carried out under air pressure. This 
course of procedure, which constituted the first 
revision was subsequently modified in various ways, 
as described below. 

In the execution of the work, instead of placing 
a mere skeleton of the framework for the’ initial 
section to which forms could be applied after it 
was solidly seated and anchored, an attempt was 
made to lower the unit into place with forms 
attached on all four sides. The unit was made in 
four sections, each like a box, with the top and 
bottom open, and 20 ft. high. The shore side of 
each box was fitted with four castings to engage 
with guide rails on the face of the guide tower at 
the end of the trestle. The 
successively until the top edge was awash, the next 
one was then added, and the corner columns spliced 
until finally the entire initial unit, 80 ft. high, hung 
suspended. At this stage of the operations a severe 
storm arose; the suspended box, 30 ft. by 40 ft. 
in plan and 80 ft. high, offered a very large area 
to the force of the waves and the strength of the 
guide tower was not sufficiently great to cope with 
the conditions. The tower feiled and a large portion 
of the access trestle was carned away. This experi- 
ence confirmed the soundness of the original 
programme, which covered the placing of a skeleton 
framework, offering a minimum resistance to the 
current and waves, and afterwards, when the frame 
was properly secured, attaching the forms and filling 
with concrete. By building outward from the 
initial unit in this way, the stability of the structure 
increased more rapidly than the area which it 
exposed to the waves or current. The access 
trestle showing work proceeding on the initial unit 
of the fender is illustrated in Fig. 19, on Plate IT. 

In order to reduce the storm danger, it was then 
decided that the excavation for the pier should be 


boxes were lowered 





San Francisco Prer FENDER AFTER FILLING IN 


still further enlarged, so that the entire fender 
wall could be carried down to elevation —100. The 
higher wall required a wider base and this was 
provided for by making it 10 ft. wider below eleva- 
| tion —80. The widening was effected by reducing 
the inside diameter of the wall and forming a 10-ft. 
ledge, at elevation —80, which extended 5 ft. inside 
the area to be bounded by the cutting edge of the 
|caisson. This second revision, which is diagram- 
| matically illustrated in Fig. 29, page 33, involved 
bringing the caisson to rest with its cutting edge on 
| the fender wall ledge at elevation —80 and providing 
}some intermediate supporting piers at the inter- 
sections of the cross walls to assist in carrying the 
| weight. Preparation of the foundation 20 ft. below 
|the cutting edge would be carried out under air 
pressure. 

Under the second revision, the fender was not 
|to be built in vertical units, but in courses 20 ft. 
high. Each course would consist of 22 blocks, 
each about 30 ft. long. In the reconstructed trestle, 
the base of the guide tower was embedded in a 
| block of concrete 20 ft. deep and extending shore- 
| wards to the bank of the excavation. This block, 
together with a second one formed directly in front 
of it, formed the base section of the initial unit. 
|In order to form these blocks of concrete, a steel 
j}and timber frame was lowered and anchored to the 
|tower. Forms, consisting of weighted wood panels 
about 5 ft. wide, were then attached to the frame 
by divers. The side forms extended back to the 
bank of the excavation, which formed one side of 
the block. The enclosed space was then filled with 
concrete deposited through a tremie. The first 
course, or base section, of each unit was formed in 
a similar manner. For all units except the first, 
the steel box form for the second course was lowered 
to position and concreted integrally with the base 


course. In the case of the third course, which 
| extended from elevation —60 to elevation —40, two 
adjoining boxes were concreted integrally. Above 


CONORETE. 


|elevation —40, the procedure was still different. 
|The steel framework supporting the work track 
|was constructed so that sliding forms could be 
inserted and placed in position by divers. Adjoining 
|} sections of this course were concreted integrally. 
| Three types of sliding forms were used above 
|elevation —40, constructed respectively of steel, 
| pre-cast concrete and weighted timber. Three 
views showing various stages in the construction of 
|the fender are given in Figs. 20 to 22, on Plate II. 
| Fig. 20 shows an early stage with work proceeding 
|in both directions, Fig. 21 shows concrete being 
| placed at a depth of 100 ft. by tremie, and Fig. 22 
| shows the stage in which the concrete fender up to 
|an elevation of —40 has completely encircled the 
| pier site. 

| During the construction of the fender, many 
| drill-cores were taken from the tremie concrete. 
| As a uniformly good quality was shown it was 
| decided that much saving in time and expense 
might be made by using tremie concrete for the 
| pier itself up to elevation — 64, and providing for 
| subsequent examination of the bottom under air 
| pressure by means of eight 4-ft. shafts, each shaft 
| giving access to an hemispherical inspection cham- 
|ber 15 ft. in diameter. The intention was that 
| should the inspection show need for further excava- 
| tion, such work could be done by tunnelling under 
the concrete and removing the excavated material 
through air locks. This third revision, which is 
shown in Fig. 30, was adopted and accordingly on 
| the completion of the fender preparatory to receiv- 
ing the caisson, bulkheads were lowered into place 
|so as to divide the space into seven pours, each 
| about 38 ft. wide and 80 ft. long. Sections were 
poured alternately and the bulkheads completely 
|removed. Immediately before pouring, the bottom 
of each section was cleaned with jets and all loose 
|material pumped out. This work was performed 
| by divers. Two tremies were used for each section. 
| The caisson, 90 ft. wide and 185 ft. long, had 








JULY 14, 19309. 
been built in a dry dock at Oakland. It was towed regarding the raw materials and fuel used. Tables| sale of “engineering,” “direct” and “other” 
to the site and moored within the fender. Scarcely | VII to X, on this page and page 36, show the figures | castings of 793,300 tons. The mechanical-engineer- 
had this been done when a storm of unusual severity | available for the consumption of materials and fuel | ing industry is also a considerable consumer of 
arose. The east end of the fender above elevation | by the principal sections of the engineering industry. | non-ferrous metals, taking 17,600 tons of copper 
— 40 had been left open for the entry of the caisson, | In the case of mechanical and electrical engineering, | in 1935, 3,000 tons of aluminium, 2,300 tons of tin 
as shown in Fig. 22, Plate II, and the high waves and | figures for 1933, 1934 and 1935, are given, although | and 43,200 tons of non-ferrous alloys. Iron and 
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ground swell caused the caisson to rock and plunge 
with such tremendous force that it threatened to 
destroy the fender. As a consequence of this experi- 
ence, it was decided to remove the caisson and pro- | 
ceed without it. This further alteration in the plan | 
of working constituted the fourth revision, which 
is illustrated in Fig. 31. The arrangement decided 
on was to close the east end of the fender ; extend | 
the tremie concrete of the pier from elevation — 64 
to elevation — 35; pump out the fender, using the 
wall as a cofferdam above elevation — 35; and 
construct the remainder of the pier in the dry. 
This programme was carried out without further 
change and the pier was completed ready to receive 
the tower on January 9, 1935. 

Drawings of the completed pier are given in 
Figs. 25 and 26, on page 33, and a photograph of | 
the pier nearing completion is reproduced in Fig. 23 | 
on Plate II. Fig. 32, on the opposite page, is a| 
view of the interior of the fender after the pier 
had been built up with tremie concrete to elevation 
— 35, and pumped out. The vertical shafts of the | 
inspection wells are prominent in the illustration. | 
The total area of the base of the structure, including | 
the fender, is 37,800 sq. ft. The maximum load | 
on the foundation is 325,000 tons, of which only 
1-9 per cent. is due to live load on the bridge. The | 
average pressure on the rock is 8-6 tons per square 
foot. The maximum unit pressure due to dead | 
load, live load, transverse wind and temperature, is | 
9-6 tons per square foot. An earthquake accelera- | 
tion of 10 per cent. of gravity would increase the 
bearing pressure by less than 3 tons per square foot. 
The quantities involved in the pier construction | 
were 45,000 cubic yards of rock excavation and | 
30,000 cubic yards of concrete in the pier and fender. | 
The cost of the pier was 2,935,000 dols. 

ConcrETE HANDLING. 

A storage for concrete materials was constructed | 
on the Marin shore and another on the San Francisco | 
shore. At each storage there was a batching plant | 
designed to deliver 4-cubic yard batches to truck- | 
mixers, which mixed the concrete en route to the 
point of pouring. The batching plants were 
equipped with duplicate units, each set of equip- 
ment being capable of delivering 60 cubic yards of 
concrete per hour. The batching was automatic, 
except that the hopper gates were manually | 
operated. The stations were furnished with jetties 
and bulk cement was delivered in 500-ton barges | 
and unloaded by pumping into silos. Aggregates | 
delivered by barge were unloaded by clam-shell 
buckets into storage hoppers from which the | 
material was carried by conveyor belts to the| 
charging hoppers. The distance from the batching | 
plant to the work, which had to be traversed by 
the truck-mixers, varied from a very short distance 
up to half a mile. To ensure proper mixing, a 
timing meter was provided on each truck, arranged 
so that the delivery slip for the load of concrete 
could not be extracted from the meter until the 
mixing drum had rotated for the specified length 
of time at the specified mixing speed. The concrete 
plant on the San Francisco shore is illustrated in 
Fig. 24 on Plate II. 

(To be continued.) 








THE CENSUS OF PRODUCTION, 
1935. 


By O. W. Roskt11. 
(Continued from page 5.) 


THE Final Report of the Census of Production 
for 1935 treats the consumption of raw materials and 
of fuel by industries in much greater detail than 
has been done in previous Census or Import Duties | 
Act Inquiry reports. For those industries which 
were not covered by the Import Duty Act Inquiries 
of either 1933 or 1934, the Census figures for 1935, | 
in fact, provide the only information available 


those for 1935 are in considerably greater detail 
than for the other two years. In the case of 
the motor and aircraft industries, however, figures 


steel and non-ferrous metals are the only materials 
| recorded separately, apart from fuel. 
| The Census enables these consumption figures 


are available in any detail only for 1935. The | to be further subdivided into consumption by the 
number and value of motor bodies purchased by | main groups in the mechanical-engineering industry. 
the motor industry for 1934 is available, but no| As would be expected, the greater part of the iron 
further details were obtained in that year, while | and steel consumption is taken by the constructional- 
the industry was not subject to the Import Duties | engineering industry, which took 57 per cent. of 
Act Inquiry of 1933. | the total consumption of angles, shapes and sections ; 


TasLe VII.—Mechanical Engineering : Consumption of| Taste LX.—Motor and Cycle Industry (Manufacturing). 


Materials, Fuel and Electricity. 

































































| 1000 Tons. £1000. 
1000 Tons. £1000. } Ye | 
—— | 1934. | 1985. | 1934. | 10365. 
1933. | 1934. | 1935. 1933. | 1934. | 1935. 1 
| 
| Iron and Steel— 
Iron and steel :-— | Sheets .. od - — | 248-0* — 3,806 
Pig iron | — a 369-9) — = 1,390 Castings, forgings and | 
Brass and rods — oo 245-8) — — 3,223 | pressings .. we --- | 131-0* — 5,535 
Angles, shapes Tubes .. - ee _ | 19-6* _ 805 
and sections - — 372-0 — | — 3,411 | Other semi-manufac- | 
Girders, beams } tures. . on es — 73-0* — 3,005 
and joists - — 436-0) — — 3,678 | Copper .. + - - | 11-6 = 717 
Plates, sheet | Aluminium oe be — | 8-8* _ 1,100 
and strip — — 387-6, — — 3,884 | Lead - os ‘a -- 7:5 _ 124 
Wrought tubes} — | — 55-9)  — — | 1,616| Motor Bodies (No.)— | ; 
Iron castings. .|246-0 |260-6 | 288-0) 4,048 | 4,592 | 5,481 For private cars \ J 99,600 { 4,199 
Steel castings 37-6 | 55-9 70-8) 1,147 | 1,698 | 2,231; For commercial vehi- >| 96,661 3,379 1 
Iron and steel cles .. oe J | 28,052 1,076 
forgings ..| 53-4 | 69-9 69-3) 1,689 | 2,051 | 2,804) Chassis (No.)— | 
Copper .. ..| 8:7] 11-4 17-6] 534 712 939| For private cars <>} 11,010 —_ 819 
Aluminium 1-8 2-5 3-0 255 371 427 For commercial vehi- | | 
Tin P 1-9 1-3 | 2-3 190 233 313 cles .. Sf cll -- | 6,365 _ 1,730 
Non-ferrous | Complete Engines (No.)—| | 
alloys .-| 23-4 | 27-5 43-2) 1,523 1,880 | 2,781| For cars es - — 105,949 ~ 2,425 
Fuel and elec- | For motor cycles -_ — | 17,700° —_ 137 
tricity : | Unclassified materials . .| i o— - 1,599 
Cal .. .| — | — | ee — ~ 680 | Fuel and Electricity— | 
Coke .. --| — — 417-7, — — | 584 Coal .. Je ++] 288 -0*| _— 281 
Heavy fuel oil | Coke .. as a= 68:8*}  — 98 
(1000 gals.) | — — 14,459 -- -— 246 Heavy fuel oil (1000 | 
Purchased | | pe! Be ries a 8,100*| — 157 
electricity | Purchased electricity | | 
(1000 kWh)*; — — | 484,053 —_ _ 1,506 (1000 kWh) 7 -- 303,410 | 826 
Other purchased | Other purchased materials 
materials ..)| — - -- 33,700 | 44,558 | 36,800 and fuel ee ee — | — | 68,725 | 51,777 
Tol ..| | 43,086 | 56,095 | 71,904 Total + ie | — | 69,104 | 80,216 
* Including electricity generated in other works under the * These items were returned in part by value only. The 
tonnage figures are, therefore, partly estimated. 


same ownership. 


TABLE VIIL.—Exuecrrica, ENGINEERING: CONSUMPTION OF MATERIALS, FUEL AND ELECTRICITY. 





























+1000 Tons. | £1000. 
| 1933. | 1934. | 1935. } 1933. 1934. | 1035. 
| —_— - 
ion a je thdenis — a 
Steel wire and tape... - | | a6 | — - | 562 
Steel plates and sheets. . — — 6-2 = «| — —_ 1,524 
Iron castings ds 37-6 50-1 | 56-3 | 795 1,112 1,252 
Steel castings } 5°5 | 72 6-6 240 | 316 333 
Steel forgings ‘ - pa oie 4-4 | 8-0 10-6 195 279 338 
Copper .. or he a " i 97-5 131-2 150-1 5,020 6,327 7,159 
Brass as a - Sa "} 14-2 | 17-2 20-4 | 7 1,143 | 1,342 
Lead “ —_ _— 141-4 | —_ — 2,054 
Rubber .. = - we oe - 5-9 | 6-8 8-4 238 435 525 
Paper. es ss x fei a 7-4 | 9-2 1-5 | 316 345 420 
Porcelain - be - we ; | 6-9 7:8 8-4 449 587 638 
Synthetic Resins— } | | | 

Lump and powder 2-4 3-7 4-6 189 247 | 292 
Other .. es 0-6 0-8 0-9 159 190 | 212 
Wireless parts a — — _— —_ — 4,381 

Fuel and Electricity— | | 
Coal .. oe +h ‘a * a — | 391°3 | - ¥ $71 
Coke .. - ~ il = | - | 68-0 | - | 98 
Heavy fuel oil (1000 gallons) = ta . | 6,195 --- — 112 
Purchased electricity (1000 kWh) .. wl - | | 305,356 | _ oa 885 
Other purchased material .. |... . ms | 25,059 | 31,208 26,716 
Total .. - PP = = | on . 33,027. | 42,270 | 40,214 





The mechanical-engineering industry is the most | 87 per cent. of that of girders, beams and joists ; 
important individual consumer of iron and steel |and 33 per cent. of that of plates and sheets, as 
finished products and is also an important consumer | well as considerable tonnages of cast iron and of 
of pig iron. In 1935, the industry consumed | iron and steel bars and rods. Next in importance 
369,900 tons of pig iron out of a total available | as a consumer of iron and steel is the prime-movers 


‘supply of 6,459,200 tons, of which 4,653,800 tons | and boilers section, which took important tonnages 


was consumed in the production of steel. In the of pig-iron, bars and rods, plates and sheets, wrought 
case of iron and steel bars and rods, the mechanical- | tubes and castings. This group and marine engineer- 
engineering industry consumed 245,800 tons out| ing are the most important consumers of copper 
of an available supply of 4,291,600 tons ; of plates | and non-ferrous alloys in the mechanical-engineering 
and sheets, 387,600 tons out of 2,575,200 tons—j|industry. The detailed consumption figures are 
in this field mechanical engineering is the second | shown in Table XI, on page 36. 

most important consumer, being exceeded only| The electrical-engineering industry is, of course, 
by the hardware, hollow-ware, metallic-furniture|a much more important consumer of non-ferrous 
and sheet-metal industry, which took 537,000 tons ;| metals, particularly of copper and lead. There is 
of girders, angles, shapes and sections, 808,000 tons | also a considerable consumption of iron and steel. 
out of an available supply of 1,335,300 tons; of| although this is much less important than that 
tubes, 55,900 tons out of 492,200 tons, and of cast-| of the mechanical-engineering industry. Separate 
ings, 358,800 tons out of a total production for! figures for the various branches of the electrical 
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Fie. 32. 
at the chosen elevation of —100. A clay seal would 
then be placed between the caisson and the inside 
of the fender wall and the final preparation of the 
foundation carried out under air pressure. This 
course of procedure, which constituted the first 
revision was subsequently modified in various ways, 
as dest¢ribed below. 

In the execution of the work, instead of placing 
a mere skeleton of the framework for the’ initial 
section to which forms could be applied after it 
was solidly seated and anchored, an attempt was 
made to lower the unit into place with forms 
attached on all four sides. The unit was made in 
four sections, each like a box, with the top and 
bottom open, and 20 ft. high. The shore side of 
each box was fitted with four castings to engage 
with guide rails on the face of the guide tower at 
the end of the trestle. The 
successively until the top edge was awash, the next 
one was then added, and the corner columns spliced 
until finally the entire initial unit, 80 ft. high, hung 
suspended. At this stage of the operations a severe 
storm arose; the suspended box, 30 ft. by 40 ft. 
in plan and 80 ft. high, offered a very large area 
to the force of the waves and the strength of the 
guide tower was not sufficiently great to cope with 
the conditions. The tower fa:led and a large portion 
of the access trestle was carried away. This experi- 


ence confirmed the soundness of the original 


programme, which covered the placing of a skeleton | 


framework, offering a minimum resistance to the 
current and waves, and afterwards, when the frame 


was properly secured, attaching the forms and filling | 


with concrete. By building outward from the 
initial unit in this way, the stability of the structure 
increased more rapidly than the area which it 
exposed to the waves or current. The access 
trestle showing work proceeding on the initial unit 
of the fender is illustrated in Fig. 19, on Plate IT. 


In order to reduce the storm danger, it was then | 


decided that the excavation for the pier should be 


boxes were lowered | 








San Francisco Prer FENDER AFTER FILLING IN CoNORETE. 
still further enlarged, so that the entire fender | elevation 40, the procedure was still different. 
wall could be carried down to elevation —100. The} The steel framework supporting the work track 


higher wall required a wider base and this was 
provided for by making it 10 ft. wider below eleva- 
tion —80. The widening was effected by reducing 
the inside diameter of the wall and forming a 10-ft. 
ledge, at elevation —80, which extended 5 ft. inside 
the area to be bounded by the cutting edge of the 
This second revision, which is diagram- | 


| caisson. 
| matically illustrated in Fig. 29, page 33, involved 
bringing the caisson to rest with its cutting edge on 
| the fender wall ledge at elevation —80 and providing | 
some intermediate supporting piers at the inter- | 
sections of the cross walls to assist in carrying the 
weight. Preparation of the foundation 20 ft. below 
the cutting edge would be carried out under air 
pressure. 
Under the second revision, the fender was not 
|to be built in vertical units, but in courses 20 ft. 
|high. Each course would consist of 22 blocks, 
each about 30 ft. long. In the reconstructed trestle, 
the base of the guide tower was embedded in a/| 
| block of concrete 20 ft. deep and extending shore- 
| wards to the bank of the excavation. This block, | 
together with a second one formed directly in front | 
|of it, formed the base section of the initial unit. | 
|In order to form these blocks of concrete, a steel 
and timber frame was lowered and anchored to the | 
tower. Forms, consisting of weighted wood panels 
about 5 ft. wide, were then attached to the frame 
by divers. The side forms extended back to the 
bank of the excavation, which formed one side of | 
the block. The enclosed space was then filled with 
|concrete deposited through a tremie. The first | 
course, or base section, of each unit was formed in| 
ja similar manner. For all units except the first, | 
| the steel box form for the second course was lowered | 
|to position and concreted integrally with the base 
| course. of the third which 


In the case course, 
| extended from elevation —60 to elevation —40, two | 
‘adjoining boxes were concreted integrally. Above ! 


was constructed so that sliding forms could be 
inserted and placed in position by divers. Adjoining 
sections of this course were concreted integrally. 


| Three types of sliding forms were used above 


elevation —40, constructed respectively of steel, 
pre-cast concrete and weighted timber. Three 
views showing various stages in the construction of 


|the fender are given in Figs. 20 to 22, on Plate II. 
| Fig. 20 shows an early stage with work proceeding 


in both directions, Fig. 21 shows concrete being 
placed at a depth of 100 ft. by tremie, and Fig. 22 
shows the stage in which the concrete fender up to 


|an elevation of —40 has completely encircled the 


pier site. 

During the construction of the fender, many 
drill-cores were taken from the tremie concrete. 
As a uniformly good quality was shown it was 
decided that much saving in time and expense 
might be made by using tremie concrete for the 
pier itself up to elevation — 64, and providing for 
subsequent examination of the bottom under air 
pressure by means of eight 4-ft. shafts, each shaft 
giving access to an hemispherical inspection cham- 
ber 15 ft. in diameter. The intention was that 


| should the inspection show need for further excava- 


tion, such work could be done by tunnelling under 
the concrete and removing the excavated material 
through air locks. This third revision, which is 
shown in Fig. 30, was adopted and accordingly on 
the completion of the fender preparatory to receiv- 
ing the caisson, bulkheads were lowered into place 
so as to divide the space into seven pours, each 
about 38 ft. wide and 80 ft. long. Sections were 
poured alternately and the bulkheads completely 
removed. Immediately before pouring, the bottom 
of each section was cleaned with jets and all loose 
material pumped out. This work was performed 
by divers. Two tremies were used for each section. 

The caisson, 90 ft. wide and 185 ft. long, had 
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been built in a dry dock at Oakland. It was towed 
to the site and moored within the fender. Scarcely 
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| regarding the raw materials and fuel used. Tables | sale of “engineering,” “direct” and “other” 
| VII to X, on this page and page 36, show the figures | castings of 793,300 tons. 


The mechanical-engineer- 


had this been done when a storm of unusual severity | available for the consumption of materials and fuel| ing industry is also a considerable consumer of 


arose. The east end of the fender above elevation 


by the principal sections of the engineering industry. 


|non-ferrous metals, taking 17,600 tons of copper 


— 40 had been left open for the entry of the caisson, | In the case of mechanical and electrical engineering, | in 1935, 3,000 tons of aluminium, 2,300 tons of tin 


as shown in Fig. 22, Plate II, and the high waves and | figures for 1933, 1934 and 1935, are given, although | and 43,200 tons of non-ferrous alloys. 


Iron and 


ground swell caused the caisson to rock and plunge | those for 1935 are in considerably greater detail | steel and non-ferrous metals are the only materials 


with such tremendous force that it threatened to | 


destroy the fender. As a consequence of this experi- 


than for the other two years. 
the motor and aircraft industries, however, figures 


In the case of | recorded separately, apart from fuel. 


| The Census enables these consumption figures 


ence, it was decided to remove the caisson and pro-| are available in any detail only for 1935. The | to be further subdivided into consumption by the 
ceed without it. This further alteration in the plan) number and value of motor bodies purchased by | main groups in the mechanical-engineering industry. 
of working constituted the fourth revision, which|the motor industry for 1934 is available, but no| As would be expected, the greater part of the iron 


is illustrated in Fig. 31. The arrangement decided 

on was to close the east end of the fender ; extend | 
the tremie concrete of the pier from elevation — 64 

to elevation — 35; pump out the fender, using the 

wall as a cofferdam above elevation — 35; 
construct the remainder of the pier in the dry. 

This programme was carried out without further 

change and the pier was completed ready to receive 

the tower on January 9, 1935. 

Drawings of the completed pier are given in 
Figs. 25 and 26, on page 33, and a photograph of | 
the pier nearing completion is reproduced in Fig. 23 | 
on Plate II. Fig. 32, on the opposite page, is a| 
view of the interior of the fender after the pier | 
had been built up with tremie concrete to elevation 
— 35, and pumped out. The vertical shafts of the | 
inspection wells are prominent in the illustration. | 
The total area of the base of the structure, including | 
the fender, is 37,800 sq. ft. The maximum load | 
on the foundation is 325,000 tons, of which only 
1-9 per cent. is due to live load on the bridge. The | 
average pressure on the rock is 8-6 tons per square 
foot. The maximum unit pressure due to dead | 
load, live load, transverse wind and temperature, is 
9-6 tons per square foot. An earthquake accelera- | 
tion of 10 per cent. of gravity would increase the | 
bearing pressure by less than 3 tons per square foot. 
The quantities involved in the pier construction 
were 45,000 cubic yards of rock excavation and 
30,000 cubic yards of concrete in the pier and fender. 
The cost of the pier was 2,935,000 dols. 


ConcRETE HANDLING. 


A storage for concrete materials was constructed| . Including electricity generated in other works under the 


on the Marin shore and another on the San Francisco 
shore. At each storage there was a batching plant | 
designed to deliver 4-cubic yard batches to truck- 
mixers, which mixed the concrete en route to the 
point of pouring. The batching plants were 
equipped with duplicate units, each set of equip- 
ment being capable of delivering 60 cubic yards of 
concrete per hour. The batching was automatic, 
except that the hopper gates were manually 
operated. The stations were furnished with jetties 
and bulk cement was delivered in 500-ton barges 
and unloaded by pumping into silos. Aggregates 
delivered by barge were unloaded by clam-shell | 
buckets into storage hoppers from which the | 
material was carried by conveyor belts to the| 
charging hoppers. The distance from the batching 
plant to the work, which had to be traversed by 
the truck-mixers, varied from a very short distance 
up to half a mile. To ensure proper mixing, a 
timing meter was provided on each truck, arranged 
so that the delivery slip for the load of concrete | 
could not be extracted from the meter until the 
mixing drum had rotated for the specified length 
of time at the specified mixing speed. The concrete 
plant on the San Francisco shore is illustrated in 
Fig. 24 on Plate II. 
(To be continued.) 








THE CENSUS OF PRODUCTION, 
1935. 


By O. W. Rosk«L1. 
(Continued from page 5.) 


THE Final Report of the Census of Production 
for 1935 treats the consumption of raw materials and 
of fuel by industries in much greater detail than 
has been done in previous Census or Import Duties | 
Act Inquiry reports. For those industries which 
were not covered by the Import Duty Act Inquiries 
of either 1933 or 1934, the Census figures for 1935, | 
in fact, provide the only information available | 


further details were obtained in that year, while 
the industry was not subject to the Import Duties 
Act Inquiry of 1933. 


and | Taste VII.—Mechanical Engineering : Consumption of | 


Materials, Fuel and Electricity. 


























1000 Tons £1000. 
1000 Tons. £1000. rte 
a | 1934. | 1995. | 1994. | 1988, 
1933. | 1934. | 1935. | 1933. | 1934. | 1935. | | 
| Iron and Steel— | 
Iron and steel :— | Sheets .. oe fa — 248-0%} — 3,806 
Pig iron Lomih =~ | Se — | 1,390| Castings, forgings and 
Brassandrods| — -— 245-8) — — 3,223 | pressings .. . | 181-0* — 5,535 
Angles, shapes | ubes .. es on — | 19-6* — 805 
and sections — 372-0 - —_ 3,411} Other semi-manufac- | 
Girders, beams | tures. . on od _ 73-0* — 3,005 
and joists .. — 436-0) — -—— 3,678 | Copper .. - | 11-6 a 717 
Plates, sheet Aluminium , — | 8-8* — 1,100 
and strip . — — 387-6, — 3,884 | Lead as on ma -- 7-5 — 124 
Wrought tubes} — -— 55-9} — — | 1,616 | Motor Bodies (No.)— 7 
Iron castings. . |246-0 260-6 288-0) 4,048 | 4,592 | 5,481/ For private cars \ f | 99,600 ( 4,199 
Steel castings | 37-6 | 55-9 70-8} 1,147 | 1,698 | 2,231 For commercial vehi- >| 96,661 3,379 
Iron and steel cles .. se J | 28,052 1,076 
forgings 53-4 | 69-9 69-3) 1,689 | 2,051 2,804 Chassis (No.)— | 
Copper .. 8-7 | 11-4 17-6 534 712 939 For private cars ++] - | 11,010 = 819 
Aluminium 1-8 2-5 3-0 255 371 427| For commercial vehi- | 
Tin r 1-9 1-3 | 2-3 190 233 313 | cles .. — oul -- 6,365 _ 1,730 
Non-ferrous | Complete Engines (No.)—} 
alloys .-| 23°4 | 27-5 43-2} 1,523 | 1,880 | 2,781| For cars op ia <n 105,949 - 2,425 
Fuel and elec- | _ For motor cycles --| — | 17,700° - 137 
tricity : Unclassified materials . | - jf — _ 1,599 
Coal .. — me 720-1) — -- 680 | Fuel and Electricity— | 
Coke .. | — — 417-7, — -- 584 Coal .. dé - 288 -0*; 281 
Heavy fuel oil | Coke .. we wal - 68-8*! _ 98 
(1000 gals.) — 14,459 - - 246 Heavy fuel oil (1000 | 
Purchased gallons) vs ~ 8,100*} 157 
electricity | Purchased electricity | 
(1000 kWh)*} — — | 484,053} — — 1,506 (1000 kWh) “ _ 303,410 | 826 
Other purchased Other purchased materials | 
materials | | —-  |83,700 | 44,558 | 36,800/ and fuel ee - — — | 68,725 | 51,777 
—_ EE EE eeeistceeh emsctctess Sates ER I ee oth Fahl 
Total =. i a fs 43,086 | 56,095 | 71,904 | Total ’ 7 _ | _ 69,104 | 80,216 
' ' 








and steel consumption is taken by the constructional- 
| engineering industry, which took 57 per cent. of 
| the total consumption of angles, shapes and sections ; 


TaBLE [X.— Motor and Cycle Industry (Manufacturing). 


























same ownership. 


* These items were returned in part by value only, The 


| 
| tonnage figures are, therefore, partly estimated. 





TABLE VIII.—Evecrrica, ENGINEERING: CONSUMPTION OF MATERIALS, FUEL AND ELEcrTRIcITy. 











Total 


+1000 Tons. £1000 
1933. 1934. | 1935. 1933. 1934 | 1935 
—— — — _ — ———— ——$_——_ —_——— 
Steel wire and tape .. s - ns — _ 41-6 = - | 562 
Steel plates and sheets. . _ — 96-2 _— ot 1,524 
Iron castings sé 37-6 50-1 56-3 = = 
Steel castings 5-5 7-2 6-6 b q 
Steel forgings i on en sal 4-4 : 8-0 10-6 r 195 279 338 
Copper .. es _ =~ - i ‘| 97-5 131-2 150-1 } 5,020 6,327 7,159 
Brass ‘ ‘ a 14-2 | 17-2 i 967 1,143 | con 
Lead ote — -- 141: | _ -- 2,05: 
Rubber .. ia oe os ° — 5-9 6-8 8-4 238 435 525 
eee, Gf 74 OI 9-2 1:5 | 316 345 420 
Porcelain - ee = ee ° -| 6-9 | 7°38 8-4 449 587 | 638 
Synthetic Resins— - ; | | a ons 
a and powder | 2-4 3-7 | 4-6 189 oo! Far 
FF " 0-6 | 0-8 | 0-9 159 
Wireless parts - | _— — | — — -— | 4,381 
Fuel and Electricity— } | | oe s71 
Coal .. fea - 391 - - 
Coke .. mn a - ‘ 68-0 — 98 
Heavy fuel oil (1000 gallons) * bs rae | 6,195 — 112 
Purchased electricity (1000 kWh) . . <a | 305,356 | = ee: . 885 
Other purchased material ne is a - — | 25,059 | 31,298 26,716 
SS] EEE ee Tee Rennes Sie 
| 33,627 | 42,279 49,214 
| | 


The mechanical-engineering industry is the most 
important individual consumer of iron and steel 
finished products and is also an important consumer 
of pig iron. In 1935, the industry consumed 
369,900 tons of pig iron out of a total available 
supply of 6,459,200 tons, of which 4,653,800 tons 
was consumed in the production of steel. In the 
case of iron and steel bars and rods, the mechanical- 
engineering industry consumed 245,800 tons out 


| of an available supply of 4,291,600 tons ; of plates 
|}and sheets, 387,600 tons out of 2,575,200 tons— 


in this field mechanical engineering is the second 
most important consumer, being exceeded only 
by the hardware, hollow-ware, metallic-furniture 
and sheet-metal industry, which took 537,000 tons ; 





|87 per cent. of that of girders, beams and joists ; 
|and 33 per cent. of that of plates and sheets, as 
| well as considerable tonnages of cast iron and of 
| iron and steel bars and rods. Next in importance 
| as a consumer of iron and steel is the prime-movers 
| and boilers section, which took important tonnages 
| of pig-iron, bars and rods, plates and sheets, wrought 
| tubes and castings. This group and marine engineer- 
|ing are the most important consumers of copper 
and non-ferrous alloys in the mechanical-engineering 
|industry. The detailed consumption figures are 
shown in Table XI, on page 36. 

| The electrical-engineering industry is, of course, 
|a much more important consumer of non-ferrous 
| metals, particularly of copper and lead. There is 


of girders, angles, shapes and sections, 808,000 tons | also a considerable consumption of iron and steel. 
out of an available supply of 1,335,300 tons; of| although this is much less important than that 


tubes, 55,900 tons out of 492,200 tons, and of cast- | 


of the mechanical-engineering industry. Separate 


ings, 358,800 tons out of a total production for! figures for the various branches of the electrical 
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industry are also given in the Census Report for 
the first time for 1935. These are shown in Table 
XII, on this page. As would be expected, the greater 
part of the iron and steel consumed is used in the 
production of electrical machinery, with the excep- 
tion of steel wire and tape, which is consumed pri- 
marily in the manufacture of electric wires and 
cables. The cable industry also takes a high 
proportion of the total consumption of copper and 
lead, and in 1935 accounted for 120,900 tons of 
copper out of a total consumption by the electrical 


TaBLe X.—Aircraft Industry. 
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recovered from scrap, so that the cable industry 
took just over 25 per cent. of the total and the 
electrical-engineering industry as a whole 36-5 per 
cent. Of the difference between these two 
figures, the greater part represents consumption 
in accumulators. Table VIII, on page 35, shows 
that the consumption of copper expanded particu- 
larly rapidly between 1933 and 1935, indicating 
that activity was increasing more rapidly in the 
cable industry than in other branches of electrical 
engineering. Comparable figures for lead, however, 
are not available for 1933 and 1934. The growth 
in rubber and paper consumption is also to be 
attributed largely to the increased activity of the 





industries. The motor industry is also an important 
consumer of iron and steel in the form of castings, 
forgings and pressings. The direct consumption of 
non-ferrous metals is not of great importance except 
in the case of aluminium, of which 8,800 tons were 
used out of a total estimated consumption of approxi- 
mately 56,000 tons, including metal recovered from 
scrap. A large part of these purchases, however, is 
believed to consist of scrap metal. 

An interesting feature of Table IX, on page 35, 
is the degree to which the manufacture of motor 


Taste XIII.—Consumption of Fuel by the Engineering 
Industries, 1930 and 1935 (1000 tons). 








— cable industry, as these materials are used mainly ’ nee (STN SEN 
ay ae as insulation in the manufacture of cables. — | ingineer- agiecer- “and | Aircraft. 
' There was also a steady rise between 1933 and | img. | ing. | Cycle. 
—s — 1935 in the consumption of synthetic resins, which = 2. a See 
Steel bere and rods : ae 155 increased from 3,000 tons in 1933, to 5,500 tons in | coa): 1930 .. 818-2 317-4* | 231-2 11-6 
tubes 0-8 7 1935; but this was not accompanied by any fall on a. | ee +t *} 
* Sous and cable o-7¢ | 107 |in the consumption of brass, although plastic | “** i935. air? | 68-0-| es-o+] 8-6 
Aluminium and aluminium alloys 2-1 571 materials have now displace | brass for switch covers | Electricity To age | (1000 B.T}.U.). 
yl eerewg areal 38 and certain other lighting accessories. Actually,| "jo39 125,506 | 28,152 | 29,113 | 1,332 
Linen piece goods (1000 sq. yards) 945-0* 54 however, the quantity of synthetic resins consumed i = ce as 131,313 41,802 | 73,856 | 1,227 
Oncleenined materia — _ in the production of electric-lighting accessories is "werke wader same 
Fuel and electricity a comparatively small on a tonnage basis, amounting —: g.s7 enee 
— a i 8 to only 500 tons in 1935. The most important uses 1935 me 8238 115 447 1.157 
Heavy fuel oil (1000 gallons) 1,524 26 of synthetic resins in the electrical-engineering | Electricity purchased: 188,584* | 180,416 | 13,239 
Other pte pet fuel = 2 501 industry are in the production of wireless apparatus, 1935 a 305,241 | 302,963 | 36,212 
ns oa which took 1,600 tons in 1935, and in electrical] | Total electricity: | c an 
Totes 5,197 machinery, for which 1,400 tons were used. In 1930. -] Senaee | $27,000" | senses | Aer 
° , 1935 | 615,366 305,241 377,266 38,596 


* These items were returned in part by values only. The 


tonnage figures are therefore partly estimated 


TABLE XI.—MECHANICAL ENGINEERING 


considering these figures it must not be overlooked 
that plastic-moulding powders are comparatively 


CONSUMPTION OF 
1935 (1000 TONS). 


Conveyors, | Printing and 


~ * Great Britain only. 
+t Estimated. 


MATERIALS AND FUEL BY PRINCIPAL CONSTITUENT GROUPS, 


Other 























Prime- 
: ’ Textile Machine +- Agricultural Marine Con- Repair rotal 
—. Machinery Tools. Guan Sectinery’ | Machinery. | Engineering. | structional Work. Groups. Total. 
Iron and Steel | 
Pig-iron 39-3 15-4 7-0 2-8 12-9 20-2 41-2 2-1 164-1 369-9 
Bars and rods 20-3 12-1 10-0 4-0 9-6 7-4 44-6 3-7 114-7 245-8 
Angles, shapes, et« 2-7 0-3 19-1 0-2 1-2 4-2 212-2 1-2 118-8 372-0 
Girders, beams, etc 0-6 0-1 7°3 0-1 0-6 381-5 3-2 32-5 436-0 
Plates and sheet 4-6 1-5 12-6 0-3 3-8 29-1 | 126-8 2-0 143-9 387-6 
Wrought tubes 11 1-2 0-3 0-5 6:4 10-8 0-6 22-4 55-9 
Iron castings 18-0 34-8 13-3 9-9 4-6 21-6 12-9 3-8 122-8 288-0 
Steel castings 1-5 2-5 8-2 0-2 0-9 6-5 2-7 0-5 34-6 70-8 
_ voreings 1-4 3-3 1-7 0-9 0-7 14-4 1: 0-7 27-8 69-3 
Copper 0-6 0-1 0-2 0-1 1-8 0-3 0-1 11-7 17-6 
Aluminium 0-2 0-1 0-1 0-1 2-3 3-0 
Tin 0-3 . 0-2 0-1 = 1-4 2-3 
Non-ferrous alloys 1-5 1-0 1-0 0-4 0-1 4-4 1-2 0-4 29-5 43-2 
‘ 
Coal 80°7 17°5 11-1 9-0 16-3 51-9 38-0 11-2 264-0 720-1 
Coke 40-8 10-9 2-8 5-9 9-9 36-2 37-4 5-8 184-1 417-7 
Heavy fuel oil (1000 gallons) 427 81 142 92 441 3,803 895 301 4,875 14,459 
Electricity (1000 kWh) 44,739 34,473 15,391 6,991 7,279 51,404 42,183 8,806 210,024 484,053 
TABLE XII.—ELECTRICAL ENGINEERING : CONSUMPTION OF MATERIALS AND FUEL BY PRINCIPAL CONSTITUENT GROUPS, 
1935. (1000 TONS.) 
Electric Telegraph Wireless ‘ . , Electrical | 
Electrical Wires and Wireless Valves and | Batteries Electric Heating and | - 
Machinery and Telephone Apparatus Electric - and Lighting Cooking | a... Total. 
Cables Apparatus Lamps Accumulators. Accessories. Apparatus. . 
Steel wire and tape 1-4 32-9 | 0-1 0-2 0-4 0-1 5-4 41-6 
Steel plates and sheets 57-3 0-5 3-3 7-4 0-1 1:3 6-0 20-3 96-2 
Iron castings 35-3 4-0 1-4 0-2 0-1 0-1 2-5 8-1 4-6 56-3 
Steel castings 5-8 0-3 * 0-5 6-6 
Steel forgings 10-¢ 0-1 _ 0-5 10-6 
Copper 15-7 120-9 52 1-4 0-1 0-3 0-6 5-9 150-1 
Brass 5-4 2-8 9-1 2-1 0-6 0-6 2-9 | 1-1 2-8 20-4 
Lead 0-2 99-1 10-1 0-2 0-1 25-3 " 6-4 141-4 
Rubber 0-4 71 0-2 0-2 0-1 — 0-4 8-4 
Paper 0-5 7:6 0-8 0-6 0-3 - = 1-7 11°5 
Porcelain 4-6* 0-6* 0-1 1-6* 1-0* 0-5 8-4 
Synthetic resins | | 
Lump and powder 1-1 0-4 . f1-5 0-3 0-4 one | 4-6 
Others 0-3 oi) Ove 10 } O-1 0-1 0-1 a 0-8 0-9 
Fuel and electricity 
Coal 136-9 114-1 37-2 26-0 17-4 | 1-0 6-3 50-3 391-3 
Coke . 30-4 7-0 1-4 4-8 5-3 2-2 3-0 11-0 68-0 
Heavy fuel oil (1000 gallons) 523 2,780 150 415 234 Sy 45 1,438 6,195 
Purchased electricity (1000 kWh) 100,388 76,470 15.745 15.579 19.843 3,682 12,927 38,598 305,356 
Cake Vou * These items were returned in part by value only. The tonnage figures, therefore, are partly estimated. 7 “a nae 7) — 
industry of 150,100 tons. The corresponding | light, especially after the incorporation of the filler. ; bodies, engines and chassis is carried on in separate 


figures for lead were 99,100 tons out of 141,400 tons. | The total production of synthetic resin in powder | establishments. In 1935, firms making returns on 
It is also interesting to compare these figures with | form, including moulding pow der in which the value | schedules for the motor industry purchased 99,600 
the total available supply of copper and lead in| of the resin is not less than 50 per cent., was 11,550 bodies for private cars, 28,052 bodies for commer- 
the United Kingdom. In 1935, the total available | tons in 1935, and of this 4,600 tons was taken by | cial vehicles, 105,949 engines for cars, and approxi- 








supply of copper is estimated at 214,000 tons, The Census 
of Production gives an interesting table showing the 
principal subdivisions of the industry in 1935. 
There were 53 firms manufacturing private cars and 
chassis, with a gross output valued at 66,526,000/. ; 
the same number manufacturing commercial 
vehicles and chassis, with a gross output of 


so that of the total the cable industry took 56-5 per 
cent. and the electrical-engineering industry, as a 
whole, about 70 per cent. It will be seen that very 
little copper is used by the heavy section of the 
industry. In the case of lead the available supply 
in 1935 was about 388,000 tons, including lead 


the electrical-engineering industry. 

Figures for raw-material consumption by the 
|motor industry are not available in any detail for | 
years other than 1935. The industry is the third | 
largest consumer of steel sheets, the consumption | 
in 1935 being surpassed only by that of the hard- | 


ware and hollow-ware and mechanical-engineering | 


mately 17,700 engines for motor cycles. 
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15,048,000/. ; 303 firms manufacturing motor bodies 
and parts, including trailers and sidecars, with a 


output of 29,745,000. 

Table X, opposite, shows the consumption of 
materials and fuel by the aircraft industry in 1935, 
the only year for which figures are available. 
most important materials are aluminium 
aluminium alloys, of which 2,100 tons were 
sumed. 

Although, in some cases, comparison can be made 
between the tonnages of materials purchased in 1933, 
1934 and 1935, in general the figures are not available 
in sufficient detail to enable conclusions to be drawn, 
for example, as to the gradual replacement of one 
material by another. In the case of fuel, on the 
other hand, direct comparison is possible between 
1930 and 1935. The figures for the consumption of 
coal, coke and electricity in the two years are shown 
in Table XIII, on the opposite page. 

In the case of mechanical engineering, while the 
value of gross output increased from 165,276,0001. in 
1930 to 171,788,000/. in 1935, the consumption of 


and 
con- 


coal fell from 818,200 tons to 720,100 tons, a decline | 


of 12 per cent. The consumption of coke, on the 
other hand, rose by 5-6 per cent., from 391,900 tons 
to 417,700 tons. An even greater increase took 
place in the consumption of electricity, which rose 
by 21-5 per cent., from 506,209,000 units in 1930, 
to 615,366,000 units in 1935. In addition, the 
industry consumed 14,459,000 gallons of heavy fuel 
oil in 1935, but no comparable figure is available for 
1930. There has been, therefore, a distinct move- 
ment away from the use of raw coal, which has 
been replaced by coke and electricity, and probably 


The | 


ParK AND Gotr-Coursr Tractor; Messrs. Bristot Tractors, LIMITED. 


| also by oil fuel. 


| electricity of which the consumption rose by nearly 
| 27 per cent. 

| The returns for the electrical-engineering industry 
direct comparison can be made between 1930 and 
similar substitution of electricity for coal was taking 
place, for while the coal consumption for the 
United Kingdom in 1935 exceeded that for Great 
Britain in 1930 by 23-6 per cent., the corresponding 
Even allowing for the exclusion of Northern Ireland 
from the 1930 returns, however, it is clear that the 


absolute consumption of coal. 


all-round increase in fuel consumption. The increase 


case of coal. 
consumption by 165 per cent. 


the largest consumers of coal. 





It is interesting to note that there | 
was only a small increase in the amount of electricity | 
gross output of 13,994,000/. ; and 354 firms manu- | generated in the same works, and by far the greater | 
facturing other parts and accessories, with a gross | part of the increase was accounted for by purchased | 


for 1930 related to Great Britain only, so that no | 


1935. The available figures, however, show that a | 


increase in the case of electricity was 40 per cent. | 
|is carried 


expansion of the industry between the two years | fine the tilth. 
was sufficient to prevent any contraction in the | said to be exceptionally easy, and the work can be 


Of this amount, 16,730,000 tons were consumed at 
gas works ; 12,240,000 tons at electricity generating 
stations ; 12,290,000 tons by railway companies ; 
10,790,000 tons in blast furnaces ; 11,610,000 tons 
| as engine fuel at collieries ; 7,470,000 tons at iron 
and steel works; and 1,250,000 tons in vessels 
engaged in the coastwise trade, leaving 92,090,000 
| tons for general industrial and domestic consump- 
|tion. The total consumption by the engineering 
| industry, including the railway carriage and wagon 
| building and carriage, cart and wagon industries, 
|as well as those given in Table XIII, amounted to 
| 1,576,900 tons. A further 699,000 tons was con- 
| sumed by the non-ferrous metals industries, and 
94,800 tons by the shipbuilding industry. When 
the remaining parts of the 1935 Census of Produc- 
tion are published, it will be possible to compile a 
| very detailed statement of the coal consumption of 
| the country. 

(To be continued.) 
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| AmoneG the exhibits of Messrs. Bristol Tractors, 
| Limited, Blake Hill Works, Idle, Bradford, which 
| this year appeared on the stand of Messrs. Roadless 
Traction, Limited, was a new unit cultivator of the 
| firm’s own manufacture. This implement, which is 
| illustrated in Fig. 18, on this page, is fitted with a 
| Spring-assisted lift, which enables lifting to be 
effected by a single lever movement with only a 
light pull. The lifting mechanism is attached to 
| the rear end of the tractor by eight bolts only, 
}and can be removed as a unit without disturbing 
| the two tension lifting springs. The cultivator 
frame is pivoted at the front end of the tractor 
on two draught pins, and removal of the frame is 
|effected by removing these two pins and driving 
the tractor out. The main frame of the cultivator 
|comprises two deep-section angle bars, and the 
| tools are attached to angle brackets clamped on 
| two rectangular bars. There are two sets of bars 
| for the tools, and nine tines can be accommodated 
| for cultivating, as shown in the illustration. Three 
| ridging bodies can be mounted on the frame, com- 
| plete with marker. The ridges can afterwards be 
split, using two ridging bodies. Any variety of 
|tool can be fitted, including tines for cultivating 
after ploughing, ridging bodies, and side and centre 
hoes for row-crop work. The frame is designed 
with the object of keeping weight down to a mini- 
mum with ample strength. The frame is lowered 
by a small lever releasing a pawl engaging with the 
ratchet wheel operated by the lifting lever. A 
cross-shaft is carried on the frame fitted to the 
rear of the tractor, and the two large tension 
springs are connected to this shaft. A lever from 
the rear of the cross-shaft transmits the spring 
tension to the frame. Two land wheels are mounted 
}on the frame for depth regulation. The springs 
are so designed that the weight of the frame is a 
small amount in excess of the tension, giving a 
very light lift. Apart from the ease in lifting, 
another advantage is that only a small weight 
on the land wheels, which do not, 
|therefore, sink into the ground no matter how 
Owing to this condition, steering is 


' 


kept under fine contro]. In action, the cultivator 


The experience of the motor and cycle industry | frame can move up and down independently of the 
was very similar to that of electrical engineering. | tractor rise and fall, and holds to the ground at all 
There was a considerable increase in the gross output | times. 
of the industry, from 122,906,0001. in 1930, to factured by Messrs. Ransomes, Sims and Jefferies, 
151,026,000/. in 1935, and this brought about an/| Limited, and are easily adjusted for depth, etc. 


All the tools fitted to the frame are manu- 


Messrs. Bristol Tractors, Limited, also exhibited 


in the case of electricity, however, was one of|the special park and golf-course model tractor, 
76-5 per cent., against only 24-5 per cent. in the | illustrated in Fig. 19, on this page, coupled to 
In the aircraft industry, coal con-|a gang mower. 
sumption increased by 108 per cent. and electricity | well-known tractor have been retained, but special 


The main features of the firms’ 


broad smooth wooden pads have been fitted to the 


The engineering industry is by no means one of | ground shoes of the tracks, and a castor wheel has 
According to the | been mounted at the front of the tractor, as shown. 
Annual Report of the Secretary for Mines, the total | This wheel, which is fitted with a low-pressure tyre, 
consumption of coal in Great Britain (i.e., excluding | carries little or no weight, but serves to steady the 
‘Northern Ireland) was 164,470,000 tons in 1935.! machine against fore and aft pitching. 


Such 
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24-3 Cus. Yp. Dumper; Messrs. AVELING-BARFORD, 
LIMITED. 














Domestic Pumpine Set; MEssrs. 
LIsTER AND Company, LIMITED. 





Fie. 23. 
LisTteR AND Company, LIMITED. 


pitching is not only detrimental to the work at 
high speeds, but uncomfortable for the 
driver. All mowing is done on top gear, and on this 
gear the machine is capable of hauling a gang of 
mowers with ample of power to 
surmount appreciable gradients. The illustration 
shows the tractor drawing a three-gang mower. 
The fitting of the castor wheel overcomes the 
objection to a track machine, while enabling full 
advantage to be taken of its ability to perform 
mowing even on wet turf without the damage to 
the surface, which is inevitable with wheel slip. 
The standard Bristol tractor was described in 
ENGINEERING, vol. 138, page 10 (1934), and it 
will therefore be sufficient to recall that it is fitted 
with a specially-constructed Jowett twin-cylinder 
water-cooled engine. The cluvch is of the Borg 
and Bech single-dise dry-plate type; the tractor is 
provided with three forward speeds and reverse, 
the second gear being direct; and the track is of 
the rubber-jointed type. Steering is through the 
differential by a centrally-located lever. 

In ENGINEERING, vol. 144, page 535 (1937), a 
description was given of a 24-3 cub. yard dumper 
manufactured by Messrs. Aveling- Barford, Limited, 
Grantham. In this description, it was mentioned 
that when gravity discharge was impracticable, 
tipping could be effected by utilising the torque 
reaction of one of the brakes. This device allows 


is also 


seven reserve 


Dreset-Enarvne Lieutine Set; Messrs. R. A. 


R Fia. 24. 


instantaneous ejection of the load even when the 
dumper is facing uphill, and resets the body when 
the load is cleared. The operation is performed by 
the driver without having to leave his seat. The 
essential features of the arrangement are shown in 
Figs. 20 and 21, on this page. When the foot brake 
is applied, the brake shoes a tend to rotate round 
the axle, and together with their anchorage plate 5, 
can do so within certain limits, provided that the 
body c is at the same time released by the catches d, 
operated by the hand lever shown. Attached to the 
brake anchorage plate is an arm e, which, in turn, 
is coupled to the body at f by a link g. The latter 
link pulls down the front of the body when required, 
as shown by the dotted lines. After the load is 
discharged, the body is returned to the normal 
position by reversing the action of the brake, that 
is, by putting the gears in reverse. During the time 
that the body is locked by the catch d, the brake 
will act in the ordinary way, since the anchorage 
plate 6 cannot move in these circumstances. When 
the body reaches a stop which limits its travel 
during discharge, a violent ejecting motion is 
imparted and the load is cleanly ejected. Only 
if the load is exceptionally sticky will any of it 
remain in the body, and in such a case, the operation 
can be repeated. The duimper itself was described 
in the article referred to, and it may be recalled 
that the front axle is fixed, its only function being 


Potato Digger; Messrs. BamMrorps, LIMITED. 


to carry the weight of the load. The gearbox casing 
and shafts are therefore relieved from the bending 
stresses set up when carrying the load over rough 
ground. ‘The axle is carried on brackets mounted 
directly on the frame of the dumper. The distri- 
bution of the weight on the front and rear wheels 
has been given careful attention, and actual tests 
have shown that, when standing on an incline of 
1 in 3 in the fully-loaded condition with the rear 
wheels higher than the front ones, the weight on the 
rear axle is only 10 ewt. 

A new Diesel-electric generating set of the auto- 
matic non-battery type was exhibited by Messrs. 
R. A. Lister and Company, Limited, Dursley, 
Gloucestershire. This set, which is known as the 
** Start-O-Matic,” is illustrated in Fig. 23, above. 
It has been introduced to meet the conditions 
when the fully-automatic type employing a line- 
voltage battery is not desirable. The only battery 
is a small unit of the car type. The engine is 
started automatically by switching on a light, or 
any appliance on the line, and only a very short 
delay occurs before the plant is in full operation 
and the generator is supplying current according 
to the load. The engine stops automatically as soon 
as the demand for current ceases. The switch-gear 
is simple, and is mounted in the compact steel case 
shown in the illustration on the right. The set is 
made in two models, having outputs, respectively, of 
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There are two dise-type flywheels, as shown, 25 in. 
in diameter by 3}-in. face. Lubrication is by pump- 
feed to the main bearings and by splash to the big- 
end and small-end bearings. The smaller set has 
a fuel consumption not exceeding 1-5 pints per hour, 
and the larger set has a consumption not exceeding 
2-5 pints per hour. 

The dynamo is of the screen-protected type, 
having two armature windings, one for high and 
the other for low voltage. The high-voltage wind- 
ing is arranged to supply the lights in series with 
the low-voltage winding and compound series 
winding. The low-voltage winding is used to start 
|the engine from the starter battery in conjune- 
tion with a special starting shunt winding. The 
temperature rise does not exceed 72 deg. F. above 
the surrounding atmosphere after continuous 
| running at full output. The dynamo is fitted with 
ball bearings. The switchgear and battery cubicle 
can be placed in any convenient position relative 
to the dynamo and engine. The switchgear is 
| mounted on a moulded asbestos-composition panel, 
|and consists of load-detection relays, starting con- 
| tactor gear, fuel and compression-ratio controls, and 
| reverse-current protection. The delay mechanism 
| is controlled by thermostatic elements. The equip- 
| ment includes a voltmeter, output ammeter, and a 
| battery-charging ammeter. As will be clear from 
| the illustration, the engine is coupled to the dynamo 
| by a Vee-belt, both units being mounted on a cast- 
| iron base plate. 

Another new exhibit shown by Messrs. Lister was 

| the domestic pump illustrated in Fig. 22, opposite. 

| As will be clear from the illustration, this pump forms 

| a self-contained unit with the driving motor, and the 
current demand is so small that it can be operated 
from a private lighting plant, if necessary, The 
pump has a capacity of 250 gallons per hour, with a 
vertical suction of 25 ft. and a total head of 80 ft., 
jand with current at Id. per unit will pump 1,000 
| gallons of water at a cost of less than 2d. Only a 

| small storage tank is required, as the supply can be 
| replenished automatically as the level of the water 
| falls. This is effected by a float switch with mercury . 
| contact. The motor is mounted above the pump as 
shown, the drive being by Vee-belt. The pump 
itself is a double-acting horizontal plunger model, 
| the cylinder and piston being in the base of the air 
| vessels shown on the left. The piston rod passes 
|out of the vessel through a packed gland, and 
' terminates in a bronze crosshead to which the con- 
necting rod is coupled. The piston rod is of bronze, 
as also is the connecting rod. The crankshaft is of 
| steel. The crankcase is enclosed, lubrication of the 
1-5 kW and 2-5 kW, and both models can be|and chemical action. The cylinder head incor- | big-end and small-end bearings, together with the 
supplied for line pressures of 110 volts or 220 volts. | porates the well-known Lister combustion chamber, | crosshead, being by splash. The bearings are readily 
The engine is of 3} brake horse-power for the smaller| and is fitted with overhead valves operated by | accessible on removal of a cover at the end of the 
set, and of 6 brake horse-power for the larger set, | push-rods. The camshaft is of case-hardened mild- crankcase. Escape of oil past the crosshead is 
both engines being of the Lister cold-starting airless- | steel ground all over. The crankshaft is of 30-35) prevented by a pressed cover through which the rod 
injection type running at 650 r.p.m. The follow- | ton tensile steel, and the connecting rod is a carbon- | passes, the oil draining back through a hole to the 
ing particulars apply to both engines: The cylinder | steel drop forging. The big-end bearing is of | crankcase sump. The air vessel is divided into 
bore is chrome-hardened by the Van der Horst | phosphor-bronze lined with white metal, and the | upper and lower chambers by a horizontal partition 
process, giving a surface highly resistant to wear|small-end bearing is bushed with phosphor-bronze. ' containing the plate delivery valves. The cylinder 








Fie. 27. Frrtitiser Distrisutor; Messrs. W. N. NICOLSON AND Sons. 

















Fig. 28. HAYMAKING MACHINE; Messrs. W. N. NICOLSON AND Sons. 
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is fitted with a brass liner. A snifting-valve is 
provided at the top of the air vessel. The pump 
delivers into the pressure vessel shown on the 
left in the illustration. The pressure in this vessel 
controls the starting switch through a diaphragm. 
A relief valve, visible on the front, is fitted to 
the pressure vessel. All the bright parts of the 
pump are chromium-plated. The overall length of 
the unit is 1 ft. 6 in., the overall height is 1 ft. 3 in,. 
and the overall width is 9} in. The gross weight 
is 94 Ib. 

The potato digger illustrated in Fig. 24, page 38, 
is a new machine exhibited by Messrs. Bamfords, 
Limited, Uttoxeter. It is a light-draught machine, 
with an all-steel frame, and is equipped with six 
sets of digging tines mounted on an inclined shaft, 
the tines projecting downwards with the points 
curved away from the direction of rotation, so that 
the crop is gently lifted and no bruising of the 
potatoes occurs. Haulm picker bars are also fitted 
on the periphery of the reel. The share, which is 
adjustable in depth, raises the ridge, and the fork 
reel, which is immediately behind the share, gently 
sweeps the crop on to the side reel, which acts as a 
sieve and removes the earth from the potatoes, 
leaving them on the ground in even rows ready for 
picking up. An important feature of the machine is 
that the bevel gears for both reels are completely 
enclosed and dustproof, the casings also acting as 
grease boxes so that the gears are always kept 
clean and well lubricated. The ratchets are enclosed 
in dustproof housings, and the road wheels are 
adjustable to suit varying widths of rows. The 
tirm’s well-known “Triumph” potato diggers were 
also shown. 


A new tractor-trailer mower, shown by Messrs. 
\. (. Bamlett, Limited, Thirsk, is illustrated in 
Fig. 25, page 39. The machine is provided with 


a lifting jack, enabling it to be coupled up to the 
tractor by one man. While incorporating the 
leading features of the firm's other mowers, such 
as the Bamlett double-drive, an entirely new feature 
is that the tool box is of steel and is combined with 
the oil tank. The latter has a drip feed to the inside 
shoe, which automatically oils the knife-head, knife 
slide, and connecting rod. Efficient lubrication of 
these points has been found to be essential at the 
high speeds attained with a tractor-trailer machine. 
The connecting rod is fitted with a double-row self- 
aligning ball bearing, and all the gears are enclosed. 
The tractor pole and draw-bar are entirely of steel, 
with spring coupling and spring release, the latter 
automatically disconnecting the trailer mower if it 


meets with an obstruction. The spring release 


consists of a pair of hinged jaws inside the casing | 


shown on the extreme right in the illustration. These 
jaws embrace a pin on the drawbar, and are held 
together by the spring on the side of the casing. 
If the load becomes excessive, the jaws are forced 
open against the pressure of the spring and release 
the pin. The spring compression is adjustable by 
means of a hand nut. The inside grassboard is 
adjustable, and the wheels are provided with wide 
treads and effective grippers. A light pull on the 
lever is sufficient to raise or lower the cutter bar. 
Among the exhibits entered for the Society's 
silver medal was the electric dairy sterilising chest 
illustrated in Fig. 26, page 39. This chest, which 
was shown by Messrs. The General Electric Com- 
pany, Limited, Magnet House, Kingsway, W.C.2, 
although occupying only about 3 ft. 6 in. square 
floor space, will give complete sterilising for a 
medium-sized farm as well as hot water for washing 
up, and a steam jet for churns and milking-machine 
parts. The chest has a capacity of 27 cub. ft., 
and the loading is 6 kW. Special attention has 
been devoted to ensuring convenience in installa- 
tion, operation, and maintenance. All the controls 
and parts which may require inspection are readily 
accessible from the front. Access to the heating 
elements is particularly easy, and replacements can 
be quickly effected on site without disturbing the 
heating cylinder, while inspection and adjustment 
of the ball valves is also a simple matter. Steaming 
commences within a few minutes of switching on, 
and the steam cut-off is instantaneous and positive, 
resulting in the immediate drying of the utensils, 
thus preventing rusting. A pressure steam jet for 
the churn stool, milking-machine rubbers, and so 


EERING. 


ENGIN 
on, is obtainable from either side. The elements 
are protected against burning out by an automatic 
water feed. A high efficiency with minimum water 
consumption is assured by the positive return of 
the condensate to the heating compartment, and 
this also minimises the formation of scale when 
only hard water is available. The door opens to the 
full height and width of the chest, facilitating the 
loading of the utensils. The chest is of all-metal 
construction, and all parts galvanised after 
manufacture. 

Messrs. W. N. Nicolson and Sons, Newark-on- 
Trent, entered two exhibits for the Society’s silver 
medal. The first of these, an improved distributor 
for artificial fertilisers, is illustrated in Fig. 27, 
page 39. This machine is generally similar in 
principle to the firm’s earlier models, but incor- 
porates a number of improvements. Among these | 
may be mentioned the fact that the feed discs are 
quickly removable for cleaning without the use of a | 
spanner, making the machine very easy to set) 
free if it has been left uncleaned after use and the 
fertiliser has set hard. It also enables the hopper 
to be emptied easily, and other parts to be readily 
cleaned down, as they are more accessible. The 
gearing is all self-cleaning where exposed, or is 
covered in with specially-shaped guards. which 
practically exclude all fertiliser dust. The bearings 
of all the feed and distributing mechanism are 
pressure-grease lubricated, and special precautions 
are taken in important cases to exclude fertiliser 
dust. By a simple arrangement the travelling 
wheels can be worked in two positions, to set the 
distributor plates close to the ground for broad- 
casting or well up to clear the tops of the ridges 
when sowing drills. When broadcasting in the 
low position with windboards, the fertiliser is well | 
and evenly laid down on windy days. When drill | 
sowing, the extra clearance allows the best possible | 
work to be done and the fertiliser to be put exactly | 
where it is wanted in the drills. A special feed-| 
shutter arrangement is provided for drill sowing, | 
which enables the machine to be set so as to deliver | 
exactly the same quantity of fertiliser to each | 
of the drills. A tilting screw is provided for setting 
the feed box level on steep ground, and adjustable 
shafts are fitted in addition, so that the feed box | 
can be set level independently of the size of horse 
drawing the machine. The feeding mechanism can | 
be adjusted to sow from 29 lb. per acre up to 
3,000 Ib. per acre with standard equipment. 

The second machine entered for the Society’s 
silver medal is illustrated in Fig. 28, page 39. This 
is a new haymaking machine for turning and 
collecting the swaths cut by a 6-ft. mower. The 
special points about the machine are that when 
set as for swath turning, the heads move the whole 
of the swaths and do not just turn up one end, while 
the tine bars are specially wide to move the heads 
of the swaths, which have usually been pressed 
into the ground by the tractor wheel passing over 
them. When set for raking, the machine moves 
the whole of two swaths, collecting them into one 
row and leaving them light and in an ideal condition 
for sweeping or picking up with a hay loader. 
Although the machine clears 12 ft. of ground at 
one passing, it can be folded up without dismantling 
any part, to pass easily through a 9-ft. gateway. 
The framework is articulated, and the various parts 
of the turning heads are guided by rubber-tyred 
castor wheels, so that they follow uneven ground 
closely. The change over from swath turner to 
collector is quickly made, without the use of a 
spanner. The machine can be supplied for either 
horse or tractor draagit. The gearboxes are fitted 
with roller bearings, making it light to pull. 

Among the other implements shown by Messrs. 
Nicolson are the self-cleaning harrow described in 
ENGINEERING, vol. 138, page 55 (1934), and a 
reversible flexible grass harrow with steel blades. 
The tripods of this harrow have, on one side, thin 
steel cutting blades, three to each tripod, which 
project far enough to cut well into grass, giving a 
much more effective rejuvenating effect than an 
ordinary tripod harrow with blunt chilled points. 
On the opposide side the tripods have the usual 
cast points, backed-off for use on arable land. The 
steel blades and cast points are reversible. 


(To be continued.) 
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THE INTERNATIONAL FOUNDRY 
CONGRESS. 


(Continued from page 24.) 


THE technical meetings of the Congress were resumed 
on the morning of Wednesday, June 14, when two 
sessions were held simultaneously. At Session A, 
the programme contained the titles of five papers, but 
the author of the first of these, Dr. J. E. Hurst, who 
was to have spoken on “ Recent Developments in the 
Centrifugal Casting Process,’ had not been able to 
complete his paper in time for presentation to the 
Congress. We understand that it will be included 
in the printed Transactions. 

The second paper, by Mr. W. A. Geisler (Germany). 
dealt with “The Position of the Development of 
Centrifugal Castings in Germany.” The earliest 
recorded experiments in centrifugal casting, the author 
stated, were made by two Englishmen, A. C. Eckhardt 
and A. Shanks, in 1809 and 1849, respectively. A con 
sideration of the subsequent patents indicated that the 
development proceeded in circles, with frequent 
repetition. The Briede-de Laval process, employing 
water-cooled moulds, was used in Germany for the 
manufacture of pipes. The difficulties with the moulds 
had never been thoroughly overcome and many 
methods of lining them had been evolved. The paper 
described the Halbergerhutte, Ardelt and Billand 
processes, and referred also to the Hurst-Stokes 
process for the manufacture of cylinder liners, using 
air-cooled moulds. Centrifugally-cast bi-metal brake 
drums were discussed, together with other develop- 
ments which were taking place in Germany. 

Major R. Miles, who opened the discussion, asked the 
size of the largest pipes cast centrifugally in Germany. 
Mr. Geisler replied that the standard lengths were 
5 m. or 6 m. (16 ft. to 19 ft.) and the bore 500 mm. 
(about 20 in.). Mr. Malcolm Brown inquired about the 
methods of overcoming unsoundness of the castings. 
more particularly the use of charcoal to prevent it. 
The author replied that too slow rotation of the moulds 
caused laminated castings, while too rapid rotation 
led to fracture of the parts while they were still semi- 
Graphite or charcoal was always used when 
making cylinder liners ; to neglect to use it would lead 
to blowholes. Mr. T. W. Twigger asked how iron 
with 5 per cent. nickel and no copper could be austenitic. 
as stated in the paper. He questioned the practica- 
bility of casting rolls weighing 2 tons at a mould speed 
of 800 r.p.m. In reply, the author explained that. 
nickel being scarce in Germany, they replaced it with 
2 per cent. of manganese and so made an austenitic 
iron much more cheaply than one with 12 to 14 per 
cent. nickel and 5 to 6 per cent. copper. Regarding 
the weight of centrifugally-cast rolls, this often went 
up to 2 tons and at times as high as 15 tons, or even 
more. In reply to a question by Mr. J. Blackiston, 


|who asked if the casting of copper tuyeres was a 


commercial proposition and generally adopted in 
Germany, Mr. Geisler said such tuyeres used to be made 
from forgings, as they had to be very dense. Now 
they were made centrifugally and the forging plant 
had been scrapped. 

Mr. S. E. Dawson expressed the opinion that blow- 
holes in the castings were due to chemical reaction 
and not to the gas in the molten metal. It was 
necessary to have a manganese equivalent of about 
12 per cent. for a high-carbon austenitic iron. The 
author replied that the causes of blowholes and pinholes 
formed a subject too great to discuss. He agreed that. 
with 3 per cent. carbon iron, from 12 per cent. to 14 per 
cent. of manganese was needed to get the desired 
austenitic structure. Mr. Dawson amplified his point 
about blowholes by saying that the gas in solution in 
the molten iron was four or five times the volume of the 
iron, that it was eliminated by the centrifugal-casting 
process; any blowholes were therefore due to chemical 
reaction. Increased speed of rotation could cause 
blowholes because the metal trapped the released 
gases before they could get to the inside of the casting. 
Mr. F. C. Pearce suggested that Mr. Dawson’s conten- 
tion could be readily disproved because one always 
avoided blowholes by making the casting thicker. 
He asked whether the author had any information 
about better and cheaper dressings, also about speeds 
of rotation and minimum thicknesses of liners in 
Germany. Mr. Geisler replied that ordinary blacking 
was cheap and worked well; it was not necessary to 
apply it after every casting. Thicker castings could 
not be considered, as customers would not have them. 
The thinnest castings made had been from ;# in. to 
} in. in wall thickness. 

Mr. M. M. Hallett and Dr. A. B. Everest then 
presented their joint paper on “ Specially Hard Alloy 
Cast Irons for Resistance to Abrasion.” White cast 
irons of high hardness and resistance to abrasion, 
they stated, were developed by controlling the structure 
by means of alloy additions. A typical iron of this 
type was Ni-Hard, which depended upon nickel to 
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produce a martensitic structure in the castings. The | 
precise alloy content and treatment required to attain | 
maximum hardness varied somewhat with the type of | 
casting. The paper gave an account of the mechanism | 
ot hardening with a view to assisting the foundryman | 
to secure the best results. The changes which occur | 
during solidification and cooling of alloy white iron | 
were described, and it was shown that the final hardness | 
of the casting was controlled largely by the temperature | 
range of inversion of the austenite to martensite and | 
the degree to which this change was completed ; it | 
was mainly a function of the carbon content of the | 
austenite. Methods of controlling this and the effects | 
of alloy elements were described, and recommendations | 
made for the best foundry procedure for various types 
of castings. 

The discussion was opened by Mr. R. A. Chavy, of | 
the French Bureau of Nickel, who discussed the effect | 
of the carbon content on the alloy content. Mr. Hallett, | 
in reply, thought that Mr. Chavy’s work and theirs | 
did not seem to be in agreement. By examples from | 
the figures given in the paper he showed that, working | 
over a comparatively small range, the carbon content | 
did not seem to affect the alloy content required for 
any given range of hardness. It appeared to be a com- 
plication that the foundryman could neglect in ordinary | 
practice. Further, they thought that the bulk of the | 
chromiam present went into the carbide, so that the 
chromium content could be substantially neglected, 
reliance being placed upon the nickel to control the 
high-temperature transition into pearlite. These | 
extremely hard irons could not be machined. Mr. P. A. | 
Russell was interésted in the fact that thicker castings | 
could have a lower alloy content, as he had assumed | 
that at least 4 per cent. of nickel was needed to produce | 
martensite. Mr. Hallett replied that extremely small 
castings would be martensitic whatever the alloy content, | 


‘as the formation of martensite depended on the alloy | 


charge and the cooling rate. In grey cast iron the 
nickel content depended entirely upon the thickness 
of the section. With a content of 4 per cent. he thought 
that }-in. and j-in. sections would be martensitic, 
but it was on the border line for 1-in. sections. Mr. 
A. H. Guy, who mentioned that his firm manufactured 
about 500 tons of white iron per month, said that 
they used a mixture of grey and white iron with 0-5 per 
cent. manganese added as a flux. They also added 
0-3 to 0-4 per cent. of chromium and got a Brinell 
hardness of 410. They found that white iron supplied | 
from England for tubular liners did not give that | 
hardness. Several other irons and steels had been | 
tried, but, as cost was a ruling factor, many had failed | 
on that account alone. Dr. Everest suggested that | 
the iron mentioned could probably be developed to a} 
higher hardness and with better results. Mr. Guy | 
replied that, if their iron were too hard, it cracked. | 

Mr. Dawson questioned whether nickel, as stated | 
by the authors, was the principal element in retaining 
the austenite; manganese was twice as strong as 
nickel in this respect, and chromium one and a half | 
times as strong. In steels it was possible to use all | 
manganese or all nickel or all chromium or any combina- | 
tion of them. In high-carbon cast iron the same ratio | 
of 2, 1} and | existed. Manganese or nickel were the | 
important elements in retaining iron in the austenitic | 
condition. Mr. Hallett thought the speaker was | 
neglecting the difference between white and grey irons. | 
In white iron the carbon was there as carbide containing | 
the carbide-forming elements. This applied particu- | 
larly to chromium and to a less extent to manganese. | 
They were not present in the austenite and had little | 
effect on the austenitic breakdown. 

Dr. J. W. Donaldson then read his paper on * The | 
Thermal Conductivity of High Duty and Alloy Cast | 
Irons,” which we reprinted, in abridged form, on page | 
26, ante. In this he described the results of experiments | 
by which the thermal conductivities, from 40 deg. to | 
530 deg. C., of three series of cast irons were determined. 
The series consisted of, firstly, ordinary cast irons with 
and without alloy additions; secondly, high-duty 
irons of over 20 tons per square inch tensile strength ; 
and, lastly, heat-resisting irons. At 100 deg. C., it was | 
found that the thermal conductivity, K, of the ordinary 
irons ranged from 0-110 to 0-120, according to 
their composition. The high-duty irons were found 
to have conductivities ranging from 0-101 to 0-119, 
while the heat-resisting irons tested by the author | 
had conductivities from 0-07 to 0-081 at the same 
temperature. As the temperature increased the thermal 
conductivity in each of the irons decreased. In grey 
cast iron, the author continued, the influence of copper 
was to lower the thermal conductivity in a manner 
similar to that of silicon and nickel, although copper 
had only half the influence of silicon. Where nickel 
and chromium or nickel and manganese were alloyed 
together in cast iron, the influence of nickel was coun- 
teracted to a slight extent by the chromium or man- | 
ganese, and was reduced by replacing part of the nickel | 
with copper. Molybdenum tended to raise the thermal | 
conductivity, similarly to chromium and tungsten | 
but in a lesser degree. Aluminium had a pronounced 





| the manner in which the effect of the various elements | 


| the latter rectangular because it was tangential to the 


| for one melted electrically ; to which the author replied 


| when melted in the cupola. 


| pass, after making a detour to the east of the town, 
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influence in lowering the heat conductivity property 
of cast iron even in the presence of chromium. 

Mr. F. J. Cook paid a tribute to Dr. Donaldson for 
his pioneer work in this field and asked whether the 
amount of combined carbon and, also, of graphite, 
had any effect on the results. The author replied | 
that he had already published his work in that connec- | 
tion, in which he showed that graphite exerted a great 
deal of influence; the combined carbon was not so 
important as the elements in solution. Heat-conduct- | 
ing power was influenced more by that than by actual 
structure ; with a ferrite structure conductivity was | 
high, with a pearlitic structure it was low. Mr. M. M. | 
Hallett wished that electrical conductivities also | 
could have been determined and proceeded to discuss | 
on thermal conductivity was connected with their | 
affinity for carbon. Dr. Donaldson agreed that Mr. 
Hallett’s suggestion regarding electrical conductivities 
would be worth investigating if facilities were available | 
for carrying out the experiments. In reply to a ques- 
tion by the Chairman, Dr. Donaldson said that, in the | 
automobile industry, aluminium pistons were used | 
because they had much higher conductivity than cast | 
iron. In that class of work a cast iron was wanted of | 
good tensile strength with as high a thermal conductivity | 
as possible. The concluding paper in this session, | 
presented by Dr. Ing. Franco Bondi, dealt with 
* Defects in Electrically-Melted Chilled Rolls,” and 
was read in Italian. The paper introduced principles | 
of direct practical interest in the use of the electric 
furnace for casting chilled rolls, and the method of 
conducting the melting practice. Five of the principal | 
defects met with in the production of cast iron in| 
electric furnaces were considered at length, together | 
with the causes and possible remedies for each. 

Major Miles, from the chair, observed that for various | 
reasons the electric furnace was more extensively | 
used in Italy than in this country. Mr. F. J. Cook 
asked whether electrically-melted iron was more prone 
to explosion than ordinary furnace iron; he could 
not understand why it should be, but the author had 
given prominence in his paper to the risk of explosions 
during pouring. Dr. Bondi replied that there were 
no particular reasons for enhanced risk of explosion ; 
it depended upon the proper preparation of the moulds. 
Mr. J. Roxburgh said that Dr. Bondi’s pouring tempera- | 
tures of from 1,150 deg. to 1,190 deg. C., were very 
much lower than those used here, which ranged from 
1,230 deg. to 1.270 deg. C. He asked for information 
regarding the speed of running the moulds, as governed 
by the areas of the down-gates and in-gates ; the thick- 
ness of blacking applied to the moulds ; the reason for 
the ehills being at the high temperature of 300 deg. C. ; 
the composition of the chills; the sulphur content 
of the electric furnace iron used for making chilled 
rolls and, finally, the control of the depth of chill by 
means of the chill test as it applied to the depth obtained 
on the actual casting. Dr. Bondi replied that the 
pouring temperature was kept low because of the risk 
of rolls cracking or containing pin holes. The blacking 
was put on the chills by means of a spray gun, and the 
chills had to be hot enough to cause instantaneous 
drying of the blacking. It was about the thickness of an 
eggshell, but was double that amount on the underside of 
the chills. Sulphur-content was of no importance, 
because they could go to as low a sulphur as they 
wanted with electric-furnace melting ; it was usually 
about 0-012 per cent. They had 10 mm. depth of 
chill on the testpiece, which allowed for 5 mm. of 
contraction and 5 mm. for the cutting of the chill. 
The chills were made of half scrap chills and the re- 
mainder of hematite iron. There was a minimum of 
manganese, about 0-5 per cent.; carbon about 3 per 
cent., and silicon about 2-5 per cent.; all cupola 
melted. The sizes of runners and gates were adjusted 
to suit the size of the casting and the diameter of the 
roll. The relation between the runner and the intake 
was about one to three, the former being circular and 


roll. Mr. R. A. Chavy asked whether the depth of 
chill was the same for an iron melted in the cupola as 


that iron of the same analysis had a chill about 4 or 5 
mm. deeper when melted in the electric furnace than 


(To be continued.) 








THe LEATHERHEAD By-Pass Roap.—The Minister of 
Transport has made a grant to the Surrey County Council 
for the third and final section of the Leatherhead by-pass 
road. On this section there will be dual carriageways, 
each 22 ft. wide, cycle tracks and a footpath. The by- 


now ends at the junction with the London-Worthing-road 
at Givon’s-grove. From this point it is now to be 
extended westwards, at an estimated cost of 111,0001., 
to the Leatherhead-Guildford-road, a distance of about 
14 miles. 





4,450-H.P. ELECTRIC WINDER AT 
THE CHAMPION REEF GOLD MINES, 
MYSORE. 


An electrical winding plant containing many points 
of interest has recently been completed by Messrs. The 
Metropolitan-Vickers Electrical Company, Limited, 
Trafford Park, Manchester, and Messrs. Fullerton, 
Hodgart and Barclay, Limited, Paisley, for the Gifford’s 
shaft in Mysore of the Champion Reef Gold Mines of 
India, Limited. This plant will be utilised to raise 
gold ore from the extremely deep and rich lodes, 
which are now to be exploited, and though it is usual 
to perform such an operation in two or more stages, 
in this case, owing to recent advances in winding 
technique, it will be possible to hoist from even the 
deepest levels in one stage. In consequence of this 
the winding operations themselves will be greatly 
simplified and the handling and hoisting costs con- 
siderably reduced. 

The main winder at Gifford’s shaft is designed for 
raising a net load of 10,000 Ib. in trucks or cages from 
a depth of 6,556 ft. The loaded cages weigh about 
10 short tons and the ropes, one pair of which was 
supplied by Messrs. British Ropes, Limited, Doncaster, 
and the other by Messrs. Wright’s Ropes, Limited, 
Birmingham, are of the flattened type, 6 in. in cireum- 
ference. Each rope weighs about 23 short tons for a 
length of 7,300 ft. The total hoisting load is therefore 
61,200 1b., which is wound from a depth of 6,556 ft. 
in 160 seconds. Generally speaking, the winder is 
similar in size and construction to that described a 
few years ago in ENGINEERING,* but special features 
have been incorporated in order to maintain the 
optimum continuity of output and the highest degree 
of safety on what is one of the longest single lifts in 
the world. There are two exceptionally large bi- 
cylindro-conical drums, each of which is driven at a 
speed of 27-2 r.p.m., by two motors, through a multiple- 
tooth clutch and gearing. These motors are supplied 
from a motor-generator set with two flywheels and a 
slip regulator of the hydraulic type. The small dia- 
meter of each drum, the appearance of which will be 
clear from Fig. 6, on page 46, is 13 ft. and rises 
with eight spiral turns of rope to the large diameter 
of 35 ft. On this diameter there are 52 turns of 
rope in two layers. Either drum can be de-clutched 
and held by brakes and a spragging gun, while the 
other is being turned for rope adjustment or unbalanced 
winds. The larger toothed ring shown in the illus- 
tration is for the spragging gear, while the smaller 
is for the clutch, the sliding portion of which is 
operated by a servo-motor from the driver's platform. 
This servo-motor also operates the spragging gear, the 
arrangements being such that the gear must be fully 
engaged before the drum can be de-clutched. The 
clutches are also interlocked with the brakes, so that 
a drum cannot be de-clutched before its brake is fully 
applied and the brake cannot be taken off a de-clutched 
drum. Separate brakes, of the suspended parallel- 
motion post type, and 18 ft. in diameter, are provided 
for each drum. These are gravity-operated by weights 
and are controlled by brake engines operated by oil 
supplied at constant pressure from a weight-loaded 
accumulator. 

The reduction gears between the motors and drum 
were manufactured by Messrs. David Brown and Sons, 
Limited, Huddersfield, and have double-helical teeth 
with a circumferential pitch of 14 in. The pinions are of 
0-5 per cent. carbon steel and are solid with their shafts. 
The cast-steel gear wheel is of split construction, the 
division of the wheel into halves being necessitated by 
the limitations of size imposed by the Indian Railways. 
The gear ratio is 9-1: 1, which is suitable for a motor 
speed of 248 r.p.m. and a drum speed of 27-2 r.p.m. 
The driving motors have a combined rating of 2,550 h.p. 
to 4,450 h.p., and are of the separately-excited inter- . 
polar, open self-ventilated type, with compensating 
windings. They are provided with Metrovick-Bibby 
type flexible couplings and drive through pinions 
mounted one on each side of the common gear wheel. 
The armatures of the motors are in series with the 
armatures of the generators from which they are 
supplied, the four machines being connected generator- 
motor-generator-motor in order to limit the potential 


| above earth to that of a single armature. 


The converter-equaliser set, an illustration of which 
appears in Fig. 5, on page 46, runs at a synchronous 
speed of 750 r.p.m. and at unity power factor, so that 
it compensates for the lagging current taken by the 
other plant in the mine. It consists of a self-ventilated 
protected type synchronous induction motor, which is 
supplied with three-phase current at 2,100 volts to 
2,000 volts and a frequency of 25 cycles, and is rated at 
1,750 h.p. to 3,000 h.p. This motor is coupled to two 
generators of similar type to the winder motors with a 
combined rating of 1,800 kW to 3,600 kW at 500 volts. 
Mounted between the two generators are two disc-type 





* See ENGINEERING, vol. 139, page 299, et seq. (1935.) 
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control handwheel is mounted 


meen on a desk on the motor- 


generator house floor. The 


torque motor operates di- 
rectly on to a pilot valve of 
the control valve g through 
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flywheels, each weighing 25 tons. The slip regulator, 
which is placed between the synchronous motor and 
the first generator, is of the Vulcan-Sinclair hydraulic 
type, and is designed to permit the flywheels to “* slip ” 
about 15 per cent. in speed when they are supplying 
the necessary energy to relieve the power system of 
the peak demands of the winder. The quantity of oil 
in the circulation system and coupling determines the 
speed slip for any given torque, and to alter the slip 
the quantity of oil in the circulating system is changed 
by forcing oil into it under pressure from a motor- 
driven gear pump, the charging and discharging of 
oil being controlled automatically by a torque motor, 
which is energised through transformers from the main 
high-tension connections to the synchronous induction 
motor, 

The operation of the governing equipment is dia- 
grammatically illustrated in Fig. 1. From this it 
will be seen that the self-pumping coupling a circulates 
oil from the outlet side through the circulatory system, 
which includes the cooler 6, back to the inlet side. 
\ motor-driven pump c¢ circulates oil from the drain 
tank d through the auxiliary circulatory system, which 
comprises the filter ¢, pump ¢ and by-pass regulating 
valve f back to the tank. The two systems are con- 
nected by means of the control valve g, which is 
of the double-piston type, so arranged that when the 
valve is in the mid-position no interchange of oil 
takes place. When the valve is at one end of its 
stroke, the outer circulatory system is connected to the 
preasure side of the by-pass valve f and oil is thus 
pumped by the oil pump ¢ from the drain tank d into 
the coupling. At the other end of the stroke the 
outer system is connected to the drain side of the 
by-pass valve f so that oil is discharged from the 
coupling to the drain tank by the pressure generated 
by the scoop tube. The control valve g is servo- 
operated, the oil pressure for this being obtained from 
the braking system of the winder. The valve is 
operated through levers by the torque motor A, which 
is energised, through a three-phase current trans- 
former, from the supply to the main driving motor of 
the motor-generator set. 

The torque of the torque motor is opposed by a| 
spring #, the initial tension and scale of which are such 
that the motor will start to move from the “ filling ” 
position when the load on the driving motor is 2} per 
cent. below full load, and will be in the “ emptying ” 
position when the load on the driving motor is 2} per 
cent. above full load. The travel of the control valve 
piston is limited by adjustable stops on the torque 
motor. For starting and stopping the flywheel a 


levers, which turn about 
the pin &. This pin is held 
by the float in the drain tank 
d. The pilot valve and main 
control valve are connected 
together by a follow-up lever 
which returns the pilot valve 
to the neutral or closed position as the main valve opens, 
so that the opening of the main control valve is propor- 
tional to the movement of the pilot valve and hence to 
that of the torque motor. As the coupling empties or 
fills, the float rises or falls and operates on the pilot 
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valve through the levers, which now turn about /. | 


This action moves the control valve in the opposite 
direction and returns it to the neutral or closed posi- 
tion when the necessary change in oil level has taken 
place. The control handwheel operates the valve 
through the float lever m, which has its fulcrum at the 
top of the vertical float rod, while the lever connecting 
the torque motor to the valve and turning about / is for 
float operation. The position of the float, and therefore 
the amount of oil in the coupling, at all loads below 
that at which the torque motor is set to operate, 
corresponds to the position of the handwheel. 

The exciter for the Ward-Leonard machine is over- 
hung on the constant-speed end of the shaft of the 
motor-generator set. The exciters for the alternating- 
current motor and the braking exciter are separately 
driven by a squirrel-cage motor. The flywheels have 
been designed to have sufficient stored energy to 
complete a wind if the power supply fails any time 
after a wind has been started. In this event the drop 
in speed of the wheels and generators may be approxie 
mately 50 per cent., and to compensate the generators 
for the reduced voltage a voltage regulator is supplied 
for the field of the main exciter and is direct-coupled 
to the converter set. The field strength of the generators 
and winder motors is thereby maintained to the end 
of the wind, but the generator voltage, and conse- 
quently the winding speed, falls in proportion to the 
flywheel speed. The greater time required to complete 
this emergency wind is, of course, of no consequence. 

Special arrangements are made for the control of 
electrical braking after an emergency trip. Most 
emergency trips on electric winders are due to failure 
of the power supply and excessive winding speeds, 
either during the full speed operations of the winder 
or when approaching the end of the run. In the 
system of controlled regenerative braking devised by 
Messrs. The Metropolitan-Vickers Company the neces- 
sity for the immediate application of the mechanical 
brakes is avoided, the rate of retardation due to electric 
braking being of approximately the same value, irre- 
spective of the speed of the winder, when the emergency 
trip occurs. In addition, servo-operation is provided, 
which reduces the physical effort of the driver; the 
mechanism is shown in Fig. 2. This oil servo mechan- 
ism, to the main control valve of which the driver’s con- 
trol lever is connected, serves as an automatic accelera- 





SERVO MECHANISM FOR BRAKE. 


tion and deceleration governing device for normal contro 
atall parts of the wind. A secondaryemergency solenoid 
is de-energised in the event of an emergency trip due 
to failure of the power supply, excessive winding speed, 
or other causes, which do not entail the failure of the 
main exciter supply and immediate application of the 
mechanical brakes. When the solenoid is de-energised 
the control is taken out of the driver’s hands by the 
operation of a simple change-over valve, and the 
Ward-Leonard controller is automatically retarded 
towards the “ off’ position at a pre-determined rate. 
Consequently, it is claimed, a steady rate of retardation 
is produced until, at a low speed the safety contactor 
is tripped and the mechanical brake is applied to bring 
the winder to rest. The mechanism is also designed to 
allow the driver freedom of movement of his lever 


|over a few degrees on either side of neutral, in order 


to adjust rapidly the generator voltage for inching or 
slow speed control. As the general rates of acceleration 
and retardation beyond this are restricted the danger 
of severe and sudden loads on the motors and generators 
through careless movement of the lever is eliminated. 

In order to bring the motor-generator set to a 
standstill quickly, the alternating-current! motor can 
be used as a dynamic brake by exciting its stator with 
direct-current and dissipating the energy of the set in 
resistances connected in the rotor circuit. Use is 
made of the liquid starter and a bank of metallic grid 
resistances, which are switched into circuit in series 
with the starter by opening a short-circuiting switch. 
The exciting current is provided by a separately driven 
braking exciter, the voltage of which can be varied by 
means of a hand-operated rheostat. This enables the 
converter set to be reduced quickly to about one-third 
of full speed, so that the hydraulic coupling becomes 
incapable of transmitting high reverse torque. The 
set is then brought to rest by means of a handwheel- 
operated friction brake on the flywheel. About 10 per 
cent. of the stored energy in the wheel remains to be 
dissipated by the mechanical brake, and therefore 
special cooling arrangements are not necessary. This 
method of braking, it is claimed, is superior to the 
usual reverse-current braking, which imposes high 
voltages on the rotor windings, while the energy to be 
dissipated is less than half of that entailed by reverse- 
current braking. Protection against overwind is pro- 
vided by Lilly-type overwinders, which are driven 
through gearing from the drum shaft, as shown in 
Fig. 3, on the opposite page. 

These overwinders are designed to give protec- 
tion against overspeed, overwind, too rapid accelera- 
tion, delayed retardation and starting up in the wrong 
direction. In order to enforce a very low speed of 
winding as the cages approach the landing, the over- 
winder is fitted with a Duplex governor, which is 
sensitive down to a speed of 1-5 ft. per second on the 
descending cage. A Lilly controller fitted with a 
duplex governor is illustrated in Fig. 4, where one 
cam dial has been removed to expose the governor 
operating members and link system. The governor on 
the left corresponds te the governor on a standard 
controller, while that on the right is the auxiliary 
governor which takes over the control at the lower 
end of the speed range. The latter is geared to run 
at about three times the speed of the normal governor, 

















JULY 14, 1939. 


4,450-H.P. 


LitLy OVERWINDE 


Fie. 3. 


and therefore becomes operative at a much lower speed 
of the controller drive, ¢.e., of the cage, than the main 
governor. Conversely, it continues in action after the 
latter has become * dead.’’ The secondary governor is 
required to operate with its maximum sensitiveness 
when winding men, and adjustment is provided for a 
much less sensitive setting to give the driver a greater 
margin on both running and landing speeds when 
winding ore. 

An important accessory, which is mounted behind 
the driver’s platform, is the Metrovick deceleration 
governor. This device, which has already been described 
in ENG@INEERING,* is designed to prevent excessive 
application of the brakes, as well as sudden and unneces- 
sarily severe braking impulses. To do this, it controls 
the application of the brakes in such a manner that the 
rate of retardation is limited to a predetermined value, 
irrespective of the speed and load conditions. The 
braking power is always properly controlled in relation 
to the other forces operating on the winder, and this 
not only increases the life and safety of the ropes by 
reducing the magnitude and repetition of the rope 
stresses, but, by preventing sharp changes in decelera- 
tion when men are being raised or lowered, eliminates 
the risk of their being thrown about or injured. From 
the point of view of the winding ropes, the depth at 
the Champion Reef Gifford’s shaft presented an 
exceedingly difficult problem. The great weight of the 
loaded cage and trucks, plus the weight of the rope 
itself, rendered it imperative to work with a high rope 
stress and a comparatively low safety factor, and the 
makers point out with justice that but for the great 
advances made in recent years in the control of mechani- 
cal and electrical braking and overwind prevention 
practice, cage winding from these great depths in a 
single lift would not have been attempted. 

The operation of landing the descending cage, 
without undue shock on the keps or baulks at the 
shaft bottom becomes much more difficult as the depth 
increases. A rope 1} miles long stretches several feet 
when taking up the tension of a loaded cage and this 


elasticity permits the cage to develop vertical oscilla- | 


tions of considerable amplitude if the winding drums 
should be braked violently. Even with carelessly applied 
braking during normal deceleration the descending cage 
may develop a “ swing”’ which must be damped out 
before dropping the cage on to the keps. The varying 
extension of the rope with different loads also results 
in different cage positions which cannot be indicated 
on the ordinary depth indicator. It is therefore highly 


* loc cit. 
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desirable to provide means of indicating to the driver 
the actual position and movement of the cage relative to 
the landing during the final 20 ft. or so of travel. For 
this purpose, Messrs. The Metropolitan-Vickers Com- 
pany have devised an electrically-operated remote- 
position indicator which will reproduce to about half- 
scale the exact movement (positional and oscillatory) 
of the bottom cage on a vertical indicator mounted in 
the winder house along with the main depth indicators. 











THE BRITISH COAL UTILISATION 
RESEARCH ASSOCIATION. 


From the First Annual Report of the British Coal 
Utilisation Research Association which was presented 
at a general meeting held on Wednesday, June 28, at 
Fulham, it is evident that the Association is well on 
its way to achieve one of its objects, namely, to secure 
and retain the initiative in coal-utilisation research. 
The Association, the headquarters of which are at 
54, Victoria-street, London, S.W.1, was registered on 
April 23, 1938, up to which date part of the work 


| 
| 
| 


| had been conducted by the Research Department of 


the Combustion Appliance Makers’ Association (Solid 
Fuel). The Association Council regarded the pro- 
vision of adequate laboratory and experimental facilities 
as forming its first task. An experimental station 
has therefore been established at Rickett-street, 
Fulham, and is expected to be officially opened in the 
early autumn of this year. In the meantime such 
parts of the programme as can be attaced while the 
station is being equippe1 are being dealt with. The 
Director of the Association is Mr. J. G. Bennett, and 
the Senior Research Officers are Dr. D. H. Bangham, 
Dr. H. Heywood, A.M.I.Mech.E., and Mr. J. S. Hales, 
the total research and administrative staff comprising 
20 graduates and 38 non-graduates on December 31, 
of last year. 

The current programme of research is divided 
between long-range researches and work of immediate 
| practical significance. The long-range researches in 
| progress include - 
| fracture, together with packing and flow phenomena ; 
|the surface properties of coal with special reference 
|to the behaviour of moisture; the fundamentals of 





ignition and combustion in solid fuel beds; and the | 


| interchange of energy which takes place in the com- 
| bustion of pulverised fuel. The short-range researches 
jcomprise: an important group of investigations 
referring to the open coal fire; the application of 


a study of the mechanism of coal | 


Litty CONTROLLER AND GOVERNOR. 


| gravity feeding to solid-fuel cooking stoves ; a study 
of the requirements of hotel and institutional cooking 
equipment, with a view to improving the available 
solid-fuel burning appliances ; the causes of irregular 
combustion in small underfeed stokers; the flow of 
| gases through the bed of a large producer ; the trans- 
|mission of hot raw gases through mains; and the 
clearing of flue gases from small industrial equipment. 
Financial support is being given to an investigation, 
now in progress at the Fuel Research Station, Greenwich, 
into the reduction of smoke from open coal fires. 
| While the above outlines the present programme, 
| the functions of the Association will be perhaps more 
|readily grasped from some comments on them made 
in a speech by the President of the Association, Sir 
| Evan Williams, Bart., in introducing the Report. The 
}cardinal principle upon which the Association had 
| been founded, Sir Evan said, was that of co-operation 
| between the different interests concerned in the pro- 
| duction, distribution and utilisation of coal. ‘The 
| collaboration between the coal industry and the 
appliance makers was proving satisfactory. The dis- 
tributors were also playing their part and even closer 
contact was to be looked for in the near future. The 
work of research was being carried out impartially. 
There was no differentiation between the producers of 
house, industrial, bunkering, or export coal. Those 
districts which produced large quantities of coal for 
manufacture of gas and coke contributed equally with 
those which were largely interested in the domestic 
market and the Association was fully alive to the 
importance of maintaining close contact with the 
carbonisation industries. The consumer was entitled 
to such guidance as the Association could give and its 
central aim was to embark in such research as would 
lead to better methods and improved appliances for 
the utilisation of coal. The future would call for fuels 
of accurately controlled physical characteristics and 
these were important, among other things, in con- 
nection with pulverised-coal firing which the Associa- 
tion believed would play an increasingly greater part 
in industry, and possibly also, in marine propulsion. 
The electrical industry, and other large users ot steam, 
called for higher ratings and greater outputs from 
boilers and mechanical stokers, hence the problems of 
combustion in fuel beds were receiving attention. 
Producer gas used for the steel, glass, and other 
| industries of the country needed nearly 5,000,000 tons of 
coal per annum and attention had of recent years been 
given to its possible applications for road transport 
|and for the lower-powered vessels of the mercantile 
| marine, particularly coastwise shipping. It was hoped 
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that the research programme on the use of producer 
gas as a transport fuel would be extended and acceler- 
ated. Producer gas would have great potential value 
in times of national emergency. Such processing of coal 
as hydrogenation and catalytic synthesis was not being 
dealt with by the Association as this was being ade 
quately covered by other organisations. The open 
coal fire was being examined in all its aspects, much 
valuable assistance in this direction having been 
received from the Fuel Research Board. Intensive 
investigation was being carried out on the question 
of cooking by coal, in co-operation with the manu- 
facturers of such appliances. The London Midland 
and Scottish Railway Company had asked for the 
assistance of the Association in developing solid-fuel 
cookers and was now installing such cookers in its 
new luxury express trains. Other investigations would 
no doubt influence the future of hotel and institutional 
cooking in this country and would lead to an increased 
consumption of coal with a reduction of costs to the 
consumer. Domestic coal-using appliances were being 
systematically tested and it was hoped that the work 
of the Association would raise the standards of per- 
formance and help towards the elimination of inferior 
and ineffective appliances. The financial position of 
the Association was quite satisfactory. 








ENGINEERING TRAINING AND 


EDUCATION. 


King’s College, London.—The syllabus of courses pro 
vided by the Faculty of Engineering of the University 
of London at King's College, Strand, W.C.2, during the 
1939-1940 has recently been issued. The 
Faculty provides systematic degree, College-diploma, 
and certificate courses in civil and mechanical engineer- 
ing. electrical engineering, mathematics, geology, 
physics and chemistry and engineering metallurgy. 
Full particulars regarding fees and time-tables are 
given, while brief descriptions of the various engineering 
and other laboratories and workshops, and geheral 
indications of the ground covered by the courses are 
included. The pamphlet furnishes information 
concerning examination regulations, and scholarships. 
prizes and bursaries open to students and intending 
students of the Faculty, and closes with a section 
containing general particulars and rules relating to 
King’s College whole. The Michaelmas term 
begins on Wednesday, October 4, but the Dean of 
Engineering will be in attendance daily (except Satur 
days) from Tuesday, September 26, until the beginning 
of the term, between the hours of 10.30 a.m. and 1 p.m.. 
for the purpose of interviewing parents and prospective 
students. 


session, 


also 


as a 


Research Ne holarship in 1 pplication of NW rought Light 
{loys to Ship Construction.—A research s« holarship of 
the value of 2501. per annum and tenable for two years 
has been founded by the Wrought Light-Alloys 
Development Association to encourage and facilitate 
research in the application of light alloys to ship con- 
struction. The scholarship will be administered by a 
Committee of the Institution of Naval Architects, and 
it is hoped to make the first award in September, 1939. 
Candidates should preferably be under thirty years of 
age on October 1, and must apply for admission to 
membership of the Institution unless already enrolled. 
It is intended that the research undertaken by the 
holder of the scholarship shall be a whole-time occupa 
tion and he may not hold another position of emolument 
during the tenure of the scholarship without the 
approval of the Committee. Full particulars of entry, 
which closes on July 31. can be obtained from the 
secretary of the Institution of Naval Architects, 10, 
Upper Belgrave-street, London, 8.W.1. 





CANADIAN COAL IMPORTS. - During the first four months 
of the present Canada imported 44.802 tons of 
anthracite from the United Kingdom and 675.406 tons 
from the United States. Her imports of bituminous 
coal, during the same period, totalled 30,656 tons from 
the United Kingdom and 945,970 tons from the United 
States. 


vear 


TRIALS oF H.MS * Epinsuren.”—-H.M. cruiser 
Edinburgh, built at the Wallsend-on-Tyne shipyard of 
Messrs. Swan, Hunter, and Wigham Richardson. Limited. 
undergone trials. culminating in the 
acceptance trials carried out on July 6. The veasel has 
an overall length of 606ft.. an extreme breadth of 66 ft 
and a displacement of 10,000 tons. In addition to the 
ship's complement of guns and torpedo tubes, provision 
ix made for the stowage and launching of aircraft. The 
main propelling machinery and oil-fired water-tube 
boilers have been built by Messrs. The Wallsend Slipway 
and Engineering Company, Limited, an associated com- 
pany of Messrs. Swan, Hunter, and Wigham Richardson. 
The ship has four propellers, driven by geared turbines, 
the total shaft horse-power of which is 80.000 


has exhaustive 
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MorGAN, A.M.I.Mech.E., late of the Board | 
technical adviser to the Import Duties | 
Advisory Committee, has been appointed secretary of 
The Machine-Tool Trades Association, Victoria House, 
Southampton-row, London, W.C.1. 


Mr. W. J. 
of Trade and 


Messrs. BULL Morors, Brancu or E. R. Aanpd F. 
TURNER, Liurrep, Ipswich, have now opened a Scottish 
office at 199, Bath-street. Glasgow, C.2. Mr. James A. 
Donachie has been appointed representative for Scotland. 


Mr. FRANK ASHCROFT MARTIN, B.Sc., A.1.C., has been 
elected to the board of directors of Messrs. Samuel | 
Osborn and Company. Limited, Clyde Steel Works, 
Sheffield, 3. 

The honorary degree of Master of Engineering of the 
University of Liverpool has been conferred upon MR. 
WruiamM HENRY McMENeEMFYy,. M.I.N.A., engineering 
manager, Messrs. Cammell Laird and Company. Limited, 
Birkenhead. 

Messrs. BLACKSTONE AND COMPANY, LIMITED, Stam- | 
ford, Lines., have opened a new department in their | 
London office, Imperial House, 15-19. Kingsway, W.C.2, | 
to deal exclusively with the sale of Blackstone-Brush 
Diesel engines. Mr. E. I. Furypr. M.1.Mar.E.. M.1.E.L., 
formerly of the Diesel-engine department of Messrs. The 
Brush Electrical Engineering Company. Limited, has 
been given charge of Blackstone-Brush engine sales in 
the south of England. and Mr. F. E. BLACKSTONE has | 
been appointed to supervise the Metropolitan area. | 


manufac- 
instruments, have 


Messrs. HONEYWELL-BRrown, LIMITED, 
turers of controlling and recording 
moved to a new office and works at Wadsworth-road, 
Perivale, Greenford, Middlesex. The has been 
made necessary by the continual expansion of business. 
4 further development will take on August 1, 
when the company. under the direction of Mr. J. J. 
FRASER, will take over the control of branch offices in 
Sweden and Holland, as well as of distributors and agents 
in other European countries 


| 


move 


place 


Thos. W. 
Sheffield, 


Mr. JoserpH Warp, J.P... chairman of Messrs. 
Ward, Limited, Albion Works, 
has received the honorary degree of 
Sheffield University. He is of the Applied 
Science Committee and treasurer of the University. 


Savile-street, 


chairman 
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Vinistry of Health. Houses We Live In. 
H.M. Stationery Office. [Price is. net.) 
(United States War Department. Miscellaneous Series No. 

4. Port and Terminal Charges at United States Great 


London : 


Lakes Ports. 1939 edition. Washington: Super- 
intendent of Documents. [Price 40 cents.) 
Department of Scientific and Industrial Research. Index 
to the Literature of Food Investigation. Vol. 10. No. 4. 
March, 1939. Compiled by AGnes E. GLENNIE, 


assisted by GWEN DAvies and CATHERINE ROBSON. 


London : H.M. Stationery Office. [Price 4s. 6d. net.] 
Egypt. Ministry of Public Works. Physical Depart- | 
ment. Paper No. 36. The Nile Basin. Second 


Supplement to Vol. IV. Ten-Day Mean and Monthly 
Mean Discharges of the Nile and Its Tributaries for the 


Years 1933 to 1937 and Normals for the Period 1912 to | 
1937. By Dr. H. E. Hurst and the late 
Dr. P. Patiiurs. Bulag, Cairo: Government Press. 


(P.T. 50 or 10s.) 

Thorpe’s Dictionary of Applied Chemistry. By PROFESSOR 
J. F. Tuorpre and W. A. WHITELEY. Fourth edition, 
revised andenlarged. Vol. III. From Chemical Calcu- 
lations to Diffusion. London: Longmans, Green and | 
Co. [Price 63s. net.) 

Proceedings of the Fifth International Congress for Applied 
Mechanics. Held at Harvard U'niversity and the Massa- 
chusetis Institute of Technology. Cambridge, Massachu- 
setts, September 12-16. 1938. Edited by J. P. DEN! 
HarToG and H. Peters. New York: John Wiley and | 
Sons. Inc. London: Chapman and Hall, Ltd. 
[Price 30s. net.) j 

United States Geological Survey. Water-Supply Paper 
No. 774. Geology and Ground-Water Resources of the 
Snake River Plain in Southeastern Idaho. By H. T. 
STEARNS, LYNN CRANDALL and W. G. STEWARD. 
[Price 1 dols.| Water-Supply Paper No. 826. 
Surface Water Supply of the United States, 1937. 
Part 6 Vissouri River Basin. (Price 45 cents.) 
Water-Supply Paper No. 827. Surface Water Supply 
of the United States, 1937. Part 7. Lower Mississippi 
River Basin. {Price 25 cents.) Water-Supply Paper 
No. 829. Surface Water Supply of the United States. 
1937. Part 9. Colorado River Basin Price 30 cents. 
Washington : Superintendent of Documents. 

The Institute of Welding. Second Progress Report of the 
Research Committee. A Report of the Work of the 
Research Committee, Sub-Committees and Panels of the 
Institute of Welding for the Year 1938-1939. London: 
Offices of the Institute, 
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CONTRACTS. 


Messrs. JoHN I. THORNYCROFT AND COMPANY. 
Limitep, Thornycroft House, Smith-square, London, 
S.W.1, are supplying several small craft for the new 
cable ship under construction, at Newcastle-upon-Tyne. 
for H.M. Postmaster General. The boats to be carried 
on board include a 25-ft. general-service cabin launch, 


| fitted with a Thornycroft 25-b.h.p. petrol engine with 


2-1 reducing gear and expected to have a speed of 8} 
mile: per hour; two 25-ft. pulling life-boats; two 22-ft. 
cutters of special design for cable-ship service; and a 
16-ft. sailing and pulling dinghy. 

Messrs. LEYLAND Motors, LimiTrED, Leyland. Lanca- 
shire, have received an order from the London County 
Council for 11 fire engines for the London Fire Brigade. 
They will be fitted with 6-cylinder engines and pumps 
delivering 800 to 1,000 gallons per minute. The vehicles 
will be furnished with enclosed bodies with transverse 
seating. Orders for fire engines have also been received 
from the Durham and Barking Fire Brigades and for 
passenger vehicles from Messrs. Crosville Motor Services. 
Limited ; Messrs. Stoke-on-Trent Motors, Limited ; and 
Messrs. East Kent Road Car Company, Limited. 

Messrs. J. Browetr LINDLEY (1931), LIMITED. 
Letchworth, Herts, have recently completed a large 


| contract for air compressors for Messrs. Machinoimport. 


U.S.8.R. The order comprised 23 machines, 10 having 
a capacity of 4,000 cub. ft. per minute, and 13 a capacity 
of 2,100 cub. ft. per minute, when delivering at a pressure 
of 120 Ib. per square inch. These machines are of the 
firm’s standard two-stage, double-acting, crosshead type. 
and are arranged for direct-coupling to electric motors. 
The larger machines are fitted with intercoolers and after- 
coolers, and the 13 smaller machines with intercoolers 
We are informed that the compressors are to be 
distributed among large industrial concerns throughout 
the U.S.8.R. 

MESSRS. BASTIAN AND ALLEN, LIMITED, 24, Bedford- 
square, London, W.C.1, are supplying a thermal storage 
plant, rated at 160 kW. together with domestic hot- 
water storage, for the heating and hot-water supply at 
the large block of office buildings constituting No. 1. 


St. Swithin’s-lane. London, E.C.4. 








TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, 8.W.1, particulars 
of the undermentioned tenders, the closing dates of which 
are stated. Details may be obtained on application to 
the Department at the quoting the 
reference numbers given. 


above address, 
Ancillary Morse Concentrator, manual, for Cape Town 

Central Telegraph Office. Union Tender and Supplies 

Board, Pretoria; August 17. (T. 24,478/39.) 
Water-Heater Load-Controlling Equipment, automatic, 


five. Public Works Department, Wellington, N.Z. ; 
September 5. (T. 24,552/39.) 

Road Grader and Road Ripper, one of each. Union 
Tender and Supplies Board, Pretoria; August 3. (T.Y. 


24.553, 39.) 

Tools, including a tyre-boring mill, vertical 
boring and turning mills. combination turret lathes. 
capstan lathes. universal milling machines. grinding 
machine, punching and shearing machine. and flash 
butt-welding machine. Commissioner for Railways, 
Sydney. New South Wales ; September 6. (T. 24,604/9.) 


Machine 


Chart Recorders, comprising a three-point pH chart 
recorder, a chlorine-dosage chart recorder, and an 
ammonia chart recorder. Town Clerk, City Hall, Port 
Elizabeth, South Africa; July 27. (T. 24,708/39.) 

Gas Meters, closed-top type. 1,000, for domestic con- 
sumption. Town Clerk, Municipal Offices, Johannes- 
burg: July 26. (T. 24,757/39.) 

(fenerator Set, comprising cold-starting crude-oil engine 
and alternator, with accessories; control panel with 
instruments; and voltage regulators. Municipality of 
Swellendam, Cape Province ; August 14. (T. 24,847/39.) 

Bridgework, comprising 191 tons of steelwork and 
3 tons of bolts, rivets. etc. South African Railways and 
Harbours: August 31. (T. 24,.756/39.) 

Switchboards, alternating-current, 
metal-clad. City August 9. 
(T. 24,759/39.) 

Isolating Links, 200-ampere, 2,.000-volt, outdoor-type, 
mounted on base-plates and fitted with galvanised-iron 
hoods at the of the insulators. City Council. 
Johannesburg ; September 9. (T. 24,760/39.) 


low-tension. 
Johannesburg ; 


six, 
Council, 


bases 


Permanent-Way Material, comprising quantities of rail 
switches and manganese-steel monobloc frogs. Argen- 
tine State Railways. Buenos Aires; August 28. (T.Y. 
24,697 / 39.) 

Electricity Meters. 
trical Branch, Simla ; 


Indian Stores Department, Elec- 
September 7. (T. 24.782 39.) 
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NOTES FROM THE SOUTH-WEST. 


CarpIFFr, Wednesday. 


The Welsh Coal Trade.—Quietly steady conditions 
continued to characterise all sections on the Welsh steam 
coal market during the past week. Demand, on both 
home and foreign account, remained at a low level, and 
it was still apparent that some material relaxation in 
values was looked for in the near future. As a result, 
buyers were only showing interest in respect of small 
«quantities sufficient to cover their immediate needs. In 
spite of the continued quietness of inquiry, however, 
collieries were able to maintain operations at the pits at a 
good level without the necessity of laying down heavy 
stocks. Substantial deliveries were being made on account 
of recent bookings, and these continued to absorb almost 
the whole of the present outputs. In the case of some of 
the more popular sorts, buyers continued to encounter 
difficulty in covering their needs for early shipments, 
and with stem lists well filled a strong tone ruled. 
contract inquiries came in very slowly. Among the new 


orders quoted for was one from the Beira Alta Railways | 
of Portugal for about 8,000 tons for delivery in small | 


cargoes over the months July to November. Best large 
coals continued to offer only sparingly for prompt 
deliveries, and sellers were holding for full late values. 
Dry large, on the other hand, was in plentiful supply 
to meet a restricted inquiry. but as yet there was no 
indication of any easing in values. Sized coals, both 
the dry and bituminous descriptions, were very scarce, 
and with order books well filled ahead, high prices were 
secured. Duff coals were in sustained request, but as 
producers generally had sold practically the whole of 
their potential outputs over a considerable time to 
come, strong conditions ruled. Among smalls the 
bituminous kinds continued to move off satisfactorily, 
but the drys attracted little interest, and with supplies 
readily available, the tone was dull. Cokes were only 
in limited supply to meet a steady request, while patent 
fuel continued to display a good activity. 

The Iron and Steel Trade.—Active conditions were 
maintained in the iron and steel and allied trades of 
South Wales and Monmouthshire last week. Most 
concerns were well booked with orders, and prospects 
for some time to come seemed bright. 








NOTES FROM SOUTH YORKSHIRE 
SHEFFIELD, Wednesday. 

/ron and Steel.—Conditions generally tend to improve. 
Business in steel and all types of engineering products 
brisk. Armament-making firms are operating to 
capacity. The Master Cutler, Mr. A. J. Grant, states : 
* Progress, if one could only reveal the details, is really 
phenomenal. It would reassure the population if we 
could tell what great steps have been made.” Captain 
Ek. R. D. Long, Inspector of Naval Ordnance, defended 
steel manufacturers from accusations of arms-profiteering 
when he spoke at a luncheon given by Messrs. Thos. 
Firth and John Brown, Limited, to guests who attended 
the historic Forfeit Feast. He said: ‘“ It is often said 
that armament firms are profiteers. There is nothing 
farther from the truth. In the days of peace they have 
to Keep their plant ready. Where should we have been 
if during the slump years of 1930-33 all this plant had 
not been kept efficient, and the firms concerned had not 
been able at once to produce the enormous quantities 
of armaments which have been required lately ?_ I think, 
taking it by and large over a number of years, it will 
be found that armament firms only make a very small 
profit, and it is unfair and unjust that such a charge 
should be made against them.” Further expansion is 
reported in the demand for raw and semi-finished 
materials. All available supplies are quickly secured. 
Consumers are ordering tonnages to cover many months 
ahead. Sheffield works are turning out substantially 
greater quantities of shipbuilding requisites, including 
steel, auxiliary machinery, deck furnishings, and ship- 
yard machinery and tools. Steelworks’ and ironworks’ 
machinery and plant form a progressive section. Not 
only is the demand good on home account, but larger 
supplies are being sent abroad. Structural steel is in 
stronger demand and bridge builders are better cus- 
tomers. Plant engaged in the production of special 
steels is operating to capacity. Plans are being con- 
sidered for the construction of a bridge over the railway 
at Beighton, near Sheffield, to overcome trouble caused 
by the periodic flooding. 

South Yorkshire Coal Trade.—The position generally is 
satisfactory. Steams are in demand on inland account. 
industrial consumers being particularly good customers. 
Business in locomotive fuel is brisk, but small coal is 
beginning to drag owing to seasonal influences. The 
coke position shows improvement, though 
export account are less substantial. Washed doubles 


is 


and singles are moving in larger tonnages, but bunker | 


coal is quiet. Exports from the Humber ports last 
week totalled 67,000 tons, as compared with 54,000 tons 
in the corresponding week last year, 


New | 


sales on | 
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NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

General Situation.—Obstacles to development 
genuine trade still confine general commercial transactions 

| to narrow limits. Usual customers are short of supplies 

| of several commodities but are disinclined to purchase 
until the European outlook clears. The situation in the 
Far East also contributes considerably to the cramping of 
legitimate business. Government needs, however, keep 
plant very busily employed. 

The Cleveland Iron Trade.—Demand for Cleveland pig 
is still quiet and prospects of early material expansion 
of sales are not bright. North East coast foundries are 
gradually using more iron, but much of the tonnage 





passing into consumption is drawn from other iron- | production. 


NOTES FROM THE NORTH. 
GLAsGow, Wednesday. 


Scottish Steel Trade.—The past week has been one of 


of | great activity in the Scottish steel trade and makers 


have had to face a heavy demand for deliveries before the 
works closed down for the annual holidays. The demand 
for heavy steel has been of well-nigh record proportions 
and despite a greatly increased output makers have 
found much difficulty in meeting all the requests which 
have literally poured in on them. The raw material 


| position is perhaps the one uncertain spot on the horizon, 


but the American purchases of scrap have eased the 
position at the moment, and for the near future, and 
every possible channel of supply is being tapped in the 
hope of securing the tonnage necessary to maintain 
The following are current market quota- 


producing centres, and with makers of Cleveland brands tions :—Boiler plates, 111. 88s. per ton; ship plates, 


content to produce for requirements as they arise, 
| intermittent output continues to be sufficient for needs. | 
Stocks of Cleveland qualities, both at producers’ yards 
and at consumers’ works, are low, but the make could be 
quickly enlarged to meet an unexpected increase of 
demand. Merchants are handling only moderate parcels 
and could dispose of more iron if they were in a position | 
to ensure delivery to suit customers’ requirements. With | 
export prices far from competitive with quotations for 
Continental foundry iron, sales for shipment abroad 
| are virtually unheard of. For home trade, fixed values 
of Cleveland pig are based on No. 3 quality at 99s., 
delivered within the Tees-side zone. 

Hematite.—While deliveries of East Coast hematite 
pig have not increased to the extent expected, the | 
present demand more than absorbs output and promises 
soon to be on a scale that will appreciably reduce the | 
heavy tonnage accumulations at the blast-furnaces. 
Makers” own consuming departments are taking the | 
bulk of distribution, but buyers are accepting steadily 
increasing quantities and are placing new orders. Export | 
business, though still confined to the sale of occasional 
cargoes of special quality iron, is slightly better. Stabi- 


lised quotations are at the level of No. 1 grade of 
hematite at 115s. 6d., delivered to North of England 
areas. 

Basic Lron.—Production of basic iron is maintained 


at an exceptionally high level, but provides no tonnage 
for the market, the whole of the output being reserved 
for the enormous and still increasing needs of makers’ 
adjacent steelworks. 

Foreign Ore.—Consumers of foreign ore are accepting 
tonnage at a rate that is substantially reducing overdue 
delivery obligations, but are still much over-bought and 
off the market. Imports to date this month amount to 


83,242 tons, compared with 40,026 tons for the corre- 
sponding part of June. 
jlast-Furnace Coke.—Local users of Durham blast- 


furnace coke are well covered and regularly receiving | 
ample supplies. Good medium qualities are on sale at | 
24s. 3d. at the ovens. 

Manufactured Iron and Steel.—The demand for finished | 
commodities is severely taxing the productive capacity | 
of plant turning out certain materials. The whole of | 
the output of semi-finished steel is promptly absorbed | 


by the needs of re-rollers and has still to be supple- the 


mented by considerable imports of Continental preducts. 
Sheet makers are turning out record tonnage and are | 
heavily sold to the end of the year, while mills rolling 
plates, angles and joists are operating at high pressure. | 
Among the principal market quotations for home trade 
are: Common iron bars, 12/. 5s.; steel bars, 11/.; soft 
steel billets, 7/. 7s. 6d.; hard steel billets, 81. 10s. ; steel 
ship, bridge and tank plates, 10/. 10s. 6d.; steel ship 
rivets, 141.; iron ship rivets, 15/.; steel ship rivets, 
151. 5s. ; steel boiler plates, 111. 88. ; steel angles, 101. 8s. ; | 
steel joists, 101. 8s. ; Tees, 11/. 8s. ; fish plates, 137. 10s. ; | 
black sheets, No. 24 gauge, 14/. 15s.; and galvanised 
corrugated sheets, No. 24 gauge, 171. 5s. 


Scrap.—tIron scrap is fairly plentiful and rather easy | 
in price. Light cast iron is on sale at 57s. 6d. and heavy 
cast iron is offered at 74s., while 80s. is a full figure for | 
machining metal. The available parcels of steel scrap still 
command full control prices though supply is less scarce 








than recently, further substantial quantities from 
America having arrived. 
THE LaTeE Mr. G. FE. M. MACNAGHTEN.—It is with 


regret that we note the death of Mr. G. E. M. Macnaghten, 
which occurred on July 10 at Chew Magna, Somerset. 
Mr. Macnaghten, who had been ill for some months, 
was Public Information Officer in the Chief Commercial 
Officer’s Department of the London Passenger Transport 
Board, 55, Broadway, London, 8.W.1 
at Eton and served as an officer during the war. He 
entered the service of the Metropolitan Railway in 1927 
Transport Board in 1933, becoming Public Information 
Officer in 1935, 


101. 10s. 6d. per ton; sections, 101. 8s. per ton ; medium 
plates, 12/. 2s. 6d. per ton; black-steel sheets, No. 21 
gauge, 14/7. 15s. per ton; and galvanised corrugated 
sheets, No. 24 gauge, 171. 15s. per ton, all delivered at 
Glasgow stations. 

Malleable-Iron Trade.—A fair amount of activity 
has been general in the malleable-iron trade of the 
West of Scotland during the past week because of the 
pre-holiday demand, but makers were quite equal to 
all calls. The forward outlook is encouraging. The 
re-rollers of steel bars are busy and have been hard 
pressed to cope with the demands recently made on 
them. Order books have not been so full for a long 
time, and while the supply of raw material has improved 
considerably there is still some uncertainty as to forward 
consignments being of sufficient tonnage to meet the 
requirements of the re-rollers. To-day’s quotations 
are as follows :—Crown bars, 12/1. 5s. per ton for home 
delivery or export; re-rolled steel bars, 111. 158. per 
ton for home delivery, and.11l. per ton for export. 
No. 3 bars, 127. per ton, and No. 4 bars, 121. 5s. per ton 
both for home delivery. 

Scottish Pig-Iron Trade.—in the Scottish pig-iron 
trade the main feature at the moment is the steady 
demand from the steel works for basic and hematite 
iron, and the current output is being well taken up. 
Foundry grades are still somewhat dull and the quiet 
ness of the light castings trade in the Falkirk district 
accounts, to some extent, for the very moderate demand. 


|The number of furnaces in blast remains at thirteen. 


He was educated | 


| 


The following are the market quotations :—Hematite, 
5l. 15s. 6d. per ton, and basic iron, 41. 12s. 6d. per ton, 
both delivered at the steel works; foundry iron, No.1. 
5l. 38. per ton, and No. 3, 5l. 0s. 6d. per ton, both on 
trucks at makers’ yards. 


Admiralty Orders for the Clyde.— Announcement is made 
by the Admiralty that, subject to the settlement of 
certain details, it has been decided to place orders on 
the Clyde for six “‘L” class destroyers of the 1939 
programme. Two of these vessels are to be built by 
each of the following firms: Messrs. Scotts’ Shipbuilding 
and Engineering Company, Limited, Greenock ; Messrs. 
Alexander Stephen and Sons, Limited, Linthouse, 
Govan; and Messrs. The Fairfield Shipbuilding and 
Engineering Company, Limited, Govan. In each case 
builders will supply the geared turbines. The dis- 
placement of these vessels, which are the largest 
destroyers now building for the Royal Navy, will be 


| about 1,950 tons, and the total approximate cost will 


be 2,500,0001. This brings the Admiralty work now on 


| order on the Clyde up to nearly 60,000,0001. 


Shipbuilding.—Active conditions rule in practically 
all the Scottish shipyards and although the output 
during the past month was very poor there are quite a 
number of vessels nearing the launching stage and the 
output figures for the latter part of the year should be 
fairly good. New orders have been somewhat scarce 


recently and during the month of June the only contracts . 


reported were for one cargo steamer of 6,000 tons, two 
small coasting motorships of 350 tons each, and an air- 
eraft-carrier of about 23,000 tons displacement. In- 
quiries have not been very numerous of late, but orders 
for about half-a-dozen cargo vessels are likely to be 
placed in the near future and Clyde shipbuilders are 
very hopeful of securing some of these. Other Govern- 
ment contracts are also pending but nothing definite 
has been settled yet as to when these will be allocated. 
The output figures for the month of June and for the 
first six months of this year are as under :— 

June, 1939. Six Months, 139. 


Vessels. Tons. Vessels. Tons. 

The Clyde 2 10,444 44 151,274 
The Forth 1 5,075 9 8,746 
The Tay 2 5,100 4 9,607 
The Dee ... 1 400 2 900 
6 21,019 59 170,527 


and was transferred to the staff of the London Passenger | The Clyde total for the past month was the smallest 


for the year and compares unfavourably with that for 
May when the figure was 46.730 tons, 
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1.450-H.P. ELECTRIC WINDER; CHAMPION REEF GOLD MINES, MYSORE. 


For Description, see Page 41. 
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MECHANISATION ON THE LAND. 
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| some agricultural operations had been realised in 
31 Scotland as early as 1803, when an East Lothian 
3 





; | farmer named Aitchison used a Boulton and Watt 
37 |engine to drive a thrashing machine; but the 
40 | practice did not spread to any extent, although a 
| few other engines were installed in the same neigh- 
41 | bourhood and remained steadily at work there, 
43 | where one at least continued to function until the 
44 | late ’seventies, if not longer. Trevithick, too, had 
44| worked hard to further the personal belief “ that 
|every part of agriculture might be performed by 
| steam,” which he expressed in 1812 in a letter to 
Sir John Sinclair, who had been the first President 
of the Board of Agriculture. Little came of his 
45| proposals, however: possibly the very fervour of 
45 | his advocacy tended to defeat its purpose. Be that 
47 | as it may, it may be said broadly that the impetus 
40 | t2 use steam for general farm purposes did not 
4g | Sather any force until the ’forties, and only achieved 
50 |@ Teally widespread influence after the Great 
50 | Exhibition of 1851, for which the minds of the 
|farming community had been in considerable 
|measure prepared by the efforts of the Royal 
0 Agricultural Society at its successive annual Shows. 
l | With the assurance of efficient portable prime 
1! movers to supply the power, the development of 
| draining, ploughing and harvesting machinery could 
proceed with more certainty, as the records of the 
Patent Office testify that it did. The pioneer firms 
53 | which concentrated on the new branch of engineer- 
53 | ing entered upon a period of activity, almost without 
53 | parallel in peacetime, which lasted more or less into 
54 | the twentieth century, and their aggregate contribu- 
55|tions to the British engineering export trade, if 
55 | they could be summed, would certainly constitute 
~,|a figure to conjure with in the present days of 
“~ | quotas and general trade restrictions. 
57| The introduction of the internal-combustion engine 
58|in British farming practice has proceeded along 
__| very different lines, on which the war exercised a 
58 | dominant influence. So completely has this form 
a | of prime mover permeated every branch of activity 
at the present day, that it is becoming difficult to 
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32 | 


61 feo 
6] | recall what were its limitations even a short twenty 
62| years ago. Before the war, the horse was still 


paramount in farm transport, and it was not until 
the disposal of the immense fleets of surplus Govern- 


__ | ment vehicles, at the close of hostilities, that motor 


| transport became at all general about the country- 
|side. The motor tractor was little known to 
| British farmers before the war, and the various 
county War Agricultural Committees had much 
ignorance and no little prejudice to overcome in 
|trying to ensure a proper use of the imported 
|tractors with which they endeavoured to expand 
the home production of foodstuffs in face of an 
acute shortage of agricultural labour. The small 





Tue hundredth Royal Agricultural Show, which | stationary oil engine was already in use in consider- 


drew some 128,000 visitors to Windsor last week, able numbers for driving pumps, saws, dairy 

was impressive from an engineering point of view | machinery, etc., but, rather curiously, it appeared 

rather for the extent of the mechanisation that it|to have comparatively little effect in influencing 

indicated. than for any outstanding new develop- | opinion in favour of the motor tractor. The great 

ments in that direction. The application of steam | development and cheapening of motor transport 

power to agriculture lagged many years behind its | by road appears to have done more than anything 

establishment on a secure footing in transport, and | else to create the appreciation of the farm tractor, 

came a good half-century after its acceptance as | to which the 60,000 machines in use bear witness. 

a motive force in general industry. Innate con-| There have been, of course, other influences at 

servatism undoubtedly played some part in this, | work, tending to the supersession of steam by oil. 

but it was not entirely responsible. While theCorn| A complete equipment of steam-ploughing tackle 

Laws were still in force, there was not the economic | represented a considerable financial outlay, which 

inducement to seek for new and more productive | for the greater part of the year yielded no return 

methods of working, and in any case, the evolution | Only the largest farms, therefore, could support the 

of practicable steam agricultural machinery could | purchase outright of such expensive implements, 

| hardly have been accomplished on any considerable and the smaller farmers preferred to hire as neces- 
scale until there had developed a sufficient manufac- | sary from the many private firms which maintained 
ture of suitable small boilers. The railway boom | such plant for the purpose ; but the seasonal nature 
| provided for this requirement, and the growth of | of the demand meant that there was keen competi- 
the steam-powered agricultural-machinery industry | tion, and a farmer might not succeed in obtaining 
may be said, therefore, to be a result of the virtual | the service just when he wanted it. The tractor, 
standardisation of the design of the locomotive type | on the other hand, could be acquired outright for 
of tubular boiler. It was not without significance, | a less capital outlay, and, given reasonably efficient 
perhaps, in promoting the successful debut of steam | maintenance, was then available when it was 
ploughing, that John Fowler, having originally no| needed. By reason of its smaller size, too, it could 
works of his own, had some of his earliest steam | be used for much miscellaneous haulage for which 
ploughing engines constructed by the locomotive-| the heavier steam engine was not so well suited. 
building firm of Kitson and Company, whose ex-| Moreover, the marketing organisations behind the 
perience, already considerable, must have contributed | motor tractors were often on a scale that no steam- 
materially to the avoidance of “ teething troubles.” | engine maker or group of makers could rival, so 
The possibility that steam might be applied to | that the tractor purchaser was able to dispose of his 
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machine in part-exchange for a new one before 
questions of maintenance reached serious propor- 
tions. 

It is a matter for careful consideration, however, 
whether the pendulum has not swung too far in 
the direction of the oil engine, or, at least, whether 
the time has not come for some definite action to 
offset the relative disadvantage under which the 
steam tackle now labours. During the war approxi- 
mately a million acres of additional land were brought 
into cultivation, mainly by the aid of steam ploughs. 
Since the war, however, more than that amount has 
heen allowed to go back to pasture or otherwise 
out of cultivation, and if another similar emergency 
should arise, it is open to question whether this 
adverse balance could be redressed with the 
appliances now available. The owners of steam 
plant for hire have had little inducement to main- 
tain their equipment at its former strength, and 
although some advocates of the motor tractor con- 
tend that it can do all that could be expected of its 
steam rival, not every farmer is disposed to agree 
with this view, where the breaking up of heavy 
land is concerned. The question of fuel supply in 
time of war will certainly be crucial, and may itself 
result in official action to restore the use of steam, 
should the emergency arise. There are no present 
indications that any such influence may be brought 
to bear before the emergency arises, yet the advis- 
ability of doing so is a matter that might well 
justify investigation without loss of time. Of the 
firms which formerly constructed steam agricultural 
machinery, some have gone completely out of busi- 
ness, Others have undergone drastic ‘ reconstruc- 
tion,” and hardly one has not been driven to develop 
other products to maintain a reasonable turnover. 
Of those still in being, it is safe to say that, in the 
recent Government survey of national productive 
capacity, every one has been allocated some share 
in the output that national emergency would 
demand. During the last war, most of them were 
fully engaged on the production of military stores 
of various kinds, and in another war it is to be 
expected that they would be similarly occupied. 
It is not beside the point, perhaps. to suggest that 
they could not be better employed at the present 
time than in producing a reserve of the agricultural 
steam machinery which was their original raison 
@étre, to replace the plant which the pressure of 
economic circumstances has caused to be scrapped 
during the last decade 


MAINS IN HIGHWAYS. 


lun distribution of electricity, gas and water 
trom the place of its manufacture or storage to 
the premises of the ultimate consumer necessitates 
the provision of some form of physical connection, 
whereby transmission can be effected between the 
two end points. In the case of electricity, this 
connection may either consist of bare conductors, 
which are carried on supports in mid-air, or of 
insulated cables, which are generally, though not 
necessarily, placed underground. In the case of 
yas and water, on the other hand, overhead trans- 
mission, although not impossible, would be cumber- 
some, expensive, both in first cost and upkeep, 
and probably dangerous. The pipes essential 
for the transmission of these commodities are, 
therefore, usually placed underground and equally 
usually, a statement which applies also to electric 
cables, the sub-soil of the streets and roads of our 
towns and cities is used for this purpose. This 
state of affairs, combined with the fact that the 
undertakings responsible for the distribution of 
electricity, water and gas must obviously be allowed 
reasonable access to their mains, both for mainten- 
ance and extension, has led to statutory powers to 
break up the street surfaces, being granted to these 
bodies. These powers, which are subject to certain 
restrictions, bring the undertakings into an opposing 
relationship with the highways authorities, whose 
object is to maintain the surtaces of the streets 
intact and, although various attempts have been 
made to deal with the two points of view, certain 
points still remain at issue. These points, it is 
only fair to add, are not so numerous as might, 


perhaps, be expected, 
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Without delving too far into the past history of 
this subject, it may be mentioned that in 1925 a 
Negotiating Committee, consisting of representatives 
of the two interests involved, was appointed to 
work out a scheme for regulating the mutual rights 
and liabilities of those concerned. After prolonged 
discussion, a final draft of a clause, which was 
acceptable to the representatives of the under- 
takings, was prepared, though the representatives 
of the local authorities raised more or less vital 
objections to its contents. With a view to terminat- 
ing this deadlock, a Joint Committee of the House 
of Lords and the House of Commons was next 
appointed to consider those sections of the Gas 
Works, Waterworks, and Electricity Supply Acts, 
which relate to the breaking up of streets for the 
purpose of laying pipes and other works and to 
report what modifications of these provisions 
were necessary to meet modern conditions. The 
Committee, of which Lord Carnock was chairman, 
has recently completed its report, which, together 
with the evidence taken, has now been published 
by the Stationery Office.* 

The clause prepared by the Negotiating Committee 
to which we have just referred was of a compre- 
hensive nature. It dealt with such questions 
as the length of notice which should be given of 


intention to break up highways and the settlement | 


between the highway authorities and the undertak- 
ings of the plans of the works to be executed. It 
also dealt with the power of highways authorities to 
require undertakings to lay “apparatus” in 
unbuilt-on land at the side of the highways and the 
reinstatement of highways after they had been 
broken up. Settlement on the problem of the 
liability of undertakings for damage caused to the 
highways by bursts or explosions was also sub- 
stantially reached. Indeed, the Joint Committee 
soon found that the real point at issue was whether 


the cost of the removal or alteration of the apparatus | 


laid under a highway was to be borne by the highway 
authority or by the undertaker, in cases where 
such work was necessitated by the alterations or 
improvements to the highway. As so often happens, 
the problem is one which seems in the course of the 
negotiations to have assumed a status rather 
out of proportion to its real importance. The 


Negotiating Committee suggested that, generally 


speaking, the cost of such work should be borne 
by the highway authorities. The highway autho- 


rities thought the exact opposite, though this rigid | 


attitude was in time modified by three compromises, 
none of which were acceptable to the other party. 
Both sides were, in fact, able to adduce strong 
reasons why it was inequitable for them to pay 
these charges. The Joint Committee, having heard 
all opinions, now propose a solution which, we 
consider, strikes the happy mean. 

This solution is that, as the cost must fall on 
somebody, it should be borne by the party which 
initiated the proposal to remove or alter the appa- 
ratus. The justice of this solution is not weakened 
by the fact that this party will almost invariably 
be the highway authority. The broad principle 
thus promulgated is only slightly qualified by the 
suggestion that any dispute as to whether the 


alteration is really necessitated by the highways | 


improvement should be settled by arbitration. It 
is also modified by the proposal that, when under- 
takings give notice to a highway authority of their 
intention to lay new apparatus, such authority can 
contract out of its liability to pay for the road costs 
which will be involved if they give warning that 
an alteration of the highway is anticipated and that 
the work of which notice has been given is carried 
out within, say, two years. Again, it is suggested 
that if undertakings take advantage of the carrying 


out of a road alteration to substitute improved | 
apparatus or to lay it at a greater depth they shall | 


bear the cost of doing so. The same applies in 
rather a complicated form if the new apparatus 
earns more profit than the old. As to the fairness 
of all these contentions there seems little question, 
and it is to be hoped they will be generally accepted. 


* Report by the Joint Committee of the House of Lords 
and the House of Commons on the Breaking-Up of Streets 
by Statutory Undertakers. London: H.M. Stationery 
Office Price, 5s, net.) 
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Further, an attempt is made to alleviate any soreness 
that might be felt by the highways authority at 
this virtual rejection of their case by pointing out 
that the cost of most road improvements under- 


taken to-day is partly and, sometimes entirely, 


borne by the Road Fund. The costs of removing 
apparatus due to improvement would therefore pro- 
bably rank for grant, and to that extent the expenses 
of the highway authorities would be alleviated. 
On the other hand, if the cost were to be borne by 
the undertakers, neither they nor their consumers 
would get anything from central authority. As a 
final thrust, the difficulty of defending the proposi- 
tion that, say, the cost of local water supply should 
be increased because the roads in the locality are 
being improved is emphasised. 

Having disposed, more or less conclusively, of 
the main bone of contention, the Joint Committee 
turned to a consideration of the position which arises 
when highways are damaged by explosions due to 
underlying apparatus. At present both electricity 
and gas undertakings are liable for nuisance should 
such mishaps occur, though water undertakings are 
exempt, their liability being confined to cases where 
negligence on their part can be proved. The Joint 
Committee see no reason for the continuance of this 
anomaly and suggest that all three types of under- 
takings should be placed on the same footing. In 
regard to the laying of apparatus in the highway 
carried by a bridge, the Committee thinks that, as 
between highways and the bridge authority, the 
cost, so far as it is not borne by the undertakings. 
should be met by the highway authority. The 
state of affairs in London receives special con- 
sideration owing to the difference in conditions 
between it and the rest of the country. For instance, 
in the City the Corporation have absolute power to 
prohibit the laving of water and gas mains in any 
street, while the Metropolitan Borough Councils can 
prohibit the laying of water apparatus during the 
three winter months and of gas apparatus at any 
time of year, subject to an appeal to the Board of 
Trade. 

Highway authorities can alter streets without any 
responsibility for seeing that sufficient soil is left 
over the apparatus of the undertakings and can 
themselves reinstate any street that is broken up. 
at the expense of the undertakings. On the other 
hand, they can require undertakings at their own 
expense to repair any pavement which has been 
damaged by a gas or water pipe and can prevent 
them from breaking up a street within a limited 
|time after it has been closed for repair—a right 
that does not seem to be exercised as often as it 
might be. 

It was suggested that these exceptional powers 
should continue to be exercised, one of the reasons 
being the multiplicity of undertakings in the 
metropolis ; although, as the Joint Committee point 
out, this multiplicity is more apparent than real. 
The Committee also point out that in practice the 
powers of prohibition are exercised neither unreason- 
ably nor oppressively and that although, outside 
| London, highway authorities do not seek to be 
clothed with similar rights, there is no reason why 
they should be repealed. As regards the cost of 
removing apparatus, there seems no reason, in the 
Joint Committee’s opinion, why London should be 
differentiated from the rest of the country, and they 
therefore suggest that the incidence of liability 
| which has been propounded above should be equally 
applicable in the metropolis. 

Finally, the report points out that certain obliga- 
tions are placed on electricity undertakings with 
regard to railways which do not apply to gas and 
water undertakings. These principally relate to 
'such matters as notice and superintendence, where 
the works are situated in highways crossing a 
railway, whether above, below it or on the level. 
The suggestion is made that they should also 
apply to gas and water undertakings, with the 
proviso that none of the three classes shall be 
| liable for the cost of making any alterations to the 
| railway itself. It is agreed that a Bill should be 
|}introduced into Parliament to implement these 
| findings. It is to be hoped that this will be done 
without delay, because it can be seen that, in 
certain respects, the present position is decidedly 
| obscure, 
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NOTES. 
THE WoRLD’s MERCHANT SHIPBUILDING. 


THE shipbuilding returns of Lloyd’s Register of 
Shipping for the second quarter of the present year 
contain the cheering news that the aggregate gross 
tonnage of the merchant ships of 100 tons gross and 
upwards under construction in our shipyards on June 
30, shows an increase of 194,552 tons over the corre- 
sponding figure for March 3]. The total for June 
30, namely, 791,455 tons, however, is less by 245,618 
tons than that for June 30, 1938 ; nevertheless, it is 
gratifying to note that work was commenced 
upon 402,080 tons of shipping during the past 
three months, an increase of as much as 330,924 
tons over the corresponding total for the March | 
quarter. On the other hand, only 137,552 tons 
of merchant shipping were launched in the June | 
quarter, as compared with 157,786 tons in the March 
quarter. The above-mentioned total of 791,455 | 
tons is made up of 111 steamers aggregating 432,605 
tons, 75 motorships making together 357,995 tons, 
and three steel sailing ships and barges totalling 
855tons. The merchant tonnage under construction 
abroad on June 30, namely, 2,067,837, was less by 
38,927 tons than that in hand on March 31. More- 
over, 480,728 tons were commenced and 411,436 tons 
launched during the past three months, showing, 
as compared with the March quarter, a decline of 
176,117 tons in the shipping commenced and of 
120,947 tons in that launched. The tonnage of 
the shipping under construction on June 30 totalled 
391,824 in the United States ; 347,832 in Germany ; 
308,849 in Japan; 224,616 in Italy; and 223,381 
in Holland. Statistics relating to the size of vessels 
being built in the world’s shipyards are included in 
the returns and it is of interest to note that there 
are under construction three steamers each exceeding 
30,000 tons; two steamers and two motorships, 
each of between 20,000 tons and 30,000 tons; and 
i3 steamers and 43 motorships, each of between 
10,000 tons and 20,000 tons. Further, the aggregate 
tonnage of the 71 oil-tank steamers and motorships 
of 1,000 tons gross and upwards now being built 
in the world was 634,665 tons. Eleven of these ships, 
making together 96,210 tons, were under construc- 
tion in this country, 13 vessels totalling 125,448 tons 
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and collecting coal dust in mechanised mining | this form is distributed to consumers either in road 
are being considered and the regulations regarding | or rail tank wagons, like fuel oil, or in paper bags. 
the use of electricity are under review. Finally, a|This coal is prepared to specification as regards 
scheme for the reorganisation and expansion of the fineness, volatile matter, ash, moisture and calorific 
inspectorate has been approved, with the result | value, and its purchase obviates the installation of 
that twenty-three district inspectors with suitable | pulverising plant on the consumers’ premises. 
staffs will be substituted for the present eight |The trend away from oil-firing to coal-firing for 
divisional inspectors. The work of these district | the central heating of buildings is noted, the result 











were being built in the United States, and 13 ships 
aggregating 120,500 tons in Sweden. 
SAFETY IN CoaL MINEs. 

At the beginning of the present year a Royal 
Commission, under the chairmanship of Lord 
Rockley, which had been appointed some time 
earlier, published an informative and critical report 
on the important question of safety in coal mines. 
This report, after reviewing the history of safety 
legislation in mines and giving an account of the | 
development of the inspectorate, the changes in | 
organisation, methods of work and equipment and | 
the general trend of accident rates during the period 
under review, reached a number of important 
conclusions, several of which were of engineering 
interest. In reviewing this document we mentioned 
that the Government had accepted the recommenda- 
tions of this body in principle, and that a Bill based 
upon them was shortly to be presented to Parlia- 
ment. The implementation of some of the recom- 
mendations was, however, possible by administrative 
action alone and we are glad to learn from a state- 
ment made in the House of Commons last week, 
that this action is to be taken. In particular, the 
status of the Health and Safety Division is to be 
raised by giving its head the rank of deputy under- 
secretary—a matter to which the Royal Commission 
attached the highest importance. In addition, a 
second deputy chief inspector, an inspector of 
mechanical engineering and an inspector to deal 
specially with the problems of preventing accidents 
from falls of roof and side, are to be appointed, as 
well as a deputy medical inspector and an inspector to 
concern himself with the problems of the prevention 
and suppression of dangerous dusts. This increase in 
the new headquarters establishment will, it is hoped, 
enable the work on other administrative develop- 
ments arising from the Commission’s report to be 
accelerated and more stringent regulations for 
dealing with the dangers of coal dust are shortly 
to be promulgated. Measures for suppressing 


inspectors will be co-ordinated by six superintending | being, it is claimed, that at least 769,000 tons per 
inspectors, who will be assisted by a technical staff. 
The total strength of the inspectorate will thus 
| be raised from 127 to 165. It was also announced 
| that considerable progress had been made in connec- 





|tion with the Bill necessary to deal with certain | 


| of the other recommendations of the Commission 
and that discussions with this end in view had been 
initiated with both sides of the industry. 


Sree. HELMeEts FoR INDUSTRY. 
The Civil Defence Bill, which is now passing 
through Parliament, lays on public utility under- 


takings and commercial concerns employing more | 


than 30 persons, the obligation to train and equip 
members of their staffs to form air-raid precautions 
services. The equipment necessary includes steel 
helmets, and it is now announced that the Home 
Office is arranging to sell this headgear to industry 
in numbers up to that required to satisfy the 
statutory obligations. These helmets, which are 
to War Office specification, and have been passed 
by War Office inspectors, will be available imme- 
diately at the rate of about 100,000 a week. In 
making this decision known, it is pointed out that 


steel helmets are required for those members of the | 
| air-raid precautions services of the factory, such as 
firemen, first aid and rescue parties and decontamina- | 


tion squads, who might be engaged in the open or in 
the damaged part of a building, but are not necessary 


for such members of the staff as telephonists, who | 


will normally be indoors. Steps are being taken to 
ascertain the number of helmets required by each 
undertaking, though it is estimated that it will vary 
from about 5 per cent. to 10 per cent. of the total 
number of employees on any one shift, the higher 
percentage being applicable to the smaller concerns. 
Where more than one shift is worked, the helmets 
can be used by each in turn. The number of helmets 
that will be sold by the Home Office to industry will 


| therefore be limited to 10 per cent. of the number 


of employees engaged on one shift, with a minimum 
of five. Seven sizes, corresponding with the 


| ordinary hat sizes, will be available, and the price | transporting its products. 


will be 8s. 6d. each, carriage paid. Orders should 


| annum have been saved to the industry. Industrial 
' smoke is another subject that has received constant 
| attention and there are areas in which no smoke 
prosecution is undertaken until the Council have 
been given an opportunity of advising the offender 
on more efficient methods of combustion. We deal 
elsewhere in this issue with the report of the 
| British Coal Utilisation Research Association. 








THE INTERNATIONAL WATER 
EXHIBITION AT LIEGE. 


THE disturbed international situation does not 
appear to have exercised a deterrent influence on 
| the promotion of large exhibitions, as these enter- 
| prises instead of falling off in number show an 
| opposite tendency. This year there are no fewer 
| than four such exhibitions in being. ‘Two of these 
|are in the United States, at New York and San 
| Francisco, and two are in Europe, one being held 
|at Ziirich and the other at Liége. Of the Ziirich 
| Exhibition, we gave some account in our issue of 
| May 24. Large exhibitions of this kind frequently 
appear to be organised for no better reason than 
that many years have elapsed since the previous 
exhibition in the country or town concerned. The 
Liége Exhibition can show better reason than this. 
It celebrates the completion of the Albert Canal, 
which connects the River Maas at Liége with the 
| River Scheldt at Antwerp. In view of this special 
| occasion, it has taken the form of a ‘* Water Exhi- 
bition,’ the purpose of which is to demonstrate in 
| an attractive manner the services which water 
renders to mankind. This gives it a unity of 
| purpose which is not always found in such under- 
| takings. 
| The town of Liége, which has organised this 
| exhibition, is a metallurgical and colliery centre of 
| East Belgium of ancient standing, which felt its 
|future jeopardised by an approaching shortage of 
|cheap coal and by the increasing difficulties of 
It is the centre of a 
| district with more than a million inhabitants, the 





| 
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| be forwarded, without delay, on a special form, | whole industrial position of which has been altered 
|which is being distributed through the trade} by the construction of the Albert Canal. The town 
‘associations, or can be obtained from the Home | of Liége has become a port for the smaller class of 
| Office, London, S.W.1. vessel, as sea-going craft of 2,000 tons can utilise 
the canal. The whole area is also placed in direct 
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communication with the Kempen coalfield, from 
|which cheap transport will be available. The 


| Grosvenor-gardens, London, S8.W.1, which was | completion of the canal marks the culmination of 
| published last week, covers the twelve months| ten years of work, in which many difficulties intro- 
‘ending March 31, 1939, and opens with the satisfac- duced by the nature of the country traversed had 
|tory statement that coal is being used even more to be overcome. It was intended that the official 
intelligently. This condition, of course, results| opening of the canal should have taken place on 
from the growing realisation by consumers that | the 20th of this month, but the collapse of the bank 
| they are buying heat and that if this is to be done | near Hasselt, which occurred at the end of June, 
\effectively a wider knowledge of the different |and to which we referred in our issue of June 30, 
classes of coal with their varying characteristics | will postpone this ceremony for some months. 
|and their most appropriate applications is required.| The Exposition de I’Eau, to give it its official 
‘That this knowledge is not hard to come by is | title, was opened on May 20 by the four-year old 
largely due to the efforts of the Council itself. It is | Prince Albert. It is situated in the northern part 
| pointed out that with the improvement in appliances | of the town and covers 250 acres. The River Maas 
|and the careful preparation of coal for its varied | flows through the entire length of the grounds,. of 
‘markets, a highly flexible fuel, capable of the most |3 km., the various pavilions lining both sides of 
lefficient and economic use in manufacturing, in| the river. At the north end, where the Albert Canal 
‘commercial heating and in many classes of ships, | enters the river, a 140-ft. light tower, with a statue 
\is now available. Large sums of money have | of the late King Albert at its base, has been erected. 
| been invested in plant to wash, dry-clean, sort and | The internal transport arrangements are extensive. 
grade coal at the pit head, so that it can be assigned | A narrow-gauge railway with a five-minutes’ train 
to its most appropriate functions. The ability | service circulates through the grounds, motor-boats 
of power stations and other large users to burn | ply between various landing places on both banks, 
slack and small coals has put an enhanced value | and an aerial cableway conveys passengers across 
on a class of product which at one time was difficult | the river. The cables are carried at a considerable 
to sell. On the other hand, the market for large | height so that wide views are obtained from the 
coal has been narrowed, with the result that breaking | cars. The cables are connected to a central tower 
or crushing plant was in use at 376 collieries during | in the river. , . 
the year. Central pulverising plants have also| The exhibition contains in all more than 50 palaces 
| been erected at three places, from which coal in| and pavilions of various kinds. Each of the large 
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Belgian towns has erected its separate 
pavilion, but foreign participation ie restricted to 
France, Germany, Greece, Holland, Luxemburg and 
Tunis. The absence of Great Britain in this list is 
disappointing. Ties of friendship and commerce, 
and the nearness of Belgium to our shores make it 
appear that official British participation would have 
been a graceful, and might have been a not-un- 
profitable, act. There is no question of this country 
not having suitable material to show in a water 
exhibition. Our achievements in the hydro-electric 
field are modest compared with those of France and 
Germany, but in water supply and navigation, to 
mention only two aspects of the range of subjects 
which are covered by the exhibition, we have 
material to show which cannot be equalled elsewhere. 
In addition to these aspects of the wide subject of 
water, the material exhibited covers all aspects of 
hydraulic engineering, water storage, reservoir con- 
struction, pipe lines and aqueducts, the measure- 
ment of the flow of rivers, pumping machinery, 
steam raising, refrigeration and numbers of examples 
of the domestic and industrial utilisation of water. 
Many of these subjects are treated both scientifically 
and in a manner to appeal to the general visitor. 
Extensive has made of coloured and 
illuminated charts and maps and models of various 
kinds. As is fitting in a water exhibition, the 
display of decorative and illuminated fountains in 
the grounds is on a lavish scale. The most striking 
item in this display is a water jet rising from the 
surface of the river to a height of 360 ft. The 
total capacity of the pumps operating the fountains 
and water jets is 1,750 h.p., and the power utilised 
in their illumination 900 kW. 


own 
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DESIGN OF BOMB-PROOF 
SHELTERS. 


Tue third of a series of lectures on air-raid 
precautions, arranged by the Institution of Civil 
Engineers, was delivered by Dr. David Anderson, 
M.Inst.C.E., on Tuesday, June 20, in the hall of 
the Institution, the subject being “The Design of 
Bomb-Proof Shelters.” Following the recent publi- 
cation of Handbook No. 5, entitled “ Structural 
Defence,” the Home Office had requested the 
Institution of Civil Engineers to form a committee to 
consider the information it contained, and to prepare 
designs of typical shelters conforming to their 
recommendations. This committee was composed 
of one architect and eight members of the Institu- 
tions of Civil, Mechanical, Electrical and Structural 
Engineers, with Dr. Anderson as chairman. Four 
distinct types of shelters, differing from each other 
in the degree of protection afforded, were considered 
in detail by the committee. The first type, for 
resisting blast, splinters and small incendiary 
bombs had already been standardised ; and type 2, 
for resisting direct hits of medium-weight incendiary 
bombs and high explosive bombs, was to be con 
sidered later. The remaining types, 3 and 4, 
designed respectively for affording protection against 
medium and heavy case bombs, were the chief 
considerations of the committee. 

In designing a shelter, a large number of variables 
had to be considered, and since some of these were 
largely unknown, Dr. Anderson considered that 
formule were undesirable and that each case should 
be treated on its own merits. A bomb might strike 
a shelter by a direct hit on the roof, by a glancing 
blow on the side walls, or by penetrating the ground 
obliquely and detonating under the floor; and 
these three forms of impact prod iced widely different 
effects. After much consideration, it was decided 
that for overhead protection, 5 ft. of reinforced 
concrete were required for type 3, and 7} ft. for 
type 4. In the course of investigation, the 
committee had had to consider the possibility of 
double-slab roof construction, with an intermediate 
air gap, and if this were adopted, it would be 
logical to extend it to the walls and floor as well. 
On account of the high cost of this type of construc- 
tion, it had been decided that for a given expenditure 
it was best to concentrate on single slabs, steel mesh 
being incorporated to prevent spalling of the con- 
crete. Although it appeared that by employing 
double slabs and filling the hollow space with sand, 


its 
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some of the explosive energy of the bomb might be 
absorbed, if the bomb should penetrate the outer 
slab and detonate in the space between the slabs, the 
confining effect of the sand would result in a greater 
amount of damage being done to the structure. With 
a view to protecting a shelter from bombs striking 
the walls obliquely, designs were prepared in which 
the roof of the shelter projected beyond the vertical 
walls, producing an umbrella effect; but even- 
tually it was decided that the extra money expended 
on this form of construction would be better used 
for thickening the roof slab. 

A shelter built partly above ground and partly 
below the surface had to resist two different kinds 
of explosion, depending on whether the bomb 
detonated above or the ground surface. 
When a bomb exploded some distance below the 
ground, expansion was resisted by the surrounding 
earth, and the full force of the explosion was 
transmitted through the earth. On this account, 
it was necessary to provide greater thickness 
of wall for those parts of a shelter below the 
surface. By surrounding the shelter with a concrete 
apron, it was possible to prevent deep penetration 
of a bomb within the area of the apron, and 
in the case of a shelter constructed entirely 
below ground, steel sheet piling would afford 
further protection from a bomb penetrating the 
earth obliquely. The question of formulating a 
maximum allowable span for a shelter was a very 


below 


difficult one, and it had been decided that four 
times the thickness of the roof slab or 25 ft., 
whichever was less, was a reasonable figure. Un- 


official contact with French engineers had shown 
that they were working on similar lines to ourselves, 
and had likewise discarded double slab construction 
for economic reasons. In conclusion, Dr. Anderson 
gave figures for the estimated cost per head for 
various types of shelter. 








THE LATE MR. R. L. SCOTT. 


We note with regret the death of Mr. Robert Lyons 
Scott, which occurred suddenly at Balclutha, Greenock, 
on July 4. Mr. Scott, who was chairman of Messrs. 
Scotts’ Shipbuilding and Engineering Company, 
Limited, Greenock, was the second son of the late 
Mr. John Scott, C.B., of Halkshill, Largs, Ayrshire, and 
was born at Greenock on October 1, 187 Mr. John 
Scott, C.B. (1830-1903), was the fourth of that name 
and was the great-great-grandson of the John Scott 
who founded the family firm in 1711. Mr. R. L. Scott 
received his general education at Wellington College 
and, we believe, at first intended to embrace an army 
career in the Royal Artillery. He joined the family 
firm, however, and was appointed to a seat on the 
board while still comparatively a young man. On 
the death of his elder brother, Mr. Charles Cunningham 
Scott—his senior by four years—in 1915, Mr. R. L. 
Scott succeeded him chairman of the company, 
a position he continued to hold until his death. He 
and Mr. James Brown also occupied the positions of 
managing directors. During the war of 1914-1918, 
Messrs. Scott built many ships for the Grand Fleet, 
including the armoured monitor Sir John Moore, 
the light cruisers Caradoc and Dragon, the destroyers 
Obedient, Paladin, Plucky, Ursula and others, and also 
submarines, minesweepers, etc. The steam-propelled 
submarine Swordfish, launched in 1916, was one of the 
most interesting craft built at that time. 

Messrs. Scott also constructed many ocean liners 
and merchant ships during Mr. R. L. Scott's long 
tenure of office as chairman, and among the largest 
were the 11,000-ton Holt liners Tyndareus, Philoctetes 
and Patroclus, and the motorship Hector. They also 
built ships for the Booth Steamship Company, the 
Cunard Company, the China Navigation Company, 
and other owners. During the depression in the ship- 
building industry, some years ago, Mr. Scott did all 
he could to maintain his men in employment, and his 
unselfish efforts in this direction will long be remem- 
bered. In addition to his position as chairman of 
Messrs. Scott he was a member of the Committee of 
Management of the British Corporation Register of 
Shipping and Aircraft. He became a member of the 
Institution of Naval Architects in 1900 and was made 
honorary vice-president in 1931. He was elected a 
member of the Institution of Engineers and Ship- 
builders in Scotland in October, 1917, and a Fellow of 
the Royal Society of Arts in 1920. Mr. Scott, who 
was a keen big-game hunter and collector of old fire- 
arms and armour, was for many years a Fellow of the 
Society of Antiquaries in Scotland and of the Royal 
Geographical Society. 
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LETTERS TO THE EDITOR. 


THE FUTURE OF ALTERNATING- 
CURRENT POWER TRANSMISSION. 
To tHe Eprror or ENGINEERING. 
Str,—Your correspondent, Mr. Longfield, of Aus 
tralia, in his letter, and Mr. Rissik’s reply, on page 





781 of your issue of June 30, give some rather 
interesting reading in relation to the Baum system 


of transmission. Mr. Rissik might have added (see 
my article in The Electrician for April 28, 1938) 
that the only authors who have attempted to give a 
theoretical investigation (Summers and McClure in 
1929) came to the conclusion that nothing was gained 
in transient stability by the introduction of inter- 
mediate condensers. The real reason for not employing 
them is, perhaps, more obviously, a commercial one. 

Consider the fourth item in Table A of the writer’s 
article in The Electrician. The total capacity current 
(per 2 circuits) is 11,900 amperes. The kVA of capacity 
current is therefore 12,650,000 kVA at the voltage there 
given. The condensers must have this kVA capacity 
(even excluding spares), and they have to work inversely 
(lagging current); and under these conditions the 
capacity of each set is only perhaps two-thirds of that 
of the “leading” output. Say, therefore, they cost 
31. per kVA, including the sectionalising switches and 
the step-up transformers, the former of which are a 
necessary attendant. That gives us a sum of 
37.950,0001. (neglecting spares), or 28-5/. per kW, of 
power transmitted (1,350,000 kW) before we begin to 
think of the cost of the line! It is absolutely prohibi 
tive. Whereas, if you have a quadrature booster, with 
no tappings on the secondary and no regulator, the 
cost is about 2-8/ per kW transmitted. 

Yours faithfully. 
A. M. TayLor, 
Major. 

Economic Transmissions, Limited, 

53, Harborne Park-road, 

Harborne, Birmingham, 17. 
July 5, 1939. 








ELECTRICAL REGULATIONS 
FOR BUILDINGS. 
To THe Eprror oF ENGINEERING. 

Srr,—In your reference to the above subject, on 
page 18 of your issue of July 7, you express the hope 
that it will be unnecessary for this Association to issue 
its “‘ Guide” to the I.E.E. Wiring Regulations. It is 
perhaps necessary for me to explain that the Association 
has had representation on the Wiring Regulations 
Committee of the Institution of Electrical Engineers 
for the past eighteen years, but it has only one repre- 
sentative out of a Committee of 35 or 36. You will 
appreciate, therefore, that the voice of the Association’s 
representative is only one of many, and that the view- 
point of the Association is not always accepted. 

It should, however, be borne in mind that the framing 
of such Regulations is, under any circumstances, some- 
what difficult, but the use of phraseology which the 
average operative can understand is not always permis 
sible in standard Regulations. The need for som 
publication which would tell the operative and others 
engaged in the installation industry what, in the 
language they understood, the Regulations meant, had 
been felt for many years, and, in fact, we issued the first 
“ Employees’ Guide” to the LE.E. Regulations in 
1928, which was a “ Guide”’ to the Ninth Edition. 
The next “* Guide ” was to the Tenth Edition, and was 
published in 1934. 

By the use of numerous diagrams, explanations, and 
re-wordings, we were able to give those concerned, in 
handy reference form, a clearer understanding of what 
was meant by the framers of the L.E.E. Wiring Regula- 
tions, and this particularly applied where the wording 
was not too clear. We omitted from the “ Guide ”’ all 
Regulations dealing with constructional and manufac- 
turing details, as the man employed on installation work 
was more concerned with the Rules governing the 
installation of the apparatus, wiring, and accessories. 
than with knowledge of how the material was made o1 
manufactured. 

It may, therefore, be of interest to know that this 
Association has decided to publish a “ Guide” to the 
Eleventh Edition to the LE.E. Wiring Regulations 
which we hope will be of service to the industry, and 
those employed therein. The date of publication 
cannot be announced at present, but the Committe: 
concerned is meeting weekly in order to hasten the date 
of publication. 

Yours faithfully, 
A. BRAMMER, 
General Secretary. 
The Associvtion of Supervising Electrical Engineers, 
Aldwych itouse, London, W.C.2. 
July 1), 1939. 
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THE WATER-POWER RESOURCES 
OF CANADA. 


A REVIEW of the outstanding features of the water- | 
power resources of Canada has recently been issued by 
the Dominion Water and Power Bureau of the Depart- 
ment of Mines and Resources, Ottawa. Based upon 
rapids, falls, and power sites of which the actual drop 
or the possible head has been measured, or carefully 
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| 
1933. This revival culminated in 1935 with a net gain | 
for that year of more than 360,000 h.p. In the} 
following year, the installation showed the lowest | 
increase in any year since 1903, being only 36,475 h.p. | 
This permitted power demand to again approximate to | 
installed capacity, and was followed by the installation 
of 172,945 h.p. during 1937, and 135,459 h.p. during 
1938. In the latter year, new construction programmes 
were inaugurated in a number of provinces. Among 
the more important work carried out, a second unit of 


estimated, it is stated that the available water power 47,000 h.p. was added to the Ruskin station of the 
totals 20,347,400 h.p. under conditions of ordinary | British Columbia Power Corporation on Slave river 


minimum flow and 33,617,000 h.p. ordinarily available 


and The Churchill River Power Company carried 


for six months of the year. The total turbine instal- | out preliminary work on the addition of a fifth unit 


_ 
oe 


lation as at January 1, 1939, was 8,190,772 h.p. 
is mentioned that many unrecorded rapids and falls 
of undetermined power capacity exist on rivers an 


| to its plant at Island Falls on Churchill river in Saskat- 
|chewan. This unit is to be brought into operation in 
| 1939, and will bring the capacity of the plant up to | 


streams from coast to coast, particularly in the less- | 99 999 p. In Manitoba, a fourth unit of 12,500 h.p 
j ; 7 : | ’ *P- 4 ’ mst -p. 
explored northern districts, and further, no considera- |... brought into operation in the City of Winnipeg's | 


tion has been given to power concentrations which are 
feasible on rivers and streams of gradual gradient, 
except in cases where definite studies have been carried 
out. The power estimates were calculated on the 
basis of 24-hour power at 80 per cent. efficiency for 
conditions of ordinary minimum flow and ordinary six 
months’ flow. The ordinary minimum flow was based 


Slave Falls plant on Winnipeg river. The ultimate | 
| design of this plant provides for eight such units with | 
| a total of 100,000 h.p. In Ontario the Hydro-Electric | 
Power Commission completed the construction of a 
10,400-h.p. plant at Ragged Rapids on the Musquash | 
| river, to augment the supply of its Georgian Bay system. | 
|The Great Lakes Power Company brought its second | 


on the average of the flows for the two lowest sence a plant, of 10,000 h.p. into operation on Montreal river. | 


of seven consecutive days in each year in which records 
are available. The ordinary six months’ flow was based 
upon the continuous power indicated by the flow for 
six months in the year. Estimates of power on the 
basis of ordinary six months’ flow were made on the 
assumption that it is sound commercial practice to 
provide installations up to an amount of which the 
continued operation can be assured during six months 
of the year, with the deficiency in power during the 
remainder of the year provided by storage, by inter- 
connection with other plants operating under different 
conditions, or by the installation of fuel-power plants as 


auxiliaries. The analysis showed the average machine | 


installation to be 30 per cent. greater than the ordinary 


six months’ flow power, so that the figures already | 


quoted indicate that the present recorded water-power 
resources of the Dominion would permit of a turbine 


installation of about 43,700,000 h.p. The total turbine | 


installation of 8,190,772 h.p. represents the sum of the 
manufacturer’s ratings of the different units under the 
heads at which they are installed, and represents only 
18? per cent. of the present recorded water-power 
resources. 

As regards the distribution of the power over the 
country, a striking feature brought out in the report 
is the fortunate incidence of the power resources in 
the industrial provinces and in proximity to the largest 
known mineral deposits and pulpwood supplies. In 


fact, approximately 60 per cent. of the total available | 


resources and more than 80 per cent. of the developed 
water power are located in the highly-industrialised 
provinces of Ontario and Quebec, in which there are no | 
known natural coal deposits. In general, development | 
of the available resources has progressed to a point 
where ample power is available to meet the power needs 
of every industrial area and centre of population. The 
water power of the marine provinces, while relatively 
small, constitute a valuable economic revenue, the 
development of which is supplemented by power from 
abundant indigenous coal supplies. Quebec, with large 
resources of water power, has achieved a remarkable | 
development, the present installation in the province 
representing more than 49 per cent. of the total for 
Canada. More than 80 per cent. of this total is operated 
by seven large central station organisations. Ontario, 
which has also no indigenous coal supplies, has also 
abundant water-power resources. The Hydro-Electric 
Power Commission of Ontario operates plants aggre- 
gating more than 65 per cent. of the total hydraulic | 
installation of the province and serves some 800 munici- | 
palities. A notable feature of the distribution by the 
Commission is the operation of approximately 15,800 | 
miles of rural lines serving 100,000 consumers. Of 
the Prairie provinces, Manitoba has the greatest 
power resources and the greatest development, 75 per 
cent. of the total development of the three provinces 
being installed on the Winnipeg river to serve the city 
of Winnipeg and adjacent municipalities, together with 
a transmission network serving more than 100 centres 
in Southern Manitoba. In the southern portions of 
Alberta and Saskatchewan, the districts containing the 
least water power, there are large fuel resources. 
British Columbia, traversed by three distinct mountain 
ranges, ranks fourth in available power resources, and 
the hydraulic development is exceeded only in Quebec 
and Ontario. The water powers of the Yukon and 


capita installation, with 970 h.p. per 1,000 of population. 
| Manitoba, sixth in population but fourth in total | 


| 1,000 of population. 


|In Quebec, The Gatineau Power Company added | 
| a fifth unit of 34,000 h.p. to its Chelsea station on the | 
| Gatineau river, thus reaching its designed capacity of | 
170,000 h.p. Construction was commenced early in the | 
year on the St. Maurice Power Corporation’s new | 
station of 243,000 h.p. at La Tuque on the St. Maurice | 
|river. This plant is designed for completion at the | 
jend of 1940. The Beauharnois Light, Heat and) 
| Power Company is adding the ninth 53,000-h.p. unit | 
to its plant on the St. Lawrence river, and the| 
Quebec National Electricity Syndicate has awarded | 
contracts for the construction of a 28,000-h.p. develop- | 
ment scheme on the Upper Ottawa river. The Nova 
| Scotia Power Commission completed construction of 
its 10,200-h.p. plant at Cowie Falls on the Mersey river. 

The utilisation of the developed water power is 
grouped under three main headings in the report, 
central electric stations, pump and paper mills, and 
| other industries. The installations in central electric 
stations is the largest and most rapidly growing class, 
|and represents the power developed for the sale of 
electricity to meet the general demands of the public. 
In all, 7,202,259 h.p., or 87-9 per cent. of the total 
| hydraulic installation of Canada, is so developed. 
Pulp and paper mills are shown to have an aggregate 
hydraulic installation of 646,901 h.p., or 7-9 per cent. 
of the total, and the installation for other purposes 
| totals 341,612 h.p., or 4-2 per cent. of the total. The 
average installation per 1,000 of the population is 
shown to be 731 h.p. As previously stated, the provinces 
of Ontario and Quebec contain more than 80 per cent. 
of the total developed water power, and this represents 
an installation in Quebec of 1,270 h.p., and in Ontario 
of 692 h.p., per 1,000 of the population. British Colum- 
bia, with a comparatively small population but large 
power consuming industries, occupies third place in 
order of total installation, and ranks second in per 





installation, has an average of 584 h.p. per 1,000. The 
Maritime Provinces have average installations per 1,000 
of 300 in New Brunswick, 238 in Nova Scotia, and 28 in 


| Prince Edward Island. Yukon and the North-West 


Territories, with very sparse populations, but heavy 
power demand for the low-grade gold mining of the | 
Yukon, show the abnormal average of 1,300 h.p. per | 
1,000 of the populations The provinces of Alberta and 
Saskatchewan, where approximately 50 per cent. of 
the total electricity produced from fuel is generated, 
have average installations of 92 h.p. and 65 h.p. per | 





| 
| 


| 
| 








whence special trains will run to Southampton for the 
convenience of flying-boat passengers. The area 
occupied is wedge-shaped, the main frontage being 
to Buckingham Palace-road, while the rear is bounded 
by the railway. In planning the building, particular 


| attention was paid to the desirability of keeping the 


vehicles using the premises off the main thoroughfare. 
Curved approaches, which enable unloading and loading 
to take place under cover, have, therefore, been 
provided and this, in turn, has led to the employment 
of a curved fagade. The upper floors are planned 
to give efficient natural lighting and air circulation, 
and the offices are placed on each side of a central 
corridor connecting the three staircase blocks. Two 
telephone switchboards with 500 extensions are accom- 
modated on the third floor, thus constituting one of the 
largest private installations in London. 

In designing the main booking hall the easy handling 
of a large number of passengers was a determining 
factor. Passengers departing by coach for Croydon 
Airport will now proceed out of the south end of the main 
booking hall to a covered coach departure station while, 
as already mentioned, those going by train to Southamp- 
ton will leave by the north end, which adjoins No. 17 
platform at Victoria. To avoid noise and confusion, 
baggage will be lowered by hoists to a subway and 
transported by electric trucks to the platform. The 
offices, generally speaking, are separated from the 
public rooms and are approached from the street by 
separate lifts. It is, however, possible for members 
of the public having business in the office section, to 
approach it from the main booking hall. The lifts 
employed for this purpose are housed in a subsidiary 
tower, thus enabling the complete area of the tower 
at each floor to be utilised. 

The provision of suitable foundations for the building 
proved a problem as, owing to the main and subsidiary 
towers, there was a heavy load concentrated on a 
small area of the site. After sinking a number of 
trial holes and test piles, it was ultimately decided to 
carry the whole of the two-storey portion of the north 
end, which extends 225 ft. from Elizabeth Bridge to 
the main building, as well as the single-storey portion 
at the north end, upon a pile foundation. Reinforced- 
concrete foundations were, however, designed to take 
the heavier loads of the main building, the main and 
subsidiary towers being carried on a raft which was 
taken down to the sand some 23 ft. below pavement 
level. The building itself is of steel frame construction 
with brick panels, which, on two sides, are faced with 
Portland stone. All four sides of the towers are faced 
with the same material. The remaining two sides of 
the building are faced with stocks. Inside, hollow 
block partitions are used, while most of the floors 
are of hollow tile construction. The first floor and 
staircases are, however, of reinforced concrete. The 
flat roofs are also of hollow tile construction and are 
insulated with 2 in. of cork and covered with patent 
roofing. 

Panel heating is installed throughout the building, 
while there is a system of artificial ventilation in the 
basement. An ejector plant has been provided to 
deal with the drainage. The booking hall and other 
parts of the building used by the public are illuminated 
by indirect lighting, direct lighting being used in the 
offices and elsewhere. 








ALUMINIUM IN THE ELECTRICAL 
INDUSTRY. 


ALTHOUGH it is some years since aluminium found 
a place in the electrical industry, the extent of its 
application, especially in more recent years, is perhaps 
not fully appreciated. The results of a survey, which 
has recently been conducted by the Aluminium Informa- 
tion Bureau, Bush House, Aldwych, London, W.C.2, 
are, therefore, of interest. ‘ 

One of the principal applications of this metal is, 
of course, for the construction of overhead transmission 
lines. In this connection it may be mentioned that 


THE NEW HEADQUARTERS OF | the British grid system utilises about 25,000 miles 
IMPERIAL AIRWAYS. |of aluminium conductors, while their employment 


|for the same purpose in France and most other 
Tue rapid expansion of air travel, which has taken | European countries, as well as in South America, is 
place during the past few years, has naturally had its| on a similar scale. In the United States, 30 out of 
reflection in the growth of Imperial Airways, Limited, | the 37 systems operating at 220 kV are also equipped 
a concern which, as is well known, maintains services| with aluminium conductors, of which it is estimated 
on a number of both European and Empire routes. This | some 650,000 miles are in use throughout the world. 
growth, in turn, has necessitated the provision of more| The reasons for this widespread employment of 
and more office space with the result that for some time | aluminium in alloyed form are its low specific gravity 
operations have been carried on not only from the main | and high electrical conductivity. In the case of high 


North-West Territories, while considerable, are so | establishment, but from a number of outlying premises. | power currents, too, its thermal properties are also of 


remote as to limit their present commercial development 
to local mining uses. 

As a result of reduced power demand, no large | 
hydraulic plants were placed under construction in the | 
period between 1931 and 1937. The installation of | 
units in uncompleted plants was, however, proceeded | 
with following the revival in power demand early in| 


The disadvantages attendant on such an arrangement | importance. Finally, the thin oxide films which form 
have been overcome by the recent opening, in Bucking- | on the surface, either naturally or due to electrolytic 
ham Palace-road, London, of a new headquarters, | treatment, render it chemically inert and so greatly 
which is to be known as Airways House. This building | resistant to corrosion. The relative conductivities of 
has been designed for both administration and operation | aluminium and copper at 0 deg. C. are 1-8 x 10-° 
and the site was chosen because of its central position | ohms-cms. and 3 x 10-* ohms-cms., respectively. As 
and because direct access was possible to Victoria station, | the density of copper is about three times that of 








52 
aluminium, it follows that a cable of the former 
material will weigh about twice as much as one of the 
latter for the same conductance. Even when a steel 
core is employed, as is generally the case, the composite 
cable only weighs about 80 per cent. of an equivalent 
copper line and is about 50 per cent. stronger. 

A good deal of investigation has been undertaken 
into methods of overcoming corrosion at joints and 
connections in the lines; and another problem that has 
had to be considered is the prevention of damage due 
to the natural vibration of the conductors. On the 
Continent attempts have been made to construct 
compound conductors, which are incapable of natural 
vibration, by using a steel core of slightly smaller dia 
meter than the surrounding aluminium strands. In this 
country the method is to use a damper which is bell 
mouthed at the ends, so as to provide the minimum 
moment of inertia about the axis of pivoting and to 
allow an opportunity for the formation of unconstrained 
nodes the points of suspension. This system 
minimises the bending in the conductor and 
voids the alternating stress and rapid fatigue set up 
by the reflection of vibration from the rigid heavy 
clasps. The main body of the damper is of high tensile 
aluminium alloy and all the weight is kept as close as 
possible to the axis of pivoting. 

The thermal as well as the electrical properties of 
aluminium, it claimed, make it suitable for the 
transmission of large currents, such as those carried by 
bus bars. Though the rate of temperature rise in an 
aluminium conductor is the same as that in the equiva 
lent copper conductor, the former has a larger surface, 
so that in normal circumstances it will radiate more 
heat and will, when carrying the same current, attain 
a lower temperature. This property, together with 
the fact that aluminium from the heating point of 
view has a higher overload capacity than copper, 
accounts for the large use made of aluminium for 
‘bus bars and for battery connections. A further 
interesting application of aluminium in the electrical 
industry is its use for the rotor bars and end rings on 
squirrel-cage induction motors. These bars and rings 
may be cast solid with the rotor slots, and it is interesting 
to note that by alloying the aluminium with the right 
amount of silicon their resistance may be adjusted to 
uive the required starting torque characteristics. The 
ribbed tanks of oil-cooled transformers are also being 
made of aluminium on account not only of its high 
thermal conductivity and lightness, but of its chemical 
inactivity. Similarly, the breaker arms of switchgear 
are made of the same material, as its low inertia enables 
high speeds of break to be obtained. It further 
employed on the trolley poles, boom heads and pole 
hases of trolley "buses, and for these purposes is now 
being alloyed with 10 per cent. of magnesium to improve 
its strength, ductility and resistance to atmospheric 
conditions. 

Finally. aluminium finds an application in the 
struction of electrolytic condensers and of reflectors for 
lighting equipment. These reflectors are produced by 
an anodising process which can be arranged to give 
t tinted light of various colours. Such reflectors are, 
it is claimed, very durable 
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350-B.H.P. DIESEL-ELECTRIC 
SHUNTING LOCOMOTIVE. 


Tur locomotive shown in the accompanying illustra 
tion is an example of the new Diesel-electric shunting 
engines being introduced by the London Midland and 
Seottish Railway Company. These locomotives, of 
which 20 are in course of construction or in service, 
are to the general design end requirements of the 
chief mechanical engineer of the railway, Mr. W. A. 
Stanier, M.I.Mech.E. They are intended for general 
shunting duties and for intensive ** hump-shunting ” at 
certain marshalling yards, some of them being already 
in use on such duties at Toton Down Sidings, Midland 
Division, at which sidings an important mechanisation 
scheme was brought into operation recently. As will 
be evident, there are six coupled wheels driven from a 
jackshaft between the middle wheels and the trailing 
wheels. This involves a somewhat unsymmetrical 
spacing, the forward wheel base being 6 ft. and the 
rear wheel % ft. 3 in., and gives a loading of 
18 tons 18 ewt. on the leading axle, 18 tons 15 ewt. on 
the middle axle, and 17 tons 12 ewt. on the trailing 
axle. The overall wheel base is 15 ft. 3 in., the length 
over the buffers 31 ft. 44 in., and the width over the 
platform 8 ft. 7 in. The wheels are 4 ft. 3 in. in 
diameter on the treads, and are outside the frames with 
springs above the top of the axle-box with links in 
tension. The middle wheels have a side play of § in., 
and this, in conjunction with the short wheel base, | 
provides ample flexibility for negotiating sharp curves. 

Power is obtained from a 350 brake horse-power 
six-cylinder Diesel engine working on the four-stroke 
eyele and having airless injection. The engine is/| 
ilirect-coupled to a 250-kW direect-current generator 
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supplying current to a single traction motor which 
drives the jackshaft gear wheel through double-reduction 
spur gearing. The power unit enables a maximum 
speed of 20 m.p.h. to be obtained and a maximum | 
tractive effort of 35,000 lb. to be developed. The 
housing is divided into sections covering the engine, 
generator and motor, and its frame is bolted to the | 
foot plating as to be readily removable. The 
majority of the horizontal and vertical-frame stretchers 
are of welded construction. The engine and generator 
unit is arranged with three-point suspension. There 
are two pedestals at the generator end and one at the 
front end carried on girders attached to the main 
frames with rubber pads interposed so as to damp out 
vibration. The main fuel tank is situated between the | 
driving cab and the generator housing and has a 
capacity of 586 gallons. It is surmounted by a service 
tank which provides an additional capacity of 75 gallons. 
The cab contains a control desk with two control 
handles and two brake handles. The handles for the 
sanding and whistle gear and the speedometer are 
situated on the front wall of the cab, which elsewhere 
contains a hand-screw brake, an electric heater, and 
an electric cooker. Adjustable tip-up seats are pro- 
vided on each side of the cab, which has drop windows 
in the sides and doors. The front and rear windows 
give an ample view in both directions. 

It will be clear that the housing is fully equipped | 
with inspection doors, the cylinders and pistons being 
accessible through a sliding roof over the engine section. 
The radiator, seen at the front of the locomotive, has 
a water capacity of 89 gallons and cools both the 
cylinder circulating water and the engine lubricating 
oil. Indicating thermometers are provided for both 
the water and the oil and are situated in the cab. 
A fan, belt-driven from the engine, provides air cireu- | 
lation over the radiator. The engine exhaust silencer 
is situated behind the radiator in the roof of the 
housing. The cylinder cooling water is circulated | 
through the radiator by a pump driven from the engine. | 
The jackshaft is mounted in vertically-split bronze 
bearings with white-metal linings on the journal 
facings. The axle-box is a steel casting split on the 
longitudinal plane and wedged tight up into the jack- 
shaft horn-block. It is lubricated by a rotary pump 
driven from the traction motor through reduction gear. 
The coupled wheel axle-boxes generally follow standard | 
practice, the oil being supplied on the horizontal centre 
of the journal from auxiliary boxes which also feed 
the axle-box slides. Removable underkeeps and oil 
pads are fitted underneath the journal. The jackshaft 
situated at the left of the engine 
and is enclosed in a casing containing grease, care 
having been taken to provide effective seals so that | 
shunting will not cause loss of the grease. The con- 
necting rod is of I-section and is bifurcated over a 
triangular coupling rod to which the driving rod is 
connected by a spherical joint. 

The engine speed is regulated from either of the owe 
controller handles by means of solenoid-actuated valves | 
which admit lubricating oil under pressure to cylinders 
incorporated in the governor, to which they give an 
appropriate setting. The lubricating oil is circulated | 
by a pump driven from the engine. On light loads | 
the engine is prevented from attaining an excessive 
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| main notch. 


}and rotates the engine until firing commences. 


speed by the mechanical governor, while on heavy 
loads a special arrangement of the electrical control 
system, known as the “torque control,” limits the 
power taken by the main generator from the engine 
to a value within the capacity of the engine, thus 
preventing overloading. As the master controller is 
* notched up,” the speed of the traction motor increases 
with the engine speed, due to the successive increases 
in the voltage of the main generator. There is also, 
on the master controller, a second control level which 
enables a fine variation of speed to be made on each 
The brakes are operated by the Westing- 
house straight air-type gear and by hand screw 
through compensated levers. There are double brake 
blocks on each wheel. The air brake also incorporates 


|the Westinghouse self-lapping driver’s brake valve. 


The whistle and sand boxes are supplied with air 
from the brake system. There are sand boxes in 
front of the leading wheels and behind the trailing 
wheels. 

The auxiliary equipment includes an 80-volt accumu- 
lator. This is employed, among other purposs, for 
starting the Diesel engine. The battery is connected 
across the main generator, which then runs as a motor 
The 
engine can be started or stopped by push-buttons from 
either the driver's cab or the engine compartment. The 
battery is also used for exciting the main generator 
field, and supplies the control system and the lighting 
system. It is automatically charged from the main 
generator when the engine is running at idling speed. 
An air compressor is mounted on the generator and is 
belt-driven from the generator shaft. This supplies 
the brake system, and on certain of the locomotives an 
exhauster is fitted for testing the braking system on 
coach stock. This exhauster is driven by a motor 
taking current from the battery. The power equip- 
ment is supplied by Messrs. English Electric Company, 
Limited, the engines being manufactured in the firm’s 
Rugby works and the electrical gear in its Bradford 
works. The frames, tanks, cab, and mechanical parts 
of the locomotives have been designed and built at 
the railway company’s Derby works. It should be 
noted that these 20 locomotives are in no sense experi- 


| mental, a considerable amount of experience having 


been gained on other Diesel-electric shunting loco- 
motives. As a matter of fact, when the present batch 
is completed the railway company will have a fleet of 
42 of this type of locomotive. 








SHOCK-ABSORBING Goops WAGONS ON THE L.M.S. 
RAILWAY.—As a result of the success of the special 
shock-absorbing freight wagons, first introduced by the 
London Midland and Scottish Railway as an experiment 
in 1938, and described in our columns at the time, 
the Company has decided to construct a further 300 


| of these special vehicles, bringing the total stock up to 


506. Of the new vehicles, all of which will be constructed 
in L.M.S. workshops, 250 will be of the hand-braked type 
and 50 of the vacuum-braked type, the latter being 
suitable for running on the fastest freight trains. All 
the wagons will be of 12 tons capacity and delivery of 


‘them will commence in September. 
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AIR-RAID PRECAUTIONS 
AT THE WORKS OF MESSRS. 
STANDARD TELEPHONES AND 

CABLES, LIMITED. 


Tue factory of Messrs. Standard Telephones and 
Cables, Limited, at New Southgate, is bounded on the 
north by a steep rise, part of which had to be cut 
away when extensions were recently carried out. 
Advantage has been taken of this feature to construct 
an impressive network of reinforced-concrete tunnels, 
7 ft. in diameter, of sufficient length to accommodate 
practically the whole of the 6,000 workers who are 
now employed should an air raid occur in the vicinity. 
These tunnels, which were generally speaking con- 
structed by boring from the southern face, are a 
minimum of 20 ft. below the ground, except at the 
end nearest the works, where extra protection has 
been afforded by an overlying block of concrete 3 ft. 
thick. Cross passages are provided between the main 
tunnels and there are also spaces for lavatory accommo- 
dation, first-aid stations and telephone posts. Good 
artificial illumination is provided, a supply on three 
alternative systems being possible. To make the 
system gastight, each entrance can be closed by a 
steel door, some feet in front of which is a reinforced 
concrete blast traverse, as shown in the accompanying 
illustration. At the back of the system there are three 
adits, which can be used as emergency exits to the 
surface. The tunnels have their own telephone inter- 
communication system to enable the chief marshal to 
maintain contact, and, as will appear, communication is 
possible with the chief warden and other officials. 

To deal with incendiary bombs, fire-watching parties, 
each consisting of three men, have been organised and 
these will be stationed, in case of need, in specially 
constructed shelters located in each wing of every 
floor of all buildings. In all, there are nineteen of these 
posts, which will be used for observation purposes. 
They are equipped with protective clothing and fire- 
fighting appliances of a type suitable for dealing 
immediately with incendiary bombs and are supported 
by a main fire brigade and three mobile fire parties. The 
other anti-air raid measures taken include a decon- 
tamination lorry with its equipment and operatives, 
as well as medical and first-aid services and ambulances. 
Day and night squads have been trained to deal with 
these problems, as well as with gas detection and commu- 
nication, and to act as guides and marshals. The whole 
A.R.P. organisation is centralised in a headquarters 
building from which control will be exercised by 
telephone or by runners if necessary, supervision being 
entrusted to the chief executives of the company. 

On Friday last, this system was effectively demon- 
strated to Sir John Anderson and a number of distin- 
guished guests. An air-raid warning (yellow) having 
been received, the alarm was given by a bias injection 
system, which causes bells to ring in certain offices. 
The particular officials thus warned proceeded to the 
headquarters building, whence they carried through 
the procedure for evacuating the personnel when the 
air-raid warning (red) was received. The orders were 
“stand by,” when all machinery was shut down and 
“* preliminary air-raid warning,’ when the personnel 
formed queues under the direction of the group mar- 
shals. On the next signal, “ proceed to shelters,”’ being 


| prescribed routes. 
| with 





| 





received, the groups moved off to the tunnels along 
This operation was carried out 
intense seriousness in a completely orderly 
fashion. Evacuation accomplished, a squadron of 
aeroplanes flew over the works at intervals and at the 
right moments “ bombs” of various types were 
exploded, which resulted in fires being started and a 
certain amount of structural damage being caused, 
while there were also a number of “ casualties.’’ These 
all enabled the actions which would be taken were 
high-explosive, incendiary and gas bombs dropped 
near the factory to be realistically and convincingly 
demonstrated. Finally, the “all clear” was given 
and the employees returned to their normal duties. 








CREEP AND FRACTURE OF 
CABLE SHEATHING. 


AN investigation of the creep and fracture of lead 
and lead alloys for cable sheathing, conducted by the 
Engineering Experimental Station of the University of 
Illinois in co-operation with the Utilities Research 
Commission, is the subject of a report by Professor 
Herbert F. Moore, Mr. Bernard B. Betty, and Mr. 
Curtis W. Dollins.* Narrow specimens of 10-in. gauge 
length and } in. wide, cut from sheaths supplied by 
various manufacturers and users, were examined at 
stresses varying from 50 Ib. to 400 Ib. per square inch at 
controlled temperatures of 110 deg. F., 150 deg. F., and 
at room temperature (about 76 deg. F.). Most of the 
tests were of 2,000 hours’ duration, but seven of the 
metals were tested over 7,200 hours to 10,000 hours. 
It was found that the creep of lead or lead alloys 
consisted of three stages: first, a preliminary stage of 
rapid creep, which quickly diminished ; then, a stage 
in which the creep rate remained nearly constant ; and 
finally, a stage in which the creep rate increased rapidly 
with “ necking-down ” of the specimen until fracture 
occurred. Most of the extension took place in the 
third stage. The total creep up to a time ¢, in the 
second stage, has been expressed by Mr. P. G. McVetty 
as vt+ ep. Dr. R. W. Bailey proposed the relation 
v= As", A and n being experimentally determined 
constants. The report shows, however, that, even for 
the long-time tests, this relationship is untrue except 
for stresses much greater than 100 lb. per square inch. 
Calculating from the McVetty formula, little difference 
was found between the long-time tests and the 2,000- 
hours tests of specimens at 110 deg. F. and 200 Ib. 
per square inch stress, and so it was assumed that 
the creep in, say, 10,000 hours, could be satisfactorily 
based on a 2,000-hour test, using the McVetty formula. 

Although rapid rise of creep rate with temperature 
was found, no simple relationship is yet advanced con- 
necting temperature, creep rate and stress; in order 
to illustrate the results of this study, however, isometric 
diagrams have been prepared. Long-time fracture 
tests under continued loading were fairly well repre- 
sented by TS=TS’—k log (¢—1), TS being 
the tensile stress for a given time t, TS’ the tensile 
stress in a 10-hours test, and k a constant determined 





* Investigation of Creep and Fracture of Lead and 
Lead Alloys for Cable Sheathing. University of Illinois. 
Bulletin No. 306 (Series 1936). [Price 1 dol.) 


| 

| by an experiment of some 1,000-hours duration. The 
| effect of a vibratory stress of about + 30 Ib. per square 
inch on the steady imposed load was found to be very 
marked, and as examples of the results observed, the 
life of one plain lead specimen was found to be 
shortened to about 2 per cent. of its life under steady 
load, while the life of cadmium-lead and antimony- 
lead specimens was found to be shortened to about 
50 per cent. under similar conditions. 

By investigating the creep phenomena of lead sheaths 
under a constant internal pressure of 25 lb. per square 
inch, attempts were made to apply the results of the 

| tensile experiments to the effects under service condi- 
| tions. It was found that a much longer time was 

required for the sheaths to establish a steady creep 

rate than in the case of the straight specimens, but 
| little success attended the attempt to correlate the 
| results. The report suggests that this was due to 
| imperfections such as dents, bends and the structural 
effects of cold working, which are bound to be present 
in the sheaths. It is recommended, however, that a 
conservative practice would be to take the circum- 
ferential creep of a sheath under pressure, for a period 
of years, as equal to the total creep rate of tensile 
specimens over a similar period. In discussing the 
effect of expansion of sheaths of both the solid and oil 
filled types of cables, Mr. Herman Halperin states that 
| there are definite indications that fracture will occur in 
service much sooner than would be indicated by short- 
time laboratory tests. The determination of sheath 
expansion by the measurement of change of electric 
capacity of a cable is fairly reliable. On the results of 
the investigation it was recommended that lead con- 
taining about 0-06 per cent. of copper should be used 
on installations of 66-kV oil-filled cable in view of the 
low creep rate of this alloy compared with tin-lead 
alloy which would normally be used. This recommen- 
dation was acted upon with appreciable reduction in 
cost. In discussing the theory of creep in metals, the 
report suggests that, in the first stage, work-hardening 
slows up the creep rate to the steady value observed in 
the second stage. In this stage, viscous or quasi-viscous 
flow ensues with progressive disintegration of the 
crystalline structure. This develops into minute 
spreading cracks in the third stage and finally fracture 
occurs. The flattening of specimens had a marked 
effect upon the creep rate, but it is concluded that this 
effect is not of major importance and is not predictable. 











| THE INSTITUTE OF METALS; 
GLASGOW MEETING. 


Tue thirty-first annual autumn meeting of the 
Institute of Metals will be held in Glasgow from 
Tuesday, September 5, until Friday, September 8. 
The programme of the business proceedings, which will 
take place in the hall of the Institution of Engineers 
and Shipbuilders in Scotland, 39, Elmbank-crescent, 
Glasgow, C.2, and a list of the papers to be presented 
and discussed, are given below. 

Tuesday, September 5, at 7.15 for 7.30 p.m., welcome 
at the Institution of Engineers and Shipbuilders in 
Scotland by the Lord Provost of Glasgow, Dr. Robert 
Robertson, D.L., and by Sir Cecil M. Weir, K.B.E., 
M.C., President, Glasgow Chamber of Commerce. 

At 8 p.m., Seventeenth Autumn Lecture on * Alu- 
minium and Highland Water Power,” by Mr. W. 
Murray Morrison, F.Inst.Met. 

Wednesday, September 6, at 10 a.m., seven papers 
will be presented for discussion, namely, ‘* The 
Thermal Conductivity of Some Industrial Alloys of 
Copper and Nickel,” by Dr. J. W. Donaldson ; * The 
Anodic Oxidation of Aluminium,” by Mr. J. W. 
Cuthbertson; “The Direct Oxidation of Zinc,” by 
Dr. W. H. J. Vernon, Dr. E. I. Akeroyd, and Mr. E. G. 
Stroud; “The Production of Tarnish-Resistance by 
the Electrolytic Deposition of Beryllia, with Special 
Reference to Silver,” by Drs. L. E. Price and G.' J. 
Thomas; “ Dendritic Structures. Part I: The In- 
fluence of Crystal Orientation,” by Dr. L. Northcott 
and Mr. D. E. Thomas ; “ A Contribution to the Study 
of Segregation in Copper-Silver Alloys,” by Dr. 8. W. 
| Smith, C.B.E., and Dr. J. W. Watson; and “ Alloys 
|of Magnesium. Part VIII: A Further Study of the 
| Mechanical Properties of Some Wrought Alloys,” by 
| Dr. J. L. Haughton and Mr. A. E. L. Tate. 
| At 2 p.m., visits to the works of Messrs. John Brown 
}and Company, Limited; Messrs. Henry Wiggin and 
|Company, Limited; and Messrs. Albion Motors, 
| Limited. 
| At 7.30 p.m., civic reception at the City Chambers. 
| Vhursday, September 7, at 10 a.m., general discussion 
| on ‘** Machinability.” 
| At 2 p.m., visits to the works of Messrs. Glenfield and 
| Kennedy, Limited, Kilmarnock ; and Messrs. Barr and 





. | Stroud, Limited. 


At 7.30 p.m., dinner and dance. 
Friday, September 8, at 10 a.m., departure for all-day 
excursion on the River Clyde. 
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LABOUR NOTES. 


Tue latest quarterly statistics relating to employment 
and unemployment, published by the International 
Labour Office at Geneva, show that the position is 
decidedly better than it was three months ago. The 
period covered by the new figures is from February to 
June, but, it is explained, they must not be taken as 
measuring accurately the actual level of employment 
and unemployment in each country. Consequently. 
it is added, no comparisons ought to be made between 
the various countries. The main significance of the 
figures, it is pointed out, is that they illustrate the 
trend in each country over twelve months, that period 
being selected with the object of eliminating seasonal 
fluctuations. Of eighteen countries, for which statistics 
of industrial employment are available, the number 
of persons in employment has increased, as compared 
with a year ago, in fifteen and decreased in three 
(Australia, Canada and Latvia). Three months 
ago figures were available for 20 countries and showed 
increased employment in 13, decreased employment 
in six, and a stationary position in one. The number 
of persons recorded as in employment is still below 
the average figure for 1929 in Canada, France, Luxem- 
bourg, Switzerland and the United States, while the 
Polish figure is back to the level of that year. The 
Netherlands, which, three months ago, was included 
in that list, now shows a level of employment 1-3 per 
cent. higher than in 1929 

Unemployment figures received by the Office are 
available for 23 countries. Of these, five (Australia, 
Belgium, Canada, Chile, Hungary) register an increase 
1s compared with a year ago, 16 a decrease and one no 
change. In most cases the increases are very small 
and the decreases fairly considerable. In Sweden, 
there are two sets of figures which show inconsistent 
trends and no conclusions can be drawn, therefore, as 
to the situation in that country. Three months ago, 
the corresponding figures for 23 countries were nine 
showing an increased unemployment, and 12 a decreased 
unemployment, while in two countries the situation 
was not clear 


The conciliation machinery agreed between the 
employers and the trade unions in the shipbuilding 
and ship-repairing industry provides, in cases of excep- 
tional difficulty, for conferences at which the employers 
and all the shipyard unions meet under the presidency 
of an independent chairman, That important position 
has, until recently, been held by Mr. W. D. Patrick, 
K.C., but his appointment as a Judge in the Court of 
Session has made it necessary for him to resign it. 
He has occupied it for a number of years with much 
acceptance to both sides of the industry. The new 
independent chairman is Mr. James Gordon McIntyre, 
K.C., who has accepted an invitation from the Ship- 
building Employers’ Federation and the Confederation 
of Shipbuilding and Engineering Unions to accept the 
office. Under the agreed arrangements, the independent 
chairman is not, in any sense, an arbitrator between 
the parties. He acts as chairman and conducts the 
business at General Conferences and, although without a 
determining voice or vote in the proceedings, he has, 
on more than one occasion, been able to render great 
service to the industry in bringing together divergent 
and securing the settlement of difficult 
questions. Previous distinguished occupants of the 
position were Lord Macmillan, Lord Robertson and, 
until his recent resignation, Lord Patrick. Mr. 
McIntyre is the only son of the late Mr. T. W. MeIntyre, 
of Sorn 


interests 


It is announced that the employees in Admiralty 
establishments throughout the country are to receive 
an advance of 2s, per week in the standard rate of their 
bonus as from June 5 last. This follows the decision 
of the Engineering and Allied Employers’ National 
Federation to increase the bonus of engineering opera- 
tives in private employment by a similar amount. 
Dockyard apprentices are, it is added, to receive an 
additional 6d. in their first or second year and an 
additional ls. if in their third, fourth or fifth year. 


Addressing a meeting in London last week of the 


Industrial Co-partnership Association, Sir Edward 
Mountain, chairman of the Eagle Star Insurance 
Company, dealing with the subject of * Pensions 


Schemes in Industry,” said that the modern contribu- 
tary and contractual pension scheme was, perhaps, 
the best example of genuine co-partnership between 
employer and employee. British employers had 
given more thought to the welfare of their employees 
than the employers of any other country. There 
were 7,000 pension schemes in force, covering about 
1,700,000 persons, but there were 21,500,000 


as 


employed persons in the country, even making allow- 
ance for juveniles and others not likely to come within 
a scheme, less than one in 10 was in any scheme. 


ENGINEERING. 
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Broadly speaking, Sir Edward went on to say, a 
scheme excluding past service could be established for 
about 3 per cent. of the wages bill, with similar contri- 
bution from the employees. The employer’s contri- 
butions were not liable to income-tax or N.D.C. The 
cost of pensions would rise in the future as the average 
age of the population increased with the declining 
birth-rate, so that future pension schemes were unlikely 
to be cheaper than to-day. 


The New York correspondent of The Times stated, 
in a message despatched on July 3, that unemployment 
in the United States had, according to the National 
Industrial Conference Board, decreased by 2-9 per cent. 
in May. The total was, in fact, the first below 
10,000,000 since December. The figure for May was 
9,881,000, which was about the same as that for 
October, 1938, but 1,500,000 less than that for May, 
1938. It was, however, 400,000 more than the total 
for the third quarter of 1937, before the abrupt halt 
to business recovery set in. The employment figure, 
the correspondent added, rose from 44,298,000 in April 
to 44,643,000 in May, declines in building construction 
and motor manufacturing being more than off-set by 
an increase in the mining industry following the 
settlement of the bituminous-coal strikes. 


At last week’s conference in Bridlington of the 
Transport and General Workers’ Union, a resolution, 
moved by Mr. Arthur Deakin, the assistant general 
secretary of the organisation, demanded the repeal of 
the 1927 Trade Disputes Act—a measure which, he 
declared, had put upon the trade-union movement a 
‘stigma absolutely unjustified by the facts.” An 
amendment was submitted urging action “‘even to 
full strike action,” to secure repeal of the legislation, 
and, speaking in support of it, a delegate said that the 
withdrawal of the Act should have been demanded as 
part of the price of Labour’s co-operation in National 
Service. In the course of his reply to the discussion, 
Mr. Deakin disclosed that the Trades Union Congress 
had already extracted a promise from the Prime 
Minister that Labour’s case against the Act would be 
given consideration. The amendment was, therefore, 
defeated and the resolution carried. 


Another resolution moved at the conference of the 
Transport and General Workers’ Union demanded 
not only that legislation should be enacted embodying 
the complete recommendations of the Holidays with 
Pay Committee, “ without delay,” but urged that, 
once a week’s holiday was established, it should be 
extended to at least two weeks, with full pay, besides 
payment for statutory holidays. A delegate who took 
part in the discussion on the resolution, reminded the 
conference that, although 5,000,000 workers now had 
agreements for paid holidays, millions were still without 
them. Moreover, he asserted, there were industries 
like engineering in which “short time reduced the 
holiday payment and neither overtime nor piecework 
earnings were counted to increase it.” The resolution 
was adopted. 


The annual conference of the Mine-workers’ Federa- 
tion of Great Britain, at Swansea, last week, considered 
a resolution moved by a delegate to instruct the execu- 
tive to draft national terms for the regulation of wages 
in all districts. These terms, the resolution stated, 
should, after approval by the districts or a national 
conference, be adopted by all districts when their 
local wages agreements terminated. On the suggestion 
of Mr. Edwards, the general secretary, the resolution 
was referred to the executive for examination. He 
pointed out that, when closely examined, it meant a 
policy of a national wages agreement. In the circum- 
stances which existed at present, if a national agreement 
was applied, they would only get terms on the bases 
that applied in the worst districts. 


A resolution was adopted at the annual conference 
of the National Union of Railwaymen, at Clacton, 
last week, declaring that there could be no effective 
solution of the many problems of transport, from the 
point of view of either the interests of the public or 
the welfare of the workers, until Parliament co-ordinated 
all forms of transport under public ownership and 
control. 


Between May 15 and June 12, the numbers of unem- 
ployed persons on the registers decreased by 20,729 
in the London area, 19,666 in the south-eastern area, 
14,295 in the south-western area, 9,257 in the Midlands, 
19,264 in the north-eastern area, 15,304 in the north- 
western area, 12,728 in the northern area, 22,189 in 
Scotland, and 9,271 in Wales. As compared with the 
position at June 13, 1938, there were, on June 12 
this year, 27,683 fewer unemployed in the iron and 
steel industry and 16,760 fewer in engineering, etc. 
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The annual report of the United States Secretary of 
Labour states that the attention of the Department’s 
Women’s Bureau has been drawn to a new problem. 
viz., that of the encroachment of men in women’s 
fields of employment. If it were true, as available data 
indicate, that men are encroaching in women’s tradi- 
tional fields of retail trade, hotels and restaurants, 
laundries, office work textiles, men’s clothing and 
confectionery, more attention must be given, it is 
declared, to women’s vocational training and guidance. 
since women cannot be restricted to machine feeding 
and household employment. Specialised and more 
adequate training before entering employment is 
regarded as essential and teachers and counsellers 
require help to enable them to give it. Community 
needs that could be met by women entering entirely 
new lines of employment should, it is recommended, 
be studied and developed. Assistance to groups of 
women interested, but uninformed, is described as a 
vital need, and consumers’ co-operation as essential 
in many matters concerning women’s employment. 
So is advice to working women, it is added, in the use of 
scientific material, especially in collective bargaining. 


A Decree published in France on May 6 consolidates 
unemployment legislation and amends certain of its 
provisions. Part-time workers eligible for unemploy- 
ment relief include, it is stated, those who, as defined in 
the preliminary provisions of the Act, continue in their 
former employment but, owing to lack of work, are 
employed for only one week in a fortnight or for less 
than three days or twenty-four hours a week. Such 
short time must also affect the whole of an undertaking 
or separate branch of an undertaking employing at least 
ten workers, and it must be collective in that it must 
affect the whole of the staff other than those engaged 
on maintenance or supervision. To be eligible for 
relief, workers on short time fulfilling the prescribed 
conditions, must show that they have worked for 
at least four weeks for the undertaking employing 
them. In addition, they must also satisfy the condi- 
tions required of other unemployed persons in respect 
of previous employment, and length of residence in 
the municipality concerned. Relief may not be granted 
to persons on short time who receive a wage or allowance 
from their employer for their days of unemployment 
or by those who on the day of unemployment carry 
out other work for pay. If, however, the sum received 
by the unemployed worker is less than the allowance 
permitted by the regulations of the fund, he may be 
granted the difference between such sum and the allow- 
ance. Workers on short time who, without good reason, 
refuse work offered them for the days of unemployment, 
are also excluded from allowances. 


The worker is not entitled to relief unless the under- 
taking to which he belongs has been idle for at least 
eight full days in the four weeks immediately preceding 
his application for relief, or for one full week if unem- 
ployment has been organised by rotation in alternate 
weeks. The number of daily allowances paid in each 
week may not exceed one less than the number of days 
of unemployment. In no case may workers on short 
time receive in the course of a given week, as wages and 
relief, an amount in excess of thema ximum laid down 
by the scale applied by the unemployment relief fund 
in question. In exceptional cases, the right to State 
subsidies may be extended to relief granted by unem- 
ployment funds to persons on short time who fulfil 
the prescribed conditions but who are employed in 
undertakings or parts of undertakings where short 
time is organised in rotation. In this case, however, the 
rotation must extend to the whole staff. who must be 
unemployed on the same number of days, and at the 
same intervals. Under another provision the unemploy 
ment fund may make the admission to relief of persons 
on short time conditional on contributions by the 
employers to the relief affecting their own undertakings. 








THE INSTITUTION OF ELECTRICAL ENGINEERS.—Mr. 
F. W. Purse has been elected chairman of the Trans- 
mission-Section Committee of the Institution of Electrical 
Engineers for the year 1939-40. 


Socrétre DES INGENIEURS CIVILS DE FRANCE.——At a 
meeting held in Paris on Friday, June 30, the President 
of the Société des Ingénieurs Civils de France, Monsieur 
Raymond Berr, presented the Gold Medal of the Société 
(Prix Annuel) to Mr. W. T. Halcrow, M.Inst.C.E., for his 
paper, ‘“‘ Tapping a Lake at 32 m. Below the Surface.” 
read before the Société in Paris on May 27, 1938. This is 
the first occasion on which the premier prize medal of the 
Société has been presented to a British subject since its 
award was instituted in 1861. Mr. Halcrow, who is the 
President of the British Section of the Société, described 
in his paper the Ben Nevis tunnel through which water 
from Loch Treig is delivered to the British Aluminium 
Company's power station at Fort William. 
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ROTARY 


CONSTRUCTED BY MESSRS. 


ROTARY SELF-CLEANING FILTER. 


THE accompanying illustrations, Figs. 1 to 3, show 
a rotary self-cleaning filter designed to deal with large 
quantities of liquid containing a high percentage of 
solid matter. It is suitable, for example, for handling 
lubricating or fuel oils, greases, or water and factory 
effluents. The filter is manufactured by Messrs. 
Newcon Filters, Limited, Slough, and is marketed by 
Messrs. Alfa-Laval Company, Limited, Great West- 
road, Brentford, Middlesex. The capacities range 
from 500 gallons per hour to 20,C00 gallons per hour, 
these figures being based on lubricating oil at a tem- 
perature of 100 deg. F., passing through a screen of 
300-mesh nickel gauze. The filter is shown in section 
in Figs. 1 and 2, an external view being given in Fig. 3. 
The conical disc to the left of the cover flanges is 
the handwheel by which the screen is rotated for 
cleaning, the dome-shaped object on this wheel being 
an alarm bell which rings automatically when cleaning 
is necessary. The inlet for the raw liquid is seen at 
the side and the outlet for the filtered liquid at the top 
on the right-hand side. The flange at this side is a 
supporting bracket. The union at the top is for 
attaching a pressure gauge and the two at the bottom 
are drain and flushing connections. The cock is for 
the discharge of the filtered sludge. 

The construction of the filter is shown in Figs. 1 and 
2. Two concentric perforated cylinders a and 6, with 
the perforations in line, are attached at one end to a 
disc c formed on the handwheel spindle. The filtering 
medium lies between the cylinders and is maintained 
in place by the clamping bar seen in cross-section in 
Fig. 1. The spindle extension, in addition to carrying 
the perforated cylinder, forms a short cylinder in which 
is a piston with a rod passing through the handwheel 
spindle. Referring to Fig. 2, it will be seen that the 
left-hand side of the piston is open to the space inside 
the perforated cylinders, that is, the space containing 
the filtered oil. The right-hand side of the piston is in 
communication, through the hole seen at the bottom 
of the handwheel disc, with the annular space sur- 
rounding the perforated cylinders, which space con- 
tains the unfiltered oil. So long as the filter is clean 
there is no movement of the piston, as the pressure on 
it in both directions is equal, the pressure drop being 
compensated for by the helical compression spring, 
seen on the left in Fig. 2 on the piston rod; but, as 
the filtering medium becomes blocked, the pressure on 
the outlet side of the piston decreases until the differ- 
ence between it and the pressure on the inlet side over- 
comes the resistance of the spring and the piston moves 
towards the left. This movement is communicated 
to a short lever armed at its free end with an adjustable 
finger which makes contact with a push on the base 
of the alarm bell, which, being of the wound-up spring 
type, rings until the handwheel is turned to clean the 
filtering medium. 

The cleaning operation is as follows: in contact 
with the bottom of cylinder a is a trough d, which 
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communicates with the sludge ejection cock as shown 
in Fig. 2. The trough is formed on its contact surface 
with a slot extending for its full length and only slightly 
wider than the diameter of the perforations. The 
arrangement will be clear from Fig. 1, in which the 
cylinders are shown in the working position, the slot 
in the trough being closed by an unperforated strip 
on the cylinder. Movement of the cylinders in a 
clockwise direction brings the rows of perforations 
successively in line with the slot, and the pressure inside 
the cylinders forces the clogging matter out of the 
meshes and into the trough. Any solid matter adherent 
to the external surface of the cylinder a is removed by 
a spring-loaded scraper e attached to the side of the 
trough and falls into a pocket formed in the lower part 
of the filter casing, whence it is withdrawn through the 
drain connection seen in Fig. 2. The flushing con- 
nection to the left is for the attachment of a steam pipe 
so that the filtering medium can be completely cleared 
by a steam flow. Such clearance is not normally 
necessary, but if the filter is not in use for some time 
the oil may partially solidify in the meshes and needs 
heat and a strong flow to remove it. Similarly when 
the filter is used for a very viscous liquid this form 
of occasional cleaning may be desirable. When clean- 
ing the filter the handwheel is rotated through a com- 
plete revolution. The spring bolt, seen in the upper 
part of the handwheel in Fig. 2, locks the wheel in 
the working position. It is pressed to release the wheel 
when cleaning is started and automatically re-locks 
when a full revolution has been completed. The full 
arrows in Figs. 1 and 2 indicate the flow of the oil 
when the filter is at work and the dotted arrows show 
the path of discharge when it is being cleaned. 

The filtering medium may be of almost any mesh 
from 10 to 800, the mean cross-sectional area of the 
openings in the gauze, and therefore the approximate 











size of the smallest particles intercepted, ranging from 
0-076 sq. in. to 0-0005sq.in, The working pressure can 
be as desired up to 500 lb. per square inch, depending 
on the materials employed. The Newcon filter is also 
made in several non-rotary types. These, which are 
mounted vertically, are generally intended for low- 
pressure working and are cleaned by the reciprocation 
of a piston, the rod of which terminates in an actuating 
handle. 

The arrangement of the parts naturally differs 
from that of the rotary filter. There is only one, 
perforated cylinder round which the filtering medium 
of wire gauze is stretched and the piston works 
in a cylinder the full length of the screen. The dis- 
charge trough is replaced by a spring-loaded valve. 
Indication that the filter needs cleaning is given by 
the rise of the actuating handle. A stroke, or perhaps 
two, of the piston then cleans the gauze and discharges 
the sludge. This type of filter is also made with a 
jacket so that very viscous oils, etc., can be made more 
fluid by steam or hot water heating. Another pattern 
has dual filters, which can be used either alternately 
or in parallel. 








LIGHT BROACHING PRESS. 


Or the utility and economy of broaching as a finishing 
process there can now be no doubt, but its application 
has hitherto been restricted to the shaping of parts of 
considerable size, it being not considered economical to 
use the machines on small work. Messrs. Colonial 
Broach Company, 147, JogCampau, Detroit, Michigan, 
U.S.A., have, however, removed this objection by the 
development of a compact, self-contained vertical 
broaching machine with a capacity of 0-5 ton. The 
machine is distributed in this country by Messrs. 
Gaston E. Marbaix, Ltd., Humglas House, 22, Carlisle- 
place, London, 8.W.1, and is known as the “ Junior” 
broaching press. It is of the bench type and has an 
overall height of only 31 in., the area of the base being 
22in. by 12 in. The stroke can be varied as desired 
up to a maximum of 10 in., this adjustment being 
readily made by means of sliding stops on the control 
valve rod. The platen is 12 in. by 8 in., and the 
distance from the centre of the broach to the face of the 
column is 5 in. The ram cylinder, pump, oil-tank and 
motor are housed in the column. The pump is designed 
for a working pressure of 1,000 Ib. per square inch and 
is direct-driven by a vertically-mounted motor of 1 h.p. 
at 1,200 r.p.m. Gauges to show the level in the oil 
tank and reservoirs are provided, and control is effected 
by means of a single hand lever. The machine should 
prove very useful in the lighter engineering industries, 
e.g., small valve and instrument making, machine 
accessories and the like. It should also be serviceable 
in assembling parts by pressure, the broach being 
removed and a suitable tool inserted. The “ Junior” 
press can be mounted on a lathe for pressing parts on 
to arbors and removing them when machined. 
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ORGANISATION AND DEVELOP- 
MENT OF STEEL FOUNDRY 
RESEARCH.* 


By W. J. Dawson, Assoc. Met. 


Tue comprehensive character of this subject is 
such that a fully adequate treatment would require a 
contribution of much greater length than the present 
paper. The subject has, therefore, been treated 
briefly in sections, prominence being directed to the 
activities with which the author has been more par- 
ticularly concerned. Probably no _ steel product 
presents such difficulties in manufacture as a per- 
fectly sound steel casting. In few processes does 
successful production depend so much on the in- 
dividual skill of the operative. While the art of 
the moulder, accordingly, must always be an important 
factor in steel founding, the application of scientific 
control in the foundry plays an increasingly important 
réle. In every branch of human activity this replace- 
ment of the art of the individual craftsmen by methods 
based on co-ordination of effort and the systematised 
study of experiences is the natural course of progress. 

When consideration is given to the accomplishments 
of the steel founders in the seventies of last century, 
it is impossible not to admire the excellent results 
obtained in the absence of all those methods of scientific 
control that are freely available to-day. Nevertheless, 
due to the absence of systematic knowledge, progress 
had doubtless to be paid for dearly in terms of wasters 
before a particular type of casting could be perfected. 

It was in the early ‘fifties of the last century that 
success was first attained in making steel castings. 
Jakob Mayer, of Bochum, had overcome the disability 
arising from the burning-on of ordinary moulding sand 
to the casting by the use of calcined fireclay, or old 
crucibles ground to powder. The process was patented 
in England by E. Reipe, and first operated in this 
country by Vickers in 1855. The earlier castings made 
were bells, cog wheels, railway crossings and rings for 
rolling into railway tyres. The Terre Noire Works 
in France were supplying railway-carriage wheels, 
crossings and rolls in 1870, and the author's own 
company, then known as the Hadfield Steel Foundry 
Company, exhibited at the Paris Exhibition of 1878 
double spur wheels, railway crossings, wheels, pulleys 
and hydraulic cylinders. 

It was only four years after this time that Mr. 
Hadfield, now Sir Robert Hadfield, Bart., F.R.S., 
invented manganese steel, and the subsequent appli- 
cation of this material in the production of manganese 
steel castings provided a signal instance of the value 
of research in the foundry. Concerning the origin of 
the first manganese-steel castings, it may be of interest 


to recall that Hadfield, at that time a young man of 


22, recorded in his experimental notebook under the 
date September 7, 1882, the following : 

* I was led to make the following experiments with 
a view to the production of a very hard steel for tram- 
way wheels, and grinding wheels or discs to be used 
in the place of emery wheels. The experiments have 
led to some curious, perhaps most momentous results 
that may to some extent entirely revolutionise metal- 
lurgical opinions as regards alloys of iron and steel.’ 

Che perfecting of this first austenitic alloy steel as 
applied to castings involved the solution of new 
problems in every branch of manufacture: in modi- 
fication of the material used in the ladle lining and of 
the refractories used in the moulding ; new problems 
of feeding were involved and, owing to the hardness 
of the steel, new methods of cleaning, fettling and 
finishing had to be found. .Moreover, to develop the 
unique physical properties’ which characterised the 
new steel, the method of heat-treatment as used for 
ordinary steel castings had to be revolutionised. 

Initiation of Sand Research. 
scientific control in the metallurgy of steelmaking has 
been operative for many years; on the other hand, it 
is only within comparatively recent times that serious 
attention has been devoted to scientific method in 
moulding and casting technique. Control of moulding 
sands is at the very foundation of steel-foundry 
technique. In this field, great credit must be given 
to Professor P. G. H. Boswell, among others, for his 
pioneer work, for it can be truly said that it was he 
who, in Great Britain, laid the foundation of the 
scientific testing of foundry sands. 

Boswell himself in 1921 had noted that, although 
the extensive endowment of scientific research in the 
United States had become proverbial, it was remarkable 
that research upon foundry problems had _ there 
received so little attention. The Bureau of Standards 
alone had conducted investigations on moulding sands. 
Boswell had quoted the opinion of an authoritative 
American writer familiar with foundry technique that 
at that time, in Great Britain, he had found a more 
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| advanced state of affairs relating to the treatment and | justified, since there was occurring at that time a 


investigation of moulding sands. 

In 1919 the Hadfield Company decided to intensify 
the study of foundry materials, and embarked upon a 
programme of investigation in consultation and co- 
operation with Professor Boswell. A comprehensive 
scheme was worked out which had the following 
features :—The development of methods of testing 
for grading by elutriation, mechanical properties, 
permeability, as well as the accepted methods of 
chemical analysis; their application to the study of 
the materials in use and the alternative mixtures 
utilising artificial colloidal and other organic bonds ; 
the correlation of the relationships determined with 
the behaviour of the sand in the mould, and with the 
character of the resultant casting. 

Since the inception of this scheme, the scientific 
control of moulding materials has been enlarged in 
scope and become more fruitful in its application. The 
development of metallurgical practice has introduced 
a new technique in melting and a multiplication of the 
types of steel to be encountered in casting. 
moulding has increased. All these changing con- 


| ditions have introduced special moulding conditions 
|involving specific foundry problems. 


Correlation of 
the results of laboratory tests with foundry experience 
has indicated the characteristics of major importance, 
so that it has become possible to forecast with reason- 
able certainty the behaviour of any sand mixture 
before it is sent into the foundry. 
testing in the routine control of moulding sand needs 
no advocacy here. Many specific problems requiring 
new methods of investigation have been solved from 
time to time. A few examples out of many will serve 
as an illustration. Thus, in order to determine the 
conditions under which cores could be made to give 
in the baked condition the same size as the original 
core box, an investigation of the expansion character- 
istics was necessary, and ultimately the solution was 
found in a specific type of grading of the sand. The 
use of old crucible pots and waste firebricks had 
certain disadvantages. They were growing scarce, 
or were variable in moulding compositions and un- 
certain in character. Investigations to find substitutes 
showed that there could be used a fired grog of a 
specific refractoriness, hardness and toughness, and 
that, with care in drying, a reducing atmosphere in 
burning and the presence of carbon being advan- 
tageous, the proper combination of different classes of 
clay could give a material of the required character, 
if the economic factors were satisfactory. The deve- 
lopment of new paints, the establishment of the 
optimum conditions for tarring or coating moulds, 
the search for improved bonding by the use of de- 
flocculating agents and organic binders and the deter- 
mination of the bearing of the type of mill and its 
influence on the character of the product, are but a 
few problems which have been investigated. 

Pioneer American Investigations.—Organised _re- 
search on the properties of moulding sands, sponsored 
by the American Foundrymen’s Association, began in 
1921, at a time when little attention in that country 
had been given to sand control. Dr. Richard Moldenke, 
then secretary of the Association, had published the 
results of tests on a wide variety of sands carried out 
under his supervision. Moldenke’s work had been in 
its earliest application concerned with the iron foundry, 
but his work showed a pioneer spirit and ultimately 
embraced all branches of the founder’s art. 

The American Foundrymen’s Association, with the 
co-operation of the Division of Engineering, National 
Research Council, organised the Joint Committee on 
Moulding Sands Research to conduct “ research on 
natural and synthetic moulding sands, as well as on 
the employment of greater proportions of used sands 
in moulding operations.” The primary need was 
considered to be the provision of practical and accurate 
methods for testing the physical properties of foundry 
sands, and the properties decided to be of greatest 
importance were moisture content, permeability, 
strength, fineness, refractoriness and durability. Ten- 
tative standards for the determination of these physical 
properties and methods for chemical analysis were 
published in 1924 by the Committee on Standard Tests. 
These were revised and elaborated, and a grading 
classification added, in 1928. In the Steel Division of 
the American Foundrymen’s Association, there are 
32 Committees and Sub-Committees, of which no 
fewer than 13 are dealing with foundry-sand research. 

In the initiation and application of research a factor 
of cardinal importance is the provision of adequate 
educational facilities for training purposes. That any 
doubt should ever arise that such a requirement is an 
essential feature of a progressive state of affairs in 
the industry is not to be expected. Nevertheless, the 
matter was raised in the United States in 1930, when 
the question was being considered of the modernisation 
of the existing shop for foundry work used in connec- 
tion with the training of engineers at the Pennsylvania 
State College. Doubt was expressed as to whether 
the building and equipping of a new foundry was 





Machine- | 


The value of such | 


| tendency towards gradual displacement of castings 
}in engineering practice by forgings and fabricated 
| structures. In answer to this challenge strong refuta- 
| tion of the doubt was expressed by the leaders of the 
| foundry industry in that cquntry. It was urged that 
the relative position of the various types of steel manu- 
| facture was subject to variation, that the pendulum 
had swung too far in favour of the competitive pro- 
ducts, and that it would inevitably swing back and 
that the state of education and research in relation 
to the industry must be an index of that development. 
At about the same time as the very existence of 
special foundry education was being challenged in the 
United States, Ingall, on behalf of the Constantine 
Technical College of Middlesbrough, had made an 
inquiry into the facilities for training foundry personnel 
in this country. The replies revealed that in many 
centres suitable courses were available, but there was 
a general lament that the numbers of students coming 
forward and (what is more important) completing the 
course were disappointing, and that the standard of 
education of the entrants was in many cases low. 
During recent years the improvement of the educa- 
tion of foundry personnel has received considerable 
impetus both here and abroad. In France, the Ecole 


| Supérieure de Fonderie, Paris, has been in existence 


for about 15 years and is claimed to be the first educa- 
tional establishment of its kind. Courses in foundry 
instruction are also given at the Conservatoire des 
Arts et Métiers and at the Ecole Centrale des Arts et 
Manufactures. In addition there are available courses 


| for apprentices at provincial centres, and those which 


form part of a works’ organisation for the training of 
their own men. 

The Technical High School, comprising also a 
Foundry Institute, at Aachen, is well known for the 
educational facilities provided for those in the foundry. 
A foundry course is included in the curriculum of the 
Clausthal Bergakademie, and foundry work is covered, 

| although to a less extent, by the Freiberg Bergakademie. 
There are educational establishments dealing with 
foundry practice in Warsaw and Krakow. Some 
dozen establishments of advanced rank in the United 
States carry out training and research in foundry 
practice. 

British Conditions.—Dealing now with the United 
Kingdom, the industry is fortunate in having at 
Sheftield University, due largely to the enthusiastic 
pioneer work of Professor J. H. Andrew, what is pro- 
bably the most complete equipment for the teaching 
and practice of foundry science available anywhere. 
\ degree course in Foundry Science is provided in the 
Faculty of Metallurgy. In addition, the University 
provides facilities for educating foundry operatives by 
trade lectures on foundry subjects. Educational 
facilities in foundry work are provided by the British 
Foundry School, the foundation of which is largely 
due to Mr. J. G. Pearce, the director of the British 
Cast Iron Research Association, and it is conducted in 
Birmingham under the egis of that body. 

Proceeding now to current activities of research 
organisations abroad and in this country: according 
to Mr. J. Léonard, Belgium is more individualistic 
with respect to technical and scientific investigations 
than other countries, and has no research association 
comparable with the British. The steel foundries in 
that country strive, each according to its means, to 
keep abreast of the requirements of the present time, 
the greatest advancement being made in the sphere 
of special alloys. The Association Technique de 
Fonderie de Belgique has been active in the prosecu- 
tion of research into sands and other foundry subjects. 
The Fonds National de Recherches Belge has also 
carried out researches on castability and on heat- and 
corrosion-resisting steel castings. 

In France there is a special organisation concerned 
with the problems of steel casting, the Steel Casting 
Committee of the Association Technique de Fonderie. 
Problems are investigated by the research depart- 
ments of the large French steelworks (Ugine, Imphy, 
Le Creusot, Firminy, St. Chamond, etc.), but it is 
understood that such research is not generally reported. 

So far as Germany is concerned, Dr. Geilenkirchen, 
of the Technische Hauptausschuss fiir Giessereiwesen, 
has informed the author that the investigation of steel 
castings is not so highly organised in Germany as it is 
in England. On the other hand, private firms, especially 
the large companies, carry out extensive investigations 
in this field. The smaller companies also possess well- 
equipped laboratories and research departments. The 
Kaiser - Wilhelm Institut in Diisseldorf investigates 
technical foundry matters, but not to any special 
degree. The Verein Deutscher Giessereifachleute, in 
which all branches of the industry are represented, 
has formed a special steel-castings committee, which 

| co-ordinates the work of the separate private companies. 
|The Technical High School at Aachen is noted for its 
| special research activities in connection with foundry 
| problems. Research in foundry work is also carried 
out at Breslau Technical High School, at Berlin, at the 
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Bergakademie Clausthal, and at Freiberg Berg-| steel to hot tearing. The advantages which copper 
akademie. In Poland, steel-foundry research occupies | offered as an alloying addition in steel castings have 
attention at half a dozen steelworks. A Polish Society | been determined. 
of Foundrymen was founded in 1936. Two Sub-Committees have begun work, one with 
In the United States of America a large amount of | moulding materials and the other with foundry practice. 
research is carried out by individual firms, and the} The Sub-Committee on Moulding Materials is con- 
American Foundrymen’s Association, as part of the | tinuing investigations relating to methods of testing 
programme of their general Foundry Sand Research | moulding sands, the search for new native sources of 
Committee, is conducting at Cornell Univeristy some | material, the various laboratory investigations being 
research on the effects of high temperature on steel defined as follows: (a) Examination of the properties 
foundry sands. In these respects probably the Battelle of different sands suitable for foundry use. (6) The 
Memorial Institute is most prominent, and this famous | preparation of “standard” moulding sand. (c) 
metallurgical centre is excellently equipped to carry | Methods of testing sands. (d) An investigation of 
on research in steel-foundry problems. | synthetic sands. (e) The determinations of di 
Steel-foundry research, in common with other | of oxide systems affecting the work of the Sub-Com- 
research at Battelle, is concerned largely with work | mittee. ( }) An investigation of bonding materials. 
sponsored by industry. In some cases the sponsors} The Sub-Committee on Foundry Practice is con- 
are individual companies and in other cases associa-|tinuing work previously undertaken by the main 
tions. Other work is carried out on endowed funds | Committee in regard to the conditions affecting the 
of the Institute. Such investigations incline toward | production of tears in castings. Other researches to be 
fundamental data of general application. Recent | undertaken are: (1) The investigation of the effect of 
examples of these are a study of hydrogen in cast steel, | heading and running methods on the solidification 
the development of a simple and practicable test for | cavities formed when casting simple shapes in steel. 
the castability of steel, and a valuable research on the | (2) The application of the results from (1) in the study 
effect of additions of aluminium used as a deoxidiser| of selected castings. (3) The investigation of the 





to steel on resultant ductility of the casting. 
While most foundries conduct research relating to 


their individual and special problems, co-operative | 
research has in recent years been actively pursued | 


| influence of brackets and chills in avoiding defects or 

overcoming manufacturing difficulties. (4) An in- 

vestigation into the methods of running and gating. 
Some answer to the question “ Why has foundry 


in Great Britain by a Joint Committee of the Iron | development lagged behind metallurgical progress ? ” 
and Steel Institute and the British Iron and Steel! is to be found in the complexity of foundry practice. 
a It works under the supervision of the | The variables involved in the production of a steel 
- wen deg mgong S - he peng ps me some — —- of a. = nature of the 
is so constituted as to avoid overlapping | mould, the quality of the s an e pouring con- 

with other bodies interested in foundry work, main-| ditions. Each fakes includes numerous others. 
taining an effective liaison with the General Steel! Design—It is not difficult to understand why, 
Castings Association, the Institute of British Foundry-| having in mind the many possible variables, it fre- 
men and the British Cast Iron Research Association. quently happens that different foundries adopt different 
Bg ee gp —- a” — methods 0 —- = — of _ form. A 
‘ ings. It served as a/ comparison, the casting of sound ingots is a simple 
stimulus to the development of a scientific outlook in co 90 even here there are many difficulties to be 
regard to foundry practice. In the continued work | surmounted, notwithstanding the advantages arising 
of that Committee it was determined that attention | from the greater flexibility of design of the ingot and 

could be most usefully directed to an individual and | the possibility of feeding by differential chilling. 
intensive study of the basic factors which enter into| Consideration of these facts leads to the conclusion 
the production of steel castings, and at the outset to| that the most effective way of research into such a 
the properties of steel which affect the quality of steel | complicated problem is to proceed from the simple, 
castings. The pouring character of molten steel was | and stage by stage to develop into the more complex. 
regarded as being among the cardinal problems to | In this respect the needs of engineering practice are so | 
be solved, and a series of investigations was undertaken | diversified and from the point of view of the production 
with a view to determining a suitable test of fluidity | of a really sound casting the design is frequently so 
for workshop use. irrational, that the founder is driven to a more or less 
As shown in the later Reports, a relationship has | satisfactory compromise. The subject has often been 
been traced between the fluidity and the freezing | discussed, and a necessity demonstrated for co- 
characteristics of an alloy system as defined by the | operative action between the user and the steel foundry. | 
solidus and liquidus curves in the equilibrium diagram | It might well be investigated by a joint body repre- 





rationale of practice for any particular class of product. 
A wide field for investigation is offered in the correla- 
tion of the physical properties of the casting as a whole 
with its variation of structure, as governed by casting 
design and the mode of heat abstraction applied in the 
cooling, as distinct from the results obtainable on cast 
coupons. The further work being undertaken by the 
Steel Castings Research Committee on the properties 
of steel during cooling at temperatures just below the 
testing point should throw considerable light on a 
number of these problems. The bearing of the design 
and construction of the mould is a more elusive problem. 
but of equal importance in its effects. 

The question of soundness and cleanliness of the steel 
is fortunately a problem which can be studied apart 
from the complicating effects of mould design. The 
bearing of deoxidation and the influence on fluidity of 
refractories and fluxes corresponding to the variations 
in the steel melting process, present another unsolved 
problem. Temperature control has been recognised 
as an essential factor governing .casting conditions, 
and considerable work is now being done on this 
question with a view to overcoming some of the dis- 
abilities of the optical pyrometer, when applied to 
foundry practice. 

As regards the accurate correlation of the properties 
of the sand in the mould with the resultant effects on 
the casting, it has been recognised that at the very 
foundation of the problem lies the need for the avail- 
ability of thoroughly standardised and accurate methods 
of assessing the moulding properties of foundry mate- 
rial. For this reason the Moulding Materials Sub- 
Committee of the Iron and Steel Institute is giving 
particular attention to the examination of the present 
methods. The efforts of a national Sub-Committce 
which is engaged on the specification of standard 
methods for testing are also to be welcomed. The 
co-operating bodies are the Moulding Materials 
Sub-Committee of the Iron and Steel Institute, the 
Institute of British Foundrymen, the British Cast Iron 
Research Association, and the British Non-Ferrous 
Metals Research Association. 





INTERFERENCE-TYPE INDICATOR 
FOR PRECISION MICROMETER. 


Tux production of precision gauges is largely a 
matter of the skilful use of micrometers, but it is 
clear that there is a risk of inconsistent results being 
obtained by individual operators as the reading of a 
micrometer is affected by differences in the pressure 


| applied, these differences being due to the varying 


degrees of physical sensitiveness of the individual 
users. Instruments, however, are now available in 
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of the system. The results fall into agreement with | 
relationships found by Portevin and Bastein in non- 
ferrous metals. In the Second Report further attention | 
was devoted to the question of the strength and | 
ductility of cast steel during cooling from the liquid | 
state in sand moulds. Briggs and Gezelius, working | 
in America, had provided a very complete discussion | 
of the effect of directional solidification on the sound- | 
ness of steel castings. It was apparent that the | 
effect of casting temperature and the rate of pouring 
on the actual contraction occurring during cooling was | 
required to be ascertained. : 

A general review of the properties of steel which | 
affect the quality of steel castings, communicated by 
Dr. R. H. Greaves, formed a basis for the first reports | 
on fluidity of molten steel and the investigations of | 
Mr. H. F. Hall, in the Research Department, Woolwich, 
on a series of cast test-bars, which were subjected to 
mechanical tests at successive intervals of time while | 
cooling in the mould. Other matters which had en- 
gaged the attention of the Committee had been the 
position of radiological examination of steel castings, 
pyrometric measurements and a bibliography on the | 
fluidity and viscosity of metals. The radiological 
examination of steel castings is a subject to which 
increasing attention is being directed, particularly 
as an aid to the production of sound castings with a | 
minimum expenditure of steel in the form of feeder 
heads. In the United States, considerable attention 
is being given to this question. 

As to the value of X-ray examination as a means of | 


" setting up suitable manufacturing procedure, there can 


be no question ; on the other hand, there is a natural 
fear on the part of many foundries that, when it is | 
used as a reception test in an arbitrary manner, per- | 
fectly good castings may be rejected, although of an | 
order of soundness equal to those already functioning | 
quite satisfactorily under service conditions. 

In the Third Report the subject of fluidity of steel, | 
studied both from the fundamental and practical | 


which the phenomenon of interference of light waves is 
The Quality of the Steel and the Pouring Conditions.— | employed to eliminate any errors due to such pressure 
These are complementary factors, the former depending | variations. An instrument employing this principle, 
upon the melting conditions and the latter the ladle | and known as the Van Keuren light-wave micrometer, 
practice. The steel as it freezes in the mould passes | is used in the production of the numerous types of 
through three stages, each having an entirely different | Galex precision gauges made by Messrs. George H. 
set of physical characters, namely, the fluid state ;| Alexander Machinery, Limited, 82-84, Coleshill-street, 
the plastic state between the liquidus and solidus range, | Birmingham, 4. 
and that occurring just below the freezing point in the| Interference bands, it will be remembered are 
range of temperature in which the stresses arising | produced when light is reflected from two surfaces 
during cooling down can cause disruption (tears and | placed one above the other and in very close proximity, 
pulls), or warping; and the rigid state where again| owing to the phase displacement between the light 
the influence of stresses and the cooling conditions are waves reflected from the two adjacent surfaces. As a 
capable of producing a multitude of different effects on | result of this phase displacement, the reflected light 
the structure and the properties of the cooled metal. _| waves are reinforced in some positions and cancelled 
The Heterogeneity Committee of the Iron and Steel | in others, so that the observer sees the reflecting sur- 


senting foundrymen, technical and engineering users. 


Institute has now been at work some fifteen years | faces covered with light and dark bands in mono- 


attempting to elucidate the rationale of the formation | chromatic light or coloured bands in white light. A 
of the structure of steel cast in metal chill moulds. | familiar example of the phenomenon is the Newton’s 
The same problem remains to be solved in regard to | rings which appear when a convex lens is pressed on to 
steel cast in both green anddrysand. It has been found a plane glass plate. The instrument with which we are 
that the heterogeneity of a chill-cast ingot is influenced | now concerned consists of a precision micrometer head 
largely by the character of the liquid steel which is | with an anvil, the micrometer screw, which is vertical, 
poured into the mould, by its essential composition, | transmitting the pressure applied by the operater on 
v.e., degree of freedom from sulphides, phosphides, | to an indicator of the interference type. The indicator 
oxides, and by its casting temperature. Accordingly, | consists of a glass flat and an optically-worked steel 
therefore, the trend of recent work has been directed | flat with a minute air space between them, interference 
towards a study of the factors governing the characters | being produced between the light reflected from the 


| of the liquid steel during its melting and refining. When, | steel surface and that from the glass surface adjacent 
| however, a sand casting is considered, additional com-|to it. The components are arranged 80 that the 
| plications arise from the change in the character of the pressure on the micrometer screw varies the distance 


mould, the greatly increased complexity of dimensions | between the reflecting surfaces and therefore the 
and the influence of gases from the mould. Different | spacing of the interference bands. The micrometer 
conditions of running and feeding arise, and it does | screw is fitted with an aluminium drum, 6 in. in dia- 
not necessarily follow that a set of conditions which | meter, its edge being graduated with divisions approxi- 
may be ideal for a simple geometrical shape, such as an | mately # in. apart and corresponding to a vertical 
ingot, will apply to complicated designs. | movement of the micrometer screw of 0-0001 in. 

At present the design of feeder heads, their location, |The spacing of these divisions is sufficiently wide to 
method of gating and running may be regarded more | enable a movement of the micrometer screw of 0-00001 
or less as an art, and therefore success is dependent | in. to be estimated with fair accuracy. The instrument 


standpoints, has been carried forward to the point of | upon the skill and experience of the individual. It| is used near a window, or an electric lamp may be 





arriving at a fluidity test, which served the imperative 
need of an indication of the fluidity of the metal before 
it was poured into the mould. Further progress was 
reported of the investigations into the susceptibility of 


| is, however, believed that intensive and co-operative 
| study of this branch of foundry practice will lead to 
the formation of generalisations which will go far to 
lay a scientific foundation upon which can be built a 


employed as the source of light ; in either case the light 
is passed through a red selenium-glass filter on its 
way to the indicator in order to render it mono- 
chromatic. Alternatively, the filter can be dispensed 
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C.V.A. PORTABLE HYDRAULIC TABLE. 


MESSRS. C.V.A. JIGS, MOULDS AND TOOLS, LIMITED, ENGINEERS, BRIGHTON. 


Fie. 


with and a special monochromatic light source may be 
used. This light source, which can be supplied with 
the instrument, gives sharper and more clearly defined 
interference bands. 

The use of the micrometer is simple. It is set, 
before measuring is commenced, so that a certain 
number of interference bands appear in definite relation 
to a reference line. The arrangements are such that 
the movement of one band up to the reference line 
indicates a pressure of 6 oz. on the micrometer screw, 
that of two bands, 12 oz. pressure, three bands 18 oz. 
pressure, and so on. When the part to be measured, 
which must not exceed | in. in thickness, is inserted 
between the anvil and the screw, the micrometer drum 
is turned so that the same number of bands appear 
as were visible with the original setting. It will be 
clear then that, if this procedure is followed, the pressure 
on a master part and on the successive copies will be 
the same, so that the readings on the micrometer 
drum, not being affected by pressure variations, will 
be reliable. In practice, the measuring pressure is 
selected to suit the material cf which the parts to be 
measured are made. Thus a pressure of one or two 
ounces is recommended for rubber, of 16 oz. for gauges 
and precision parts and for screw threads of 20 per inch 
pitch and finer, while a pressure of 24 Ib. is desirable 
for coarser threads. The instrument has also been 
employed for investigating the compression and 
recovery characteristics of soft materials, such as 
paper, rubber and textiles. 


THE C.V.A. PORTABLE 
HYDRAULIC TABLE. 


Tue handling of press tools, such as punches and dies, 
is not always an easy matter on account of their weight, 
particularly as they are often stored in the tool room, 
in which no crane facilities generally exist, and have to 
be taken from there to the press. The use of a truck 
or barrow involves a certain amount of undesirable 
lifting, to avoid which the portable hydraulic table 
illustrated in the accompanying Figs. | and 2 has been 
developed by Messrs. C.V.A. Jigs, Moulds and Tools, 
Limited. The table is marketed by Messrs. E. H. Jones 
(Machine Tools), Limited, Edgware-road, The Hyde, 
London, N.W.9. The table, in its standard form, is 
seen in Fig. 1, in which it is shown in use. The press 


















































tool on it has been slid on from a rack in the tool room 


lower than the top of the press platen, and the table | 


has been wheeled into the position shown. It is being 
raised to the level of the platen by the reciprocation of 
a pedal, and when this height has been attained the 


tool can be readily slid into position. The maximum | 


height is 46}? in. and the minimum height 31} in., 
this range of 15 in. having been found suitable for the 
majority of presses. The top of the table is 30 in. by 
24 in., and the carrying capacity is 1,500 lb. The base 
is formed with four splayed feet provided with large 
castors. The overall dimensions of the base are 31 in. 
by 26 in., so that the table will not overturn even if the 
load on it is not symmetrically placed. 

The sectional view, Fig. 2, shows the details of 
construction. The table top a is secured to a sleeve b, 
which slides in the casing c. The casing is split, as 
shown, for some distance down, and the table top can 
be locked in any position by means of the clamping 
lever d. The top is raised and lowered by the piston e, 
the cylinder of which is secured to the chamber f. This 
chamber carries at the left the spring-loaded plunger g, 
the discharge stroke of which is made by downward 


pressure on the pedal 4. The volume of the pump is | 


such that the table is raised about ¥ in. per pedal 
stroke. The suction stroke of the pump is effected by 
the compression spring under the plunger collar, the 
traverse being determined by an adjustable stop bearing 
on a short lever on the pedal shaft. Both the discharge 
and suction valves are of the ball type, the seating, 
with the valves in place, being removable. The whole 
assembly of cylinder, pump and valves can, of course, 
be withdrawn on removal of the bottom cover, and the 
unscrewing of the nut at the top of the cylinder. The 
suction valve is protected by a small filter. The ball 
valve seen to the right of the bottom chamber is the 
release valve for lowering the table top. It is normally 
kept closed by a compression spring, and is opened 
when lowering is required by a push-rod actuated by 
a small direct-acting pedal. The released oil flows 
into the oil reservoir formed in the bottom of the 
casing. The total weight of the table is approximately 
350 Ib., and although it is illustrated and referred to 
above, as being employed in connection with the 
handling of press tools, it is obvious that it can be 
used for a variety of other purposes in a workshop. 
It has the important advantage, as compared with a 
crane or other lifting gear, that no slings or cramps are 
needed on the work. 





|THE DESIGN AND MANUFACTURE 
OF BURSTING DISCS.* 


By G. F. Lake, M.A., and N. P. [yexts, Ph.D., M.Eng. 


THE serious consequences which may follow a burst in 
|a plant part owing to excessive pressure have given 
rise to the demand for a reliable device which, when 
fitted to a vessel, will burst before the pressure reaches 
a dangerous value. This demand is particularly urgent 
in the case of chemical plant, since to the hazard of 
| flying fragments in the event of a burst may also be 
|added that of escaping noxious fluid. The require- 
ments differ essentially from those which can be 
provided by a conventional relief valve, in the necessity 
|for absolute reliability. As pointed out by C. E. 
| Huff (1937).¢ relief valves suffer from certain dis- 
| advantages, namely, limited capacity for relief or 
pressure, inertia of the moving parts and possibility of 
| becoming clogged when handling corrosive or semi- 
solid materials. In order to overcome these dis- 
| advantages, bursting discs have been introduced and 
| developed. A bursting disc may be defined as a piece 
of material designed to burst under a given set of condi- 
| tions, and, by so doing, to safeguard the vessel in which 
| it is fitted against an excess pressure. It should be 
| clearly understood that bursting discs have not been 
| introduced with the object of eliminating relief valves ; 
|in fact, the use of bursting discs in conjunction with 
|relief valves may frequently be commended. The 
| disadvantage of the bursting disc alone is that, when it 
| bursts, the whole of the contents of the vessel to which 
it is fitted may be lost and the pressure in the adjoining 
system reduced to atmospheric. With a relief valve 
in conjunction with a bursting disc, however, the relief 
| valve may be set to deal with mild fluctuations of 
| pressure, and the bursting disc designed to relieve any 
| abnormal pressure fluctuation. It may also be noted 
here that the fitting of relief valves is demanded by 
legislation for certain vessels; for example, steam 
| boilers, steam receivers, and air receivers. 





* Paper presented to the Institution of Mechanical 
Engineers. Abridged. Written discussion on this paper 
is invited and should be sent to the Secretary of the 
Institution before September 30, 1939. 

+ Chemical and Metallurgical Engineering, vol. 44, 
page 715. ‘“‘ Weak Spots for Protecting High-Pressure 
Process Industry Equipment.” 
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“namely :—({1) The plain diaphragm type. 
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The problem of ensuring that failure of a bursting 
dise occurs within fairly narrow limits is generally more 
difficult than the usual problem of engineering design, 
which is to ensure that a particular piece of material 
does not fail. However, the authors believe that by 
careful design and attention to detail this problem can 
be solved and, in such circumstances, the bursting disc 
is a more foolproof safety device than the relief valve. 
The main factors involved in the supply of reliable 
bursting discs are as follows :— 

(1) The ratio of working pressure to bursting pressure | 
is important since, depending on the material, if a | 
certain ratio is exceeded, the ngradual yielding of the | 
material of the disc is possible, with subsequent bursting | 
at a pressure below the designed bursting pressure. 
Considerable experimental work has been carried out in 
order to determine the allowable ratios for various | 
materials, and is described in Appendix II to the 
present paper. 

(2) The working conditions of the plant must be | 
studied (a) from the point of view of pressure fluctua- 
tions, since if these are severe the disc may fail, or it 
may be weakened by fatigue and then fail at a lower 
pressure than that for which it was designed; and 
(6) from the point of view of the consequent effects 
of the disc bursting, e.g.. effect of the escaping fluid 
on adjacent personne] and plant, fire, explosion, ete. ; 
and (c) from consideration of the effect of corrosion of 
the disc in service on the subsequent bursting pressure. | 

(3) Probably the most important factor in the whole 
subject is the care which must be taken to ensure 
reproducibility of results, since the manufacture of 
bursting discs involves the use of material in which the 
allowable variation in quality is very much less than 
in material required for normal service. Experience 
has shown that very special attention to metallurgical 
detail is essential in order to ensure extreme consistency 
of supplies. The authors have frequently encountered 
opposition to the use of bursting discs on the ground 
that they are unreliable. Their experience is that they 
can be made very reliable indeed, but knowledge of the | 
exact metallurgical condition of the material used is | 
essential. In general, they have found that metal 
discs are the more reliable. If, however, non-metallic | 
disc material is used, as is sometimes essential, the | 
same meticulous study of the quality of the material 
used is necessary. 

In the particular works with which the authors are | 
associated the number of bursting discs in use on the 
various plants has grown very rapidly during the past | 
few years, and in order to retain effective control over | 
their use and supply it was decided to centralise their | 
manufacture. This centralisation has proved very | 
effective, and since it has been in operation the number | 
of discs supplied has exceeded 10,000. In this way 
data concerning the use of bursting discs under various 
conditions have been accumulated ; their manufacture 
has been co-ordinated immediately with the results of 
research, and stocks of thoroughly tested sheets suitable 
for bursting discs have been built up. 

There are three types of bursting discs which have 
been tested and used during the authors’ experience, 
(2) The 
cross-cut diaphragm type. (3) The shear type. The 
plain diaphragm type is used whenever possible and 
is, in the authors’ opinion, preferable to the others. 
It is illustrated in Fig. 1. A sheet of the material 
decided upon is clamped opposite an opening in the 
vessel to be safeguarded against excess pressure. The 
working pressure causes the diaphragm to take an 
approximately spherical “ dish ’’ which may, if desired, 
be formed by a proof pressure prior to fitting of the 
disc in the vessel. In order to prevent tearing of the 
disc where it is gripped, the inside edge of the retaining 
flange is rounded, although for certain conditions of 
service a soft gasket is used. . 

It is the authors’ general practice to dish the discs | 
by subjection to a pressure at least equal to the work- | 
ing pressure before issuing them to the plant. They | 
consider that this procedure has the following advan- | 
tages :—(a) The dishing pressure acts as a pressure 
test and ensures that the bursting pressure is certainly | 
greater than the working pressure. Careful examina- | 
tion of the dished disc might reveal small local flaws | 
in the material which would not be seen by examining | 








the contour of the disc by a grooving tool free to move 
vertically so as to remain in contact with the disc. 
Different depths of cut are obtained by using cutting 
tools having different notch-shaped projections. The 
horizontal table is made to rotate so that four cross- 
cuts may be made from the centre outwards without 
removing the disc from the table. As might be 
expected, cross-cut discs are not so reliable as plain 
discs on account of the difficulty of cutting accurately 
grooves of a specific depth. 

Like the plain diaphragm disc, the cross-cut disc 
provides an unobstructed opening after bursting, as 
the grooves cause the disc to split into quadrants 
which are flung outwards by the escaping fluid. 

The shear type of disc is illustrated diagrammatically 
in Fig. 4. It consists essentially of a disc clamped 
between two sharp-edged flanges, and reinforced so as 


Fig.1. 
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to prevent failure of the disc by bending. Some clear- 
ance between the clamping flanges and the reinforcing 
plates is required in order to eliminate the possibility 
of jamming of the disc in the event of failure, and for 
this reason pure shear is never attained. The disc is 
always subjected to a slight bending stress as well as 
a shear stress, and failure always occurs by bending and 
tearing. Apart from the fact that the ideal of pure 
shear stress is never attained, there are certain draw- 
backs associated with this type of disc, namely :— 
(a) It is difficult to prevent leakage from taking place 
underneath the heads of the bolts connecting the 
reinforcing plates. (b) The inertia of the disc is very 


have been found useful for deciding the thickness of 
discs to be tested prior to the final choice, which is based 
on the results of actual bursting tests. 

(1) Plain Diaphragm Discs.—It is shown in Appen- 
dix I that when a disc, of thickness f,, in inches, and 
initially flat, yields under uniform fluid pressure, its 
surface will always preserve an approximately spherical 
configuration until rupture. As the disc bulges, the 
pressure produces a uniform hoop tensile stress in the 
material equal to 


pd 1 


to 


=k 2S 
4 sin ¢ cos? $ fe 
where d is the diameter of the dise in inches, p is the 
pressure in Ib. per sq. in., ¢ is the angle of dishing of 
plain diaphragm disc measured at the edge, and 
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4 sin ¢ cos* ¢ 
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| A curve showing the relation between K and ¢ is 
| given in Fig. 5. It will be seen that provided ¢ is 
| appreciably large (over 47 deg.), K does not vary much 
| over a wide range of values of ¢; in other words, pro- 
| vided the material is ductile, K is substantially constant. 
If the material has a comparatively low elongation 
before fracture then ¢ is small, and small differences in 
¢ (i.e., small differences in ductility) will result in large 
| differences in K, and hence large differences in the 
bursting pressure. The plain type of dise should 
therefore always be made in a ductile material, and in 
| order to obtain the maximum ductility the authors 
| consider that the material should preferably be used 
lin the fully annealed condition. When these condi- 
| tions are fulfilled, K tends to assume a value close to 
|the minimum of 0-385, obtained when ¢ = 60 deg. 
| The bursting pressure is then given by the formula 
pd ___ stress to cause fracture 
to 0-385 
= 2-6 < stress to cause fracture. 


In applying this formula it must be remembered that 
the stress distribution in a disc is of the uniform two- 
dimensional type, and the stress to cause fracture is 
not necessarily the same as the corresponding stress in 
a tensile test specimen, which is unidimensional. 
Furthermore, the stress to cause fracture will, in general, 
be greater than the ultimate tensile strength as usually 
defined, since the latter value is based on the original 
cross-sectional dimensions of the specimen and takes 
no account of the necking-down which occurs. When, 


d 
therefore, 7“ is expressed in terms of the ultimate 
0 
tensile strength, a constant somewhat greater than 
2-6 is to be expected. Values of es obtained from the 


0 
authors’ tests of discs of various materials in the fully 
annealed condition are as follows :— 

Aluminium, 40,000 Ib. per square inch (3-6 x ulti- 
| mate tensile strength). 

Silver, 95,000 lb. per square inch (4-2 x ultimate 
tensile strength). 

Nickel, 200,000 lb. per square inch (3-3 x ultimate 
tensile strength). 

Copper, 120,000 Ib. per square inch (3-3 x ultimate 
tensile strength). These figures agree closely with 
those deduced from data given by Bonyun (1935).* 
| (2) Cross-Cut Discs—The bursting pressure of a 
cross-cut disc is, of course, dependent upon the initial 
dish given to the disc before cutting the grooves. A 
dish in which the central deflection is equal to one- 
twentieth of the diameter is regarded as satisfactory 


and the following values of E , where ty is the thick- 


ness of cross-cut disc at groove, have been derived from 
experiments on cross-cut discs of aluminium and mild 
steel, dished to this extent before cutting the grooves :— 

Aluminium (6 tons to 8 tons per square inch ultimate 
tensile strength) : 18,000 lb. per square inch. 

Mild steel (26 tons to 30 tons per square inch ultimate 
tensile strength) : 63,000 lb. per square inch. 

It may here be noted that since a cross-cut disc 
undergoes little further dishing before bursting, the 


the original flat sheet. (b) There are good psychological | substantially increased by the reinforcing plates, and | 4g tijit. of the material has little pe Nesas 
- , - as : . 4 5 > ce on the 
grounds for supplying a dished dise rather than a plain | for this reason such a disc would be practically useless | bursting pressure. Consequently the material of cross- 


one, since it helps to make the user realise that the disc 
is something special, and not ‘‘ merely a piece of sheet.” | 

In certain cases grooves are cut at right-angles across | 
the outside of a dished disc in order to localise failure | 
and so make possible the use of thicker sheets than | 
could be used without the grooves. Thus, for low- 
pressure large-diameter applications, a plain disc would | 
often be impracticable owing to the extreme thinness of | 
sheet required. The grooves are cut after giving the | 
dise an initial dish, since it has been found by experi- | 
ment that greater reliability is obtained than by cutting | 
the grooves in the flat sheet. The method adopted for 
cutting the grooves is to clamp the dished disc on a) 
horizontal table which can be rotated, and to traverse 





to guard against detonation or even a moderately rapid 
explosion. A robust cage must be provided to catch 
the disc, which after rupture becomes a projectile. 
(c) A unit of the shear type disc consists of parts 
which must be accurately machined and assembled. 
Its cost is therefore greater than that of a disc of the 
plain diaphragm type. In view of these drawbacks 
the use of shear type discs is no longer recommended. 

Formule to Determine Strength of Bursting Discs.— 
When a bursting disc is required for a particular set of 
working conditions a calculation of the strength of 
the proposed disc is first made, but this is always checked 
by actual experiment before proceeding to the manu- 
facture of the required disc. The following formule 





cut dises need not be fully annealed to obtain maximum 
ductility as in the case of plain diaphragm discs. 
(3) Shear-7 ype Discs.—The shear stress across the 


annulus of a shear-type disc is equal to .. 80 its thick- 
8 


ness is obtained from the formula F é = 4 x ultimate 


” 
shearing stress; t, is the thickness of the shear-type 
disc in inches. Since the strength of a material is 
* Chemical and Metallurgical Engineering. Vol. 42, 
page 260. ‘“‘ Protecting Pressure Vessels with Rupture 
Discs.”’ 
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usually defined in terms of tensile strength, it may be 
noted that the ultimate shearing strength of most 
materials lies between 0-6 and 0-8 of the ultimate 
tensile strength. 

Size of Dises.—It will be noted that for all types of 
discs dealt with in the paper, the bursting pressure is 


proportional to j Therefore one factor which sets a 
C 


lower limit to the size of disc which can be used is the 
minimum thickness of sheet available. Thicknesses of 
sheet as low as 0-002 in. have been used, but for prac- 
tical reasons it is desirable to use thicker sheets wherever 
possible. A further factor to determine the size of disc 
is provided by the condition that the dise opening 
should be adequate to release fluid at a sufficient rate 
to prevent any building-up of pressure in the vessel 
to which the disc is attached. Only gaseous fluids 
would usually be affected by this condition. To give 
a general rule for determining the size of disc to satisfy 
this condition is not thought possible, and wherever the 
size of disc is likely to be determined by this condition, 
the full details of plant operation should be taken into 
consideration. 

Discs to minimi-e the effect of explosions are usually 
required for low-pressure plant only (at, or slightly 
above, atmospheric pressure). The sizes are usually 
decided by observing a few simple rules established as 
reasonable practice. Thus, when a disc is attached to 
a pipe, the diameter of the disc is made as nearly as 
possible equal to the pipe diameter. In the case of a 
large vessel requiring protection it is usual to fit a disc 
in one of the pipes connected to the vessel or at the 
end of a short branch pipe attached to the vessel. In 
the former case the disc is located as near to the junc- 
tion as practicable. For the protection of very large 
vessels, several discs are fitted and so arranged that 
in whatever region inside the vessel an explosion may 
commence, there will be a dise in the immediate 
vicinity of the disturbance. The size of each individual 
dise in such large low-pressure vessels is usually deter- 
mined by the minimum practicable thickness of sheet 
which will give the required bursting pressure. It has 
quite frequently been found that, when the required 
bursting pressure is low, linear dimensions of 1} ft. to 
3 ft. are required for the diameter of a circular dise or 
the side of a rectangular disc in order that a practicable 
thickness of sheet may be used. 

Material for Bursting Discs.—The essential properties 
required in a material for bursting discs are :—{1) Low 
strength in order that discs of practical thicknesses may 
be employed. (2) Availability as thin sheet or strip. 
(3) High ductility for discs of the plain diaphragm type. 
(4) Little creep under stresses close to the ultimate 
stress, These requirements practically confine the 
choice of material to the metals aluminium, nickel, 
copper, brass, and silver, while in certain cases the 
choice may be still further restricted by the need for 
corrosion resistance to the fluid in contact with the 
dise. 

The low tensile strength of lead and tin make 
these materials at first sight appear attractive for 
bursting discs, but actually their use cannot often be 
recommended, Lead not only has poor creep resist- 
ance, but also has exceptionally poor fatigue resistance, 
and, consequently, even minor fluctuations in working 
pressure may in time cause failure. Tin has excep- 
tionally poor resistance to creep and a few tests carried 
out on tin dises soon showed its unsuitability in this 
direction. Thus, a tin disc under a pressure of one-half 
the bursting pressure failed in less than 10 minutes, 
and even under a pressure of only one-tenth the 
bursting pressure, such rapid creep occurred as to 
suggest that the disc would have failed in about a week. 

Rubber has been used in certain cases for bursting 
dises where very low pressures are required, but 
frequent replacement is necessary due to perishing. 
Rubber and canvas discs (i.¢., alternate layers of rubber 
and canvas) have also been used for low-pressure work, 
but they do not give as consistent and reliable results as 
metal discs. With }-in. total thickness, the tensile 
strength is 100 Ib. to 300 Ib. per inch, depending on the 
direction of pull. In addition to the inconsistency 
between different dises when tested prior to use, the 
rubber and canvas discs also suffei from perishing 
during service, 

The choice of a suitable material is also influenced 
by the requisite ratio of working pressure to bursting 
pressure, since, if this is high, excessive creep may occur 
and lead ultimately to the disc bursting at a pressure 
far below the designed bursting pressure. For this 
reason an investigation was necessary to determine, for 
different materials, the maximum value of the ratio of 
working pressure to bursting pressure, in order to 
ensure that the dise would last indefinitely at the 
working pressure, and also to determine how frequently 
discs should be replaced in those cases in which it was 
necessary to use higher values of the above ratio. The 
summarised results of this investigation are appended 
below and are given in Appendix II in more detail. 

Having decided upon a suitable material for a disc, 
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it is most important that the precise metallurgical 
condition of the piece of metal actually used should be 
known. Simply to specify that a disc shall be of 
“aluminium ” is not enough. Thus, very pure fully 


annealed aluminium has a tensile strength of 3 tons | 


per square inch, while aluminium containing about 
1 per cent. of impurities and in the hard-rolled condi- 
tion might have a tensile strength as high as 10 tons 
per square inch. Obviously, discs made of two such 
grades of aluminium would have entirely different 
bursting pressures. The authors wish to emphasise 
this particular aspect, since they believe that the 
unsatisfactory results sometimes found in practice and 
frequently referred to by engineers can be traced to 
insufficient attention to the metallurgical condition of 
the metal actually used. In their opinion this is a 
case in which it is better to have no safety device at 
all rather than an inefficient one. Furthermore, it is 
usually a fairly simple and inexpensive matter to 
determine that the quality and properties of the sheet 
actually used are the same as those on which the design 
of the disc was based. It is the authors’ practice to 
purchase sheets required for the manufacture of burst- 
ing discs to a rigorous specification, particularly with 
regard to limits of tensile strength and tolerance on 
thickness. Steps are taken to make certain that each 
sheet as actually received does conform to the specified 
requirements. Moreover, at least one disc is cut from 
each sheet and the bursting pressure determined ; and 
the sheet is rejected if this bursting pressure falls out- 
side certain anticipated limits. Where the discs 
required are of such a size that only one disc can be 
obtained from a single sheet, a number of sheets pur- 
chased at the same time from the same suppliers are 
taken and are selected for bursting pressure test, and 
the remainder of the selected batch is judged by the 
result obtained. 

Summary of Results of Prolonged Tests on Bursting 
Discs.—The results of the prolonged tests carried out 
on dises, chiefly of the plain diaphragm type, are fully 
reported in Appendix II. These tests, combined with 
experience of discs in service, led to the recommended 
values given in Table I as being the maximum allow- 


TABLE I.—Recommended Marimum Values of Ratio of 
Working Pressure to Bursting Pressure. 


| 
Material (Fully | _ At At 
Annealed in | Te owed 65 deg 175 deg. 
All Cases) — Cc. c. 
ture 
| 
Aluminium 0-70 0-50* — 
Nickel 0-95 0-80* 0-73* 
Silver 0-60 7 
Composite dise of silver and 
aluminium 0-60 — 
18/8/1 chromium-nickel- 
tungsten steel 0-58* 


* These ratios are based on the bursting pressure at room 
temperature 


able for the ratio of working pressure to bursting 
pressure. In the case of the tests at 175 deg. C. the 
low ratios are due not to creep in the material of the 
dises, but to an actual drop in each case of the bursting 
pressure at 175 deg. C. compared with room tempera- 
ture. 

Consequently, although suitable discs can readily 
be designed to protect vessels at 175 deg. C. the 
degree of protection afforded by these discs when the 
vessel in which they are fitted is operating at lower 
temperatures is much less. This disadvantage might 
frequently occur when discs are required to protect 
plant operating above room temperature, since it will 
always be present if the ratio of bursting pressure at 
room temperature to bursting pressure at service 
temperature is greater than the ratio of safe maximum 
pressure of plant at room temperature to safe maxi- 
mum pressure of plant at service temperature. Due 
allowance must then be made for this factor. 

General Conclusions.—Lack of faith is frequently 
expressed in the reliability of bursting discs to safe- 
guard plant. As a result of their experience, the 
authors consider that any general and sweeping state- 
ment regarding unreliability of bursting discs is quite 
unjustified, and is usually expressed as a result of lack 
of knowledge of the subject. Provided the conditions 
of service are carefully studied in planning the disc 
design, and provided that meticulous attention is paid 
to the metallurgical condition of the material of the 
dise, they consider that bursting discs can be con- 
sistently and reliably made and used. It is impossible 
to make any general statement regarding the limits of 
accuracy to which discs can be made, since a large 
number of conditions have to be taken into account in 
each case. However, it is interesting to note that for 
many conditions the authors have made large numbers 
of discs bursting within a range of + 5 per cent. of the 
designed bursting pressure. 


(To be continued.) 
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THE SOCIETY OF GLASS 
TECHNOLOGY. 


A meEetTrino of the Society of Glass Technology was 
held at ** Elmfield,” Sheffield, on Tuesday, June 13, 
1939, the President, Dr. C. J. Peddle, being in the 
chair. Four papers were communicated. The first, 
entitled ‘“‘Some Experiments on the Effects of Atmos- 
pheric Humidity on the Weathering of Bottle Glasses,” 
was by Miss V. Dimbleby, M.Sc., and Professor W. E. S. 
Turner, F.R.S. The investigation dealt with was 
of a fundamental character, the standard five-hour 
boiling test adopted by the Society in 1931 being 
used as a basis of comparison. Samples of three 
different makes of 4-oz. flat panel medicine bottles 
were obtained direct from the lehrs. Some of these 
were tested when new, while others, some washed and 
some unwashed, were placed in various storage places 
for periods of between 10 months and 11 months. 

The results showed that (a) the conditions of storage 
of glass bottles affected their surface conditions to a 
marked degree. Storage for nearly a year in dry air 
over phosphorus pentoxide produced none of the usual 
signs of weathering ; (b) storage in enclosed chambers 
at temperatures varying from 25 deg. C. to lower 
values, with a relative humidity of 76 per cent., resulted 
in a more uniform deposition of minute crystals than 
did storage under more usual conditions in an unheated 
room; (c) the total alkali extracted by the five-hour 
boiling test from the bottles stored was less than for 
the bottles freshly made. The difference was greater 
with controlled humidity than for ordinary storage ; 
(d) the total alkali extracted during the boiling test 
from bottles stored in dry air was equal to, or slightly 
greater than, that extracted from the bottles when new. 

The second paper was on “The Distribution of 
Temperature in the Molten Mass of Colourless, Amber 
and Green Glasses,”’ and was by Mr. R. Halle, Dr. E. 
Preston, and Professor W. E. 8. Turner. The pre- 
liminary measurements of the cooling rates of the 
different glasses showed that the coloured glasses 
examined had a higher radiation power than a colour- 
less glass of similar composition. The emissivity of 
these glasses depended not only on their colour, but 
also on the concentration of the colouring agent present 
in the glass. Arranged in decreasing order of radiation 
power, the glasses were:—A dark iron-manganese 
amber containing 4-6 per cent. Fe,O, and 5-1 per 
cent. MnO,; a green iron-manganese glass containing 
1-57 per cent. Fe,O0, and 2-3 per cent. MnO,; a light 
iron-manganese amber containing 2-88 per cent. Fe,O, 
and 3-28 per cent. MnO, ; and a carbon-sulphur amber 
containing 0-2 per cent. Fe,0,;. To determine the 
vertical temperature gradient of a molten mass of 
glass, the experimental, rectangular tank held 45 Ib. 
of glass and had a depth of 5 in.; when thermal 
equilibrium had been obtained, a thermocouple was 
lowered into the molten glass and the temperatures 
were measured at different depths in increments of 
4 in. The order in which the temperature gradients 
of the glasses increased with increasing depth was 
found to be in all cases colourless, carbon-sulphur 
amber, and the iron-manganese green glass. 

Convection currents did not appear to play an 
important part in the heat transfer, under the test 
conditions employed. The differences in temperature 
distribution in a molten mass of colourless, amber and 
green glass appeared to be only a function of the 
different diathermancies of these glasses. Colourless 
glass transmitted radiant heat very effectively, while 
the amber and green glasses were strong absorbents of 
infra-red radiation. This was confirmed by the tests 
in which the gas consumption was kept constant. In 
the surface layers, the coloured glasses attained a 
higher temperature than the colourless glass, but from 
a depth of 1-5 in. downwards the order was reversed, 
showing that, due to the greater absorptive power of 
the coloured glasses in the upper layers, less heat 
penetrated into the body of the glass. 

The third paper, dealing with ‘‘The Change of 
Transmission of Radiation through Colourless and 
Coloured Bottle Glasses with Increase in Temperature,” 
by Dr. A. J. Holland and Professor W. E. 8. Turner, 
concerned measurements made on the spectral trans- 
mission in the visible region of four bottle glasses. 
The glasses were colourless, cobalt blue, iron-manganese 
green, and an iron-manganese dark amber, respectively. 
The temperature range over which measurements were 
made was 12 deg. to 500 deg. C. The colourless and 
the amber glasses showed a progressive decrease in 
transmission with increasing temperature over the 
entire visible region. This resulted in a deduction of 
overall transmission for white light from 86-5 per 
cent. to 82-8 per cent. for the colourless, and from 
22-1 per cent. to 10-4 per cent. for the amber glass. 
The transmission of the green glass was reduced in the 
blue and green region of the spectrum, but was increased 
in the red region with increase in temperature. The 
cobalt-blue glass exhibited slightly increasing overall 
transmission with increase in temperature over the 
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temperature range of 12 deg. to 500 deg., although the 
spectral transmission was reduced in the blue and red. 

The final paper, ‘‘ The Surface Tension of Molten Soda- 
Silica Glasses,” was by Mr. M. Manners and Professor 
W. E. S. Turner. Ten glasses varying in composition 
from 50 per cent. SiO, to 87-5 per cent. SiO, were 
investigated over the temperature range 1,000 deg. to 
1,500 deg. C. 


volatilisation, according to the composition. The 


glasses were sampled and analysed for silica content | 


before and after the experiment, and the results showed 
that the differences in composition obtained were of 
an order small enough to be neglected; especially 
as the greatest differences occurred in the glasses rich 
in soda, over which range the surface tension was not 
materially affected by even 5 per cent. additions of 
Na,O. The results of the surface-tension measurements 
could be expressed as linear functions of temperature, 
with a temperature gradient of —0-03 dyne per 
centimetre per degree Centigrade. 

The relation between surface tension and composi- 


tion along lines of equal temperature showed a rapid | 
decrease of surface tension as the percentage of soda | 
increases ; a minimum being obtained at 31 per cent. | 
The surface tension then rapidly increased, | 


Na,O. 
attaining a maximum at 35 per cent. Na,O. As the 
percentage of soda further increased, the surface tension 
fell off slightly. The minimum and maximum were 
slightly displaced towards a higher percentage soda 


as the temperature increased. The results indicated | 
that from 0 per cent. to 34 per cent. Na,O, molten | 


soda-silica glasses consisted of SiO, and NaO2Si0,, 
in which the surface tension-composition relationship 
at constant temperature attained a minimum at 
31 per cent. Na,O. 


Na,OSiO, in which there was a maximum in the 
surface tension-composition relationship at 35 per cent. 








PROGRESS IN TIN RESEARCH. 


WueEn the International Tin Research and Develop- 
ment Council was established in 1932, offices were 
taken in the Strand, London, W.C.2, for the staff 
concerned in research and development, while an office 
for the statistics staff was opened at The Hague, 
Holland. At that time all researches were placed 
with universities and similar bodies and the Council 
possessed no laboratory. As the work of the Council 
progressed and became more widely known, however, 
requests for guidance and help, involving laboratory 
experiments, were received in increasing numbers and, 
in 1933, a small laboratory was opened at Putney. 
This section of the Council’s activities grew rapidly 
and additional staff and apparatus became necessary, 
from time to time, to cope with the increasing number 
of inquiries submitted. Finally, last year, it was decided 
to bring together, in one building, the laboratory and 
administrative staffs. A site was chosen in Fraser- 
road, Greenford, Middlesex, and a building erected 
to house the offices and laboratories. It is stated, 
in the Council’s report for 1938, that the offices are 
already occupied. 

The report before us shows that the number of 
requests for information and assistance, received 
during the year, was larger than ever before. 
of the inquiries were dealt with in the Council’s labora- 
tories and some of them have opened up new avenues 
of research. A good deal of space is given, in the 
report, to questions relating to tin-plate and canning. 
An electromagnetic instrument for measuring the 
thickness of tin coatings on a steel base has been 
submitted to commercial users for comment. As a 
result, valuable suggestions have been received and 
these will be adopted in the final designs. Researches 
on the porosity of tin coatings have been actively 
continued and this matter has formed the subject 
of a number of useful publications issued during the 
year. Attempts have been made to strengthen the 
corrosion resistance of tin-plate by coating it with a 
thin, invisible oxide film. It has been found that when 
tin-plate is immersed for a short time in a certain oxidis- 


ing solution, it is unchanged in appearance, but is | 


superficially oxidised so that it resists blackening by 
sulphides and other deteriorating influences. 


Hot-tinning has been the subject of many inquiries, | 


as also has electro-tinning. In view of the success, 


under industrial conditions, of the latter method of | 
depositing coatings of any desired thickness, a booklet | 


of working instructions on electro-tinning has been 
issued for the guidance of users of tin-lined equipment. 


Fundamental research work on the effects of small | 
amounts of other metals upon tin and tin alloys has | 


been progressing for some time past, and the investiga- 
tion of the mechanical properties of tin-rich tellurium- 
tin alloys has now been completed. A trace of tellu- 
rium has been found to be very beneficial to the work- 
hardening properties of tin and to provide a high ratio 
of creep strength to tensile strength. 


The temperature range was modified | 
within these limits to avoid devitrification and excessive | 


From 34 per cent. Na,O onwards, | 
molten soda-silica glasses contained Na,O2SiO, and | 


Many | 


‘ROLLER CALIPER SCREW GAUGE. 


Tue interesting device for gauging screw threads 
shown in the accompanying illustrations, Figs. 1 to 3, 
is known as the “ Aggra”’ roller caliper gauge, and is 
manufactured by Messrs. Brown Brothers (Aircraft), 
Limited, Great Eastern-street, London, E.C.2. As 
its name denotes, it is truly of a caliper type, that is, 


| fixed points which determine its several diameters 
and has not to be screwed into a threaded hole. The 
method of use is shown in Fig. 1, but it must not be 
assumed that the rollers between which the screw is 
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seen and the pair below the screw are formed with a 
thread. On the contrary, the serrations on the rollers 
are all parallel and lie in planes at right angles to the 
axis of the rollers. The contour of the serrations is, 
moreover, not that of the thread of the screw to be 
gauged but is such that the helical angle of the thread 
does not prevent the serrations from entering freely, the 
effective diameter, as well as the diameters over and 
at the bottom of the thread, being thus accurately 
measured. The gauge is thus suitable for screws with 
either right-hand or left-hand threads. 

As will be seen from Fig. 2, the upper pair of 
rollers is the “go” gauge, and the lower pair the 
| “not go” gauge. A cross-section through the upper 
| pair is given in Fig. 3. The number of serrations on 
| these rollers is not less than the number of threads 
| which are in normal engagement when the screw is 


the thread to be gauged is passed between certain | 


| 
in its working position. There are, however, only two 
or three serrations on the bottom pair of rollers since, 
if the screw will not pass the rollers at one point it is 
| clearly unnecessary to gauge it over its whole working 
| length. Both pairs of rollers are free to rotate and 
| have, further, a slight freedom of movement axially, 
| these movements ensuring that the work can at once 
| be brought into alignment with the gauge. The rollers 
are mounted on pins which are eccentrically set in the 
| gauge frame. Rotation of the pins, which is effected 
| by a screw-driver, therefore enables the rollers to be 
| separated or brought closer together, precise adjustment 
| being thus possible. After adjustment, the pins are 
locked in place by a screw, the head of which bears 
on the back of the frame and the nut is recessed in 
the pin and tightened by a screw-driver. It is stated 
that the gauge reduces considerably the time usually 
required for checking screws and that it remains 
accurate for long periods, as no re-grinding is required. 
A number of gauges have, as a matter of fact, been in 
| daily use for over three years, some 3,000,000 parts 
| having been checked without the gauge showing signs 
i wear. The frame is of cast iron, fully aged and 
| designed to prevent distortion. The gauges are 
| manufactured with serrations suitable for any standard 
thread and are set by using a double-ended plug 
| gauge of which the tolerances may be as desired. 








CATALOGUES. 


Limited, 


Tool Steel.—Messrs. Darwins, Fitzwilliam 
| Works, Sheffield, have issued a pamphlet ‘containing 
| information regarding steel of their Neor brand. 

| Fire-Alarm Apparatus.—Messrs. Gent and Company, 
| Limited, Faraday Works, Leicester, have re-issued their 
| fire-alarm catalogue, incorporating some newly-developed 
| apparatus. 

Woodworking Machinery.—Messrs. Wadkin, Limited, 
| Green Lane Works, Leicester, have sent us a catalogue 
| describing the various types of woodworking machines 
| manufactured by them. 
| Foundry Alloys.—We have received from Messrs, 
| Blackwell’s Metallurgical Works, Limited, Speke-road 
Works, Garston, Liverpool, 19, a list of their brass, 
bronze and aluminium foundry alloys. 


A.R.P. Supplies.—Messrs. Mosers, Limited, 170-192, 
| Borough High-street, London, 8.E.1, have sent us a 
priced catalogue of A.R.P. supplies, steel shelters, 


| rescue-party outfits and protective clothing. 
Ventilating Fans.—Messrs. Keith Blackman, Limited, 
| Mill Mead-road, Tottenham, London, N.17, have sent us 

folders illustrating their ordinary ventilating fans and 
special fans for the ventilation of A.R.P. shelters. 

A.R.P.. Equipment.—Messrs. Brown Brothers, Limited, 
Brown’s Buildings, Great Eastern-street, London, E.C.2, 
have issued a pamphlet describing various equipment, 
tools, etc., for the protection of property and personnel. 

Wire-Rope Cutters.—Messrs. UHardypick, Limited, 
Sheffield, have sent us a leaflet describing their portable 
hand-power wire-rope cutting machines, one suitable 
for ropes up to 1} in. diameter, and a larger machine for 
ropes up to 2} in. diameter. 

Calculators.—_We have received from Messrs. F, H. 
Wakelin, Limited, 354, Wheeler-street, Birmingham, 18, 
specimens of their calculators for wages, overtime, holi- 
days, and entertainment tax, also conversion tables for 
weights and measures, therms and specific gravities. 

High-Tension Switchgear.—Messrs. Allen West and 
Company, Limited, Brighton, have sent us a catalogue of 
high-tension switchgear, for pressures up to 11,000 volts, 
in which are given particulars of tests carried out at the 
British Short-Circuit Testing Station, Hebburn-on-Tyne. 

Temperature Control.—We have received from Messrs. 
George Kent, Limited, Luton, a description of their 
Mark II Multelec temperature controller for tempera- 
tures up to 3,000 deg. F. Another catalogue deals with 
controlling and measuring equipment for the petroleum 
industry. 

Condensers and Resistances.—Messrs. Dubilier Con- 
denser Company (1925), Limited, Ducon Works, Victoria- 
road, North Acton, London, W.3, have sent us two 
catalogues, one of which illustrates and describes various 

| types of fixed condensers, and the other fixed and 
variable resistances. 

Diesel Engines.—Messrs. The National Gas and Oil 
Engine Company, Limited, Ashton-under-Lyne, have 
sent us a reprint describing engines supplied to the 
Colne Valley Sewerage Board and also a folder dealing 
with their horizontal-type Diesel engines, which are made 
in sizes from 10 to 94 b.h.p. 

Roller Bearings.—Messrs. Delco-Remy and Hyatt, 
Limited, 111, Grosvenor-road, London, 8.W.1, have 
issued a catalogue giving dimensions and load ratings of 
Hyatt flexible-roller bearings. Separate catalogues deal 
with a solid-roller bearing, and a new type ball bearing 
now in production. 
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PATENT RECORD. 


ABSTRACTS OF RECENT PUBLISHED SPECIFI- 
CATIONS UNDER THE ACTS OF 1907 TO 1938. 


The number of views given in the Specification Drawings 
is in each case; where none is mentioned, the 
Specification is not illustrated. 

Where inventions are communicated from abroad, the 
Namea, etc., of the Communicators are given in italics. 

Copies of Specifications may be obtained at the Patent 
Office Sales Branch, 25, Southampton Buildings, 
Chancery-lane, London, W.C.2, price 18. each. 

The date of the advertisement of the acceptance of a 
Complete Specification is, in each case, given after the 
abstract, unless the Patent has been sealed, when the 
word “ Sealed” is appended. 


An erson may, at any time within two months from the 
dake of the advertisement of the acceptance of a Complete 
the Patent Office of 


Specification, give notice at 
Patent on any of the 


opposition to the grant of a 
grounds mentioned in the Acts. 


MACHINE AND OTHER TOOLS, SHAFTING, 
ETC. 
Headstock-Lubricating System. Alfred 
Herbert, Limited, of Coventry, and A. H. Lioyd, of 
Coventry. (1 Fig.) October 29, 1937.—-The ordinary 
headstock of a lathe tends to expand slightly when 
working temperatures are reached, the lubricant which 
is usually circulated through the interior of the headstock 
becoming heated and conducting the heat throughout 
the headstock. In consequence, the centre line of the 
lathe spindle is tilted or actually raised slightly by a few 
The invention obviates this by 


504,736. 


thousandths of an inch. 
providing a means of cooling the headstock lubricant. 
The lubricant for the headstock is circulated by a pump 3, 
on the discharge side of which is a radiator 4 consisting 
of a coil of copper tubing. The suds circuit includes a 
reservoir 5 above the level of the suds pump 6 and 
connected to its inlet side, the radiator being mounted 
in this reservoir. The suds pump delivers along the 
pipe line 7 and so charges the reservoir from the suds 
sump 8 by way of the pipe 9. Thus, when starting up, 
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the lubricant radiator will always be immersed. The 
lubricant pump 3 draws lubricant from the main sump 
of the headstock and passes it through a visual indicator 
11, which incorporates a filter, after it has been through 
the radiator, so that the operator may satisfy himself 
at any time that the lubrication system is working 
properly. From here the lubricant is distributed by a 
ported plate over the parts of the headstock which 
particularly require to be Iu >ricated. 
quantity of suds used in a lathe is very considerable, and 
ite temperature rises but slightly above atmospheric 
temperature from contact with the tool and work, so 
that it is well able to absorb heat from the lubricant 
radiator without its temperature being raised in an 
unsatisfactory manner. By maintaining the headstock 
lubricant at a relatively low temperature, the expansion 
of the headstock is kept within such limits as will not 
cause any serious misalignment of the main spindle 
when working temperatures are reached. (Accepted 
May 1, 1939.) 


PUMPS. 


504,385. Rotary Blower. Fletcher and Winterbottom, 
Limited, of Hoby, and H. Allen, of Derby. (4 Figs.) 
September 29, 1937.—-The blower has vanes of the 


Roots’ type and is primarily designed for supercharg- 
ing an internal-combustion engine. A large rotor 1 
co-operates with two smaller rotors 2 and 3. The 
large rotor has four vanes hollowed to reduce weight, 
while the small rotors each have two hollow vanes. The 
rotors work in a split casing and are carried on parallel 
shafts driven by gears, which rotate the rotors 2 and 3 
at twice the speed of rotor 1. A vernier adjustment 
enables the relative angular positions of the two smaller 


In general, the | 
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rotors to be corrected with respect to the centre rotor. 
Labyrinth packings seal the shafts. When the rotors 
are driven in the direction of the arrows the passages 19 
and 20 are inlets and the passages 21 and 22 outlets. 
The two-stage blower shown is made by combining two 
single-stage blowers, the outlets of the one feeding the 
inlets of the other. The casing has a partition wall 
dividing it into two chambers 24 and 25 of different 
volume, and integral transfer passages 26 lead the output 
from the chamber 24 to the inlets in chamber 25. Two 
rotors are mounted on each shaft, but the rotors in the 
chamber 25 which forms the second stage are of shorter 























axial length than those in chamber 24 which forms the 
first stage, and are thus of smaller capacity, the decrease 
in capacity being calculated to be equal to the decrease 
in volume of the air effected by the first blower. This 
enables the rotors in the chambers 24 and 25 to be made 
the same diameter and rotated at the same speed and 
hence to be mounted on the same shafts although they 
are dealing with different volumes of air. This makes a 
simple, compact and economical blower which is very 
efficient in use. The number of stages arranged on the 
same shafts in this way can be increased, thus enabling 
very high pressures to be readily obtained. As all the 
rotating parts can be accurately balanced the rotors can 
be driven at very high speeds. (Accepted April 25, 1939.) 


SHIPS AND NAUTICAL APPLIANCES. 
504,771. Torpedo Tube. John I. Thornycroft dnd 
Company, Limited, of Westminster, and Sir J. E. Thorny- 
croft, K.B.E., of Westminster. (16 Figs.) March 26, 
1938.—The invention lip which can be 
to a torpedo tube to enable the torpedo to be launched 


is a 


over the side of a motor torpedo boat at any speed and 
at a small angle to the course of the boat without risk 
of fouling the gunwale. Mounted on each side of the 
deck is a torpedo tube 2 supported close to the deck 4 
by brackets 3, and permanently fixed at an angle of 


about 10 deg. to the centre line of the boat, the forward 
end of the tube terminating near to the gunwale of the 
torpedo 


boat. To enable a to be supported during 
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launching, the forward end of each tube is provided with 
a collapsible shoot lip 5 which can be extended beyond 
the gunwale when a torpedo is launched. The lip 5 can 
either be hinged to the end of the tube or can be slid 
axially over it by a hand-operated rack mechanism. 
Where the lip forms a continuation of the tube below 
its horizontal diameter, the torpedo rests upon it during 
launching. Some forms of torpedo, however, are 
supported by lugs on the side which engage ribs or 
grooves in the tube above the horizontal] diameter. 
In this case, the shoot lip is an extension of the tube 
above the horizontal diameter, and the ribs or grooves 
are continued to the end of the lip. (Accepted May 1, 
1939.) 


Log. W. Ottway and Company, 
Limited, of London, and W. R. Ottway, of London. 
(5 Figs.) January 5, 1938.—The log is of the type in which 
the rotor carries contacts sending electrical impulses to a 
recorder. More accurate readings can be obtained when 
the log arm projects beyond the natural frictional wake of 
the hull. Increase of the length of the log arm to achieve 
this, however, has generally been prevented by the small 
headroom which is normally available and by the neces- 
sity of providing more widely spaced bearings within 
the hull. In the new form of construction, the fixed 
bearing 1 is a stuffing box secured just inboard of the 
usual sluice valve 2, while the moving bearing 4 is of a 
similar form, the stuffing box 5 of which is part of a 
sleeve 6 sliding within the fixed bearing 1. The gland 7 
of the moving bearing has flanges which slide on fixed 


504,660. Ship's 


attached | 


guide rods secured at one end in the gland of the fixed 
bearing. Abutments at their free ends prevent complete 
withdrawal of the log from its housing and so maintain 
the hull watertight. The log arm 11 is of normal stream- 
lined construction, and is a tight sliding fit within the 
movable stuffing box 5, and the outer end of the sleeve 6. 
At its inner end the arm carries the terminal box for the 
cables and fixtures which limit the outboard movement of 
the arm through the bearings. To keep the log arm 








(504 660) 


when submerged from moving back into the ship, clamp 
bolts which swivel on the gland of the fixed bearing 1 
carry nuts which are screwed down on to shoulders on 
the inner end of the log arm. The outer end of the tube 
controlled by the sluice valve is tapered so as to provide 
a tight fit around the outer end of the sleeve when the 
log arm is moved outboard and thus obviate vibration 
of the arm and sleeve at high speed. The log arm is 
adequately supported inboard of the ship by two bearings 
separated by approximately 12 in., without increasing 
the overall length of the arm, and therefore the amount 
of head room necessary for storing it inboard. Hence the 
arm can be projected beyond the ship twice as far as in 
previous constructions.—( Accepted April 28, 1939.) 
MISCELLANEOUS. 

504,581. Paper-Making Machine. Walmsleys (Bury), 
Limited, of Bury, and H. C. Randell, of Bury. (3 Figs.) 
January 21, 1938.—-The machine is of the type which 
has a mould 10 consisting of a cylindrical framework 
covered with a fine mesh wire. This framework rotates 
in a vat to which the cellulose fibre and water stock is 


| fed through an inlet compartment 12 and over a dam 13. 


Difficulties are often encountered in regulating the flow 
of the cellulose and water to ensure an even deposit on 
the surface of the mould and to dispose the fibres on the 
mould so as to give the best possible formation of the 
sheet. In the present machine, a curved wall 18 is 
hinged to the outer wall of the inlet compartment and 
its free end overhangs the dam 13. This wall 18 is 
adjustable to regulate the cross-sectional area of the 
outlet of the compartment 12 by means of a handle 21 
mounted on a longitudinal shaft at either end of which 
is an arm connected by telescopic links to a bracket 
at the free end of the curved wall 18. Rotation of the 
handle raises the free end of the wall 18 and gives a 
relatively coarse adjustment of the width of the inlet 
compartment above the throttle 15 and also of the height 


Fig.1. 
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of the wall above the dam over its entire length. The 
curvature of the wall gives a streamline flow of stock 
through the inlet compartment. For vernier adjustment 
of the wall 18 the handle 21 is locked in position and a 
threaded collar 31 on each of the telescopic links is rotated 
to vary its length. To compensate for any irregularity 
in the depth of the stock deposited along the length 
of the mould the cross-sectional area of flow of stock is 
variable by means of a flexible plate 25 which is hinged 
to the upper end of the wall 18. This flexible plate has 
adjusting screws 26 at intervals throughout its length, 
each of which is connected to a lever attached to a tube 
keyed at one end to a quadrant gear. A worm rotates 
the quadrant gear to adjust the height of the resilient 
plate as a whole. If the stock flowing over the dam 13 
on to the mould is being deposited more thinly at some 
points on the mould than at others then the adjusting 
screws nearest to these points are shortened to distort 
the flexible plate and thus increase the cross-sectional 
area. By raising or lowering the flexible plate as a whole 
the angle of projection of the stock flowing on to the 
mould is altered and so influences the nature of the 


| formation of the sheet.—( Accepted April 27, 1939.) 
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THE BROWN-BOVERI TESTING 
APPARATUS FOR GEAR-WHEEL 
MATERIAL. 


By A. MELDAHL. 

Tue straining of gear-wheel material in service is 
unique in many respects. The stresses to which 
modern gears are subjected are high; the formula 
f Hertz, when applied to the tooth faces of turbine 
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| During the remainder of the time there is no load 


on the tooth surface, and it is well cooled and | hard, continuous service. 


lubricated. Blok has shown that the surface 
| temperature of gear teeth may rise by as much as 
| 100 deg. F. during the passage through the point 
of contact, from which it is evident that a stress 


hed such a magnitude is reached that, if it were 


| prolonged, rapid failure would ensue. Bearing these 
|facts in mind, it will be clear that no comparison 
with other branches of engineering is possible for 


gears, gives stresses of about 200 tons to 250 tons | the purpose of judging the suitability of any material 
per square inch, while in motor-car or aeroplane | to be employed for gear wheels. Special tests are 








Fie. 1. 
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gears values of up to 450 tons per square inch and 
above are reached. Only in roller bearings are 
stresses of a similar order to be found ; but whereas 
the movement of the rollers within the bearing is 
one of rolling only, considerable sliding movement 
occurs as well in the case of gear teeth. In high- 
speed gears the sliding velocity between teeth in 
contact may be as high as 50 ft. per second. It is 
a rather astonishing fact that ordinary steel sur- 
faces, which are neither hardened nor polished, will 
stand up to such treatment provided they are 

sasonably lubricated. The reason that every 
single point of the tooth face is in contact, for a 
very short time only, once in every revolution. 
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TESTING APPARATUS IN OPERATION. 





APPARATUS OPENED UP FoR INSPECTION. 


necessary, and these must reproduce the actual 
working conditions as closely as possible. 


The most reliable test is, of course, to try out the | 


actual gear under consideration to the point of 
destruction. Unfortunately, however, only manu- 
facturers of automobile or aero-engine gears are 
able to carry out such tests, and the results, as 
far as they are published, and interesting as they 
may be, have a limited value from the point of view 
of the designer of ordinary gears. 


motor car, and still more that of an aero engine, is| by the electric motor. 


gears, called upon as they are to withstand years of 
It is, of course, possible 
to carry out experiments on special test gears, but 
tests of this kind are expensive and take a long 
time, especially when it is desired to try out a variety 
of different materials. Consequently, methods have 
been devised to carry out such tests in a more 
convenient way, and with cheap test pieces of 
simpler shape. The easiest way is to roll two 
cylindrical test pieces on each other under load. 
If the two shafts which carry the test pieces are 
coupled by gear wheels or a chain drive, the test 
pieces may be made to slide on each other as well. 
With such apparatus very interesting results have 
been obtained. It has been possible to reproduce 
the pitting which is so peculiar to gears, and the 
influence of lubrication has also been investigated. 
Unfortunately, however, these tests represent only 
a single point on the tooth face, as the ratio of 
rolling and sliding velocities remains constant all 
round the test pieces, whereas, on the tooth face, 
it varies considerably. 

On a driving-tooth face the point of contact 


| moves outwards, the tooth rolling from the root 


towards the tip at an increasing speed. On a 
driven-tooth face the point of contact moves inwards . 
from the tip to the root at a decreasing speed. The 
sliding velocity, i.e., the tangential velocity of the 
other tooth face, is zero at the pitch circle; on a 
driving-tooth face it is always directed away from 
the pitch line ; on a driven-tooth face it is directed 
towards the pitch line. The consequence is that 
on the addendum, the rolling and sliding motions 
have the same direction; on the dedendum, the 
directions of rolling and sliding motion are opposed 
to each other. These conditions can be reproduced 
on the circumference of cylindrical test pieces if 
the two shafts are coupled by eccentric involute 
gear wheels. If under these conditions one test 
piece is rotated at constant speed, the other test 
piece leads on the former during one _ half-turn 
and Jags during the next half-turn. The two test 
pieces are simultaneously rolling and sliding on 
each other and the sliding velocity is zero only at 
two points. These two rolling points correspond 
with the pitch line ; they divide the circumference 
of each test piece into two parts of different length. 
On the longer arc, the rolling and sliding motions 
have the same direction; on the shorter arc the 
directions of rolling and sliding are opposed. Con- 
sequently, the longer are corresponds to the 
addendum and the shorter are to the dedendum. 
The sliding motion is always directed towards that 
rolling point which precedes the dedendum, or 
which follows the addendum are. This side of the 
test piece corresponds to the driven-tooth face ; the 
other side corresponds to the driving-tooth face. 
In short, all the conditions of addendum and 
dedendum of the driving, as well as of the driven, 
tooth faces are faithfully reproduced round the 
circumference of every test piece. 

The new Brown-Boveri testing machine for gear 
materials, brought into service in 1937, has been 
designed on these lines and was constructed under 
the direction of the author. Views of the machine 
are given in Figs. | and 2, on this page. In Fig. 1 
is seen the complete installation of two testing 
equipments, including lubricating-oil tanks and 
pumps and the main driving motor. Fig. 2 shows 
the testing apparatus with the loading lever ahd 
hood removed and opened up for the removal of 
the test rollers. The two shafts of the machine 
lie in half-bearings; the bearings are hinged 
together, and may be loaded by means of a lever 
and weights. The test pieces are shrunk on to the 
shafts and are, moreover, held in position by a pin 
which engages in a hole in the test piece. The pin 
being located in the same plane as the eccentricity 
of the coupling gear wheel, the position of the rolling 
points and of the addendum and dedendum arcs 
are definitely fixed on the test piece. To remove the 
test piece, the shaft and test piece are heated together 
in an oil bath, the hollow shaft being then loosened 
by passing a jet of cold water through the bore. As 


The life of a| may be seen in Fig. 2, the lower shaft is that driven 


The stress on this shaft is 


comparatively short, and, consequently, the designer | heavy owing to the violent accelerations and retarda- 


of such gears may permit working stresses of an order | tions of the upper shaft. 


which could not be allowed in ordinary turbine 


It may be pointed out, 
for example, that when the primary shaft is running 
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at 1,000 r.p.m., the upper shaft, with the particular 
eccentricities sclected, will be accelerated from 
600 r.p.m. to 1,670 r.p.m. during half a revolution, 
i.e.. in 0-08 second, giving a maximum angular 
acceleration of about 6,000 radians per second per 
second. ‘To obtain less severe running conditions, 
the mean speed of the two shafts may be kept 
constant by driving the primary shaft from the 
electric motor by means of a second set of eccentric 
gears having half the eccentricity of the coupling 
gear wheels. The bearings, coupling gear wheels, 
and test pieces are thoroughly lubricated by means 
of a separate oil pump. The sump contains cool- 
ing and heating coils, the latter being necessary 
when conducting tests using a very heavy oil. In 
service the entire apparatus is covered by a sheet- 
iron hood, as shown in Fig. 1. 

Kinematics of New Test Apparatus.—The two 
involute gears in mesh move in the same way as 
two pulleys having the same diameter as the funda- 
mental circles of the involute gear wheels and 
connected by a crossed belt. The belt corresponds 
to the pressure line of the involute gear. In 
Fig. 3, above, | and II are the centres of the two 
shafts and |’ and Il’ the centres of the coupling 
gear wheels ; } is the constant distance between the 
shafts, which corresponds to the diameter of the 
test pieces, and a the variable distance between the 
gear-wheel centres. The angles of revolution of 
the shafts are indicated by ¢, and ¢,; «& is the 
pressure angle and 8 the angle between the two 
centre lines I-ll and I-III’. Four distinct move- 
ments of the gear wheels are possible, namely : 
(1) wheel I may rotate around I’; (2) wheel II 
may rotate around II’; (3) the two wheels may 
rotate around each other at a constant distance a, 
each wheel retaining its direction in space; and 
(4) the distance a may vary. 

These four movements are the cause of the fol- 


. 8. RoLier wirn Narrow AppDENDUM ARC, 


lowing variations of the length of the imaginary belt 
connecting the two pulleys, namely: (1) +7 ¢,; 
(2) +r ¢.; (3) = 2rB; and(4)+ 2r (tan «—2), 
the upper sign being valid for the pressure line, as 
shown in Fig. 3. As the belt length must remain 
constant, the equation of the movement is :— 


4 (do, + 3) 8 + (tana x) = a constant (1) 
Furthermore, as is easily seen, the following relations 


exist between ¢,, ¢2, namely : 


e (cos ¢, cos dy) + acos B = b - (2) 
e (cos d, cos $,) + asin B = 0 . (3) 
acos x 2r ° (4) 


These equations can only be computed hy trial 
and error. To calculate the corresponding values 
of ¢, and ¢,, it is convenient to proceed as 
follows. Using the well-known trigonometrical 
formule : 


cos >, cos >: 


o . ¢ C.) 
- 2 sin $i =—* sin “+, 
sin ¢, sin d, (9) 
>, os >, od, 
2 sin = COS ? 
» > 
we find 
» « 1 ¢ dy, $2 
2 sin cos 
b 2 2 
tan p - > ee $.+ 4. (6) 
L + 2—cin ein = rs 
» > 
» Led ? 
- _* 4 
cos x (7) 
é d > + de 
l 25 sin — - sin $1 — 


We now choose a series of values for the main 


angle $ (¢, — ¢2), ¢.g-. a, 25, 35, ete. To each 
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ROLLER AFTER SEIZING. 
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deviation } (¢, + ¢,) is assumed. (If both wheels 
rotate at constant speed, 4 (¢, + ¢,) is zero.) 
We now calculate 8 and « from equations (6) and 
(7) and insert the results in equation (1). Generally 
it will not be satisfied, the residual error being A. 
Then *the necessary correction of the angular 
deviation is : 
3[4(d1 + $2)] = 


; _4 
l “sin [* 5 *] sin [* + $3 -a2— e | 


If we differentiate equations (1) to (4), and 
eliminate a, da, d « and d 8, we find: 


d 4, [1 + Sco (4, — a — 8) ] + 
d [1 - cos (¢, — « p) | =0 (9) 


Equation (9) may also be derived directly from 

Fig. 3. The ratio of sliding and rolling for test 

piece I is: 

dd,+dd, @ , cos(d, a — B) + cos(¢d, —a—8) 
d >, r 1 é 8) 


cos (d, x 
» 2 


(8) 


(10) 
and the sliding vanishes if 
cos (¢, — x — 8) 


i.e., if (bd, — $3) = 43 Ge ete. 


These are the theoretical rolling points, but in 
practice there will always be a certain clearance 
between the teeth of the coupling gear wheels. At 
the theoretical rolling points the direction of sliding 
is reversed, but as the opposite faces of the gear 
teeth are not yet touching, the test pieces will roll 
on each other until the tooth clearance is taken up 


of these values a reasonable value of the angular and the opposite tooth faces touch. In this way the 
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nickel steel rollers, but although the linear pressure | the remarkable superiority of the addendum are b 
on the addendum are was raised in this way to| over the dedendum are a. The width of the roller 
3,600 lb. per inch, as against 1,700 lb. per inch on | face has been reduced to less than half the original 
the dedendum are, no trace of pitting action could | on the side of the addendum arc b, and the linear 
be observed on the addendum arc. On the dedendum | pressure is, consequently, more than doubled. 
arc, in spite of the much lower linear pressure, | Nevertheless, the addendum are b remains per- 


addendum and dedendum ares are separated in 
practice by rolling zones of finite length. The 
movement of the test pieces has been calculated for 
the following data :— 

e/b = 0-125 


rib = 0-45 


a en 





and the clearance between the teeth is such that 
it vanishes at a centre distance 0-958b. The 
result is represented in Fig. 4 opposite, one curve 


being the deviation ¢, + ¢, and the other 
d 

the ratio of sliding to rolling eee. Both 
1 


curves are double, one line corresponding to the | 
right-hand and the other to the left-hand tooth | 


At the theoretical rolling points the move- | was deemed advisable to interrupt the test. 


faces. 
ment changes from one curve to the other as is 
shown, and it is easily seen how the above-mentioned 
zones of pure rolling arise. 

Discussion of Results.—The test results which 
have been so far obtained are believed to be 
interesting enough to justify publication, even 
though the tests are at present far from complete. 
The preliminary tests gave very instructive results. 
The coupling-gear eccentricity was 9-4 per cent. of 
the diameter of the test pieces. Carbon-steel, nickel- 
steel and chromium-nickel steel rollers were tested 
at 1,000 r.p.m. and under a load of 1,700 Ib. per inch 
linear pressure. Pitting occurred very soon, but 
only on the dedendum arc. This has been verified 
by all subsequent tests, without exception. The 
formation of pitting starts at the rolling point of 
the driven face, increases gradually along the 
dedendum are of the test piece, and suddenly 
vanishes at the rolling zone of the driving face. 
The beginning and end of the pitting zone correspond 
with the beginning and end of sliding motion on 
the dedendum arc. No pitting developed on the 
addendum arc, but in the zones of pure rolling, in 
the neighbourhood of the rolling points, pitting is 
sometimes to be found. 

As other authors have stated that pitting may 
occur even with pure rolling, it is to be assumed 
that sooner or later pitting would also develop on 
rolling zones and on the addendum are. The present 
tests show clearly, however, that the peculiar com- 
bination of rolling and sliding motions which are 
characteristic on the dedendum are, i.e., sliding and 
rolling motions in opposite directions, accelerate the 
formation of pits in a surprising manner. In no 
way has it been possible, in the present tests, to 
obtain pitting on the addendum arc. The first test 
pieces were left in the apparatus until the destruction 
of the dedendum arcs made it impossible to continue 
the test. The addendum arcs showed clearly the 
impressions of the deteriorated dedendum arcs, but 
not the minutest trace of pitting. Thereupon special 
test pieces were made having an addendum arc 
less than half the width of the dedendum are. 
These test pieces were run against hard chromium- 


|seen in Fig. 8 opposite. 
|coupling gear wheels were exchanged, the new 


heavy pitting developed in a short time, as may be 
After these tests the 


eccentric wheels having an eccentricity of 12-5 per 
cent. of the test-piece diameter. This slight change 
sufficed to change completely the behaviour of 
the softer test pieces. Up till then, with 9-4 per 
cent. eccentricity, all tests had lasted many hours, 


pitting developing slowly and gradually until it | 
With | 


12-5 per cent. eccentricity the softer test pieces 
failed in an entirely different manner; within 
from 15 to 30 minutes they seized in the zone 
of maximum sliding. Both test pieces were equally 
attacked, there being no difference in the behaviour 
of the addendum and dedendum arcs. Even in 


this case, however, the destruction seemed to | 


originate from the dedendum arc ; with test pieces 


of different hardness, seizing generally took place | 


between the dedendum are of the softer and the 
addendum of the harder piece. Fig. 9, opposite, 
shows one of two rollers which seized about 30 
minutes after the application of the full linear 
pressure. The seizing occurred midway between 


the rolling points, where the sliding speed was at | 


a maximum. 

Examples of test rollers are shown in Figs. 6 to 12, 
on this and the opposite pages. The key to the 
reference letters used is given in Fig. 5, opposite, 
a being the dedendum arc, } the addendum arc, 
and c¢ the rolling zone, which is caused by the 
coupling-gear clearance. A represents the theoretical 
rolling point of the “driving face,” 
theoretical rolling point of the “ driven face.” The 
two rollers shown in Figs. 6 and 7 have run together. 
That seen in Fig. 6 is of chromium-nickel steel, 
having a yield point of about 50 tons per square 
inch, while that shown in Fig. 7 is of carbon steel, 
having a yield point of about 30 tons per square 


inch. The dedendum arc a of the hard roller, Fig. 6, | 


has run against the addendum arc b of the soft 
roller, Fig. 7, leaving visible impressions of the 
pitting. Nevertheless, the surface of the addendum 
are 6 on the soft roller, Fig. 7, is intact. The 
dedendum are a of the soft roller is heavily pitted, 


as can be seen on the right in Fig. 7. The three | 


dark spots to the left of the rolling zone c are rust 
spots, which developed after the test. Fig. 10, on 
this page, shows a microphotograph of the hard 
roller. The smaller of the two central pits had 
not yet broken out, but the core was subsequently 
lifted out with a needle and placed alongside the 
pit, upside down. 

Fig. 8, which has already been referred to, shows 


and B the} 


| fectly intact, whereas the addendum arc a, carrying 
|less than half the linear pressure, is heavily pitted. 
|The pitting enters the rolling zone c, but does not 
\reach the “driven-face” rolling point B. In 
| Fig. 11, above, are seen some of the pits produced 
|in the roller under a magnification of 7 diameters. 
|In Fig. 12 is seen a curious phenomenon, which 
| is sometimes observed. When a pitting crack has 
developed completely, the material in the pit seems 
to be lifted bodily out of the pit. Generally it is 
washed away by the oil, but sometimes it is caught 
| between the rollers, and leaves one or more impres- 
|sions, as may be seen in Fig. 12. In other cases 
the core of the pit is squeezed out between the 
|rollers, leaving a slightly irregular track about 
| 4 in. long. 
| The tests were continued in order to find means 
| to avoid seizing. These indicated that seizing could 
be avoided by the careful running-in of the test 
pieces. For instance, test pieces of a material that 
invariably seized within a short time if suddenly 
subjected to full test load, showed no signs of 
seizing when loaded in steps over about two hours, 
and in the end failed owing to pitting. How far 
the resistance to pitting is increased by running- 
|in has not yet been investigated. Attempts were 
| also made to prevent seizing by using more viscous’ 
lubricating oi]. This proved to be possible ; if the 
test pieces were lubricated with cylinder oil, no 
seizing occurred. On the other hand, very thin oil, 
such as transformer oil, increased the risk of seizing 
to a marked degree. The tests with different 
lubricating oils, incidentally, showed that the 
| viscosity of the oil has a marked influence on the 
|size of the individual pits. Very thin oil causes 
large pits, the size being ¥ in. to } in. Ordinary 
turbine oil gives smaller pits, about 4, in. to 4 in. 
in size, whereas heavy cylinder oil causes very small 
pits, 7; in. to 4 in. No difference was found with 
regard to material, the pit size being, in general, 
the same for soft carbon steel as for hard chromium- 
nickel steel. No explanation is offered for this 
curious phenomenon, but further investigation in 
this direction may yield very interesting results 
regarding the true mechanism of pitting action, 
| which, until now, is far from being clearly under- 
stood. Lubrication with heavy oil distinctly delayed 
|the appearance of pitting; it seems that the load 
is better distributed by a more viscous lubricant. 
|Further tests will be necessary to investigate the 
influence of speed on the strength of the tooth- 
face material, and the results of these will be 
published in due course. 

In conclusion, the author wishes to thank Mr. 
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Adolf Meyer, chief engineer of Messrs. Brown Boveri 
and Company, Limited, Baden, Switzerland, for per- 
mission to carry out the tests described and to 
publish the above article. He is also indebted to 
his colleagues in the test shop, especially Mr. Ribary, 
for useful advice, and Mr. Bellatti, for carrying 
out the somewhat tedious experiments. 
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(Concluded from page 37.) 


Tue Census of Production provides the only 
source of information regarding the relative import- 
ance of export markets to the various branches of 
industry in this country. In the engineering 
industry, the export trade has been an important 
factor in restoring prosperity since the slump of 
1932, but since the end of 1938 there have been 
certain signs that the expansion of exports has now 
come to an end, for the time being. The question 
is of considerable importance for the industry as a 
whole, because, although the international situation 
at the present time may be such as to call for the 
maximum output of armaments, if “red war” is 
avoided the time cannot be far distant when a 
sufficient expansion of the armed forces will have 
been achieved, and armament production will revert 
to a maintenance basis. It is true that the level of 
output under such conditions may well be many 
times as great as was the case before the present 
rearmament programme began, unless it should 
prove possible to conclude a far-reaching disarma 
ment agreement; yet it inevitable that the 
volume of armament work in many fields will fall 
below the present level. When this occurs, it 
essential that exports of engineering products should 
be well maintained if the industry is to avoid a really 
serious fall in activity. It is, of course, extremely 
probable that, if the international situation improved 
to such an extent that a substantial relaxation of the 
armament programme became possible, there would 
be an immediate improvement in confidence which 
would bring about a considerable automatic increase 
in international trade. There would be a serious 
danger, however, that such an improvement would 
be no better than the boom which occurred after 
the war, and would be followed by a slump of an 
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equally serious character. 

It is of considerable interest, therefore, to examine 
the export statistics of the various branches of the 
engineering industry in relation to production, as 
disclosed in the Although the figures 
relate to the year 1935, they may be expected to 
give a substantially correct picture of those branches 
of the industry which are predominantly dependent 
on export markets, and those which produce mainly 
for home consumption. 

In considering the main groups which comprise 
the engineering industry, it is necessary to make 
comparison between output and exports by value 
only, and in this connection it should be borne in 
mind that the figures are not strictly comparable ; 
as the value of production is returned on the basis 
of selling prices at the works, while export values 
are calculated f.o.b., and thus include of 
transport from the works to the port of shipment. 
In the aggregate, however, this difference probably 
exerts little influence on the rhe total 
production (gross output) of the mechanical engineer- 
ing industry in 1935 was 171,788,0002., while exports 
but 

or 


Census. 


the cost 


comparison, 


of machinery, excluding electrical machinery 


including locomotives, totalled 35,933,395/., 


21 per cent. of production. Between 1935 and 1938 
exports increased by about 15,000,000/., equivalent 
to a rise of approximately 9 per cent. on the 1935 


production. Retained imports of machinery, again 
excluding electrical machinery, totalled 12,021,991. 
in 1935, equivalent to 7 per cent. of production in 
that year. By 1937, retained imports had increased 
to 22,595,327/., largely owing to urgent require 
ments for the rearmament programme ; but in 1938 
there was a decline to 20,403,929/. 

The export trade of the electrical-engineering 
industry is rather less important in relation to 
The output of the electrical 


production. gross 


ENGINEERING. 


engineering industry in 1935 was 106.823,0002., 
while exports of electrical machinery and apparatus 
totalled 13,613,0001., or 12-8 per cent. of production. 
By 1938, however, exports had increased to 
20,439,5101. Net imports totalled 3,357,613/. in 
1935, and have since shown little increase, amounting 
to 4,650,686l. in 1937, and 3,456,557/. in 1938. 

The gross output of the motor and cycle industry 
in 1935 was 136,120,000/., while exports of motor 
vehicles, motor cycles, cycles and spare parts, 
excluding tyres, amounted to 16,591,468/., or 12 per 
cent. of production. Here, again, there has been 


a considerable increase since 1935, and in 1938 
exports were valued at 19,910,299/. Retained 
TasLe XIV.—Branches of Engineering Industry in which 
more than 25 per cent. of the Output in 1935 was 
Exported (£1000). 
Export 
Value 
Produc- Retained) as Per 
tion Exports Imports.) Cent. of 
Pro- 
' duction 
Centrifugal drying mach- + 
inery 276 187 67-9 
Mining machinery 3,010 2,280 79 75-8 
Sewing machines and 
boot and shoe mach- 
inery 2,745 1,632 483 0-5 
Sugar-making and refin- 
ing machinery 711 572 15 80-5 
Heavy-oil engines 3.334 2.402 37 72-2 
Water-tube boilers 1,166 1,244 2 
Textile machinery 12,316 6,914 1,323 56-1 
Air and gas compressors 
and exhausters 2383 386 72 30-8 
Condensers 642 o2 3 31-5 
Glass-working machinery 10 30 a6 29-1 
Grain-milling machinery 475 281 11 59-2 
Hydraulic machines 531 204 74 38-4 
Packing machinery 391 + 152 34-3 
Paper-making and board- 
making machines 991 sau 247 39-2 
Pneumatic tools 503 242 93 48-1 
Pumps 2.931 aol 161 30-4 
robacco and cigarette- 
making machinery dad 197 24 33-8 
Locomotives 2,203 ROO 7 40-5 
lractors 1,358 563 364 41-5 
Gas engines W6 116 1 
Steam turbines 1,782 465 15 26-0 
Economisers, feed-water 
heaters 1,322 B45 4 26-0 
Machine tools 6,531 2.243 1,655 34-4 
Excavating machinery 904 201 3Y 32-2 
Typesetting and printing 
machinery 2,392 1,030 613 43-0 
Agricultural machinery 2,930 730 307 25-0 
Electric generators 1,758 737 18 44-8 
lelegraph and telephone 
apparatus 5,690 1,722 60 30-3 
Wireless Transmitting 
sets 737 218 21 20-6 
Wireless components and 
parts 2 053 532 703 25-9 
Chassis for private cars 
(No.) 22,164 | 10,346 1,212 46-7 
Chassis for commercial 
vehicles (No.) 41,533 11,380 1,776 27-4 
Motor cycles and tricars 
(No.) 64,690 18,044 29 27-9 


imports of motor vehicles and parts amounted to 
3,754,7661. in 1935 and 3,136,055/. in 1938. These 
figures do not include imports of motor cycles, cycles 
and parts, which, however, are very small. With 
regard to the remaining sections of the industry, 
exports of aircraft and parts totalled 2,726,475/. in 
1935, or 19-5 per cent. of the gross output of 
13,919,0002., and to 5,409,099/. in 1938, 
while exports of railway carriages, wagons and parts 
in 1935 amounted to 2,319,654/., or 23-6 per cent. 
of the gross output of 9,757,000/. This latter figure 
relates only to the output of private firms, and does 
not cover the very considerable output of the rail- 
By 1938, exports had increased 


increased 





way companies. 
to 4,159,182. 
Table XIV, on this page, shows the principal 
branches of the engineering industry in which the 
value of exports (f.o.b.) exceeded 25 per cent. of 
the value of production in 1935. ‘The most important 
of these are textile machinery, of which production 
totalled 12,316,000/. and exports 6,914,000/. ; heavy 
oil engines, of which production amounted to 
3,334,0001., and exports, 2,402,000/.; mining 
machinery, 3,010,000/, and 2,280,000/., respectively ; 
machine 6,531,0001. and 2,243,0001.; _ tele- 
graph and telephone apparatus, 5,690,000/. and 
1,722,000, ; machines and boot and 


tools, 


and sewing 


shoe machinery, 2,745,000/. and 1,632,000/. It 
must be remembered that, owing to the different 
basis of computation of the value of production 
and exports referred to above, the percentage 


figures given in the last coiumn of the table tend 
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to overestimate the actual proportion of production 
exported. They are useful, however, as showing 
the relative importance of the export market to the 
various branches of the industry. 

It will be seen that manufacturers of centrifugal 
drying machinery, sewing machines and boot and 
shoe machinery, sugar-making and refining machin- 
ery, heavy-oil engines, water-tube boilers, textile 
machinery and grain-milling machinery are very 
largely dependent on the export market. In most 
years the proportion of the output of locomotives 
exported has been considerably higher than in 
1935, as the production figures do not include the 
output of the railway companies. In 1935, how- 


Goods Produced and 
Engineering Industry. 


Value of 
Mechanical 


TaBLE XV.—Average 
Exported by the 
(£ per ton). 





Production Exports 
(at Factory) (f.0.b.) 
1934. 1935 1934 1935 
| 
, 
Air and gas compressors 
Reciprocating 119-6 135-3 117-0 112-3 
Rotary 103-7 133-0 199-3 118-8 
Other 141-5 106-6 164-6 145-6 
Centrifugal drying mach- 
inery 76-9 79-0 62-5 66-7 
Grain-milling machinery 76 75 yO-2 93-4 
Hydraulic machinery 55-1 54-7 69-5 66-3 
Mining machinery 
Coal cutters 183-0 179-3 72-7 199-8 
Winding 54-8 60-2 7 65-5 
Other 42-6 3°9 92-0 82-5 
Pumps 
teciprocating 91-1 89-3 113-7 143-2 
Centrifugal 130-0 119-0 137-3 148-8 
Sewing machines 161-7 132-9 104-38 105-3 
Sugar-making and refin- 
ing machinery 42-0 46-0 51-6 49-9 
Locomotives 67-5 65-5 88-7 81-2 
Heavy-oil engines 93-1 93-2 105-0 107-1 
Water-tube boilers 47-6 45-2 51-2 52-5 
Economisers, feed-water 
heaters 51-4 49°6 44° 45-2 
Spinning machinery 68-1 76-1 79-0 99-7 
Looms 
Plain 45-2 51-0 \ 60.8 80-7 
Box 56-3 60-6 
Machine tools 
Boring mills 115-0 134-2 110-3 120-5 
Lathes 34-4 133-9 137-0 134-7 
Milling 182-5 202-6 167-5 175-9 
Cranes, hoists, etc. 59-3 62-6 55° 64-9 
Excavating machinery 83-3 88-5 BR -3 96-8 
Ploughs, Mechanical 
power 111-7 109-2 99-5 85-5 
Lawn mowers 
Hand 55-8 54-9 105-6 113-5 
Animal and mechanical | 216-6 194-7 138-6 181-3 
TaBLe XVI.—Average Value of Goods Produced and 
Exported by other Branches of Engineering Industry. 
Production (at Exports 
Factory) (f.0.b.) 
1934 1935 1934 1935 
Electrical machinery* 
Starting and controlling 
vear 155°3 244-3 246-5 
Switchgear 106-6 175-s 174-9 
Vacuum cleaners (£ each) ; s-O3 8 4-68 
Electric bulbs (20 volts 
and over) 
Gas filled (s. per doz.) 9-74 9-22 10-7 9-92 
Other (s. per doz.) 8-80 &-O6 8-61 8-78 
Wireless receiving sets 
(£ each) 6-15 6-07 »° 57 4-88 
Wireless valves (s. each) 3-07 3-76 6-72 6-39 
Private cars (£ each) L614 147-9 139-3 124-8 
Commercial vehicles (£ 
each) 11 198-0 276 -( +6 
Chassis 
For private car (£ 
each) ISS-8 147-9 90-7 S48 
For commercial vehicles 
(£ each) 229-1 250-0 147-2 155-1 
Motor cycles and tricars 
(£ each) 39-07 40-56 30-4 S-0 
ticycles and trievcles (£ 
each) 3-40 3-35 2-77 2-79 
Aeroplanes with engines 
fitted (£ each) 2,712 1,980 2,505 683 
Aero-engines (¢ each) 1,399 1,29. 1,237 1,067 
Kailway carriages: steel 
(£ each) 2.413 2.760 2.81 2,177 
Railway wagons steel 
(£ each) 220-3 217-1 220-1 279-2 
* Comparable figures are not available for generators and 


motors 


ever, the private locomotive builders had on hand 
a considerably higher volume of work for the 
British railways than has been the case in most 
years. Some branches of the textile-machinery 
industry are almost entirely dependent on exports. 
The aggregate figure shown in Table XIV, includes, 
for example, jute-working machinery, for which 
there is quite a considerable home market ; and if 
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separate figures were available for cotton-spinning 
and weaving machinery, for which home demand has 
long been at a very low level, these would almost 
certainly show that exports constituted a much 
higher proportion of production. 

In some cases the figures shown in Table XIV, 
cover a considerable range of different types of 
machinery which it is not feasible to record | 
separately, for reasons of space. Thus, although 
the textile-machinery industry as a whole com- 
mands an important position in the export field, 
imports of textile machinery are also considerable. 
Over 40 per cent. of these imports in 1935 consisted | 
of specialised hosiery and knitting machinery, which | 
was obtained mainly from Germany. Actually, | 
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many classes of machinery, and some of the more wage increases over the last few years have no 
important are shown in Tables XV and XVI, on! been sufficient to raise the general level of British 
the opposite page, the former covering mechanical | costs above those of foreign competition over the 
engineering and the latter the remaining branches| whole range of products, it would probably be 
of the industry. | found necessary to assist individual branches of the 


If home and export sales were to be equally | industry only for comparatively short periods. A 


_remunerative, it would be expected that the average | general lowering of export prices is no more in the 


export values would be slightly higher than the | interest of German manufacturers than it is of 
average value of production, owing to the cost of | British, and it may be taken that subsidies are 
transport to the port of shipment. In most branches | granted only in those cases where they may be 


| of the mechanical-engineering industry this is actually | expected to result in a substantial increase in the 


the case, but exceptions are provided by recipro- | German share of world trade. If active measures 
cating air and gas compressors in both 1934 and | were promptly taken to counter the effect of these 
1935, and rotary compressors in 1935; centrifugal | Subsidies the possibility of their discontinuance 
drying machinery in both years ; sewing machines ; | Would be greatly strengthened. The danger of such 
action is, however, obvious in that it might remove 


something like half the total home demand for | economisers and feed-water heaters; ploughs for 
hosiery and knitting machinery is supplied by | mechanical power, and animal- or mechanically- 
imports, production in 1935 being valued at | operated lawn-mowers. 

872,000/., while exports were valued at 437,000/.| Turning to the other branches of the industry, 
and retained imports at 563,000/. A somewhat | comparable figures between production and exports 
similar position exists in the case of machine tools, | are available for only a comparatively small range 
although here imports during the last few years | of electrical-engineering products, but in the case 
have been swollen by the exceptional requirements | of both vacuum cleaners and wireless receiving sets 
arising from the rearmament programme. In 1935, | the average value of exports is very considerably 
however, this influence had hardly begun to make | helow that of production. It is, however, the motor 
itself felt, yet retained imports of machine tools in| and cycle industry in which the complaint of low 
that year were valued at 1,655,0001., which com- export prices appears to have the greatest justifica- 





pares with production valued at 6,531,000/. and 
exports at 2,243,000. The imports consisted 
mainly of the more elaborate types of lathe for 
mass production, and of milling machines, grinding 
machines, and planing and shaping machines. The 
principal sources of imports are the United States 
and Germany, and the expansion of imports due to 
rearmament has given rise to a certain amount of 
discussion as to whether it is necessary to be depen- 
dent on Germany for such important strategic 
products as machine tools. It appears, however, 
that since the beginning of the rearmament pro- 
gramme, several British manufacturers have greatly 
extended the range of tools which they manufac- 
ture. This should be reflected in the import returns 
as soon as the present abnormal demand for the 
equipment of armament factories comes to an end. 
It is worth recording that total imports of machine 
tools have already shown an appreciable decline | 
compared with the peak figure of 1937, gross | 
imports in 1938 totalling 23,841 tons, valued at 
4,962,980/., against 31,591 tons, valued at 6,212,178/., 
in the previous year. 

Other branches of the engineering industry in 
which imports constituted an important proportion 
of home consumption in 1935 include cement- 
making machinery, of which production was valued | 
at 149,000/., exports at 21,0001., and retained | 
imports at 123,000/. ; rolling-mill machinery, pro- | 
duction 397,0001., exports 22,0001., and retained | 
imports 226,000/.; office machinery, production | 
588,000/., exports 84,000/., and retained imports 
476,0001.; and typewriters, production 384,0001., 
exports 99,000/., and retained imports 591,000/. 

The view is sometimes put forward that, owing | 





tion. The average export value of private cars 
was only 124-8/. in 1935, compared with an average 
production value of 147-9/. Moreover, it is probable 
that exports comprise a higher proportion of 
medium- and high-powered cars, since there is little 
demand abroad for the baby car, so that export 
values should be somewhat higher than average 
production values. It is well known, of course, that 
German motor manufacturers have been particu- 
larly favourably treated in the matter of export 
subsidies for some years. The lower export prices 
for British cars, however, must be at least partly 
attributed to the lower production costs and prices 
of the American manufacturers, as well as to German 
subsidisation. During the last two years, however, 
the average value of German exports indicates that 
the subsidies have been more widely available and 
have been concentrated in pushing the sales of pro- 
ducts which could be expected to cause the maximum 
dislocation of the normal trade of competitors, 
such as machine tools in 1937 and locomotives 
in 1938. This practice was not in force on any 
large scale in 1935 and therefore is not reflected in 
the Census figures. In the case of motor cycles, 
the difference between export and production values 
was not so marked in 1934 and 1935 as with private 
cars ; but more recently the average export value 
has tended to fall further under the influence of a 
sharp drop in the average value of motor cycles 
exported from Germany, which is to be ascribed 
partly to subsidisation and partly to an intensive 
development of the market for very light machines. 
The comparatively low export value of bicycles 
and tricycles in 1934 and 1935 was due to the fact 
that there is no great demand abroad for the more 





to subsidised competition, the prices which can | expensive and elaborate bicycles, and also to the 
be obtained for engineering products in export need for meeting Japanese competition. Large 
markets are so low that they do not justify indi-| numbers of Japanese bicycles are exported at an 
vidual manufacturers in making an intensive drive javerage price of less than lJ. each, although the 
for export business, particularly if conditions in | force of Japanese competition has been somewhat 
the home market are reasonably satisfactory. While | lessened by the Sino-Japanese war. 

such an attitude may be justified in a short run| Tables XV and XVI show that in 1935 there were 
from the point of view of individual profit, it is |numerous branches of the engineering industry in 
certainly not in the national interest, and it is even| which export prices were considerably below the | 
doubtful whether in the long run it is the best | corresponding prices in the home market. Since | 
policy for the individual manufacturer. A certain | 1935 there has been a considerable intensification 
amount of low-priced export business in times of | of subsidised competition from abroad, in spite of 
prosperity may prove a valuable insurance against | the fact that for the majority of engineering products 
periods of low consumption at home, since it is very | the total overseas demand has been increasing 
difficult to regain export markets once they have | steadily. Such competition is certain to become 
been lost. A direct comparison between home and | even more intense when demand begins to decline, | 
export prices is difficult to make, as in each category and the British engineering industry must therefore | 
of machinery shown separately, the proportion of | do all in its power to ensure the maximum competi- | 
the various types of machine included may be very | tive strength. However much attention is paid to | 
different in the case of production and of exports. | increasing efficiency and to keeping down costs of 
Moreover, there is also the difficulty (already men- | production, this is unlikely to be sufficient to reduce 
tioned) that production values are recorded ex manufacturing costs to a level which will be com- | 
works and export values on a f.o.b. basis. In many | petitive with Government-subsidised foreign pro- 
cases, too, either production or export figures are | ducts, and undoubtedly a case can be made for | 
not available by volume. Nevertheless, the Census | some form of assistance to individual manufacturers | 
of Production makes an interesting comparison|who may from time to time be seriously affected | 
between production and export values for a great | by such competition. If it can be assumed that! 





incentives towards cost reduction and increased 
efficiency. Moreover, it is bound to raise the whole 
thorny question of the protection and prices of 
engineering raw materials. 





THE LONGFORD GENERATING 
STATION OF THE COVENTRY 
CORPORATION. 


(Concluded from page 8.) 


LixE the original sets, the three 30,750-kW units, 
which form the extension to the Longford Station 
of the Coventry Corporation, were constructed 
by the British Thomson- Houston Company, Limited, 
Rugby. All the sets are of similar design and 
are built to generate three-phase current at 
a pressure of 33-kV and a frequency of 50 when 
running at 3,000 r.p.m. They are supplied with 
steam at a pressure of 300 lb. per square inch and 
a temperature of 700 deg. F., and are of the two- 
cylinder impulse-reaction type with a double-flow 
low-pressure cylinder. Steam is tapped off at two 
points for feed heating purposes. A view of one 
of the sets, which will make their general appearance 
clear, appears in Fig. 9 on page 68. 

The high-pressure cylinder, which contains 16 
stages, is made in two portions, the inlet portion 
being of cast-steel and the outlet portion of semi- 
steel. The low-pressure cylinder contains seven 
stages and consists of top and bottom iron castings, 
each of which is in two parts. The exhaust casings are 
of streamline flow design, so arranged that the steam 
passes through the various stages in opposite 
directions and, finally, through the exhaust openings 
into the condenser. The casings of both cylinders 
are divided horizontally, so that the rotors can be 
lifted out for inspection without disturbing the 
alignment of the bearings. The top half-casings 
can also be removed without damaging the blades. 
In the first and the last two stages of the high- 
pressure cylinder the blades are of stainless stee] 
and the same material is used for the bucket blades 
in the low-pressure cylinder. The remaining blades 
are of nickel-coated mild steel. In the high-pressure 
cylinder, the bucket wheels are turned out of the 
shaft forging, but in the low-pressure cylinder they 
are separate forgings which are keyed to the shaft. 

The diaphragms in the high-pressure cylinder are 
made in halves, so that the top halves can be 
removed with the top half casing without disturbing 
the lower halves. The diaphragms in stages two to 
eight are forged-steel discs, while the remainder ate 
semi-steel castings. The bearings are of the spheric- 
ally-seated self-aligning type. They are lined with 
white metal and are lubricated under pressure from 
a rotary pump, which is driven by a worm wheel 
from the turbine shaft. 

The valve chest is cast integral with the top half 
of the high-pressure inlet casing and contains the 
valves, which open and close successively, so that 
the steam supply is adjusted to suit the load condi- 
tions. Two combined emergency and stop valves 
of the balanced type with a by-pass for warming up 
are bolted to the valve chest. During operation, 
these valves are held open by oil pressure under the 
control of the emergency governor, so that any 
failure of the oil pressure causes them to close. The 
centrifugal governor is carried on a vertical shaft 
and is driven through worm gearing from the main 
turbine shaft. It is provided with hand-operating 
gear, so that the speed can be adjusted above or 
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below normal when running. This gear can also 
be operated by a motor, which is controlled from 
the control room. This governor actuates a small 
hydraulic pilot valve. This admits oil under pres- 
sure to the servo-motor which operates the main 
valves. ‘The emergency governor cuts the steam off 
automatically if the turbine speed exceeds the 
normal value by more than 10 per cent. Under these 
conditions the centrifugal action of the governor 
overcomes the tension of a helical spring, so that 
an unbalanced ring strikes a trigger. In this way, 
the oil supply is diverted from the emergency and 
stop valves and they are allowed to close. The 
oil pressure is released by a piston valve which, if 
necessary, can be operated by hand. 

The coupling between the high- and low-pressure 
rotor shafts is of the flexible claw type, while that 
between the low-pressure shaft and the alternator 
rotor is of the semi-flexible pattern, arranged to 
limit the end play of the alternator rotor. These 
couplings allow the turbine and alternator rotors 
to be removed independently. 

The alternator is of the horizontal revolving field 
non-salient pole type. It is rated at 37,500 kVA and 
generates three-phase current at a pressure of 33 kV 
and a frequency of 50. It is enc-osed and is designed 
for working with air coolers. The fabricated frame 
consists of a number of steel rings with longitudinal 
steel bars on which the punchings are mounted. 
Radial ducts are provided at frequent intervals 
throughout the length of the laminated core, to 
ensure efficient cooling, both of the core and wind- 
ings. The windings themselves are of the two-layer 
type, which the British Thomson-Houston Company 
has found to be capable of withstanding short-circuit 
stresses and surges without the use of heavy metal 
clamps on the overhanging portions. An important 
feature is that there are no earthed metal supports on 
the end portions of the windings. The heat due to 
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eddy currents is minimised by the use of special lami- 
nated conductors. The coils are insulated by 
successive layers of mica tape, with a bitumen base, 
which has been specially devised for windings operat- 
ing at 33 kV. Three high-voltage leads are brought 
out at the exciter end of the machine and three 
neutral leads at the right-hand, that is, the turbine 
end. This arrangement has been found very con- 
venient for mounting the protective transformers, 
while at the same time the high-voltage and neutral 
leads are kept well separated. 

The rotor body and shaft consists of one forging, 
through which wide slots are milled for carrying 
the exciting windings. Between each pair of wide 
slots are narrow ventilating slots. The exciting 
windings consist of copper coils wound on edge and 
placed in the slots so as to present a cylindrical 
surface for the retaining rings. The windings are 
retained in position by dovetail wedges which are 
continuous from one end of the core to the other. 

The machine is ventilated by fans which are 
mounted on rings at each end of the rotor. Part 
of the output from these fans, after cooling the ends 
of the stator winding, passes into the air gap and 
out through the stator ducts near the end of the 
core. The remainder passes at the back of the 
frame to intermediate compartments, whence it 
travels radially inwards through the stator ducts 
on to the surface of the rotor. It flows thence 
along the gap and out through the stator ducts. 
The main flow of air through the fans is supple- 
mented by a stream which is drawn under the 
rotor windings and through the ventilating slots in 
the rotor body. It is discharged into the air gap 
near the centre of the machine. 

The exciter, which is fitted with commutating 
poles of a type designed to ensure stability under 
all conditions of operation, is directly coupled to 


the alternator. Its armature windings are totally 


enclosed to prevent any accumulation of dust which 
might result in leakage. Only the working surface 
of the commutator is exposed. The exciter is 
excited from a small machine which is mounted in the 
same frame. This machine runs at constant voltage 
with a saturated magnetic circuit. 

The condensers into which the steam from the 
turbines exhausts are of the single shell type, and 
each is capable of maintaining a vacuum of 28 in. 
when supplied with 33,300 gallons of cooling water 
per minute at a temperature of 80 deg. F. They 
were constructed by Messrs. Worthington-Simpson, 
Limited, Queen’s House, Kingsway, London, W.C.2, 
and have a cooling surface of 36,000 sq. ft. An illus- 
tration of one of them appears in Fig. 16, Plate III. 
The tubes, which are of Admiralty mixture, have an 
external diameter of } in. and are 18 S.W.G. thick, 
the length between the tube plates being 17 ft. 
They are expanded into the brass tube plates at 
the inlet end and ferruled at the outer end. The 
tubes are supported, at irregular intervals, by brass 
support plates and the end plates are stiffened by 
cast-iron girders and steel tubular stays. The 
pressure drop across the condenser is negligible, and 
the condensate Jeaves at a temperature correspond- 
ing to the vacuum. The tubes are arranged for two 
water flows, and the head doors have been specially 
designed to prevent the breathing, which often 
occurs with the comparatively high heads associated 
with the use of cooling towers. Part of the tube 
surface is protected by a baffle to form an air- 
cooling chamber on each side of the condenser into 
which the non-condensible gas and vapour are drawn 
before passing to the ejectors. The air is collected 
in open lanes away from the condensing steam. 
The shell which is braced internally by horizontal 
steel tubular stays is carried on spring supports and 
is fitted with non-return water-sealed atmosphere 
exhaust valve to prevent a dangerous rise of in- 
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ternal pressure. The vacuum can be quickly de- 
stroyed by a hand-operated valve. 

Each condenser is provided with two horizontal 
Worthington-Simpson circulating water pumps with 
an output of 17,035 gallons of water per minute 


against a total head of 55 ft. These pumps, a view of | 


one of which appears in Fig. 20, are fitted with water- 
cooled roller bearings and are driven at a speed of 
730 r.p.m. by 365-h.p., screen-protected slip-ring 
induction motors, which were constructed by The 
British Thomson-Houston Company, and are 
controlled by oil-immersed circuit-breakers. The 
pumps force the water through the condenser 
into a concrete pipe 3 ft. 6 in. in internal diameter 
which runs across the pond above which each cool- 
ing tower is built. This pipe is bent up at the centre 
and opens out into a bell-mouth at the top, which 
is about 33 ft. above the bottom of the pond, the 
latter, in turn,, being 6 ft. deep. The irrigation 
troughs extend radially from this bell-mouth and 
are connected by secondary troughs. The water 
passes through nozzles in the bottom of the troughs 
and is converted into a fine spray as it falls through 
louvres back into the pond. Cooling is, of course, 
effected by the air, which is drawn up the interior 
of the tower through the spray. 

Each of the two towers, which form the extension, 
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have a capacity of 1,500,000 gallons of water per | densate passes into the surge tank through an auto- 
| hour, or twice that of the original towers. They are/ matic control valve on the discharge side of the 
hyperbolic in shape, the maximum diameter at the | ejectors. This valve also ensures that any make-up 
base of the footing being 131 ft. 4 in. At the top| water is first passed to the condenser for de-aeration 
of the columns it is about 113 ft. and the throat! before entering the system. The drainage from the 
60 ft. The height of each tower above the bottom | feed heaters is controlled by traps and is cascaded 
'of the pond is 170 ft. The weight of the shell is| through the heaters and coolers into a flash box 
about 1,500 tons and it is supported on 64 octagonal | and thence to the condenser. The air vents from 
columns which are 13 in. across the flats. the heaters are also cascaded back to the condenser. 
The construction work for these towers was| Since all the make-up passes to the condenser, there 
begun by the builders, Messrs. Concrete Piling,|is no need for the surge tank to be sealed. The 
| Limited, 28, Victoria-street, London, S.W., in piping is, however, arranged so that the new set 
September, 1936. In the course of the excavation | can be run in parallel with the old, which work on 
for the first tower, an old stream bed was encoun-| the hot tank system. Under these conditions the 
tered. This necessitated going down a further| condensate control valves are isolated and the tanks 
4 ft. over about half the area. Mass concrete was | are changed over to this system. This necessitates 
placed under the footings and supports to the inlet | the surge tanks being sealed. 
pipe, and well-consolidated hard core from a burnt-| The two extraction pumps on each condenser are 
out spoil heap on the site of the second tower was| of the two-stage centrifugal type, with vertical 
used for filling under the pond slab. Altogether, | shafts, and each is capable of 100 per cent. duty. 
over 22,000 cub. yd. were excavated, a large per-| They are driven by 36-h.p. screen-protected squirrel- 
centage of the spoil being employed in the construc- | cage induction motors with star-delta control. 
tion of new coal storage sidings. An unusual The two steam jet air ejectors also have 100 per 
method of construction devised by Messrs. Concrete cent. duty, and the piping and valves are so arranged 
Piling, Limited, was used for the erection of the that it is possible quickly to change over from one 
towers. A centre construction tower about 5 ft. to the other. The steam consumption of each set 
square was first built to a height about 20 ft. above is 1,100 lb. per hour, and it is capable of handling 
| that of the finished height of the cooling towers. | 142 lb. of dry air per hour saturated at 85 deg. F. 
A swing bridge which was capable of being com-| with a vacuum of 28 in. at the suction. Each set 
pletely revolved and increased or decreased in| has two stages, and the steam from the jets is 
length was then suspended from the construction| condensed in surface-type coolers. The drainage 
tower. A double-mouthed hopper containing con-| from the first stage passes through a seal pipe to 
crete was hoisted up the centre of the latter and| the condenser, while that from the second is con- 
emptied into barrows of special design, which were | trolled by a drain trap and then passes to the 
mounted on the bridge. These barrows were condenser. Condensate is used for cooling, the 
then wheeled to the circumference and emptied | full quantity being delivered by the extraction 
into the shuttering. The concrete laid in this way| pump. Each drain cooler has a tube surface of 
amounted to about 50 cub. yd. per nine-hour day. | 300 sq. ft. This is made up of 1-in. brass tubes, 
The feed heating system in which the condensate is | having a length of 7 ft. between tube plates. The 
treated after leaving the condensate, is shown | condensate passes through these tubes in two 
diagrammatically in Fig. 10, Plate III, while the! flows, and a baffle is arranged inside the shell so 
layout of this portion of the plant will be clear from | that the drains to be cooled also make two flows 
Figs. 11 to 14 on the same Plate. As will be seen, the | over the outside of the tubes. The piping and 
condensate, which has an oxygen content of not| valves are so arranged that the cooler and No. 1 
more than 0-05 cub. cm. per litre, is withdrawn heater can be by-passed as a unit on both the 
from the well below the condenser by an extraction | condensate and drainage sides. 
pump, a view of which appears in Fig. 15, Plate II, Both the feed heaters are of the floating head 
and is discharged through the two-stage air ejectors | multi-flow type. The floating heads and tube 
and a drain cooler to two low-pressure feed heaters. | nests are supported on roller carriages to facilitate 
From these heaters it passes into the feed pump) the withdrawal of the heating elements. The feed 
suction main, whence it is pumped into a discharge | and drainage piping to both heaters is arranged so 
main and thence to the boilers. Any excess of con-! that either heater can be by-passed. In each case 
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a supply of steam is obtained from the turbine, and 
in addition, No. 1 heater takes vapour from the 
evaporator, and No, 2 heater exhaust steam from 
the steam-driven feed pump. No. 1 heater has 
a tube surface of 900 sq. ft., which is made up of 
9-ft 1 in. in outside diameter. ‘The 
heating surface of No. 2 heater is 550 sq. ft., and in 
this case the tubes are 8 ft. long. The shells are 
of welded steel with end covers of the same material, 
the tube plates are of brass, and the water heads 
and iron. Both heaters are fitted 
with Worthington-Simpson deflecting baffles to 
prevent the steam impinging directly on the tubes. 
The drains from the heaters are cascaded through 
float-operated traps and a cooler to a drainage 
flash thence to the condenser. Each 
drain trap can be isolated and by-passed, and the 
drainage is then cascaded under hand control, or 
passed direct to the flash box. The air vent from 
No. 2 heater is normally cascaded into No. 1 heater, 
but by-passes are provided, as for the drains. 


brass tubes, 


covers of cast 


box, and 


As shown in Fig. 10, Plate LII, each set is pro- 
vided with a feed pump. Each has seven stages 
and is capable of delivering 35,000 gallons per hour 
against a head of 375 lb. per square inch when run- 
ning at a speed of 1,470 r.p.m, These pumps, which 
were constructed by Messrs. G. and J. Weir, Limited, 
Cathcart, are driven by 235-h.p. screen-protecved 
slip-ring induction motors which were supplied by 
The British Thomson-Houston Company. The 
motors are controlled by hand-operated totally- 
enclosed air break drum starters. The discharge 
from each pump is fitted with a cash-pot cushioned 
non-return valve, which incorporates an automatic 
by-pass for cooling the pump cn light loads as 
well as electrically- and hand-operated stop valves. 
There is also a stand-by steam-driven pump of 
Messrs. Gj. and J. Weir's manufacture for each set. 
This has the same duty as the electrical unit, is 
of the single-stage type, and is driven at a speed of 
5,600 r.p.m. by a turbine which is supplied with 
steam at a pressure of 300 lb. per square inch and 
a temperature of 700 deg. F. It exhausts into a 
main which can be connected with No. 2 heater or 
to the atmosphere. The turbine is arranged so that 
it is automatically brought into operation should 
the electrically-driven pump fail. It is fitted with 
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non-return and hand-operated stop valves on the 
discharge side. 

As will also be seen from the diagram given in 
Fig. 10, there is one evaporator to each set. These 
evaporators, a view of one of which appears in 
Fig. 17, Plate III, is capable of producing 10,000 Ib. 
of vapour per hour from water at 60 deg. F., when 
the turbine is running at 80 per cent. of full load. 
It is supplied with steam from the turbine, and the 
vapour is condensed in No. 1 heater. It is supplied 
with water from the circulating water discharge, 
the flow being controlled from a float-operated 
regulator. Each evaporator has a surface of 
500 sq. ft., which is made up of 1}-in. copper coils 
arranged in double banks. These coils are secured 
to the steam and drainage headers by special 
couplings, so that they can be easily and quickly 
removed. The vapour flows through a centrifugal- 
type separator before passing through the raw 
water pre-heater to No. 1 feed heater. This raw 
water pre-heater is of the floating-head type, and 
has a surface of 100 sq. ft. The drainage from the 
evaporators is controlled by float-operated drain 
traps and passes into No. 1 heater. These traps 
can be isolated and by-passed. 

The surge tank and distilled-water storage tank, 
of which there is one for each set, each having a capa- 
city of 6,000 gallons, were constructed by Messrs. 
The Horseley Bridge and Thomas Piggott Company, 
Limited, Tipton, Staffordshire. They are of mild- 
steel riveted construction, and are totally enclosed, 
air vents, steam-sealing connections, overflow pipes, 
and other accessories being fitted. Under normal 
working conditions, the surge tank receives water 
from or delivers it to the condensate line. It over- 
flows into the storage tank, which in turn overflows 
to waste. In the event, however, of the water in 
the surge tank falling’ below a pre-determined 
level, a supply is given from the storage tank to the 
condenser through a float-operated valve. The 
storage tank is also fitted with a second float valve 
which admits water to it from the town main when 
a certain pre-determined low level is passed. As 
will be seen from Fig. 10, the tanks are all connected 
to a common main through isolating valves which 
are normally closed. By manipulating these valves 
the new sets can be worked in parallel with the old 


on the hot tank system. In this case the surge to 
and from the new sets is taken direct through the 
surge pipe, and not through the automatic con- 
densate control valve. 

The output from the alternators is controlled at 
33 kV by metal-clad compound-filled duplicate 
‘bus bar switchgear, which was constructed by 
The British Thomson-Houston Company. A view 
of a section of this equipment is given in Fig. 21, 
above. The ‘bus bars are divided into three 
sections, and section reactors are installed 
between each pair of sections. The switchboard 
controls the two 23,500-kVA generators, the two 
37,500-kKVA generators, two 30,000-kVA_ grid 
transformers, thirteen outgoing feeders, four station 
auxiliary and three local supply transformers, as 
well as the "bus section and ’bus coupler equipments 
and consists of 35 units. The earlier equipments, 
which were described in our previous article, 
were originally designed for a rupturing capacity of 
500,000 kVA, but this has now been increased to 
750,000 kVA. The new switchgear is also of the 
latter rating. There are also some differences in 
design between the old and the new equipment. 
For instance, the "bus bars are now above the circuit 
chamber instead of below it, the circuit-breaker tanks 
are circular instead of being rectangular, and the 
voltage transformers are below the gear, which is 
of the horizontal plug-in type. Moreover, castings 
have been replaced by fabricated steel structures, 
and instead of screw withdrawing gear, rack-and- 
pinion ratchet operation is employed. 

The capacity of the original switchgear has been 
increased by fitting compensated explosion pots, 
stouter tanks and new circuit-breaker bushings, as 
well as modifying the operating mechanism. The 
compensated explosion pot, the construction of 
which will be clear from Figs. 18 and 19, differs 
from the ordinary explosion pot in that the side 
orifices are arranged so that the first aperture is 
exposed immediately the contacts part. At high 
values of short-circuit the gas pressure which, of 
course, develops rapidly, is utilised to deionise the 
are path, the insulation resistance of which is estab- 
lished during the first or second current zero, when 
only the first aperture of the pot is uncovered. At 
intermediate values of short-circuit current, a 
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and pressure conditions which are required to estab- 
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|new design has given very satisfactory results, | driven. 
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| open so that making or breaking circuit upon the 
isolator plugs is prevented. 

Connection between the "bus bars of the old and 
new switchgear is made by compound-filled trunking, 
which passes through the wall of the original switch- 
house. Further trunking is carried through a 

| fire-proof wall immediately to the right of the two 
| "bus section switches in the second section, so that 
| theré is complete physical separation between this 
section and the third section. The "bus bar reactor:is 
of the cast-in concrete type, and is built up as a 
three-phase bank to give a reactance of 10 per cent 
on 25,000 kVA, and to carry 438 amperes. 

The extensions described were carried out to the 
designs of Mr. W. J. Marston, M.LE.E., engineer 

|and manager of the Corporation Electricity Depart- 
ment, whom we have to thank for permission to 
publish the foregoing article. 
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| ‘Tur new John Deere tractor, illustrated in Fig. 29, 
| page 72, known as the model “ H,” was shown by 
| Messrs. Jack Olding and Company, Limited, Hat 
| field, Herts. It is a smaller and lower-priced model 
| than earlier John Deere tractors, designed specially 
| for work on small farms. It is capable of drawing 
| one 16-in. plough or two 12-in. ploughs and is pro- 
| vided with a belt pulley and also a power take-off. 
Employed with a two-row cultivator, it has a 
| capacity of 20 acres to 35 acres per 10-hour day, 
and the narrow tapered fuel tank over the engine, 
| combined with a high seating position for the driver, 
| enables a full view of the crop rows to be obtained 
| when engaged on this work. The rear wheel track is 
| variable from 44 in. to 80 in., rendering the tractor 
suitable for practically any row-crop work. The 
‘engine is a two-cylinder unit with a cylinder bore 
| of 3% in. and a piston stroke of 5 in., and runs at 
1,400 r.p.m. The cylinders are cast en bloc, the 
valves being in the head. The crankshaft is of 
| special quality alloy steel with crank pins 24 in. 
|diameter. The crankshaft bearings are also 2 4, in. 
in diameter, and are of the steel-backed type. The 
connecting rods are drop forgings. An enclosed 
| ball-type governor is fitted to the engine. ‘The 
|carburettor is of the natural-draught type with 
|load and idle adjustment, and ignition is by high- 
| tension magneto, fitted with an automatic impulse 
| starter. The engine is equipped with an air cleaner 
| of the oil-wash type. The main and big-end bear- 
ings are pressure lubricated. Cooling is on the 
We understand that the | thermo-syphon system, the fan being gear and shaft 


Tests oF Circuit BREAKER. 


lish deionisation, and this may then occur during | both as regards normal current-carrying capacity | 
the third and fourth current zeros with the second | and behaviour under heavy short-circuits. 
aperture uncovered. At still lower values the arc| The plug and socket insulators are of bakelised 
may extend to the beginning of the throat opening | paper, which is graded to give even radial and longi- 
before the path can acquire the requisite insulation | tudinal dielectric stresses. It is covered with a 
resistance to effect interruption. Both the side|new hard varnish which, it is claimed, resists 
orifices and the throat may therefore be called upon | mechanical damage and scratching to a much 
to function at these values. A typical test on this | greater degree than the older types. The change- 
breaker is shown in Fig. 22 This oscillograph, | over from one set of *bus bars to another is effected 
our reproduction of which is half the size of the | by means of hand-manipulated plugs, which are 
original was taken on a make-break shot at 37-4 kV | completely interlocked. As the moving portion 
when the contacts closed on 43,000 peak amperes | of the gear is racked in, the plugs approach a set of 
and interrupted 1,020 mVA in four half-cycles.| metal targets which are independently hinged, 
The pressure in the tank was then only 25 lb. per | though they are connected to a common way shaft. 
square inch. | Should all three plugs be in the correct position, all | 
The design of the isolating plugs and sockets is | three targets are moved by the plugs, thus operating | 
interesting in that it dispenses with the older|an auxiliary switch which releases a solenoid lock | 
flexible connection to the plug. Instead, a plain | and allows the moving portion to be racked right 
cylindrical plug of the non-flexible type is utilised.| home. At the same time, "bus-bar indication 
The socket consists of a hollow cylindrical member |is given on the control panels and the correct 
which is built-up from six silver-faced spring-loaded | circuit is selected for synchronising. A system 
segments. These embrace the connection rod on | of electrical interlocks prevents the synchroscope 
which they are carried at one end and the plug | from being inadvertently connected to the wrong 
connection at the other. They are so shaped so|’bus bars. Should all three plugs not be in one 
as to give a high pressure point contact at both ends, | set of sockets, the targets will not be moved and 
thus ensuring, it is claimed, perfect self-alignment | the solenoid lock will not permit the breaker to be 





The clutch is of the dry-plate type with two 9}-in. 
discs. Three forward speeds are provided, giving 
speeds of 2} m.p.h., 3} m.p.h. and 5}? m.p.h. 
at normal engine speed. The engine may, however, 
be speeded up to 1,800r.p.m. to give a speed on 
top gear of 74 m.p.h. when required. The reverse 
speed at normal revolutions per minute is 1} m.p.h. 
The transmission gears are machine-cut and heat 
treated. The shafts are mounted in roller bearings. 
The rear axles are 2} in. in diameter, and are carried 
on taper-roller bearings. The front wheels are also 
carried on taper-roller bearings, and all four wheels 
are fitted with pneumatic tyres. The belt pulley 
is 12} in. in diameter by 4} in. wide, and runs at 
700 r.p.m., giving a peripheral speed of 2/245 ft. 
per minute. The wheelbase is 6 ft. 4 in. and the 
turning radius is 7 ft. 5 in. The drawbar has both 
horizontal and vertical adjustment. The overall 
width of the tractor is 6 ft. 3 in., the overall length 
is 9 ft. 3} in., and the height to the radiator cap is 
4 ft. 4 in. 

Another interesting machine shown by Messrs. 
Olding was the tractor-drive potato digger illustrated 
in Fig. 30, page 72, in its one-row form, a two-row 
digger being also manufactured. The machine is 
towed by a tractor, the towing attachment on the 
fore-carriage being clearly seen in the foreground of 


without the use of flexible tails. It has been found | racked home. 
that a properly designed pressure point contact 
will give results superior to a surface contact, while 





Other interlocks are provided to 
ensure that the oil tank of the circuit breaker shall 
not be removed while the breaker itself is alive, | 


the illustration, and it lifts the potatoes by the 
triangular shovel visible just behind the left-hand 





and that the breaker cannot be plugged into circuit | 
unless the oil tank has been replaced. Moreover, | 
the breaker cannot be racked in or out unless it is 


the silver facing ensures that after the initial ageing 
the contact resistance remains approximately 
constant instead of increasing with oxidisation 


wheel of the carriage. Naturally, the surrounding 
earth is also picked up, and this has to be separated 
from the tubers as the machine travels, an operation 
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effected by conveying the mass from front to rear 
on an endless conveyor which acts as a riddle, as it 
is continuously agitated while being traversed. The 


result is that the earth is shaken off and falls back | 


into the furrow made by the shovel, while the 
separated potatoes are deposited on top of it at the 
rear end of the machine, and can be readily picked 
up by hand. Deflectors at the end of the con- 
veyor ensure a compact row on discharge. The 
motion of the conveyor calls for a positive drive 
from the tractor, since, if the mechanism were driven 
from the wheels of the digger, the agitating move- 
ment would be too slow to be effective at slow 
digging speeds. 

The power is taken from the tractor by means of 
a shaft fitted with universal joints, this shaft being 
only identifiable in the illustration by the tubular 
guards by which it is surrounded. The universal 
joint is not in place on the first length of shaft, but 
that on the second length of shaft can be made out 
near the centre of the machine, lying inside a protec- 
tive cage. When required, a three-speed gear can 
be fitted in the transmission. The longitudinal drive 
is transmitted to a cross-shaft, also guarded, at one 
end of which is a chain drive to the conveyor. This 
drive is fitted with a spring-loaded slipping clutch 
which prevents damage should an obstruction be 
encountered. The agitation of the conveyor is auto- 
matically effected by supporting it at intervals on 
cam-shaped sprockets, and its period can be varied 
by changing these sprockets. The lever seen to the 
rear of the universal joint is for raising and lowering 
the front part of the frame, so that the depth at 
which the spade is traversed can be regulated to 
suit the crop being gathered. Optional accessories 
are a rotating coulter in front of the shovel, a 
spreading attachment which deposits the riddled 
earth into two ridges, and fences and shields for the 
underside of the conveyor. Various types of shovel 
are available to suit different conditions, viz., 
shovels for use where the crop is highly ridged, or 
very deep, for use in very stony ground, or ground 
covered with weedy growth. 

In ENGINEERING, vol. 146, page 65 (1938), a 
description was given of the Shanks grass cutter 
and collector, manufactured by Messrs. The Harvest 
Saver and Implement Company, Limited, 77, Queen 
Victoria-street, London, E.C.4, This implement was 
shown at the exhibition, together with a livestock 
fence. The latter consists of a single electrified 
wire carried on rough posts set about 10 yards to 
15 yards apart, and as a hook attached to one of the 
posts will serve instead of a gate, the total cost is 
very low. The unit for electrifying the wire operates 
on a six-volt wet or dry battery, this pressure being 
stepped up to approximately 110 volts. As the 
amperage is negligible, contact with the wire is 
harmless to human beings or livestock, but the 
shock to the latter is sufficient to keep them safely 
controlled. The battery will last approximately 
2} months before replacing or recharging. The 
battery and amplifier are enclosed in a watertight 
portable case which is set up in the field and directly 
connected to the fence. The same firm showed the 
ingenious thatching needle illustrated in Fig. 31, 
opposite. This needle, which is known as_ the 
Darby, consists of two parts: a sickle-shaped bar, 
and a straight bar sliding through the leg of the 
sickle and terminating in a knob. In use, the needle is 
tirst held in the position shown in the illustration with 
the knob pulled out to its full extent. A piece of 
twine about 3 ft; long is then pulled into a slot on 
the nose of the sickle. The sickle is then swung 
over at right angles to the thatch, and the point 
of the straight bar is pushed through the thatch 
where a stitch is required just below a cross string. 
The next operation is to push the sickle through 
the thatch with a swinging motion, this movement 
having the effect of carrying the twine through 
the thatch. If the knob is then pushed home ‘and 
then again withdrawn to the full extent, a hook 
on the end of the straight bar will catch the twine 
and draw one end through. The two ends can 
then be given a twist round the cross string and 
tied together. 

In ENGINEERING, vol. 144, page 32 (1937), a 
description was given of a power-lift cultivator 
exhibited at the 1937 Show by Messrs. Stanhay, 
Limited, Ashford, Kent. This year, the firm 
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Fie. 30. Potato Dieger ; Messrs. Jack OLDING AND Company, LirreEp. 


showed a Roecrop Fordson tractor completely | or to work in conjunction with the rear power-lift 
fitted for work with a front tool-bar, which can be | cultivator already referred to. Being in front of the 
supplied in various widths to suit different crops. | driver, it enables him to perform such operations as 
The front tool-bar can be arranged for hand lift,’ hoeing small crops, or splitting back the ridges 
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Fie. 31. THatcHina NEEDLE ; Messrs. Harvest Fie. 33. Prtrrout-Pararrrn Tractor; Messrs. Davip Brown Tractors, 
SAVER AND IMPLEMENT CoMPANY, LIMITED. LIMITED. 


| universal type, and is designed to meet the require- 
|ments of both large and small farms. It is fitted 
|with an extension drawbar made throughout of 
| high-tensile steel forgings, and designed to give 
}a good distribution of weight with maximum 
| adhesion whether on the road or in the field. The 
|drawbar is vertically and laterally adjustable, as 
{shown in Fig. 34. The advantages of the unit 
| principle can be obtained by fitting a self-contained 
| hydraulic unit on the rear axle, where it is driven 
| by the power take-off shaft extension. This unit, 
| which can be fitted in a few minutes, is shown in 
| position on the tractor in Fig. 35. 
| The engine, which can be supplied for running on 
|}either petrol or paraffin, is a four-cylinder unit 
| with a cylinder bore of 3} in. and a piston stroke of 
(4 in. The normal governor speed is 1,300 r.p.m., 
| and the rated power on the belt, when running on 
| paraffin, is 25 brake horse-power. The drawbar 
horse-power is 17 on the same fuel. Up to 33 brake 
| horse-power can, however, be obtained on an 
|alternative governor setting for industrial work, 
| corresponding to a road speed of nearly 20 m.p.h. 
Detachable sleeves are fitted. The engine is an 
| overhead-valve model, with the valves in the 
|detachable head. The overhead valve gear is 
Fie. 32. PNEUMATICALLY-CONTROLLED PLouGH; Messrs. Stannay, I | satnmattenny Dnaieste..ms qeseeny So. ie 
oe — —— im , 5 SES. CFAREAY, LANETED. | proof cover. The valve gear is a unit assembly, and 
| the tappet setting is the only adjustment done in 
after potatoes have been planted. In the latter; digging model, or a two-furrow model with general | position. The crankshaft is of the three-bearing 
case, the rear wheels of the tractor run in the open | purpose or digging bodies. | type, and is counter-balanced and has “ Tocco” 
furrows. The front position of the tool-bar also} Particular interest attaches to the tractor illus- | hardened journals. The gearbox is a separate 
permits of easier steering, as there is no leverage | trated in Figs. 33 to 35, on this page and on page | assembly coupled direct to the axle. Four forward 
on the tractor. Another exhibit by the same firm|78, as it is a new model introduced by Messrs. | ratios are provided, giving speeds at normal revolu- 
was a pneumatically-lifted and controlled plough David Brown Tractors, Limited, Huddersfield. As| tions of 2-2, 3-2, 4-5 and 9-5 m.p.h.; the reverse 
attached to a standard Fordson tractor. This|is well-known, this firm have an almost unique | ratio gives a speed of 1-6 m.p.h. The tractor wheels 
exhibit is illustrated in Fig. 32, above. With this | experience in the manufacture of power transmission | have a concave centre, to which can be fitted either 
implement, the plough is not only lifted and lowered | machinery of every type, and recently they have 


rims for pneumatic tyres or steel wheels with 5-in. 
by pneumatic power, but the depth can be controlled been associated with the manufacture of the | rolled-section spuds, or a spud ring. The centres 
from the driver’s seat by means of the small lever | Ferguson tractor, described in ENGINEERING, vol.|are dished, and with the reversible rims provide 
provided. This lever actually controls the pressure | 142, page 224 (1936). It may be emphasised, | six track widths varying from 44 in. to 60 in. The 
of air in the lifting cylinder, the arrangement being | however, that the design of the new model is | power take-off shaft extension projects from the 
similar to that on the power-lift cultivator already | entirely different from that of the Ferguson. As/|centre of the rear axle and runs at 555 r.p.m. 
described. As the plough floats entirely on the| will be clear from Fig. 33, the new tractor is of 
lifting cylinder, it is not affected by the tractor| neat appearance, and particular attention may be|own shaft extension, to which a pulley can be 
wheels. An adjustment, easily reached from the| called to the uninterrupted understructure, which | fitted, as shown in Fig. 35. Every part of the 
driver’s seat, is provided for tilting the plough.|is of great value in row-crop work, apart from | tractor is subject to the same processes during 
The frame carrying the plough is pivoted on the | minimising any tendency to accumulate dirt. The} manufacture as the firm’s standard products. 
near side for this purpose, and the other side is| basic design comprises a box-section rolled frame,|Thus the same laboratory tests are made on all 
raised or lowered by the nut and screw mechanism | into which all components are introduced as sub-/| materials, all heat treatment is carried out in 
visible on the right of the illustration. The plough assembly units. Accessibility has been given careful | electric furnaces, and routine inspection is made 
can be supplied either as a single-furrow deep-! consideration in the design. The tractor is of the | 5 




















| When the hydraulic unit is fitted, this carries its 








after every operation. The tractor is 8 ft. 5 in. 








74 
long, and 2 ft. 44 in. wide. The wheelbase is 


5 ft. 4 in., the ground clearance 16 in., and the 
turning radius 8 ft. 6 in. The power is ample 
to draw three 12-in. ploughs. The seat is sprung 
and upholstered, and is wide enough for two men. 
If required, the tractor can be supplied with a| 
lighting and starting set, and a canopy can also be | 
fitted. 
The only surviving firm of manufacturers who | 
exhibited at the first Royal Show in 1839 are Messrs. | 
Ransomes, Sims and Jefferies, Limited, Orwell 
Works, Ipswich, and a special feature of their stand | 
was a section showing some actual ploughs which | 
were made before 1839 and have been in use ever | 
Among the latest machines exhibited was a | 
new two-furrow balance plough, known as the 
“ Twinwaytrac.” This implement, which is illus- | 
trated in Fig. 36, page 78, is designed for tractor | 
work, and is intended specially for the farmer who | 
does a large amount of deep one-way ploughing. It 
is built to stand up to hard, rough work, and is 
provided with convenient forms of adjustment. 
The plough forms a one-man outfit with track- | 
laying tractors. When the.tractor moves round at 
the headlands, the plough remains stationary, an | 
anchor being provided at the rear of the beams to 
check any tendency for it to move. The con- 
necting chain between the tractor and the plough 
is drawn underneath the land wheel. As the tractor 
takes up its position for the next furrow, the pull 
on the chain causes the plough to tip over into 
position for recommencing work. The beams are | 
of double-section high-carbon steel, bolted to strong 
castings of “* Hitess,” a special cast-iron of unusual 
strength. The swan-neck portion of the beams is 
further reinforced strong stay. The 
wheels and axles are built to stand up to the roughest 
work, and each wheel is provided with a ball- 
thrust bearing. ‘The plough is fitted with digging 
bodies as standard, with wrought-steel breasts and 
shares, but semi-digging bodies can be fitted as an 
alternative if desired. Spring-mounted droppers 
are fitted to protect the shares, etc., when the 
plough is reversed at the headlands. A tyre exten- 
sion for the land wheel and also an overtyre for 
travelling, are included with the plough. Swivel 
dise coulters are fitted as standard, and subsoilers 
for working at various depths below the bottom of 
the furrow can be fitted at an extra charge. The 
implement is made in one-furrow or two-furrow 
sizes, the size of the furrow for the former being 
16 in. to 18 in. wide and up to 16 in. deep, and 
for the latter, 14 in., 15 in. or 16 in. wide and 
12 in. deep. The approximate weight of the single- 
furrow plough with subsoilers is 40 cwt., and of the 
two-furrow plough, also with subsoilers, is 47 cwt. 


since, 


by a steel 


Messrs. Ransomes, Sims and Jefferies also exhi- 
bited the motor cultivator fitted with a ‘“* Demon ” 
spray pump, illustrated in Fig. 37, page 78. The 
motor cultivator was described in ENGINEERING, 
vol. 144, page 91 (1937), and it will therefore be 
sufficient to describe the pump. This unit is driven 
from the power take-off shaft of the cultivator 
through chain and spur gearing, and has a 
capacity of 200 gallons per hour. The pump is of 
the two-cylinder opposed pattern with a yoke drive, 
transmitted through a roller bearing which requires 
no attention. The cylinders are of the enamel- 
lined type introduced by the firm some years ago. 
The surface is glass-hard, and the acid-resisting 
qualities of the enamel make the cylinders almost 
proof against to wear and corrosion. The valves are 
of the ball type with quickly detachable covers. 
The body of the pump forms a large air vessel 
which maintains an even pressu’e. A relief valve for 
controlling the pressure is incorporated in the pump, 
and this valve can set to give any desired 
pressure up to 300 Ib. per square inch. 

Among the exhibits of Messrs. E. H. Bentall and 
Company, Limited, Heybridge, Maldon, were a 
number of appliances for driving in and extracting 
posts by hand, hand road-breakers, and hand 
drivers for shuttering. The post driver, which is 
known as the “ Drivall,” is illustrated in Fig. 38, 
page 78. This tool is used extensively by the War 
Office and other Government departments, and 
enables a post to be driven in by hand without 
digging or the necessity for subsequent ramming. 
As an example of the efficiency of the tool. it may 


be 
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be mentioned that a 4-in. square post was driven 3 ft. 
into hard ground by men with no previous experience 
in 59 seconds. It stated that in ordinary 
soil it is not necessary to point the post, and that, 
in fact, a square-ended post is to be preferred as 
tending to drive more truly. As will be clear from 


Is 


the illustration, the tool consists essentially of a| 
| hand-operated tup, which fits loosely over the post 


and is provided with hand grips which enable it 
to be lifted conveniently by two men, standing on 


opposite sides'of the post. The method of use is to 


slide the post into the tool on the ground, and then 
tilt the post into the vertical position. The operators 
stand facing the tool and lift it with both hands. 
If the arms are used only from the shoulders, the 
lifting action requires very little effort. The tool 
is raised 12 in. to 15 in. above the top of the post 
and is not dropped freely, but is controlled on the 
downward movement and held on the top of the post. 
This method of operation gives a penetration of 
about 3 in. per stroke in ordinary loam. The tool 
is made in various sizes, and the larger sizes are 
fitted with internal wooden sleeves leaving a square 


| section aperture. 


The post extractor shown, known as the * Liftall,” 
is illustrated in Fig. 39, page 78. By its means, 
a post up to 7-in. square can be cleanly extracted 
without difficulty, and it can equally well be used 
for extracting steel tubes and angle irons. As will 
be clear from the illustration, the extractor consists of 
two blocks joined by swinging side links, one of 
the blocks being square and the other of wedge 
shape. The latter block is provided with a slot, 
parallel to the outer face, through which the pin 
carrying the side links passes, and by tightening 


up the hand grip on the end of the pin, the pivot | 


point can be locked in any position in the slot. 
The method of use will be evident from the photo- 
graph reproduced, and it will be appreciated that 


the slot referred to increases the range of post sizes | 
that can be extracted with a pair of links of given | 


length. In use, the square block should be set as 
near to the ground as possible. Any suitable block 
can be used for a fulcrum, but the special fulcrum 
shown in the figure, known as the “ Stepall,” gives 
a range of heights which enables the post to be 
raised clear of the ground without moving the 
extractor. The Stepall is provided with three 
subsidiary blocks mounted on swinging links as 
shown, and the height can be successively raised by 
swinging over these blocks, one after the other, on 
to the top of the main block. 
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Alloys,” by Messrs. A. J. Murphy, 8. A. E. Wells and 
R. J. M. Payne. An account was given of experience 


with oil-fired furnaces melting aluminium alloys in| 


fireclay and cast-iron crucibles, and magnesium alloys 
in steel crucibles. Cast-iron crucibles, it was pointed 
out, had certain economic advantages, but introduced 


a danger of contaminating the metal by iron which had | 
deleterious effects upon the mechanical properties of | 


the alloy. Much attention, therefore, had to be given 
to protective wash linings. 


silica so that fireclay crucibles could not be used, but 


unlined steel crucibles were suitable, as little alloying 


took place between magnesium and iron. Magnesium- 
base alloys were unaffected by repeated remelting and 
fluxing, but aluminium-base alloys containing mag- 
nesium suffered a loss of the latter when fluxed with 
fluoride and chloride-containing fluxes. 
of grain-retining additions, such as niobium or titanium, 
many aluminium alloys took on a coarse grain-size if 
the temperature of the molten metal went higher 
than 750 deg. C. Magnesium, on the other hand, 
underwent grain-refinement when the molten metal 
was superheated to 850 deg. C. or higher. 

In the discussion on this paper, Mr. A. Logan said 
that the paper and the one following formed an admir- 
able background for anyone entering the field of light 
alloys. This paper explained a number of matters. 
The reduction of the magnesium in an alloy containing 
only, say, 0-3 per cent., could be very troublesome, 
as a very considerable loss of hardness resulted. In an 
alloy containing 10 per cent. of copper, 1 per cent. of 


Wood, | 
Session B, on June 14, 1939, opened with a paper | 
entitled “ The Effect of Melting Conditions on Light | 


Magnesium alloys reduced | 


In the absence | 
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iron, and 0-3 per cent. of magnesium, a reduction of 
0-1 per cent. in the magnesium content was sufficient 
to reduce the Brinell hardness from, say, 150 to 120 
in the heat-treated condition. This rendered the 
alloy quite unsuitable for use. He asked whether the 
authors had found the same when chlorine fluxes were 
| used. He could only accept with reserve the suggestion 
that grain-coarsened material could be restored to 
fine-grained condition by casting in chills and remelting ; 
he had found alloys which had not reacted in that 
manner. The authors had not mentioned the grain- 
refining effects of boron, which he had used for years. 
Mr. G. L. Bailey said not nearly enough was known 
about the factors influencing grain size, although it 
was known that such elements as titanium and cadmium 
would generally solve the problem. In reply to the 
discussion, Mr. Wells said that the silica dressings 
they had made were quite effective when properly 
| made and properly attended to. They had not made 


an exhaustive examination of all possible grain 
| refiners, but they did examine a dozen or more. 
Mr. G. L. Bailey then presented his paper ~ The 


Effect of Melting Conditions on Gas Unsoundness in 
Metals.”’ This gave a general discussion of the occu 
rence of unsoundness in cast metals due to the evolu 
tion of gases on solidification and of the effect ot 
melting conditions on the absorption of such gases. 
| Two types of gas unsoundness were clearly differen 
| tiated, the first due to the solution of an elementary 
| gas, such as hydrogen, and its evolution on solidifica 
| tion; and the second to the reaction on solidification 
|of two constituents in solution in the melt, such ax 
| hydrogen and oxygen, to form an insoluble gas. A 
| brief review was made of the solubility of the important 
elementary gases, and the simultaneous solubility of 
| elements giving rise to reaction unsoundness. The 
| chief sources of contamination, it was stated. were 
the raw materials used and the furnace gases in contact 
with the melt. It was suggested that the main source 
of hydrogen in non-ferrous metals was by the reaction 
of the molten metal with steam in the furnace atmo 
sphere. Precautions to minimise gas absorption were 
suggested, and the principles of the methods for the 
removal of dissolved gases from the molten metal were 
briefly discussed. 

In the discussion which followed the reading of the 
paper, Mr. J. A. Reynolds asked for information 
whether small melts behaved worse than larger ones 
in the matter of very small gas holes left in thin 
castings. Mr. A. Warrington disagreed from the 
author’s view that the reactions of gases in aluminium 
alloys were reversible. He asked whether there were 


not real grounds for assuming that complete de 
gasification was not desirable or beneficial in all cases. 
Mr. A. J. Shore stated that he agreed with this, as in 


his experience makers of ingots had said that undue 
shrinkage of a modified silicon alloy had been caused 
by the metal being too free from gas. They supplied 
some with a slight gas-content and the trouble dis- 
appeared. M. G. Lutoslawski said that not only 
did hydrogen give rise to porosity, but also to grain 
growth in magnesium castings. The position seemed 
to be that the behaviour of the magnesium alloys was 
the reverse of that of the aluminium alloys in this 
respect. Mr. J. A. Reynolds mentioned that de-oxida 
tion with cadmium-copper alloys was used regularly 
for chill castings, but he had not found it effective for 
sand castings. Replying to the discussion, Mr. Bailey 
agreed ‘that all gas reactions were not reversible. and 
he had intended only to indicate the simple gas solubility 
relationships which were reversible. He agreed also 
that a little gas was advantageous in some types of 
alloy. Scattered unsoundness prevailed in the modified 
silicon alloys and at present could not be cured with 
any certainty. 

A paper on “ Light Alloy Melting Practice was 
then presented by Mr. W. C. Devereux. In this, he 
said that ideal conditions for the melting of light 
alloys had been the subject of much research and the 
results were being slowly transmitted to industry. 
The paper discussed the various types of melting 
equipment at present used for aluminium-base alloys. 
For alloy mixing and ingot casting the relative merits 
of crucible furnaces, low-frequency induction melting 
and open-hearth furnaces were discussed and com- 
parative costs given using an oil-fired crucible furnace 
as a basis. Certain conclusions were reached regarding 
the suitability of each type of furnace, which, it was 
stated, depended upon the quantity of metal melted, 
the variety of alloys used and the variety of castings 
or ingots manufactured. Special furnaces for sand 
foundry work and continuous casting were described, 
and the precautions taken in fluxing and atmosphere 
control were dealt with. Coke, coal gas, producer 
gas and fuel oil were compared with electrical heating 
by the arc, resistance or induction methods, and the 
various considerations affecting each were considered. 

Referring to the paper, Mr. W. West said it left 
little opportunity for discussion because the points 
were put forward so well. Those in the aluminium 
foundry trade would like to use the low-frequency 
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furnace but they were not all concerned with the most 
expensive form of casting and had to be satisfied with 
something short of perfection. He had used sulphur 
dioxide in his works on aluminium die castings as 
well as on magnesium castings. They had fitted up 
the dies with bottles of sulphur dioxide and tried to 
keep a closed top; they were getting much improved 
results. In replying, Mr. Devereux agreed with Mr. 
West that it was difficult to obtain a really good induc- 
tion furnace and its cost was high. It was worth the 
expense, however, and during the last four months they 
had actually made 15 furnaces themselves. Complete 
with electrical equipment, such furnaces cost 1,7001., 
which compared with about 1.0001. for an oil-fired 
crucible furnace of similar output. At his company’s 
Redditch works, induction furnaces were used entirely. 
He thought that sulphur-dioxide treatment had some 
advantage when working with an alloy of high mag- 
nesium content. 

A paper entitled “The Influence of Repeated 
kemelting on the Properties of Light Alloys,” was 
then given by Dr. J. Koritta and Ing. M. Hajek. 
This paper described the study made by the authors 
of the influence of repeated remeltings on four alumi- 
nium alloys. It was found that there was no deteriora- 
tidx under carefully controlled conditions. The 
authors suggested that the inferiority of remelted 
material was due to use of scrap of unknown compo- 
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sition or to bad melting practice. With reference to 
this paper, Mr. Logan said that the aluminium content 
in a charge of molten metal could be reduced by the 
use of fluxes and he was of the opinion that the presence 
of aluminium oxide beyond a certain limit was in itself 
sufficient to cause very considerable trouble. 

A paper upon * Pressure Die-Casting of Zinc-Base 
and Aluminium-Base Alloys ”’ was then read by Dr. 
A. G, Street. The paper stated that the limitations of 
the die-casting process confined its use to defined 
fields. The author had sent questionnaires to a 
number of foundrymen and the paper discussed the 
limitations of the process which were put forward 
in the replies which came under five headings. These 
replies showed that the process was only useful for 
certain types of alloys, was limited to the field of light 
castings and to mass-produced pieces and, finally, to 
parts of such design as were suitable for being made in 
a steel mould. The paper concluded with a considera- 
tion of the many die-castings of aluminium and zinc- 
base alloys used in a well-known British washing 
machine. 

In the discussion on this paper, Dr. E. M. Lips 
asked the author what was the allowable bending 
radius of a die-casting, as compared with that of sheet 
metal, which had a bending radius of three or four 
times the thickness of the material. Mr. A. J. Shore 
referred to the possible competition between die-castings 
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| and grey-iron castings. Mr. A. Tipper asked how the 
finish on die-castings was obtained and controlled, 
} and whether it was normal in ordinary die-cast alloys 
to have a depth of something like 0-01 in. of chill 
crystals at the surface. In reply, Dr. Street said that 
zine-base alloys had not a very large bending radius, 
| but as it was rarely necessary to bend a die-casting, 
the matter was not important. Commenting upon 
the competition between grey iron and die-castings, 
| he said the price of the former worked out at about 
| 24d. per Ib., and of the latter at 6d. to 7d. Hence, unless 
| the price of the die-casting could be reduced it was 
| difficult to compete directly with the iron foundry 
Owing to the violent contact of the alloy with a com 
paratively chilled metal mould, the die-casting acquired 
a skin about 0-015 in. thick, and this skin was nearly 
amorphous. Polishing of the casting should not pene- 
trate below the skin. 

Dr. R. Irmann’s paper on “ The Solution Heat- 
Treatment of Aluminium Casting Alloys,” was then 
read in the author’s absence. It stated that solution 
and precipitation heat-treatment conditions varied 
according to the different solubilities and rates of 
precipitation of the various constituents of an alloy. 
These led to an increase in strength, hardness and elon- 
gation which could be further improved by ageing or a 
precipitation heat-treatment. The casting conditions 
| affecting these results were discussed, and it was 
pointed out that the effects of solution heat-treatment 
might be impaired by long annealing. 

This paper was not discussed. A vote of thanks to 
the authors of the papers was proposed by Mr. F, Hudson 
and seconded by Mr. A. J. Shore. 


(T'o be continued.) 





INDUSTRIAL DIESEL-ENGINE 
POWER STATION. 


An interesting example of the adoption of an indivi- 
dual power station in a factory, in spite of the possibility 
of obtaining power from central sources, lies in the 
Diesel-engine driven generating installation illustrated . 
in Figs. 1 and 2 on this page. This plant is situated 
at the engineering works of Messrs. Wallpaper Manu- 
facturers, Limited (W. A. Copley and Sons Branch), 
at Timperley, Cheshire, the factory being only some 
four years old. At the time the works were started 
the building was only small and there was no power 
available, the power requirements being met by a 
horizontal Diesel-generating set. A number of factors 
have contributed to the discarding of this plant, 
one being the rapid growth of the works and another 
that complaints had been received from householders 
some distance away about the effects of vibration. 
The advantages of independent generation of power 
were, however, considered to be such as to make it 
worth while to build a new power house to accommodate 
a larger Diesel-engine driven set. The set now fitted 
consists of a 250-brake horse-power Petter supersca venge 
Diesel engine driving three generators through multiple 
Vee-belts, as shown in Fig. 1. ‘The machine seen at the 
right has a capacity of 85 kW, while the two in the 
background are each of 50 kW, and run at different 
speeds, 
The difticulty of vibration, though the new engine 
runs more smoothly than the old one, was got over by 
paying careful attention to the engine foundations, 
It was found that the previous trouble was not altogether 
due to the engine itself but was in part due to the 
particular strata below the old power house. It was 
decided, therefore, that the engine foundation should 
be isolated from the surrounding ground. The neces- 
| sary excavation was carried down to the underlying 
| sandstone 21 ft. below the engine-room floor and upon 
this was built the concrete foundation, which thus almost 
| resembles a heavy column. A space of 3 in. was left 
| all round this block and the ground was retained by a 
| 30-in. wall for the full depth of 21 ft. As water was 
| very likely to seep into the isolating cavity, a number 
| of drains were formed through the retaining wall at a 
level of 3 ft. below the engine room floor. The original 
| intention was to pack the 3-in. cavity with cork, but 
before this could be done water had accumulated in it 
|up to the level of the drain holes and the vibration 
| had been so very effectively damped by this that the 
cavity has been left as it is. 

The view of the engine room given in Fig. | clearly 
shows the relation of the engine to the three genera 
tors, while that given in Fig. 2 gives a good idea of the 
operating side of the engine, the simple control consist 
ing of two levers visible above the tachometer at the 
right. The projecting boxes seen in line with the 
operator’s hand in Fig. 1, house the rotary scavengers 
and the air inlet filter-silencers. Details of the scaven- 
gers were given in an account of this engine appearing 
in ENGINEERING, volume 146, page 10 (1938), on 
the occasion of some performance tests made at 
Messrs. Petters’ former works at Yeovil. The present 
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works of Petters, Limited, are at Loughborough. 
The 250-brake horse-power engine shown in Fig. 2, 
page 75, is of the four-cylinder, two-stroke-cycle 
type, the cylinders being 8} in. bore by 13 in. stroke 
and the piston speed being 1,082 ft. per minute. On 
the tests previously referred to, the full-load fuel 
consumption was 0-381 Ib. per brake horse-power-hour. 
Starting is by compressed air and is readily effected 
from cold. The air receiver is of the bottle type 
and is charged by a two-cylinder horizontally-opposed 
air-cooled Petter petrol engine. One of the cylinders 
forms the compressor and starting by the usual 
erank handle. The exhaust manifold is coupled to a 
7-in. pipe led through the engine-room wall and fitted 
externally with a vertical Burgess The 
exhaust is stated to be completely smokeless and the 
noise is too little to cause annoyance in the residential 
neighbourhood in which the works is situated. The 
exhaust temperature at full load showed, on test, an 
average of 576 deg. F., with a mean effective pressure 
on the pistons of 67-1 1b. per square inch and a scaveng- 
ing air pressure of 1-5 Ib. per square inch. 

The service fuel tank is seen on the wall in Fig. 1, the 
pipe leading to it being the delivery from the transfer 
pump drawing from the storage tank. The supply 
pipe runs along the exhaust pipe as shown in Fig. 2, 
and the fuel is filtered at the engine. The pipe above 
the exhaust is the cooling water discharge, the water 
being delivered to a wooden-slatted atmospheric cooling 
tower close to the exhaust The circulating 
pump is of the centrifugal type driven from the crank- 
shaft by the external belt visible to the left of Fig. 2. 
Below the driving pulley are the pressure-lubricating 
pump and the sump drainage pump, both chain-driven 
from the shaft. The visible calibrator system above 
the pulley handles the lubrication of the cylinders and 
the blower bearings. The pressure-lubricating system 
incorporates a device which cuts off the fuel supply 
in the event of the supply falling off or of the engine 
speed increasing unduly due to sudden removal of the 
load. An effective centrifugal governor is fitted, the 
sensitiveness of which is reflected by the steadiness 
of the switchboard instruments. The plant operates 
_for 114 hours per day for six days a week, the output 
being about 175 electrical horse-power, a supply being 
given also to an adjoining factory belonging to the 
same company. Current is generated at 460 volts, the 
average load being about 100 amperes. The switch- 
board was supplied by Messrs. Dorman and Smith 
(1937), Limited, Salford. 

We are indebted to Messrs. Wallpaper Manufacturers, 
Limited, for permission to publish an account of the 
power station, in the layout of which the firm’s assistant 
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manager, Mr. C. F. Copley, was associated with 
Messrs. Petters, Limited 
CONTRACT. 
Meases. THE GENERAL ELECTRIC COMPANY, LIMITED, 


Magnet House, Kingsway, London, W.C.2, are to supply 
the electrical equipments for 114 trolley 
ordered by the Belfast Corporation Transport Depart - 
ment Each omnibus will be equipped with a 105-h.p 
traction motor and electromagnetic contactor-t ype control 
operation in 


omnibuses 


wear, the latter being arranged for battery 
The chassis of the are 
supplied by Messrs. AssocraTeED EQuIirpMeNT COMPANY, 
Limrren, Southall, Middlesex 


emergency omnibuses to be 


MOTOR-VEHICLE REGISTRATIONS IN CANADA. —The 
total number of motor vehicles registered in Canada in 
1938 was 1.594.855. of which 1,159,604 were passenger 
oars ; 220,114 were motor lorries ; 1.980 motor "buses : and 


12,073 motor cycles 


or 
been 


THE SUMMER MEETING OF THE INSTITUTION 
ELECTRICAL ENGINEERS : ADDENDUM.--We 
asked by Messrs. John Fowler and Company 
Limited, Leeds, to mention that, when the members of the 
Institution of Electrical Engineers visited the Park 
Works of Messrs. Mather and Platt, Limited, as stated 
on page 21, ante, they were able t) see examples of fire 
pumps driven Fowler-Sanders Diesel engines. The 
engines used were of the Fowler-Sanders ** B.H.”’ series, 
information which will found on page 33 

140th volume (1935) 


have 
(Leeds), 


by 


sore on be 


of our 


rue OLD CENTRALIANS At the monthly luncheon of 
the Old Centralians, held at the Northumberland Rooms, 
London, W.C.2, Tuesday, 
July 18. an address was given by Mr. F.C. Speyer on 
“ Britain and the European Situation.” Basing his 
conclusions on a number of first-hand opinions obtained 
from Continental business men, Mr. Speyer criticised the 
view of the general European situation held by the 
average untravelled Englishman and commented on the 
effect of the Ottawa Conference in influencing the attitude 
of Continental manufacturers towards Great Britain 


Northumberland -avenue, 


ENGINEERING. 


ENGINEERING TRAINING AND 
EDUCATION. 


University of Bristol. 
of Engineering of the University of Bristol, which has 
recently been published, contains detailed particulars 
of the courses of study available for persons intending 
to engage in civil, mechanical and electrical engineering. 
The regulations and ordinances relating to the degrees 
and diplomas awarded in engineering subjects are 
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, 1939. 


PERSONAL. 


Mr. FrRepeRiICcCK P. Miias, F.S.1., has been appvinted 


The prospectus of the Faculty | honorary secretary of the North of England Institute of 


Mining and Mechanical Engineers, Neville Hall, New- 
castle-upon-Tyne, 1. 

Messrs. CONCRETE, LimiTtep, Grand Buildings, 
Trafalgar-square, London, W.C.2, inform us that, owing 
to the increasing demands for concrete trench linings 


and other A.R.P. equipment, they have opened an office 


given, and the prospectus also includes a description of | and factory in Birmingham to deal with local inquiries. 
the engineering laboratories and information concerning | The office is at 3, New-street, Birmingham. 


the various entrance and post-graduate scholarships | 
Copies of 


which are open to students in the Faculty. 


| 


Mr. W. H. Ensor, district locomotive superintendent. 
London Midland and Scottish Railway, Shrewsbury, ha- 


the prospectus may be obtained from the Secretary. | peen appointed district locomotive superintendent, Derby. 


University of Bristol, Merchant Venturers’ Technical 
College, Bristol. 
University College, London.—We have received a 


| 





Mr. J. W. PHILLIPS, assistant in the office of the Divisional 
Superintendent of Operation (Motive Power), Derby, 
succeeds Mr. Ensor as district locomotive superintendent. 


copy of the prospectus for the 1939-40 session, of | Shrewsbury. 


the Faculty of Engineering of University College, 
Gower-street, London, W.C.1. In this are set out 
particulars of the courses in civil and municipal engineer- 
ing and hygiene, mechanical engineering, electrical 
engineering, and chemical engineering, leading to the 
B.Sc. (Eng.) degree, to the College Diploma, and to 
certificates in engineering. Detailed information re- 
garding syllabuses, time-tables and fees are contained 
in the prospectus, while such matters as special and 
post-graduate courses, entrance scholarships and 
bursaries, prizes and medals, are also dealt with. 
Particulars of the various students’ and old students’ 
societies and associations and of the Officers’ Training 


Corps are included in the prospectus, copies of which | 





are obtainable on application to the secretary of the | 


College at the address given above. The 1939-40 
session opens on Monday, October 2, but intending 
students are requested to apply to the secretary as 
early as possible. 

University College of Swansea.—The registrar of the 
University College of Swansea, Singleton Park, Swansea, 
has sent us prospectuses of the Departments of Engineer- 
ing and of Metallurgy of the College for the forthcoming 
1939-40 session. Degree and Diploma courses are 
available in each of the three main branches of engineer- 
ing, namely, civil, mechanical and electrical engineering, 
and in metallurgy and metallurgical 
Schemes of study and detailed syllabuses and time- 
tables of the courses are given and the prospectuses 


engineering. | 


| Trade, 35, Old Queen-street, London, 8.W.1. 


| 
| 


also contain particulars of the tuition and examination | 


fees, the rules governing the admission of students, 
and the general College and University-degree regula- 
tions. Information concerning students’ societies and 
other activities, scholarships, and positions held by 
past students, are included. The Michaelmas term 
of the forthcoming 1939-40 session commences on 
Tuesday, October 3. 
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man and Hall, Ltd. [Price 25s. net.| 


The Fundamental Theory of Arc Convertors. A Theoretical 


Study of the Principles Underlying the Design and 
Operation of Arc Convertor Circuits. By H. RissiKk. 
London: Chapman and Hall, Ltd [Price 18s. net.] 
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lathe, 


The Secretary of the Admiralty announces that Mr. 
F. A. WHITAKER, M.Eng., M.LC.E., Deputy Civil 
Engineer-in-Chief, has been appointed to succeed Sir 
Athol L. Anderson, K.C.B., M.L.C.E., as Civil Engineer- 
in-Chief, to date January 18, 1940. 

MESSRS. SANDERSON AND COMPANY (TEXTILE ENGIN- 
EERS), Limrrep, 5. Cross-street, Manchester, inform us 
that they have been appointed sole agents in the North 
of England for distributing the machine tools manufac- 


tured by Messrs. Myford Engineering Company, Limited, 


Beeston, Nottingham. 








TENDERS. 


Department of Overseas 


particulars 


We have received from the 


of the undermentioned tenders, the closing dates of which 
are stated. Details may be obtained on application to 
the Department at the above address, quoting the 
reference numbers given. 

Metallic-Packing Holders and inside metallic-packing 
rings, complete with garter springs. Indian Stores 
Department, Electrical Branch, Simla; July 
(T. 24,780/39.) 

Evaporator, complete with raw-water preheater, drain 
cooler, and all necessary fittings. Municipality of Port 
Elizabeth, South Africa; August 10. (T. 24,843/39.) 

Woodworking Machine Tools, including two saws, one 
drilling machine, emery wheel and mortising 
machine, for Fort Beaufort Mental Hospital. Union 
Tender and Supplies Board, Pretoria ; August 17. 
(T. 24,861/39.) 

Air-Conditioning Plant for Orange Grove automatic 
telephone exchange. Union Tender and Supplies Board, 
Pretoria ; August 17. (T. 24,864/39.) 

Lathes, one screw-cutting and one for woodworking, 
both to be motor-driven, for Pretoria Mental Hospital. 
Union Tender and Supplies Board, Pretoria ; August 17. 
(T. 24,865 /39.) 

Crude-Oil Engine, four-stroke cycle type, capable of 


2g 


| developing 10 b.h.p. at sea level at a speed not exceeding 


600 r.p.m., for service at Bloemfontein, P.W.D. 288. 
Union Tender and Supplies Board, Pretoria, South Africa ; 
August 17. (T. 24,859/39.) 

Pumping-Station Plant, comprising Diesel-engine 
driven pumping set and artesian 6-in. pipe, to be supplied 
and erected at the Assiut Barrage. Director-General. 
Mechanical and Electrical Department, Ministry of 
Public Works, Cairo, Egypt; August 9. (T. 24,914 39.) 


a 


Electrically-Driven Pumping Sets, two. for the Ports 
and Lighthouses Administration, Alexandria, Egypt : 
August 21. (T.Y. 24,916/39.) 

Centrifugal Irrigation Pumps, complete with the 
necessary suction and delivery pipes. State Domains 
Administration (Commercial and Stores Service), Alex- 
andria, Egypt; August 21. (T. 24,.915/39.) 

Workshop Machinery, including heavy-duty milling 


machine, duplex boring and turning mill, crank shaper, 
slotting machines, capstan lathe, piston rod and planc 
surface grinding machines, plate-shearing machine. 
general milling machine, tenoning machine, etc. Machines 
to be complete with motors and starters for 415 volt. 
three-phase. 50 cycle, four-wire, alternating current 
system. Secretary to the Commissioner for Railways, 
Anzac-square. Brisbane, B.8. Australia; August 10 
(T.24,962 /39.) 








POLISH COAL INDUSTRY.—The output of coal in Poland 
during the first two months of the present year totalled 
7.742.000 tons. representing an increase of 1,287,000 tons 
over the total for the corresponding period last year. 
Exports in February amounted to 1,239,000 tons, of 
which 536,000 tons were despatched via Gdynia, 324,000 
tons via Danzig and 379.000 tons overland. The prin- 
cipal buyers, in order of importance, were the former 
Czechoslovakia, Sweden, Italy and France. 
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NOTES FROM THE SOUTH- WEST. 


Carpir¥r, Wednesday. 

The Welsh Coal Trade.—Some large business was 
offering on the Welsh steam coal market last week from | 
Portuguese Railways. These buyers were inviting offers 
for the supply of a little over 200,000 tons of small or 
through coals for delivery over twelve months commencing 
October next or alternatively half the quantity over six 
months. The receipt of this inquiry aroused much 
interest on the market as at one time the whole of the 
railway’s coal requirements were met by this district, 
but of late years Germany has secured an ever-growing 
proportion until twelve months ago, when the buyers 
were last in the market, the whole of the order was 
secured by German shippers as a result of subsidised 
cut-price competition. For some little while past, 


however, German shippers have found it increasingly | 


difficult to maintain their exports owing to the dwindling 
outputs at the mines and the growing requirements of 
the home market. The allocation of the present order 
was, therefore, awaited with special interest. Orders 
for something like 300,000 tons of coals was expected to 
be placed in the near future by the French National 
Railways, who recently asked for offers. The price of 
pitwood for use at the Welsh mines over the coming 
three months was fixed at 22s. 9d. by the Mixed Com- 
mission which controls the working of the French pitwood 
for Welsh coal scheme. Under this scheme South Wales 
takes 80,000 tons of French pitwood in return for which 
France issues licences for the importation of 120,000 tons 
of Welsh coals every quarter. The new price shows an 
advance of 1s. per ton over the current level, but some 
advance was expected in view of the usual diversion of 
labour from the French forests to the harvest fields. 


Offers of best large coals were again only quietly made | 


despite the fact that inquiry generally remained without 
improvement. Supplies were being satisfactorily lifted 
under deliveries which had to be made on account of 
past contract bookings and quotations were, therefore, 
fully upheld. Dry large coals were in plentiful supply, 
but values were not quotably varied. Duffs and sized 
coals remained extremely scarce and as stems will be 
almost unobtainable over a very considerable time to 
come high prices were again ruling. Bituminous smalls 
were steadily held, but the drys came in for poor support 
and were dull. Cokes and patent fuel maintained a good 
activity. 

The Iron and Steel Trade.—Busy conditions were 
maintained in the iron and steel and allied trades of 
South Wales and Monmouthshire last week. An inter- 
esting development was the receipt of about 1,500 tons 
of pig-iron at Port Talbot from Australia. This was 
believed to be the first time that pig-iron for use at the 
Welsh works had been received from this source. Most 
producers held well-filled order books and prospects 
seemed bright for some time to come. 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Tron and Steel.—Preliminary work for the construction 
of 70 locomotives to be used on the electrified line between 
Sheftield and Manchester has been commenced in the 
locomotive works of the London and North Eastern 
Railway Company at Doncaster. Orders have already 
been placed for eight three-coach multiple-unit trains for 
the operation of the services which will be run between 
Manchester and Glossop. Sheffield works hope to supply 
some of the steel and engine parts that will be required 
for the 55 trolley-’buses that are likely to be ordered from 


British firms by the Johannesburg City Council. Sheffield’s | 


steel output remains in the region of 150,000 tons per 
month. The demand is exceptionally brisk ; not only is | 
a large tonnage being consumed in connection with 
armaments production, but ordinary commercial business | 
is calling for heavier supplies. Local works are taking 
larger quantities of pig-iron and hematite, while scrap 
dealers are accounting for a greater turnover. The heavy 
machinery and engineering branches are operating to 
capacity. The general demand for railway rolling stock is 


good, and some valuable orders have been booked on home | 


and overseas account ; 
of buffers. Shipyard requirements of steel, ship machin- 
ery, forgings, castings and deck furnishings are of record 
dimensions. Makers of sections, joists and plates are 
having difficulty in keeping pace with the demand. while 


works turning out structural steel are operating to | 


capacity. There is a good home market in various types 
of sheets, but export requirements show little expansion. 
\ctive conditions prevail in the intermediate branches. 
All types of high-efficiency steels are in strong demand. 
Stainless steel, whether in the form of bars or sheets, is 
being absorbed in exceptionally heavy tonnages by a 
variety of industries, including agricultural machinery 
makers and concerns producing dairy equipment, food 
containers, textile machinery, and mining plant. Business 


in agricultural machinery and parts is brisk, and a steady | 


run is developing in harvesting plant. Further progress 


Egypt is taking increased supplies | 
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| | is reported by makers of electrical plant, while the market 
| in automobile and aircraft steel and fittings is excep- 
| tionally active. A highly satisfactory state of affairs 
exists in the tool-making branches. In order to increase | 
outputs still further, extensions to plant are under } 
consideration at several of the larger works. 
| South Yorkshire Coal Trade.—Business is not so active 
on export account, and supplies of most classes of fuel 
are plentiful. Cobbles and washed trebles are steady, 
while only a moderate business is being done in bunker 
coal. Exports from Hull, Grimsby and Immingham last 
week totalled 73,000 tons, as compared with 52,000 tons 
in the corresponding week last year. The inland position 
shows little change. Industrial steams are moving in 
larger tonnages, and there is a strong call for locomotive 
hards. The house coal market shows slight improvement. 
| Cokes are in fuller supply. 








NOTES FROM THE NORTH. 


GLasGow, Wednesday. 
Scottish Steel Trade.—Much activity prevailed at the 
Scottish steel works last week in the endeavour to over- 
take the urgent demands of consumers before production 
ceased for the holidays on Friday. Heavy deliveries 
were the order of the day, and it was nearly impossible 
to satisfy all calls. The shipyards and engineering shops 
in the lower reaches of the Clyde—Greenock and Port- 
Glasgow district—having finished their holidays, are 
working again this week, and quite a considerable 
tonnage of material had to be delivered to enable work 
to be carried on during the stoppage of the steel works. 
The demands for Government purposes are increasing, 
and fresh orders are being placed week by week, while 
there is also a large quantity of steel on order for general 
commercial purposes. In the black-steel sheet trade the | 
demand during the past few weeks has been extremely 
heavy. and makers have had to contend with a steady 
rush of orders much greater than usual. The scarcity of | 
raw material has certainly been a drawback to some | 
extent, as no distance ahead could be seen, but better | 
deliveries from the Continent during recent weeks has | 
eased the position a bit, and it is hoped that there will 
be a satisfactory accumulation of supplies while the 
various works are on holiday. Despite the very heavy 
demand for all classes of steel material for home con- 
sumption, overseas markets have not been neglected, and | 
quite a fair tonnage is being exported. Prices are | 
unchanged, and are as follows :—Boiler plates, 111. 8s. | 
per ton; ship plates, 101. 10s. 6d. per ton; sections, | 
102. 8s. per ton; medium plates, 12/. 2s. 6d. per ton ;) 
black-steel sheets, No. 24 gauge, 141. 15s. per ton; and 
galvanised corrugated sheets, No. 24 gauge, 171. 15s. per | 
ton. all delivered at Glasgow stations. 
Valleable-lron Trade.—The demand for bar iron was 
very satisfactory during the past week, and heavy 
deliveries were general, and it is expected that the recent | 
improvement will be maintained when the works are 
re-opened after the holidays. The re-rollers of steel bars | 
have been very hard pressed to meet all the demands | 
made on them before closing down, and their output has 
been very large. Order books are so full that if adequate 
supplies of raw material are forthcoming, active conditions 
are assured for a number of months to come. The 
following are the current market quotations :—Crown | 
bars, 127. 5s. per ton for home delivery or export ; | 
re-rolled steel bars, 11/7. 15s. per ton for home delivery, 
and 11/. per ton for export; No. 3 bars, 12/. per ton, 
and No. 4 bars, 12/. 5s. per ton, both for home delivery. 
Scottish Pig-Iron Trade.--In the Scottish pig-iron 

trade makers have had quite a steady demand of late 
| for both hematite and basic iron, even although there 
| has been a larger supply of steel scrap available for the 
steel makers. The number of furnaces producing hema- 
| tite iron at present is two, while there are six producing 
| basic iron. The remaining furnaces in blast number 
five and these are all on foundry iron for which, however, 
the demand continues only moderate. To-day’s market 
quotations are as follows :—Hematite, 51. 15s. 6d. per ton, 
and basic iron, 41. 12s. 6d. per ton, both delivered at the 
steel works; foundry iron. No. 1, 51. 3s. per ton, and 
| No. 3, 5l. 0s. 6d. per ton, both on trucks at makers’ 
yards 








| 





| Important Steel Trade Deal.—An agreement of great 
importance in the steel trade has just been arranged 
between Messrs. Colvilles. Limited, Glasgow. and the 
Barrow Hematite Steel Company, Limited, of Barrow-in- 
| Furness. The official statement is as follows :— 
“Terms have been agreed upon between Barrow Hema- 
| tite Steel Company. Limited, of Barrow-in-Furness, and 
| Messrs. Colvilles, Limited, Glasgow, by which, as part of 
an exchange of products manufactured by each company, 
the Barrow company will cease to operate its heavy and 
merchant mills for a period of ten years from January 1, 
1940. The Barrow company will retain and continue to 
| operate its mines, blast-furnaces, and hoop and bar mills.” 





in business circles in the West of Scotland by the fore- | 


| sheet bars has arrived from Australia. 


A considerable amount of interest has been created | , 





going announcement, and it is realised that, when the 
present demand for steel for armament purposes eases 
off, Messrs. Colvilles will have secured a new outlet for 
their manufactures both at home and overseas. 








NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

General Situation.—A steady, firm tone continues to 
run through the market, though ordinary business is 
almoSt as difficult as ever to put through. Much of the 
plant in operation is too fully employed on Government 
work to permit acceptance of general commercial orders 
for early delivery, and usual customers are not disposed 
to negotiate for forward supplies until the international 
outlook becomes less obscure. 

The Cleveland Iron Trade.—There seems little likelihood 
of early material change for the better in the unsatis- 
factory state of the Cleveland pig branch of trade. 
The attitude of makers in their persistence in keeping 
stocks low by restricting output to actual consumptive 
requirements is a good deal criticised. North-East Coast 
foundry-iron users are drawing considerable supplies 
from other producing districts, and merchants assert 
they could increase sale of Cleveland brands if they 
were able to guarantee delivery sought by customers. 
Output of Tees-side foundry pig is still intermittent and 
likely so to be for some time. Prospect of resumption 
of export trade is as remote as ever. Fixed minimum 
prices of Cleveland pig remain at the level of No. 3 
quality at 99s. delivered within the Tees-side zone. 

Hematite.—Appreciable improvement of the statistical 
state of the East Coast hematite department is very 
Tonnage accumulations at makers’ yards have 
but recent expansion 


welcome. 
reached disquieting dimensions, 


| of consumers’ demand has necessitated withdrawal of 
| iron stored and steady decrease of stocks is now expected. 


3uyers are taking larger deliveries than for some time 
and producers’ own consuming works are absorbing heavy 
and increasing tonnage. Merchants continue to distri- 


| bute moderate tonnage among regular home customers 


of long standing and to sell odd parcels to Continental 
users of special-quality hematite. Recognised market 
values of East Coast brands are based on No. 1 grade of 
iron at 115s. 6d. delivered to North of England areas. 

Basic Tron.—The whole of the huge make of basic iron 
is passing steadily into direct use at producers’ adjoining 
steel works. 

Foreign Ore.—Resumption of market transactions in 


| foreign ore is not yet in sight, but heavy imports are 


greatly reducing consumers’ acceptance obligations. To 


| date this month unloadings on Tees-side reach 116,844 


tons, compared with 65,098 tons for the corresponding 
part of June. 

Blast-Furnace Coke.—Durham blast-furnace coke con- 
tinues in ample supply. Local users are well covered 
and deliveries are regular. Sellers are rather keen to 


| make contracts at the equivalent of good medium qualities 


at 24s. 3d. at the ovens. 
Manufactured Iron and Steel.—Semi-finished and 
finished iron and steel firms are turning out heavy 


| tonnage, but production of some commodities does not 


fully meet passing needs of customers and substantial 
imports from overseas are essential. Considerable ton- 
nage of Continental semi-finished steel continues to be 
unloaded on Tees-side and a cargo of 8,250 tons of crude 
This is the biggest. 
cargo of imported steel ever to be brought into the 
Tees. Steel plant in action is operating at capacity 
in endeavour to cope with enormous and still-increasing 
delivery demand. Principal market quotations for home 
trade stand :—Common iron bars, 12/. 15s. ; steel bars, 
11l.; soft steel billets, 71. 7s. 6d.; hard steel billets, 
81. 108. ; steel ship, bridge and tank plates, 101. 108. 6d. ; 
steel ship rivets, 14/.; iron ship rivets, 151.; steel 
constructional rivets, 151. 58. ; steel boiler plates, 111. 8s. ; 
steel angles, 101. 8s. ; steel joists, 101. 88.; Tees, 111. 8s. ; 
fish plates, 137. 10s. ; black sheets, No. 24 gauge, 141. 15s. ‘ 
and galvanised corrugated sheets, No. 24 gauge, 171. 5s 

Scrap.—tiron scrap is now offered fairly freely and is 
rather slow of sale, consumers having largely covered 
present requirements. Light cast iron is put at 57s. 6d. ; 
heavy cast iron at 75s., and machinery metal at 80s. 
Steel scrap is appreciably less scarce than for a con- 
siderable time, but available parcels still readily realise 
control prices. 








LAUNCH OF H.M.SS. “ Dipo” and “ NiceRiA.’’—Two 
British cruisers were launched on July 18. H.M.S. Dido, 
of 5,450 tons displacement, constructed by Messrs. 
Cammell Laird and Company, Limited, was launched at 
Birkenhead ; and H.M.S. Nigeria, of 8,000 tons displace- 
ment, a ship of the Fiji class built by Messrs. Vickers- 
Armstrongs, Limited, was launched from their naval yard, 
High Walker on Tyne. 
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EXHIBITS AT THE ROYAL AGRICULTURAL SHOW AT WINDSOR. 


(For Description, see Page 71. 
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Fie. 34. Fig. 35. 
Fies. 34 anp 35. Deraiwts or Perro.-PAaRarrin TRACTOR; Messrs. Davip Brown Tracrors, LIMITED. 





Two-Furrow BALANcre PLoveH; Messrs. RANSOMES, SIMS AND JEFFERIES, Fie. 38. Post Driver; Messrs. E. H. 
LIMITED. BENTALL AND Company, LIMITED. 
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37. Moror Cuitrvator witx Spray Pump: Messrs Fie. 39. Post Extractor: Messrs. E. H. BEnTALL AND 


Ransomes. Sms anv Jerrerres. Lowirep Company, LIMITED. 
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PROGRESS IN ELECTRIC-CABLE 
DESIGN. 


DuRivG the past few years considerable progress 
has been made in the design and manufacture of 


79 


in the ground and the operating pressure was 20 kV. 
| Post-war experience showed that this type of cable 
| was unsuitable for the higher pressure of 33 kV 
| which then became common. In fact, attempts to 
|use them at 33 kV resulted in operating failures 
| which were not without their spectacular side. They 
| were superseded, therefore, by a cable in which the 
| insulation was applied separately to each core and 
| was then enclosed in a screen of metallised paper. 
| In this country, the first cable of this pattern was 
| laid by the Yorkshire Electric Power Company, in 
| 1927, and has proved very successful within the 
| field for which it was designed. This success is 
"mainly due to the fact that the conductors are 
| free to expand under the influence of the heat 
| which is generated when a load is carried. 

As still higher voltages have become common 
| it has been necessary not only to counteract thermal 
effects but also changes in the volume of the 
| dielectric. The result has been the development of 
| the oil-filled cable, of which that due to Pirelli was 
| the earliest example. In this cable, and others 
of its kind, the increased volume of the dielectric 
| as the temperature rises is catered for by providing 
|reservoirs into which the excess oil flows and 
|from which it returns into the system when 
| the temperature falls. The experience obtained 
with these cables, which now extends back for 
some ten years, shows that if the pressure does not 
exceed 66 kV they can no longer be considered 
experimental. Not quite the same confidence can 
be placed on those operating at 132 kV, and even 
as high as 220 kV, though this limitation will 
before long, no doubt, be a thing of the past. As it 
is, some 35 circuit miles or more of this type of 
cable are operating at 66 kV in the London area, 
while about 40 miles are being worked at 132 kV. 
‘They are also used to a corresponding extent on the 
Continent and in the United States. 

While the oil-filled cable seeks to solve the 
problem of maintaining the insulation resistance by 
| pressure from within, the gas-filled cable, of which 
| there is also more than one example, attempts to 


| 





| attain the same end by applying pressure externally. 
| One of the most interesting ways of effecting this 
| is to draw the usual type of solid impregnated cable 
into a steel pipe and then to subject it to mechanical 
| stwens by pumping in nitrogen gas at a pressure of 
| 200 |b. per square inch. The effect of this compres- 
sion is to improve the electrical breakdown strength 
of the cable by about 100 per cent. and to reduce its 
| dimensions, so that a cable of this type suitable for 
| 66 kV is not much larger than a 33-kV cable of the 
usual pattern. This method gives promise of being 
suitable forextension to considerably higher voltages 
and has the merit of only requiring gas-pressure 
pumps and containers at one end of the route 
instead of at every point where the topographical 
| gradient changes, as is the case with the oil-filled 
|cable. In principle, however, the two systems 
jare not greatly dissimilar, gas being forced out 


AUSTRALIA: Gordon and Gotch, Limited, Melbourne; Sydney,| cables suitable for transmitting electricity at all | 4S the cable warms up and returning when cooling 


Brisbane, Perth. Angus and Robertson, Limited, Sydney ; 
A. Goddard, Limited, 225s, George-street, Sydney ; 


A 
Tait Book Company, 8, Spring-street, Sydney; Parsons | and it may not be very long before refuge behind | 
leven that slight reservation will have become | two designs due to Beaver and Hochstadter, respec- 


Bros. Publishing Company, 280, Castlereagh-street, Sydney ; 
lr. Willmett and Company, Townsville, North Queensland ; 
W. ©. Rigby, Adelaide, South Australia; Tait Book Com- | 
pany, 349, Collins-street, Melbourne, C.1. 

BELGIUM: Brussels: E. F. Satchell, 5, Avenue Defré-Uccle. 
W. H. Smith and Sons, 71-75, Bld. Adolphe Max, 

CANADA, Toronto, 2, Ont.: Wm. Dawson Subscription Service, 
Limited, 70, King-street, East, Toronto, Ont. 


but the very highest pressures that are now in use ; 


unnecessary. To attain this position much research 
into a number of specialised and difficult problems 
2a8 been essential. 
exceptional cases, do not seem to have been widely 


The results, however, save in| 


| takes place. 
In Europe, the gas-filled cable is represented by 


| tively. In the latest pattern of Hochstadter cable, 
|the core is sheathed, but is not circular. It is 
covered by a reinforced lead sheath, the space 
| between the two being used as a gas container. 


I)ENMARK, Copenhagen: Technical Press Bureau, Godsbanegade, 1. published and, therefore, have not received the | In another pattern, which is made by Callenders 


EDINBURGH : John Menzies and Company, Limited, Rose-street. 
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Inpta: D. B. Taraporevala, Sons and Company, Hornby-road, 

Bombay. 


John Menzies and 


general recognition which they certainly deserve. 
As the wider employment of super-tension cables, 
especially in the neighbourhood of large towns, is 
likely to be demanded in the future, it may not be 
out of place to give a short review of the progress 


Cable and Construction Company, the insulation 
| consists, as at lower pressures, of impregnated paper 
|over which varnished-silk tape and shielding tape 
|are wound. The varnished-silk tape prevents the 
| cable from being drained of oil or absorbing the gas, 
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expert opinion on the subject. That it is by no 
means a unanimous opinion is indicated by a certain 
liveliness which was evident in the proceedings 
of the recent High Tension Congress in Paris. 
This, however, is not a bad thing, for much that 
is useful may arise from controversy. 

Without going with too great detail into past 
history, it may be recalled that the first cables in 
what may be called the super-tension class to be laid 
in this country were those installed by the North- 
East group of supply companies in 1910. These were 


of the three-core belted type and were insulated with | 
”| paper and lead sheathed. They were laid directly | physically stable and have low dielectric losses with 


| we understand, has been in successful operation 
| at Arnhem, in Holland, for the past two years, and 
| is claimed to be the only design of high-pressure gas 
cable in which impregnated paper is used that has 
| been successful. It is also understood that cables 
| of this pattern have been tested up to pressures as 
high as 300 kV in the laboratory. It marks a 
| radical reversal of present practice, and as such 
| has not been immune from criticism. 

In designing both these cables the same funda- 
mental principles are adopted. They include the 
selection of materials that are chemically and 
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high dielectric strength. Care is taken to prevent 
progressive deterioration due to ionisation at all 
times and to eliminate all traces of impurity both 
initially and during installation and service. Both 
types, however, suffer from the disadvantage of 
requiring auxiliary apparatus which adds to the 
cost and takes up valuable space. Moreover, for 
some reason that is a little obscure, a pressure as 
high as 200 Ib. per square inch has been selected for 
use in gas-filled cables. It is admitted, however, that 
a pressure of 75 lb. per square inch would be quite 
sufficient and it is obvious that at the lower figure 
certain difficulties with regard to the construction 
of the sheath and from leakage would not be so 
apparent. At the higher pressures, too, the gas 
tends to be absorbed by the oil, a disadvantage which 
is said to be overcome in the English cable we have 
already mentioned by the use of varnished silk. 
Considerable interest therefore attaches to the low- 
pressure gas cable, a description of which was given 
by Mr. G. B. Shanklin of the General Electric 
Company, Schenectady, in a paper which is pub- 
lished in the July issue of Hlectrical Engineering. 
This cable, which operates at a gas pressure of 
only 15 lb. per square inch, provided the electrical 
pressure does not exceed 40 kV, is designed primarily 
to relieve the lead sheath. It is stated that it is 
flexible enough to be capable of being drawn into 
ducts and that lengths of it can be connected 
together by joints. There is, 
moreover, no tendency for it to move or whip owing 
to excessive internal pressure. In designing the 
sheath attention has only to be paid to radial 
stresses, those in the longitudinal direction being 
of no importance. 


ordinary wiped 


During the past five years a series of laboratory 
tests have been conducted on this type of cable, 
using different impregnating compounds and den- 
sities of paper tape, while variations have also been 
made in the methods of construction and treat- 
ment and in the kind of gas used. The results 
show that it is important that the paper tape 
should be as thin as possible, consistent with the 
avoidance of tearing and wrinkling, and that it 
should be applied smoothly and uniformly, and 
with the smallest possible space between the 
butt edges. The construction must be such that 
voids are reduced to a minimum so as to cut down 
the ionisation voltage. As in normal cables, high 
resistivity and oxidation stability are essential 
qualities for the impregnating compound, though 
perhaps stability and minimum gas evolution in 
the presence of ionisation discharge should be 
rather more stressed. Film tension and viscosity 
are other important requirements, though the 
compound should not be so viscous as to offer 
serious obstacles either to initial impregnation 
or to drainage. 
transmitted through the insulation without diffi- 
culty Nitrogen, as usual, was found to be the 
best gas to employ on account of its dielectric 
strength, its lack of chemical effect on the solid 
insulation and its small absorption by the im- 


It should also allow the gas to be 


pregnating compound. As regards stability it 
was found that while in a solid type of cable there 
is a tendency to cumulative deterioration due to 
ionisation, in the gas-pressure cable this ionisation 
is self extinguishing and there is no increase in the 
Apparently, too, the positive pressure 
ionisation which occurs at voltage stresses below 
what might be termed a critical value is not accom 
panied by the same harmful products as result 
from the negative pressure lischarge common in 
ordinary cables. The critical value can therefore 
be more nearly approached. This improvement 
arises from the size of the voids, in which the 
pressure is under control. On the other hand, in 
the solid cable the critical limit is both variable and 
indeterminate and may easily be overstepped. 


solid loas. 


In addition to laboratory tests, two trial installa- 
tions of low pressure gas cable have been laid and are 
in operation. In both cases sect or-shaped conductors 
with a cross-section of 800,000 circular mils were 
used, the thickness of the insulation being 0-15 in. 
The insulated and shielded conductors were twisted 
together with steel spiral support channels in the 
filler spaces and a single copper-bearing lead sheath, 
141 in. thick, was applied in an atmosphere of 
nitrogen after the cable had been vacuum-dried, 
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impregnated and drained of surplus compound. 
After sheathing the ends were sealed and the lengths 
pulled into ducts under a pressure of 10 Ib. per 
square inch of nitrogen. The overall diameter of 
the cable is 2-7 in., and it is connected to gas tanks 
at intervals of 1,000 ft. 

Although this cable represents an_ interesting 
advance, economically it is very similar to those of 
the solid type. The smaller diameter which may be 
used above 40 kV is off-set by the expense of the gas 
apparatus, the complications of which might pre- 
In this very im- 
portant branch of the cable field it would seem, 
therefore, that general interest would be best served 
by improving the solid type of cable, leaving the 
higher voltages to the more exotic types. 


clude its use at lower voltages. 








ACCIDENTS ON BRITISH RAILWAYS 
IN 1938. 

Tue gratifying immunity from serious accident 
which has long characterised the railway system of 
the British Isles, in proportion to the mileage run 
and the number of passengers carried, was well 
maintained during 1938, according to the report for 
that year which has been made to the Minister of 
Transport by the Chief Inspecting Officer for 
Railways, Lieut.-Colonel A. H. L. Mount, C.B. 
During the year, it is true, a number of accidents 
occurred, involving loss of life to 11 passengers and 
injury to 533; but this total of fatalities represents 
only one per 156 million passengers carried. It 
compares favourably with the corresponding figures 
for other recent years, with the outstanding excep- 
tions of 1936, in which only three passengers lost 
their lives in train accidents, and 1930, in which 
there was only one fatality. The fortuitous inci- 
dence of such mishaps, however, which is implied 
by the use of the word “ accident,” and the unpre- 
dictable variations in magnitude, deprive yvear-by- 
year comparisons of much of the value attaching to 
general industrial statistics. Efforts can still be 
made, and are made, to extract some useful operating 
lesson from each aceident, in order to reduce the 
risk of a repetition; but little control can be 
exercised over the number of persons likely to be 
involved in a particular instance, and to this extent 
the number of casualties and the degree in which 
foresight has failed of its purpose are largely 
unrelated. 

Casualties, both fatal and otherwise, among the 
companies’ servants have also shown an appreciable 
decrease, 7 being killed and 62 injured during 
the year in relation to a track mileage. including 
sidings, of 52,923, and a total train mileage, pas- 
senger and freight, of 453-1 millions. The number 
killed corresponds to the total for 1935 and the 
average for the five years 1920 to 1924; but in 
1935 there were 81 cases of injury, while the train 
mileage was less at 435 millions, and the correspond- 
ing averages for the period 1920-1924 were 115 
injured in the course of the much smaller train 
mileage of 368-7 millions. It may be said, there- 
fore, that the unremitting endeavour to ensure 
safety is meeting with some measure of success. 

Before commenting further upon the figures, 
however, some explanation should be given of the 
method of compiling the returns on which Colonel 
Mount’s report is based. This follows the practice 
previously established, the accidents being grouped 
under the three main heads of train accidents, 
movement accidents, and non-movement accidents. 
In the first category are placed all accidents to 
trains, rolling-stock, permanent way, ete. 
accidents caused by, or connected with, the move- 
ment of railway vehicles are grouped under the 
second heading; and the third class, as its title 
indicates, contains accidents which, although 
occurring on railway premises, are not associated 
with the movement of railway vehicles. Each group 
is further subdivided into three, according as the 
accident relates to passengers, railway servants, or 
the comprehensive classification of “ other persons.” 

During the year, official inquiries were held in 


respect of 10 accidents (nine collisions and one | 


derailment), in all of which passenger trains were 
concerned. Six of the 10 cases involved loss of 


life, the most serious being the collision between | 


two crowded trains on the District Railway, between 


All other | 
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Charing Cross and Temple stations, in which six 
passengers were killed and 43 passengers and three 
railway servants injured. It will be recalled that 
the primary cause was found to be a wrong connec- 
tion in the signal wiring, which allowed the signal 
to change too soon to green after the passage of a 
train. Asa result of this accident, a check certificate 
has been introduced, which must be signed by 
every person concerned in the alteration, dis- 
connection, or testing of signal equipment. A fur- 
ther outcome of the same accident has been the 
decision of the London Passenger Transport Board 
to fit the trains with electric tail lamps in addition 
to the existing oil lamps, and to replace the ordinary 
glass windscreens and cross partitions with safety 
glass. Tunnel lighting is also to be installed, and 
when this work is completed instructions will be 
issued for traction current to be cut off immediately 
in the event of serious accident. The measures 
taken in this particular case are given in detail 
as an example of the way in which the lessons of an 
accident are acted upon to prevent a repetition of 
it, but the instance is merely typical of the general 
principles on which the safety provisions of the 
railways as a whole have been brought to their 
present elaboration of precaution. 

In the long run, however, no system or combina- 
tion of safety devices can provide an entirely effective 
substitute for personal care, and the more closely 
the report is studied, the more clearly is this funda- 
mental fact brought out. In only three of the 
eleven cases inquired into was the primary cause 
of the accident a failure of material, and in only one 
—a broken axle which led to the derailment of a 
passenger train—could it be said that there was 
no contributory failure of the human element. 
This point is even more clearly evident in the case 
of accidents to railway personnel, and in those 
arising from the use of level crossings. Every one 
of the 25 accidents which occurred at public road 
crossings, which resulted in a total of 16 persons 
killed and 28 injured, was found to be attributable 
to some personal delinquency ; and, as an example 
of the kind of accident against which no amount of 
legislation can effectually guard, it is reasonable to 
suppose that carelessness was the prime cause, if 
not the sole cause, of the 2,636 cases of injury to 
passengers by the opening and closing of carriage 
doors at stations. 

The report gives details of the more serious 
casualties among men working on the permanent 
way. In spite of the liberality with which look-out 
men are provided for the protection of permanent- 
way gangs and others whose work takes them into 
close proximity to moving trains, 48 men were 
killed and 126 injured during the year in accidents 
in this class. In all, 193 servants of railway 
companies or contractors, and 40 other persons, 
who had legitimate reasons for being on railway 
premises, were killed in “‘ movement accidents ” 
during 1938, and 2,628 and 102, respectively, were 
injured. These figures do not include trespassers 
and suicides or attempted suicides, of whom 344 
were killed and 46 injured. The suicides are in a 
majority of nearly 2 to 1, and the aggregate 
figures maintain a surprisingly uniform level over 
the 14 years for which returns are given. 

The “ non-movement ” accidents are so varied 
in character that no brief survey of them is practic- 
able. A point of interest, however, is the total of 
169 persons who were injured on the 143 escalators 
now operated by the London Passenger Transport 
Board. At first sight, the figure may appear high, 
but it represents only one casualty among 2-6 
million passengers carried, and for that one casualty 
the escalators travelled 7,467 miles, from which it 
is evident that the likelihood of accident to any 
individual user of an escalator is comfortably 
remote. Viewed in relation to the whole twelve 
months of railway operation, the incidence of 
casualty in most other directions is almost equally 
reassuring ; but. as Colonel Mount emphasises in 
drawing his conclusions, the casualty figures, parti- 
cularly among railway servants, offer scope for 
considerable further improvement, and there is no 
reason why this should not be attained by the 
exercise of proper caution and a close co-operation. 
by all concerned, in the preventive arrangements 
already existing or recommended to be applied. 
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a time base. Passage of the ignition spark is 
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of the floor was 3 ft. below ground level and in the 
other eight it was 1 ft. Twelve of the shelters were 


‘TRAFFIC SCHEME FOR WATERLOO Bripce Approacn. | for a series of gaps at different distances from the | broadside on to the bomb, while four had the closed 


As announced in ENGINEERING at the time, 
London County Council, at the beginning of May last, 
decided to promote legislation for powers to carry | “. : “in : * 
out a alec to ne ao the trafic conditions at alte. Another investigation at present in hand is 
the northern approach to the new Waterloo Bridge. | ga with the overheating of tyres and brakes 
An estimate of 510,000/. for the acquisition A ( eane p- rhe (ansuenen of heat from the brake 
property, including the Lyceum Theatre, was | — to the wheel — and eyee & being investigated 
shortly afterwards approved, and on the recom- | or = point of sag wg design and possible 
mendation of the Highways and Main Drainage | methods of reducing oth beake drum and —— 
Committee it was decided, at the meeting of the | *emperatures. The temperature of the rotating 

parts is measured by means of copper-constantan 


Council this week, to adopt a further estimate of | ; : 
1,736,000/. for expenditure on capital account. It| the ssp ee ae hese ps gg rh oF of 
is estimated that the total net expenditure will be | COpper anc comstaman cup-tmgs. Selection of any 


1,929,0001., of which all but 46,000/. is for the | Harsicular couple the temperature of which it is 
acquisition of property. 7 ae iD | copper and constantan brushes cai the de aie 
unequal proportions over the years 1939-40 to pprop: 


1943-44. It may be | slip rings. 


|two such gaps are used, one in the centre of 


recalled that the scheme | 
involves the construction of a roundabout at the | Coat Supplies IN War TIME. 

Strand-Wellington-street intersection at the north; An important statement with regard to the control 
end of the bridge. The central island of this| of coal supplies in war-time was circulated by the 
roundabout will be situated on parts of the site of} Parliamentary Secretary to the Mines Department on 
the Lyceum Theatre and Inveresk House and on | Monday last, in reply to a question in the House of 
the present intersection. The Strand will have to| Commons. According to this statement the produc- 
be diverted slightly to the south, and from it a) tion of coal will be controlled through the existing 
new street will have to be constructed in a northerly | marketing schemes and the prices will be regulated 
direction towards the intersection of Wellington- | at the pit-head. Export will be prohibited. The 
street and Exeter-street. Thence a connection will| interests of consumers will be looked after by 
be provided across the site of Inveresk House to/ divisional coal officers working under the Civil 
Aldwych, near the end of Catherine-street. The | Defence Emergency scheme, and these officers will 
direction of traffic at the western end of Aldwych | co-operate with advisory committees of distributors, 
will be reversed so as to complete the circulating | which will be set up in each region. Statutory 
system from the Strand diversion. This, it is pointed | powers of requisition will enable serious cases in 
out, will enable traffic from the western portion of| regard to supplies to be dealt with if voluntary | 
the Strand and the northern portion of Wellington- | effort fails. A scheme for regulating supplies of | 
street to reach the bridge without the present) coal, gas, and electricity by means of a rationing 
lengthy detour along Aldwych and the Strand. scheme on the basis of past consumption has been 
prepared and will be imposed on domestic and other 
consumers in case of war. This scheme will be 
administered locally, and under it rationing will 
apply to consumptions exceeding certain fixed 
amounts, 2 tons of coal, 100 therms of gas, and 
200 units of electricity per annum being suggested 
as limiting figures. For all-electric houses, where 
there is no use of coal, a consumption of 1,000 units 


AUTOMOBILE RESEARCH. 


The third annual inspection of the research- | 
department laboratories of the Institution of Auto- | 
mobile Engineers was held on the afternoon of | 
July 12. Several of the researches at present in | 
hand have been previously discussed in our columns, 
and we may refer particularly to that on piston-ring | 
blow-by on high-speed petrol engines, on which the of electricity per annum would be allowed before 
first interim report was printed on page 693 of our | rationing was applied. Domestic consumers would 
previous volume. Other researches to which we have | have to obtain their supplies from particular dis- 
already referred include those dealing with cylinder | tributors who would deliver small quantities of 
and valve-seat wear, brake squeak, oxidation of | coal and coke as at present. It is understood that, 
lubricants, and engine-bearing temperatures. In | at the request of the Coal Mines Department, public- 
connection with the investigations into cylinder | utility undertakings are increasing their stocks, 
wear, a series of tests is being conducted on various | and other large consumers are being recommended 
liner materials under starting and stopping condi- | to adopt the same course. The same advice is 
tions involving severe corrosion, and a single- | offered to domestic consumers who have storage 
cylinder water-cooled unit is also being used for | capacity available. These plans, which have been 
experiments on the cylinder and ring wear of | worked out in conjunction with representatives of 
compression-ignition engines. The cylinder head | the coal interests, are ready to be put into operation. 
is of the direct-injection type, and at the present | 
stage of the investigation, the effects of various 
lubricating oils on wear are being studied. The 


TEsts ON SECTIONAL ARCH SHELTERS. 


the sparking plug, it is possible to measure flame speed ; | 


| the combustion chamber and the other at the far | or buried to a depth of 4 ft. 
| were used, and round these the shelters were disposed 








The sectional arch shelter, which is now being | 


end towards the bomb. The bombs were placed 
with their noses either touching the ground surface 
Three 500-lb. bombs 


at the required distance in groups of four, four, and 
eight, respectively. The ground was sandy loam, 
subsoil water being met at a depth of from 1 ft. 
to 3 ft. The effect of the explosion with the bomb 
at ground surface was to form a crater about 16 ft. 
wide and 3 ft. deep. When the bomb was buried 
this crater was about twice as wide and three times 
as deep. In the latter case about 110 tons of earth 
were blown up. At a distance of 10 ft. from the 
bomb all four shelters within that range were 
wrecked whether the bomb was on the ground or 
buried and whatever the depth of the floor. At 
15 ft. all the shelters were wrecked by the buried 
bomb, but were only slightly damaged by the 
surface bomb. At 25 ft. the only damage was a 
slight displacement of earth, except that the side 
of one shelter sunk | ft. into the earth was crushed 
a little by a surface bomb and perforated by three 
fragments. At 50 ft. there was no damage except 
for some disturbance of the earth covering on the 
near side. As regards the effect of blast, at a 
distance of 30 ft., the pressure caused by a bomb 
exploding on the ground surface is about 20 lb. 
to 24 lb. per square inch outside the shelter, but 
not more than 5 |b. inside. At a distance of 50 ft. 
the corresponding figures are 6 Ib. and | lb. per 
square inch or less. Service experience shows that 
a pressure up to 5 lb. per square inch is safe. 
THE ENGINEERING SECTION OF THE BRITISH 
AssociaTION AT DUNDEE. 


As previously mentioned in our columns, the 
British Association will meet this year in Dundee, 
from Wednesday, August 30, to Wednesday, Septem- 
ber 6. The sectional meetings will commence on 
the morning of Thursday, August 31, and Section G 
(Engineering) will meet in the Engineering Depart- 
ment of University College under the presidency of 


| Mr. H. E. Wimperis, C.B., C.B.E., whose address on 


“The Future of Flying” will form the first item 
on the programme, On the conclusion of ghe address, 
Professor Willis Jackson will dea) with ‘* University 
Engineering Courses.”’ His remarks on this subject 
should be of particular interest, as we understand 
that they will be based on the answers to a question- 
naire which has been circulated as a result of the 
discussion on the subject at the Cambridge meeting 
last year. On Friday, September 1, a paper on 
“The Design of Roads” will be delivered by 
Professor R. G. H. Clements, M.C., M.Inst.C.E. 
This paper will deal more with the principles 
governing the design and siting of roads than those 
at previous meetings have done, the object of the 
latter having been mainly to connect road design 
with traffic safety. Professor Clements’ paper will 
be followed by a discussion on ‘‘ The Transatlantic 





laboratory work on the measurement of engine- | 
bearing temperatures has been supplemented by 
road tests, a 10-h.p. four-cylinder car having been | 
modified for an investigation into the factors 
concerned. The crankshaft is fitted with thermo- 
couples for measuring the temperatures of the two 
front crankpins and of the front and centre main 
bearings, the couples being connected through slip 
rings and switchgear to a flexibly-mounted potentio- | 
meter measuring instrument. Fourteen separate 


couples give the temperatures in the main bearings, | 


sump and oil galleries, and are connected through | 
switches to a sensitive millivoltmeter. The engine- 


lubricating system has been modified to enable the | 
oil-supply pressure to be controlled over a range of | 


30 lb. per square inch to 100 lb. per square inch. 


Among investigations to which we have not pre-| 


viously referred, a research has been undertaken 
at the request of the Society of Motor Manufacturers 
and Traders on the effect of 
suppressors on engine performance. The research | 
has been carried out on several engines, the method | 
of “ionised gaps” being used to study flame | 
propagation across the combustion chamber. The 
impulses are recorded on an oscillograph and photo- 
graphed on continuously-moving paper to provide 


radio-interference | 


issued free to certain classes of the population in | Air Service,” introduced by a paper by Major R. H. 
certain parts of the country, has been subjected to | Mayo, O.B.E. In connection with this discussion, 
a number of load and explosion tests, details of |it is hoped to arrange for the Mayo composite 
which are given in a White Paper (Cmd. 6055),| aircraft to make a demonstration flight and a 
which was published by the Stationery Office last | Separation. On Monday morning, September 4, 
week at the price of 2d. The roof of this shelter | Captain E. C. Goldsworthy will read a paper, on 
consists of No. 14 gauge mild-steel sheet with | ‘‘ The Voith-Schneider Marine Propulsion System,” 
5-in. corrugations about 1} in. deep and is curved | and in connection with the paper a demonstration of 
to a radius of 2 ft. 3 in. Loads of brick and stone | @ ferry boat propelled on this system will be given 
weighing from 1} tons to 2 tons were dropped from if the necessary arrangements can be made. Two 
heights up to 75 ft. on such a shelter without any | papers on incremental magnetic testing will be 
earth covering, while a deadweight load of 75 tons | delivered on the morning of Tuesday, September 5, 
of pig-iron was also applied. In neither case was | and these will be followed by a paper by Professor 
there any sign of failure. Explosion tests were | Frederic Bacon on “The Application of Simple 
then undertaken to discover to what extent the | Models to the Teaching of Mechanism and to the 
shelter gave protection against splinters and blast | Design of Engines.” The programme is not quite 
from high-explosive bombs. For this purpose it | completed at the moment and we understand that, 
was covered with 1 ft. of earth at the top which | in addition to about half a dozen short papers which 
was sloped outwards so that at ground level the| it is expected will be delivered by some of the 
thickness was from 3 ft. to 4 ft. 3 in. Sixteen | younger engineers and scientific workers, one or 
different shelters, each protected with a sandbag | two other papers may be added to those mentioned 
wall 4 ft. from the entrance and at the same height | above. A number of sectional visits and excursions 
as the top of the shelter, to represent the protection | to places of technical interest will be arranged, as 





| afforded by the house, were built and were arranged | usual, so that there is ample justification for 


at distances of 50 ft., 25 ft., 15 ft., and 10 ft. from | engineers, particularly for those of the younge1 
the explosion. In eight of the shelters the depth | generation, to attend the Dundee meeting. 
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THE PARIS FAIR. 


‘Tne annual Paris Fair, which is held in the early 
summer in the permanent fair ground outside the 
Porte de Versailles, is, in general, concerned with 
clomestic requirements and the lighter industries. 
‘There are, usually, however, various exhibits of engin 
cering interest, and we have made it a practice to 
deal with these in recent years. This year there was 
a good display of heating apparatus of various kinds, 
of printing machinery and of specialised machine 
tools of moderate capacity. Concrete-block making 
plant was also well represented. The Fair appeared 
to be well patronised by the public, but it was not 
difficult to realise that the international situation 
and the financial conditions in France are having 
effect many industries. The in- 

of living, especially to the small 
rentier class, was reflected in many of the household 
appliances which were exhibited. Efforts are being 
made to increase the efficiency of heating and 
cooking stoves. Some of the latter are designed 
so that they will keep alight on very small quantities 
of fuel and will still be available for cooking at 
short Many designed to 
tired by solid fuel in the winter, when more or less 
continuous is required, and by town 
butane gas from bottles in the summer. 
Some of the heating stoves exhibited showed that 
efforts are being made to make anthracite-burn 
ing appliances suitable for semi-volatile fuels by 
arranging secondary combustion spaces fed with 
we-heated air. Anthracite is necessarily an expen- 
sive fuel as most of it has to be imported. 


an adverse on 


creased cost 


notice, stoves are he 


operation 


vas or 


\n interesting appliance designed to _ utilise 
the radiant heat of the sun for the purpose of 
warming water was shown at the Fair. Various 


applications of solar heat have been made from 
time to time, in some cases large parabolic reflectors 
heing used to concentrate the rays on some form of 
hoiler placed at the focus ; sufficient steam to supply 
an engine has been obtained in this way. Such 
appliances, however, tend to be cumbersome and 
the developments that have taken place in the 
smaller types of internal-combustion engines, which 
are cheap and convenient, have discouraged any 
important development of solar power plants. In 
# more modest field, however, there would appear 
to be a place for the utilisation of solar radiation 
and in the southern part of the United States, 
particularly in California and Florida, domestic 
water heaters operated by the sun's rays are in use, 

The apparatus shown at the Paris Fair is illus- 
trated diagrammatically in Fig. 1, on this page. 
\ flat metal heater a, painted dull black, is situated 
in a shallow tray with a glass front. The heater 
is insulated from the tray and the space below the 
ulass is air-tight, a breather being fitted to allow 
for the expansion and contraction of the air. The 
heater is hollow, being built-up of sheet metal, and 
contains a sheet of liquid, 5 mm. thick. The heater 
is connected to a helical tube ¢ inside a water tank, 
as shown in the figure, so that as it is heated by the 
sun the liquid circulates through the helix and heats 
the water. A vent d is fitted in case of excessive 
rise of temperature in the heater. The nature of 
the liquid used in the heating circuit is not specified, 
but it is stated to undergo no change when raised 
to a high temperature and to leave no deposit 
in the tubes. Water is circulated through the 
tank, entering cold at ¢ and leaving hot at f. The 
tank is insulated, as shown. Its size depends on the 
service required, the number of heating trays and 
the climatic conditions. The heating units are 
made in two sizes, the first 95 cm. by 86 cm. and 
the second 153 cm. by 86 cm. It is usual to install 
a 300-litre (66-gallon) tank when two large heaters 
are fitted 

The heating trays may be placed on a terrace or 
Hat roof, or may be inserted in a sloping roof like 
a roof-light. The tank should be placed somewhat 
higher than the heaters to secure thermo-svphon 
circulation. In some cases they are mounted under 
the ridge of a roof. As the tank is lagged, the water 
in it will remain hot over a considerable period, 
while if a continuous and certain supply of hot 
water is required the tank may be fitted with an 
electric immersion heater for use in unfavourable 
weather. In many parts of France the climatic | 
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conditions are such that the alternative electric 
heating would be required over a comparatively 
short part of the year. A photograph of an actual 
installation is reproduced in Fig. 4, opposite. The 
arrangement shown is somewhat unusual, as in this 
case the hot water produced is automatically diluted 
with cold water in order to furnish a warm water 
supply to a greenhouse. 

The temperature of the water obtained with this 
appliance is naturally entirely dependent on the 
climatic conditions, but in the south of France it 
has proved its practical value in a large number of 
applications. One installation supplies communal 
baths in a small village. In tests carried out with, 
the apparatus in Bordeaux, June 21, 1938. 
starting with the water in the heater at 22 deg. C. 
at 8 a.m., the water boiled in the storage tank at 
11.27 a.m. and continued to boil until 5 p.m. With 
a solution of sea salt, the initial temperature at} 
8 a.m. was 20 deg. C. At 12.32 p.m. this boiled at | 
a temperature of 106 deg. C. The apparatus was 
designed by M. Stolpner, of Bordeaux, in conjunction | 
with M. Pavloff, and is constructed by Messrs. La 
Thermique Naturelle, of 1 Cours du XXX _ Juillet, | 
Bordeaux. 

A group of steelmakers in the eastern part of | 
France has combined with some Luxemburg under- 
takings to promote the use of broad-flanged beams | 
by means of an organisation, known as the Office 
Technique des Poutrelles A Trés Larges Ailes, | 
34, Rue de Liége, Paris, which was represented | 
at the Fair. For a number of years, broad-flanged | 
beams were a speciality of the Luxemburg Differ- | 
dange Steelworks. The manufacture of such beams | 
was later taken up by German firms, which | 
developed not only broad-flanged beams but beams | 
with extra thick flanges. French steelworks in | 
the Moselle district followed on, and_ several | 
works in that area are gradually standardising both | 
broad-flanged beams and those with parallel flanges. 
The beams which are being produced by the group 
of steelmakers have the width of flange equal to 
the depth of the beam up to a depth of 300 mm. 
(11-8 in.), the weight of a beam of this depth being 
120 kg. per metre (80 Ib. per foot). For larger | 
sizes, up to 1 m. in depth, the flange width remains 
at 300 mm. The beam | m. deep weighs 314 kg. 
per metre, or 212 Ib. per foot. The largest joists 
are made by the Differdange firms, but the French 
makers are gradually increasing the maximum size 
they roll. The broad-flanged beams have parallel 
flanges, which are a great convenience in structural 
work in facilitating the building up of members, the 
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LINES ; 
attachment of brackets and other constructional 
details. 

An interesting special steel section has been 
developed by the Hagondange steelworks. It 
mainly intended for use in the form of pylons for 
medium-voltage overhead electric lines. For this 
application it is usual to perforate the web with 
elongated holes, as shown in Fig. 2. This lightens 
the pole and facilitates the work of the linesmen. 
A cross-section is given in Fig. 3. The section is 
rolled in four sizes, the dimension a of Fig. 3 being 
149 mm. (5-8 in.) in the smallest size and 210 mm. 
(8-25 in.) in the largest. The corresponding figures 
for dimension 4 are 120 mm. (4-75 in.) and 170 mm. 
(6-7in.). The weights in the two cases are 19-37 kg. 
per metre (13 lb. per foot) and 34-5 kg. per metre 
(23 lb. per foot). The section is neat in appearance 
and is strong both at right-angles to and in the 
line of the overhead conductors. This latter quali- 
fication becomes of importance in case of sleet- 
loading on the lines. Special brackets have been 
designed for the attachment of the cross-arms 
without drilling the pole. Steel poles are exten- 
sively used for medium-pressure overhead distri- 
bution lines in France, and in order to reduce the 
frequency of painting, and consequently the cost of 
maintenance, copper-bearing steels have been intro- 
duced for this work. These are not much more 
expensive than normal mild steels, and although 
they have not the corrosion-resisting properties of 
the chromium steels, are much more resistant than 
normal steels. 

An agitator for mixing or emulsifying liquids 
was shown by Messrs. Les Ateliers Réunis, 30, 
Rue du Point du Jour, Billancourt. It consists of 
a propeller carried inside a cylindrical housing 
perforated with holes round its circumference. The 
housing: is open at the top and bottom. The 
arrangement is carried at the end of a long flexible 
suspension, as shown in Fig. 5, opposite. The 
propeller is connected by a flexible shaft to a 
vertical-spindle electric motor at the top of the 
suspension. As the propeller rotates, the liquid 
is drawn in at the top and bottom of the housing 
and ejected through the perforations, giving a good 
emulsifying action. The motor is suspended so 
that the agitator may be lowered into or raised 
from the liquid. In one type of mounting, the 
motor and propeller spindle are carried at opposite 
ends of an arm suspended horizontally from a point 
at its centre, the spindle being belt driven. By 
rotating the arm on its point of suspension, the 
agitator performs a planetary motion through the 
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liquid so that every part of the containing vessel is 
reached. The appliance is made in various sizes, 
and is fitted with motors of from 0-25 h.p. to 1-5 h.p. 
It is used for mixing and em«!sifying oils and paints, 
in brewing and papermaking, and in the preparation 
of colloid products. 

An interesting constructional material which 
was shown at the Fair may be referred to. For many 
years, in France, split cane interweaved to form a 
type of matting has been used to support plaster, 
especially for temporary buildings such as are erected 
for exhibitions. The materia] is light, easily fixed 
and comparatively strong. A French firm, Messrs. 
Le Tissaroso, 8, Rue du Printemps, Paris, has 
developed this material and is constructing a type 
of lathing made of canes up to as much as 25 mm. 
in diameter. This is made in rolls, 1-5 m. to 2 m. 
wide. Panels, with heavy cane cross-pieces, are 
also made, split canes being used where necessary 
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for interweaving. The material when built into 
walls is not only strong but is claimed to have good 
heat and sound insulating properties. 

The last exhibit to which we can refer is a light 
crane mounted on a petrol lorry, which was shown 
by Messrs. L. Faucheux, of Chartres. This is 
illustrated in Fig. 6. Much attention has been 
paid in France to the development of light mobile 
lifting appliances of this type. There are many 
occasions in, for instance, building and agricultural 
work, when the presence of a crane would save 
much manual labour, but the work involved 
would not justify the erection of a steam crane 
requiring some type of foundation or necessitating 
the use of other vehicles to transfer it to the site. 
The light crane shown, which has a capacity of 
1 ton at 5-75 m. radius, is intended for work of 
this kind, as it can travel to the job and requires 
no setting-up other than the placing in position 
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of the supporting jacks, which can be seen in the 
illustration. It may sent for considerable 
distances to deal with jobs that may take only a 
few hours. It is shown in the illustration handling 
a sugar-beet crop. As this is purely a seasonal 
operation, it did not justify the installation of any 
| permanent type of lifting apparatus. he beet 
|lifted by a special grab which is carried on the 
| hody of the lorry when the crane is travelling. The 
| jib of the crane may he slewed over a full circle. 
| When handling coke, the crane has a lifting capacity 
| of about 20 tons per hour. 
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THE CENTENARY OF 
| BARON DE PRONY. 


Wuen in 1814 Sir David Brewster as a young 
|man of thirty-two visited Paris he took with him 
|a letter of introduction to Prony, the eminent 
| French civil engineer, which he had been told by 
Sir John Herschel *‘ was the same as a letter of 
introduction to all the French philosophers.” In 
Paris, accompanied by Biot, Brewster attended a 
sitting of the Academy of Sciences and afterwards 
jotted down his impressions of some of the distin 
guished men he had met. He noted that Cuvier- 
the great naturalist, had the appearance of being 
self-sufficient ; that Delambre, the astronomer, was 
“a little oldish man, very yellow”; that Poisson 
was “‘a young and active little man, with a sweet 
and expressive countenance ” ; that Monge stooped 
and had white curled hair; while of Prony he 
wrote ‘‘ not handsome, large nose, intelligent and 
active.’’ Prony was then fifty-nine, and at the zenith 
of his career, but he had many years of activity 
before him and he did not pass away until July 29, 
1839, when he had reached the age of eighty-four. 

Gaspard-Claire-Francois-Marie-Riche Baron de 
Prony, to give him his full name and title, was born 
July 22, 1755, at Chamelet, near Lyons, his father 
being a councillor of the local parliament. After 
a good education, at the age of twenty-one he 
entered the Ecole des Ponts et Chaussées, in Paris, 
which had been founded in 1747 by the French 
administrator, Daniel Charles Trudaine (1703-69) 
for the training of Government civil engineers. 
When Prony entered, Perronet, ‘‘ the Telford of 
France,” was still its director, and Prony subse- 
quently became his assistant in carrying out various 
works, such as the improvement of the port of 
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Dunkirk and the construction of the Louis XVI 
bridge. As a writer Prony first became known for 
an essay on the thrust of arches, published in 1784, 
and for his translation of General William Roy's 
‘* Account of the Methods Employed for the Measure- 
ment of the Base on Hounslow Heath.” 

By 1791, Prony had risen to the rank of engineer- 
in-chief in the Corps des Ponts et Chaussées, and 
in the next few years he played an important part 
in the great undertakings inaugurated under the 
Revolutionary regime. With Delambre, Lavoisier, 
Laplace, Borda and others, he was one of the 
commission entrusted with the reformation of the 
French system of weights and measures, and he 
was appointed to superintend the execution of the 
Cadastie, or great territorial and numerical survey 
of France. In connection with these projects, he 
organised and trained a staff of calculators for 
preparing the necessary astronomical and trigo- 
nometrical tables. The series of logarithmic tables 
were computed to fourteen, nineteen and twenty-five 
places of decimals, and formed seventeen large 
volumes, which were preserved at the Paris 
Observatory. 

In 1794, on the foundation of the Ecole des 
Travaux Publiques, soon re-named the Ecole 
Polytechnique, Prony was appointed to the chair 
of mechanics. Among his colleagues were Lagrange, 
Legendre and Fourier, while among his pupils were 
Poisson, Fresnel, Arago and Sadi Carnot. He 
resigned his chair in 1814 but remained an examiner 
all his life. In 1795, on the resuscitation of the 
Academy of Sciences, as a part of the Institut de 
France, he was made a member, in 1798 he was 
raised to the rank of inspector-general in his corps, 
and the following year became director of the 
Ecole des Ponts et Chaussées. The years 1790-96 
had also been marked by the publication of his 
important work, Nouvelle Architecture Hydraulique. 

Though he somewhat offended Napoleon by 
refusing to join the party of scientific men who 
accompanied the expedition to Egypt, Prony’s 
outstanding abilities could not be overlooked, and 
after the conquest of Italy Napoleon employed him 
on many public works in that country. He carried 
out improvements on the River Po, the harbours 
of Genoa, Ancona, Pola and Venice, and finally in 
1810, with the Italian statesman Count Fossombroni, 
was entrusted with the drainage and improvement 
of the Pontine Marshes. This task led him to 
write his Descriptions Hydrographique et Historique 
des Marais Pontius. Again in France he was 
responsible for constructional work in various parts 
of the country, and he put forward a scheme for the 
improvement of the Rhéne. As a mechanist he is 
remembered to-day for his invention of the Prony 
absorption brake. 

During the latter part of his life Prony received 
many honours. 
Honour was conferred upon him, in 1818 the Royal 
Society elected him a foreign member, in 1828 
(harles X made him a baron, and later on he was 
raised to the peerage. He died at his home at 
Asniéres, near Paris, admired both for his amiable 
character and his services to science and engineering. 





4,450-H.P. ELECTRIC WINDER AT 
THE CHAMPION REEF GOLD MINES, 
MYSORE. 


ON peut 41 of our iasue of July 14, 1939, we gave an 
account of an electrical winding plant which had recently 
heen completed by Messrs. The Metropolitan-Vickers 
Electrical Company, Limited, T:afford Park, Manches- 
ter and Messrs. Fullerton, Hodgart and Barclay, 
Limited, Paisley, for the Gifford s shaft in Mysore of 
the Champion Reef Gold Mines of India, Limited, 
We are now able to amplify this account by reproduc- 
ing a general arrangement plan of the main driving 
motors, gearing, brakes and drums which clearly shows 
the lay-out of this interesting plant. In doing so we 
may recall that the winder is designed for raising a net 
load of 10,000 Ib. in trucks or cages from a depth of 
6.556 ft. The loaded cages weigh about 10 short tons, 
and are supported by ropes, one pair of which was 
supplied by Messrs. British Ropes, Limited, Doncaster, 
and the other by Messrs. Wrights Ropes, Limited, Bir- 
mingham. These ropes, which are 1{ in. in diameter, 
each weigh about 6-195 lb, per foot, or 23 short tons for 
a length of 7,300 ft. The total hoisting load is therefore 
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61,200 Ib., which is wound from a depth of 6,556 ft. in A considerable measure of success in clarifying the 


160 seconds. 

There are two exceptionally large bi-cylindro-conical 
drums, with a diameter varying from 13 ft. to 35 ft. 
These are driven at a speed of 27-2 r.p.m. by two 
motors through a multiple-tooth clutch and gearing. 
The normal and peak horse-powers of each motor are 
1.275 and 2,225, respectively, and they run at a speed 
of 248 r.p.m. Each drum makes 64-5 revolutions in 
the course of a 6,556-ft. wind. The motors are supplied 
from a motor-generator set with two flywheels and a 
slip regulator of the hydraulic type. Each drum can 
be de-clutched and held by brakes and a spragging gun, 


while the other is being turned for rope adjustment or | 


unbalanced winds. This spragging gear works on a 
large tooth ring, while another ring is provided for the 
clutch, the sliding portion of which is operated by a 
servo-motor from the driver's platform. This servo- 
motor also operates the spragging gear, the arrangement 
being such that the gear must be fully engaged before 
the drum can be de-clutched. The clutches are also 
interlocked with the brakes, so that a drum cannot be 
de-clutched before the brake is fully applied and the 
brake cannot be taken off a de-clutched drum. Separate 
brakes of the suspended parallel motion post-type, and 
18 ft. in diameter, are provided for each drum. They 
are gravity operated by weights, and are controlled by 
brake engines operated by oil supplied at constant 
pressure from a weight-loaded accumulator. 





GRINDING-WHEEL PRACTICE. 


THERE is a growing and commendable tendency on 
the part of firms manufacturing tools and workshop 
accessories to impart freely the results of the experi- 
ence they have naturally acquired in their long 
acquaintance with their particular specialty. The 
information is frequently imparted in a book or 
brochure with a specific title, and excellent ex- 
amples of this type of publication lie in three 
books which have lately reached us from Messrs. The 
Carborundum Company, Limited, Trafford Park, 
Manchester, 17. One of these, a book of 123 pages, is 
entitled A Treatise on Toolroom Grinding. With in- 
creasing accuracy in most of the branches of mechanical 
engineering the toolroom grows in importance, but 
it is a mistake to imagine that the grinding practice 
obtaining in production will serve in the toolroom. It 
is one of the aims of the book to correct this mistake 
and to discuss the relation between the wheels of the 
precision machine tools usually found in a toolroom, 
the work being ground and the results obtained. 





| subject has been attained. There is a clear and fully- 
| illustrated section on the contours of tools for turning, 
| boring, planing and slotting, etce.. and another on 
grinding more complex outlines such as form milling 
| cutters, hobs, taps and so forth. The section dealing 
| with the grinding of twist drills is informative; most 
| engineers will agree that carelessness in preparing this 
apparently simple tool is unpleasantly prevalent. The 
proper grinding procedure for taps, tap and die chasers. 
| circular and milled chasers, etc., is equally practical 
and useful. A number of tables are included and from 
the comments found in most sections it is evident 
that the authors concerned have a first-hand working 
knowledge of their subjects. The discussion on the 
various types of grinding wheel available is necessarily 
of a somewhat more “ proprietary’ nature than the 
others, though much of it is quite general. The pur- 
poses served by the different kinds of bonding are 
clearly set forth. In this connection it will, no doubt. 
be news to many that rubber-bonded grinding wheels 
as thin as 0.005 in. are used for slotting pen nibs. 
Typical tool set-ups are included, a good variety of 
makes of machine tool being illustrated. 

The other two books forming the group are of a more 
specialised type, being entitled Grinding Cemented 
Carbide and Diamond Wheels respectively. The first 
deals with the handling of the cemented carbides by 
Carborundum Brand Green-Grit wheels, and at an 
early stage gives the trade names and makers of seven 
of the most generally used brands of cemented carbide 
made in this country, a well-advised step likely to 
save time in identification. But, whatever brand is 
used, the carbide-tipped tool, it is well known, requires 
careful handling when being re-conditioned, the car- 
bides used for machining steel, for instance, being 
| somewhat less easy to deal with than those used for 
|machining cast iron. Other points, e.g., wet grinding 
} as opposed to dry grinding and peripheral grinding 
| versus side grinding, are all succinctly described in the 
| book. The brochure on diamond wheels also deals, 
| in the main, with the Carborundum Brand of this 
type of grinding wheel, but the information given is. 
we would imagine, about as full as it can be and should 
give general guidance, such things as grit grids and 
speeds and feeds being dealt with. These two books 
are as fully and clearly illustrated as that on toolroom 
grinding ; none of the three are priced. They will be 
of much value to the technical side of a works, 1.e., 
the design office and the workshop, where they will 
enable those concerned to choose what is most suitable 
for general requirements, or for a particular job, and to 
instruct the buyer accordingly. 
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PLANT AT SWINBURNE. 
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ELECTRIFICATION OF WHINSTONE 
AND LIMESTONE QUARRIES. 


It was recently decided to convert the plant utilised 
for various purposes at the principal quarries of the 
Alston Limestone Company, Limited, Grainger House, 
Blackett-street, Newcastle-upon-Tyne, to electrical 
drive, and a contract covering the low-tension switch- 
gear, cables, motors and control gear necessary for this 
purpose was let to Messrs. The General Electric Com- 
pany, Limited, Magnet House, Kingsway, London, 
W.C.2. To indicate what is involved in this conver- 
sion it may be mentioned that the limestone company 
has three main plants, two of which are used for the 
production of whinstone, and the other for limestone. 
At the two whinstone undertakings, one of which is 
stituated at Cawfields, near Haltwhistle, and the other 
at Swinburne, the whinstone is quarried, crushed, sized 
and tar-treated, while at Brunton the limestone is 
won, crushed and primary screened. It is then con- 
veyed in this condition by aerial equipment to Cocklaw 
Sidings, where a secondary plant produces chippings 
and tars the product, so that it is suitable for road 
making. A special plant for producing ground lime- 
stone for agricultural and other purposes is also 
installed. 

Three-phase current for operating the equipment 
at all three quarries is obtained from the mains of 
the North Eastern Electric Supply Company at a 
pressure of 20,000 volts and a frequency of 50 cycles, 
and is transformed to 440 volts. At Swinburne quarry 
he face is drilled by pneumatic drills, compressed 
air for which is supplied to an air line from a com- 
pressor. This compressor is driven through Tex-ropes 
by a 30-h.p. 720 r.p.m. protected slip-ring motor. 
After the stone has been quarried, it is passed first 
through two primary crushers which are belt-driven 
by an 80-h.p. 720 r.p.m. slip-ring motor and the 





SCREENS. 


crushed product is then conveyed, by the belt con- 
veyor, illustrated in Fig. 1, to the screen house. Here 
the material is passed over a shaker screen, the eight 


products which result being loaded through gates into | 


lorries. The oversize is passed through a chute to a 
crusher which is installed in a house beside the screen 
house. On leaving the crusher the material passes 
to a belt conveyor, whence it is again deposited on 
the main belt feeding the screen. 
the bins is a short conveyor which is driven by 
a 5-h.p. squirrel-cage motor, and the alternative 
size material is conveyed through a rotary dryer 
and a bucket elevator on the side of the tar-heating 
plant house to a hopper over the mixing plant. These 
parts of the equipment are visible on the left of Fig. 1, 
and are driven through shafting by a 45-h.p. 720 r.p.m. 
slip-ring motor which is situated on the side of the | 
dryer opposite to that from which the photograph was 
taken. 

At the Brunton quarry the crushed limestone is 
brought to Cocklaw sidings by an aerial flight which 
is belt-driven by a 10-h.p. 570 r.p.m. totally-enclosed 
fan-cooled slip-ring motor. From the flight belt the 


material is fed through a jigging chute and dryer, | 


and is taken thence by a bucket elevator to a rotary 
screen, where the classified product is deposited into 
several bins. This screen is belt-driven by a 25-h.p. 
475 r.p.m. slip-ring motor which is shown on the right 
of Fig. 2. The finished material can be loaded either 
by means of chutes direct into railway wagons or 


lorries, or alternatively can be conveyed to the tar- | 


At the base of | 
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carried out in accordance with the plans and specifica- 
tions of Mr. T. 8S. Winter, manager and engineer of 
Messrs. The Alston Limestone Company, Limited, and 
we have to thank Mr. G. W. Armstrong, the managing 
director of the Company, for facilities afforded for the 
preparation of this article. 








LETTER TO THE EDITOR. 





THE PLACE OF HISTORY 
ENGINEERING EDUCATION. 


To THE Eprror oF ENGINEERING. 


IN 


Dear Str,—I was very interested to read the editorial 
article in your issue of May 19, which has just come to 
hand here. It is entitled ‘“‘ The Place of History in 


Engineering Education,’ but may 1 respectfully 
| suggest that what was really meant was ‘‘ The Place 
|of Engineering History in Technical Education.” 


There is a substantial difference between the two titles. 

While I agree that the establishment of a Chair of 
Engineering History in a university is desirable and 
that the study of this subject has a definite formative 


; influence upon judgment and mental outlook, I cannot 
| accept the statement that such engineering history as 


is now taught has hardly passed beyond the stage of 
nursery legend. It may be of some interest to you 
to learn that, when I came here two-and-a-half years 
ago, | instituted a course of lectures entitled “* Engin- 
eering History” for the engineering students of the 
first year in this university. The course consists of 


one hour’s lecture per week, and is largely descriptive 


by means of slides, pictures, and, more recently, sound 
films. I have since included a lecture on agricultural 
engineering, which is given by a specialist in the 
subject, as also are the lectures on surveying and 
electrical engineering. For the rest, I am able to give 
the remaining lectures myself, culled very largely from 
my own experience of 12 years in industry. 

Tt is curious that the reason which impelled me to 
start this course of lectures is not mentioned in your 
article, namely, the desire to assist the young student 
to form a clearer picture of what his work will be if 
he specialises later in one of the branches of engin- 
eering. 1 find that students have considerable difficulty 
in deciding what branch of engineering they wish to 


| go in for, and that almost all of them have very little 


idea as to what an engineer is required to do after 
he has left the university. I believe that the engin- 
eering profession has much to do in describing more 
| precisely the thinking activities that are demanded of 
| engineers practising the profession. 

| While it is impossible to cover the subject at all 
| adequately in the time mentioned, one can at least 
|draw some very interesting parallels between the 
practice of ancient and modern time in regard to each 
branch of the subject, so that the process of develop- 
ment stands out clearly and the student is able to 
| grasp some of the changes that have taken place to 
| cause the development of modern civilisation, 

It is arguable, too, whether it is not desirable 
in this modern age for others besides engineers to 
learn something of engineering history. I believe that 
|a very good case can be made out for the teaching of 
| this subject (possibly on a more extended scale) to 
| those who are studying science, the arts, law, medicine 
and commerce, purely for its cultural value, so that 
they may appreciate more clearly the world in which 
they live. 

Yours faithfully, 
AUBREY BuRSTALL, 
Dean of the Faculty of Engineering. 
The University, 
Melbourne. 
July 3, 1939. 


{As Professor Burstall suggests, the reference to 
“ History ” in the title of our article was intended to 
|mean “ Engineering History”; we believe this was 
sufficiently clear from the context, and from the fact 
| that the article appeared in a technical journal, to 
j}avoid any confusion of thought. A syllabus of the 
| course instituted at Melbourne, which Professor Burstall 
}enclosed with his letter, shows that the subject is 
| divided under some 40 heads. Of these, some are 
|general in character, eg., “‘ Engineering History,” 
“ Engineering in the Food Industries,” and ‘ Engin- 
| eering in Warfare ”’ ; but others are more specific, as 
jin the case of “ Water Storage and Supply” and 
“ Manufacturing of Iron and Steel.” Obviously, 


mixer plant, whence it is delivered in a similar manner. | however, a survey such as that of “ Sailing Ships, 


The tarring plant is driven by two 12-h.p. totally- | 
enclosed fan-cooled slip-ring motors suspended from 
the roof. The ground limestone for agricultural and | 
other purposes is obtained from a granulator mill driven 
by a 45-h.p. 720 r.p.m. slip-ring motor. 


The electrical conversion scheme described ant 


” 


Steam Ships, and Aircraft,” compressed into an hour’s 
lecture, must necessarily be somewhat superficial. It 
is the more essential, therefore, that it should be 
compiled from dependable sources, the critical examina- 
tion of which would be one of the chief duties attaching 
to a Chair of Engineering History.—Eb., E.] 
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LABOUR NOTES. 


In June, the home branch membership of the 
Amalgamated Engineering Union increased from 
349,891 to 350,156, and the Colonial branch member 
ship from 35,548 to 35,643. The number of members 
in receipt of sick benefit decreased from 4,040 to 3,594, 
and the number in receipt of superannuation benefit 


of 


from 14,229 to 14,224. The number in receipt 
donation benefit decreased from 1,938 to 1,612, and 


the total of unemployed members from 6,240 to 5,759. 


The Trades Union Congress Scholarships to Ruskin 
College have this year been awarded as follows :—Mr. 
kK. J. Brocks (National Union of Dyers, Bleachers and 
‘Textile Works), Mr. P. Evans (Iron and Steel Trades 
Confederation), Mr. L. E. D. Daniells (Railway Clerks’ 
Association), Mr. L. Hulls (National Society of Opera- 
tive Printers and Assistants). There were 90 applica- 
tions, and 79 of the applicants sat for written examina 
Each scholarship is of the value of 150/., and is 
tenable for a year. Subject to consideration of reports 
on the work of the students, second-year scholarships 
to the value of 751. each may be awarded next year. 


tions. 


In the course of his presidential address to the 
triennial Congress of the International Federation of 
Trade Unions at Ziirich, Sir Walter Citrine mentioned 
that since the last triennial Congress, held in London, 
the aggregate membership of national centres affiliated 
to the LF.T.U. had from 13,000,000 to 
19,000,000, 


increased 


tepresentatives of the Shipbuilding Employers’ 


Federation and representatives of the Confederation of 


Shipbuilding and Engineering Unions are to meet in 
London on July 27 “to examine the position of the 
industry.” Such a conference a preliminary step 
preseribed by the industry's conciliation machinery, 
before either side can apply for a variation of wage 
lhe unions are preparing in this instance to 
claim higher wages. They contend that since the last 
advance of 2s, a week for time workers and 4 per cent. 
for piece workers was obtained in February last year 
the economic position of the industry has improved. 


Is 


tates, 


The idea of a joint Trades Union Congress Workers’ 
lravel Association holding company, in which trade 
unions could invest money for the purpose of extending 
holiday accommodation, is stated to be under discus 
ion. Consideration has given to the whole 
question of accommodation by the General Council of 
the Trades Union Congress, who have taken into account 
the inereased demand that is likely to arise from the 
extension of the paid holiday. An aspect of the prob- 
lem which they have had in mind is the danger of the 
commercial exploitation of workers on holiday. The 
Workers’ Travel Association, which was called into 
consultation as the organisation with the most exten 
sive experience, has suggested in a memorandum that 
the trade unions might provide money to acquire guest 
houses the lines of permanent centres,” or 
finance the creation of holiday camps. The view taken 
in well-informed Labour circles seems to be that there 
ix a large enough field for development along both lines, 
\ccording to /ndustrial News-—an official publication of 
the Trades Union Congress—* active support should be 
viven to the movement to spread holidays over a period 
longer than July and August—the two peak months. 
To maintain comparatively low prices, the centres 
would need to be filled to capacity for a minimum of 
sixteen weeks in the year, and should be closed down 
entirely during the winter.’ 


been 


on its 


Judging from the number of interpretive bulletins 
issued to date, the Wages and Hours’ Division, which is 
administering the United States Fair Labour Standards 
Act, must be finding it difficult to carry the ordinary 
worker along with it. An earlier interpretive bulletin 
was mentioned in these notes recently. Bulletin No. 13 
deals with the determination of for which 
employees are entitled to compensation, As a general 
rule, it hours worked will include all time 
during which an employee is required to be on duty, 
or to be on the employer's premises, or to be at a pre- 
scribed workplace, and all time during which an em- 
ployee is suffered or permitted to work, whether or 
not he is required to do so. In most cases, working 
hours include, it is added, all hours from the beginning 
of the workday to the end. Time clocks, if used, 
are considered an appropriate basis for determining 
working hours only if they actually reflect the period 
worked by an employee. If the employer requires 
an employee to be present for a considerable period 
before punching a time clock, such time shall be consi 
dered as hours worked. 


hours 


is stated, 


The time during which an employee is inactive by 
reason of interruptions in his work beyond his control, 
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such as breakdown of machinery, time spent in waiting 
for materials or waiting for the loading or unloading of 
cars, should be included in the working hours, the | 
bulletin goes on to say, if the imminence of the resump- 
tion of work requires the employee's presence at the 
place of work, or if the interval is too brief to be used 
effectively in the employee’s own interest. Hours 
worked are not, it is stated, limited to the time spent 
in active labour, but include time given by the em- 
ployee to the employer, even though part of the time 
may be spent in idleness. Thus, the bulletin explains, 
waiting time for messenger boys and chauffeurs will 
be considered hours worked. In a few exceptions, | 
however, periods of inactivity need not be considéred | 
hours worked, even although the employee is subject 
to call. This will depend upon the degree to which 
the employee is free to engage in personal activities 
during periods of idleness when he is subject to call 
and the number of consecutive hours that the employee 
is subject to call without being required to perform 
active work. 





If an employee is required to remain on call after 
regular working hours in or about the place of business 
of his company, time so spent must be considered 
hours worked ; but if he is merely required to leave 
word where he can be reached in the event of call and 
is not tied down to any particular place, such time 
need not ordinarily be considered hours worked. The 
question of travel time is said to depend upon the 
degree of time spent; thus if the time spent. by an 
employee in travelling is reasonably described as in a 
day’s work, such time shall be considered hours worked 
under the Act. Where an employee is required to 
travel continuously for more than a full work day to 
reach a place and perform some assigned work, time 
spent travelling during regular working hours will be 
considered hours worked, but travel time outside of 
regular hours need not ordinarily be so considered. 
Time spent in attending meetings and lectures spon- 
sored by the employer will be considered time worked 
if such meetings are related to the employee’s work, or 
if the attendance is not wholly voluntary on the part 
of the employee. 





Industrial and Labour Information states that an 
Act relating to agricultural settlement was recently 
promulgated in Greece, under which 200,000 families, 
representing 75 per cent. of those settled in the country | 
districts, received the freehold of the lands distributed 
to them under the plan of agrarian reform. More than 
twenty years ago this plan of agrarian reform had been 
drawn up, under which holdings had been distributed 
to two classes of cultivators : refugees who had had to 
abandon their landed property elsewhere, and Greeks 
who were cultivating lands which were not their own. 
Up to the present, however, it had been found im- 
possible to grant these in freehold. The new Act, | 
immediately on its coming into effect, grants the free- | 
hold in all cases where the transfer has been completed, | 
whether or not the price of the holding has been paid 
in full or the deed of transfer published. It will no 
longer be possible to dispossess the proprietors of their 
holdings unless they receive them illegally. The Act | 
also settles the question of the law of inheritance. 


| 
| 
| 


The measure contains provisions to prevent the sub- 
division of holdings, ensure their intensive cultivation, 
and prevent any return to the system of large estates, 
the abolition of which was the first stage in the agrarian 
reform. Further, the prohibition of the sale outright | 
of the holding is intended to check the flight from the | 
countryside, which has been a marked feature of Greek 
life for the last thirty years. According to a statement 
by Mr. Metaxas, the Prime Minister, the new Land 
Act will constitute a stage, not only in the future | 
agricultural development of Greece. but in its economic 
and social progress. 


It is announced that the British Minister of Labour 
has decided to apply the Trade Boards Act to the 
furniture-manufacturing trade. For a considerable 
period, the Labour correspondent of The Times says, 
there have been discussions on wages and working 
conditions between the Ministry and the British | 
Furniture Trades Joint Committee, which is the co- 
ordinating organisation of employers’ federations in 
the furniture trade. It may be recalled that at the 
beginning of this month the joint committee pub- | 
lished an independent investigator's report on wages | 
and conditions “as part of the examination of the 
possibilities of applying for a trade board as a remedy 
for admitted evils.” The need to apply for a trade 
board has, therefore, been removed by the Minister of 
Labour's action. 


The reasons for the Minister's decision are the absence 
of effective machinery for the regulation of wages 
throughout the trade, and the conditions of employ- | 
The Minister will call ' 


ment in certain of its sections 
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a conference of representatives of the employers and 
of the workpeople at an early date *‘ for the purpose 
of discussing the various questions which in 
connection with this decision.” 


arise 


An interesting study of the annual earnings in 68 
Northern furniture factories in 1936 has been carried 
out by the Bureau of Labour Statistics of the United 
States Department of Labour. According to the 
authors the average earnings amounted to 1,202 dols. 
for wage earners whose employment extended ove 
12 months. When the group was enlarged to include 
those working nine months or more, the average fell 
slightly to 1,177 dols., and dropped again to 1,133 dols 
when employees working at least six months were 
included. For all of the employees who had worked 
in the factories surveyed at any time during the year. 
the average was only 997 dols. These averages. it 
explained, are based“apon an analysis of the annual 
earnings of 8,701 workers, but relate only to their 
earnings in the factories in which they were at work 
in October, 1937. 





As has been stated, the average annual earnings of 
wage-earners whose employment extended over 12 
months amounted to 1,202 dols. in 1936. That average. 
however, covered a considerable spread of individual 
annual earnings, ranging from a figure under 400 dols. 
to one of over 2.500 dols. In spite of the wide range. 
there was a large concentration between 900 dols. and 
1,300 dols., which accounted for over one half (54-3 
per cent.) of the workers. Only 14-6 per cent. were 
paid less than 900 dols. during the year, compare: 
with roughly one-third (31-1 per cent.) receiving 
1,300 dols. and over. In fact, as many as one-tenth 
(10-6 per cent.) earned 1,600 dols. and over, and 
5-2 per cent. were paid 1,800 dols. and over. Classitied 
on the basis of skill, the average annual earnings of 
employees who worked during 12 months were 1.317 
dols. for skilled, 1,120 dols. for semi-skilled, and 98s 
dols. for unskilled. That meant a difference of 197 dols. 
between skilled and semi-skilled workers as compared 
with a difference of 132 dols. between semi-skilled and 
unskilled employees. 


Ah official body called the State Holiday Council 


| (Statens Ferierad) has been established by the Norwe 


gian Government, with Dr. Karl Evang, Director of 


Public Health, as chairman. The functions of the 
Council, which includes among its members repre 
sentatives of the national employers’ and workers’ 
organisations, various tourist associations and thi 


State railways, as also the Chief Woman Labou 
Inspector, are defined as follows :—The Council shal! 
try to establish closer collaboration between the 
organisations which represent the general public. 
organisations for travel, local authorities and local 
tourist organisations, with respect to measures intended : 
(1) to reduce the cost of holidays and holiday journeys ; 
2) to arrive at a better exploitation of the facilities for 
travel and holiday accommodation that already exist 
and to provide new facilities to the extent needed ; 
(3) to make it easier for the public to save money for 
holidays ; and (4) to make the public acquainted with 
the facilities available at any time for a satisfactory 


land cheap use of holidays, by means of exhibitions, 


booklets, ete. 


The Council is further to consider proposals for 
measures of the kind mentioned which there is reason 
to believe it will be easier for the State to take up. 
including draft legislation and, in the case of financial 
estimates, proposals for the financing of the measures 
in question. To the extent that the Council conside: 
it expedient, it is to refer particular questions to a 
committee of representatives of the organisations 
concerned. 


Under an Order regulating hours of work in Martinique 
collective agreements must not result in reducing the 
output of undertakings. Consequently, all contractual 
provisions prohibiting piece rates and output bonuses 
or limiting the use or the changing of plant or restricting 
the use of overtime to certain work or duties are null 
and void. The Order applies to public administrative 
departments, public services and industrial services 
of the Colony or communities as well as to the services 
working under concessions. 








IMPROVEMENTS ON CAMBRIDGE ARTERIAL Roap.— The 
traffic capacity of the Cambridge Arterial Road, on the 
two-miles section between Bury-street and Carterhatch- 
lane, Middlesex, will be more than doubled in the course 
of the next 18 months by the building of a second carriage- 
way and the widening of the existing one. In addition. 
cycle tracks and footpaths will be provided. The new 
carriageway will be 27 ft. wide and the width of the old 
one, now 24 ft., will be increased accordingly 
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100-FT. TURNTABLE FIRE LADDER FOR PARIS. 


MESSRS. 


MERRYWEATHER AND SONS, 


LIMITED, 

















Fie. 1. 








LADDER IN TRAVELLING POsITION. 








Fie. 2. TURNTABLE 


100-FT. TURNTABLE LADDER FOR | 
THE PARIS FIRE BRIGADE. | 


THE examples of the turntable fire ladders con- | 
structed by Messrs. Merryweather and Sons, Ltd., 
Greenwich-road, London, 8.E.10, described in previous 
issues of ENGINEERING have been mounted on vehicles 
of British construction. The 100-ft. ladder illustrated 
in Figs. 1 to 3, on this page, it is of interest to observe, 
is mounted on a chassis of French construction, a 
fact testifying both to the reputation of Messrs. 
Merryweather and Sons and to the freedom from 
prejudice of the Paris Fire Brigade, Regiment de 
Sapeurs Pompiers de Paris, for which the ladder has 
been constructed. We understand that Captain 
Maruelle, of the Paris Fire Brigade, after inspecting the 
work before delivery, has expressed himself as highly 
satisfied with it. The chassis is of the well-known 
Saurer make, and is propelled by a four-cylinder petrol 
engine of 75 brake horse-power, which enables a maxi- 
mum travelling speed of 45 m.p.h. to be attained. The 
wheelbase is 14 ft. 9 in., and the turning circle is of 
28 ft. 6in. radius. The extreme width over the double- 
tyred rear wheels is 7 ft. 6 in., but, as will be evident 
from Fig. 1, four jacking-up screws of Messrs. Merry- 
weather’s manufacture are provided near the wheels 
and these, when in use, provide a substantial addition to 
the width of the chassis and give a firm and secure: 





AND ConTROL GEAR. 


base to the extended ladder, incidentally taking the 
weight off the rear springs and tyres. The jacks are 
carried in swivelling brackets so that they can be folded 
back within the normal width of the chassis when the 
vehicle is travelling. A hand lever at the rear of the 
chassis operates steel locking arms which couple the 
rear axle to the side frames and thus prevent any 
movement of the rear springs when the jacks are in use. 

It will also be noticed from Fig. 1, that seats are 
provided between the engine and turntable, that is, 
in the position occupied by a pump in most British 
turntable ladders, as, for example, in the 100-ft. ladder 
for the London Fire Brigade described and illustrated 
in ENGINEERING, vol. 146, page 23 (1938). These seats, 
one facing forwards and the other backwards, accom- 
modate seven men in all, and have stowage boxes 
underneath, the tops of similar large boxes form- 
ing the side running boards. The bodywork is con- 
structed of well-seasoned mahogany, and the chassis is 
finished in vermilion. The ladder is in four sections, 
and can be extended, as shown in Fig. 3, to a height of 
100 ft. It is wholly of welded steel, the truss guard- 
rails being tubular. The sections are nested as shown in 
Fig. 1, for travelling, the width between the guard rails 
of the top section being 1 ft. 5} in. The rungs are 
covered with non-slip and heat-insulating material, 
and automatic safety pawls are provided on each 
section. The bottom section of the ladder is supported 





ENGINEERS, GREENWICH. 

















Fie. 3. Lapprer ExTENpDED. 


at the front of the chassis on a tubular welded gallows 
frame with a quickly-operated locking lever. At the 
back, the bottom section is attached to the tilting 
frame. 

The substantial nature of the tilting frame, the side 
frames and turntable is seen in Fig. 2, which also shows 
the operating platform and the conveniently-grouped 
controls. The three movements of the ladder, viz., 
rotation, tilting and extending, are power-operated, 
and it is possible, when necessary, to carry out all of 
them simultaneously. The ladder can befraised to its 
full height of 100 ft. in 30 seconds. The power is taken 
by a transmission shaft, fitted with appropriate flexible 
couplings and clutches, from the engine of the vehicle. 
From this horizontal shaft, transmission to the central 
shaft of the turntable is through silent-type bevel gears 
operating a horizontally-running roller chain with a 
tensioning device. The curved lever seen to the left 
of the side frame controls rotation, the two similarly- 
shaped levers above it being the ladder-extending lever 
to the left, and the tilting lever to the right. The 
straight lever, with a quadrant and catch, carried on 
the side frame, actuates a slow-speed gear which is 
used for effecting fine adjustments of the ladder. The 
speed of lowering the ladder sections is controlled by 
an automatic brake which acts during the whole move- 
ment. The disc seen near the straight lever and illu- 
minated by an independent lamp, indicates the amount 
of extension in metres. A graduated quadrant, the 
end of which can just be made out behind the indicator, 
shows the angle of elevation at any moment, and 
indicates also the amount to which the ladder may be 
safely extended at that angle. The firm’s patent 
automatic safety control device is also fitted, and 
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this governs the extension and lowering of the ladder l 
within the safety limits for various angles. The 
lights seen above the indicating dial provide a signalling 
system showing when the rungs are in the appropriate 
position for using or lowering the ladder. The short 
lever seen behind the indicating dial lamp is for actuat- 
ing the plumbing mechanism, which is power operated. 
Piumbing can also be effected manually by a pair of 
handwheels at the rear of the tilting frame, one of 
which is visible in Fig. 1. All the instruction plates 
are, of course, in French. 

The ladder is employed both as an escape and as a 
water tower. For the latter purpose, a double swivel- 
ling monitor nozzle, seen in Fig. 1, is fitted at the top 
of the ladder with a hinged platform below it to 
accommodate the operating fireman. The loud- 
speaking telephone equipment usually provided by 
Messrs. Merryweather for communication between the 
fireman and the fire engine is, in this case, being pro- 
vided by the Paris Fire Brigade, of a type to suit their 
special requirements. Messrs. Merryweather are, how- 
ever, supplying a life-saving apparatus, comprising a 
gunmetal pulley and sheave with a suitable hook, 
200 ft. of special plaited rope, and a friction brake 
device. 


pr 


t 
® 2sin ¢ cos? $ 


t 
° 4sin é cos*® 


Pp d 





e-. 


2 
_pd 
K F 
to 
Fig. 5, page 59, ante, shows the value of K plotted 
against ¢. It will be seen that K does not vary greatly 
over a wide range of values of ¢, from 40 deg. to 80 deg. 





Aprenprx II.—Resvits or Protoncep Tests oF 
Burstine Discs. 


Plain Dished Discs : 
—The apparatus for these tests consisted of a few small 
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THE DESIGN AND MANUFACTURE M 
OF BURSTING DISCS.* 


By G. F. Laks, M.A., and N. P. Inetis, Ph.D., M.Eng. 
(Concluded from page 60.) 


Arpenpix I.—Srresses 1x Torn Diarpnracms DisHEeD 






BY UNIFORM PRESSURE. — 
< | aan 
Shape Asssumed by Diaphragm.—Referring to Fig. 6, 
which illustrates the distortion of a thin diaphragm i 
caused to yield by uniform pressure, the meridional ! 
stress at radius x is obtained by considering the equili- Micrometer “_ranaxunes” 
brium of the portion of the dise included within the — 
radius x. The meridional stress is thus equal to 
px Fig.8. TEST RESULTS FOR ALUMINIUM 
a DISCS AT ROOM TEMPERATURE 
2 tsin 6 rs T + P seamen A 
It will be assumed that yielding of the material of the | Limits of Deflection 550\b.per Sq.In Burst 
diaphragm causes both uniform thinning and a uniform +t Dives rin 
tensile stress. This assumption is not strictly true at F ation of Treiere,| 


the edge of the diaphragm on account of the restriction 
there in the hoop direction. However, it is considered 
that the approximation will be fairly close. 
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Therefore o - a a gk 
oO 200 400 600 0 so 00 160 
y = @ —a cos 8, since y = 0 when @ = 0 Pressure...Lb.per $q.In. sration of pt.-Dass 
/ (6910.F ) “EN 
a Va 2, 
T Thickness of sheet, 0-064 in condition, 99-5 per cent 
Therefore purity and fully annealed; diameter of dise opening, 4 in. ; 
F a (y ay a bursting pressure of sheet tested rapidly, 610 Ib. per square inch ; 


bursting pressures of dises after prolonged test (1) 590 ; (2) 620 Ib 
which represents a circle of radius a, thus indicating | per square inch 
that the diaphragm assumes a spherical shape when 
distorted. This conclusion is supported by experi- 
mental observation. ; 
Magnitude of Stress in Diaphragm.—tTo calculate the 
stress in the diaphragm when distorted, it is necessary 
to determine its thickness, which is different from the 
original owing to the thinning which takes place. This 
is obtained by writing down the condition that the 
volume of material in the diaphragm remains constant.1 
The expressions for the volumes in the original 
and distorted shapes are respectively and 


end, with the test discs as shown in Fig. 7. Nitrogen 
from a high-pressure source 
until the appropriate test pressure was reached, and 
measurements of the dise deflection were taken by 
means of a micrometer both during application of 
pressure and subsequently at hourly intervals. The 
results obtained are given in the curves of Figs. 8, 9, 
10 and 11, on this and the opposite pages. 

The two tests at 500 Ib. and 525 Ib. | 


Aluminium. 


2 
mr ty 


2mrat(a Va rm). Equating these two expressions | §!8tency of material, whi: i 
gives bursting pressures recorded after the creep tests. | 
rt, Very rapid creep to failure occurred in the disc tested 
t, cos* 
2a(a Vat : ° 2 . . a3 
va . sure) and from the other tests it is estimated that a| to fluctuations in plant conditions. 
The tensile stress 
T pa limit which may be maintained for any appreciable 
2% length of service. Some information is available | 
pa(a Vat — A) regarding the behaviour of such dises under plant | 
77 conditions of service, since the test discs are the same 
r 


® size and thickness as those used on certain plant vessels. 
The nominal working pressure of these vessels was 


7 370 Ib. per square inch (60 per cent. bursting pressure) 


Paper presented to the Institution of Mechanical 
Engineers. Abridged. Written discussion on this paper 
is invited and should be sent to the Secretary of the 
Institution before September 30, 1939. 

t Any slight alteration in density of 
which may be caused by stress is neglected. 


pressure which are inevitable under running plant 
conditions. The were replaced weekly and 
measurements were taken of the amount of dish of each 
dise before and after installation. The creep recorded 


discs 


the material 


vessels (2 in. and 4 in. bore ; 12 in. long) closed at one | sure fairly rapid creep to failure will occur. 


was admitted to each vessel | 





at 550 lb. per square inch (90 per cent. bursting pres- than the laboratory tests would indica 
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in this way was in general greater than the amount of 
creep which would be inferred from the laboratory 
tests. The plant experience suggests the necessity of 
keeping the ratio of working pressure to bursting pres- 
sure below the limiting ratio obtained in the laboratory 
tests for steady pressure conditions ; and an upper limit 
of 0-7 is therefore suggested. 

Nickel.—Since the tensile strength of nickel is fairly 
high, discs of nickel will for most purposes be quite 
thin, usually a few thousandths of an inch. It 


1s 


| obvious, therefore, that variations in bursting pressure 


may occur due to quite small variations in sheet thick- 
ness. Prolonged tests of nickel discs 0-005 in. thick 
have been carried out at pressures to within 95 per cent. 
of the bursting pressure for periods of over 50 days 


| without sufficient creep occurring to cause rupture. 


Silver.—The test results given in Fig. 10 indicate 


(1) Tests at Room Temperature. | that a silver disc will sustain steady pressure of about 


0-6 of the bursting pressure, but that above this pres- 
Dises of 





















Fig.9. TEST RESULTS FOR NICKEL DISCS AT 
ROOM TEMPERATURE & AT ITS DEG.C. 
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Thickness of sheet, 0-0045 in. ; condition, 99 per cent. purity 
and fully annealed ; diameter of disc opening, 2 in.; bursting 
pressures of sheet tested rapidly : 460, 470 lb. per square inch at 
room temperature, and 380, 380 Ib. per square inch at 175 deg. C 

Results of prolonged test of disc at 340 Ib. per square inch 
and 175 deg. C. for six days: initial deflection, 0-553 in. ; final 
deflection, 0-570 in. (measured after release of pressure) ; bursting 
pressure after prolonged test, 380 Ib. per square inch. 
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Fig. 10. TEST RESULTS FOR SILVER DISCS AT 
ROOM TEMPERATURE 
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Thickness of sheet, 0-008 in.: condition, 99-95 per cent. 
purity and fully annealed; diameter of disc opening, 2 in.; 
bursting pressure of sheet tested rapidly, 360 Ib. to 385 Ib. per 
square inch; bursting pressures of discs after prolonged tests : 
(1) 355 ; (2) 370; (3) 370; (4) 300; (5) 350 Ib. per square inch. 


per square inch (see Fig. 8) indicate some slight incon- | the same size and thickness as those tested have been 
h is also apparent from the | used to protect certain plant vessels at a working 


pressure of 200 Ib. per square inch. The amounts of 
creep of those discs in service were in general greater 
te, due probably 
In spite of this, 


steady pressure of 85 per cent. bursting pressure is the | however, the discs have given reasonably satisfactory 


| service with replacement at intervals of not more than 


| 
| 
| 
| 
} 


but there would, of course, be the usual fluctuations of | 


| 
|ereep and corrosion resistance. 


three months. 

Composite Aluminium and Silver Discs.—Since the 
tests under steady pressure conditions have shown that 
aluminium discs will sustain a higher ratio of working 
pressure to bursting pressure, it was decided to carry 
out tests to determine whether composite discs of 
aluminium and silver would combine the relative 
advantages of each material over the other as regards 
At the outset it was 
found that with two variables instead of one it was by 
no means easy to choose two sheets, one of silver and 
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one of aluminium, to give exactly the bursting pressure | 
required. Eventually, however, two sheets were chosen | 
which together gave a bursting pressure very close to | 
that of the silver discs of which the results are plotted | 
in Fig. 10. The silver sheet was on the pressure side in 
all tests, the results of which are plotted in Fig. 11. | 
It will be seen that the composite discs display no 
advantage over the single silver discs, the limiting 
ratio for appreciable life still being about 0-6. In| 
view of the difficulties encountered in making a compo- | 
site disc to burst at a given pressure it is concluded that | 
a composite disc of aluminium and silver is inferior to | 
a single silver disc. | 

Plain Dished Discs: (2) Tests at Elevated Tempera- | 
ture-—The effect of relatively small increases above 
room temperature on the creep of discs was very con- 
vincingly demonstrated by experience with aluminium | 
discs originally fitted to an autoclave. These discs | 
were required to burst at a pressure of 225 lb. per 
square inch and to operate at 150 lb. per square inch, | 


Fig. 11. TEST RESULTS FOR COMPOSITE DISCS 
AT ROOM TEMPERATURE 
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Thickness of silver, 0-004 in.; of aluminium, 0-011 in. ; 
condition, aluminium, 99-5 per cent. purity ; silver, 99-95 per 
cent. purity, both fully annealed; diameter of disc opening, 
2in.; bursting pressure of composite disc tested rapidly, 390 'b 
per square inch; bursting pressures of discs after prolonged 
tests: (1) 350; (2) 330; (3) 310 Ib. per square inch. 





ig. 14. TEST RESULTS FOR 18/8/i CHROMIUM~ 
NICKEL~ TUNGSTEN STEEL DISCS AT 
ROOM TEMPERATURE & AT I75 DEG.C. 
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Thickness of sheet, 0-006 in.; condition, fully annealed ; 
diameter of disc opening, 4 in.; bursting pressures of discs tested 
rapidly, 600 Ib. to 610 Ib. per square inch at room temperature, 
and 390 Ib. per square inch at 175 deg. C. 

After prolonged testing for 10 days at 350 Ib. per square inch, 
175 deg. C., the disc remained unbroken, but was finally ruptured 
by increasing the pressure to 385 Ib. per square inch. 


The dises were designed and manufactured to give a 
bursting pressure of 225 lb. per square inch at room 
temperature, yet failures in service occurred after very 
short periods of service (less than one week). Since 
the plant conditions in this case were very steady, it 
was concluded that the slightly elevated temperature 
was responsible for the premature failures. It was 
decided to replace the aluminium discs by nickel, as it 
was thought that nickel would be less affected by 
temperature, and at the same time to put in hand tests 
at 65 deg. C. From the results obtained the following 
conclusions may be drawn :—(a) The rapid bursting 
pressure of aluminium discs at 65 deg. C. is 90 per cent. 
of the bursting pressure of the same discs at room tem- 
perature. (b) The ratio of steady working pressure to 
bursting pressure for aluminium for appreciable service 
at 65 deg. C. is only 0-55, compared with 0-85 for 
appreciable service at room temperature. When the! 


| necessarily limited, the results of the tensile creep 
| tests are consistent with those of the disc creep tests. 


| temperature. 


| ably below those at room temperature. 


| nor noxious. 


| acts, in effect, as an additional relief valve. 


reduction in bursting pressure at 65 deg. C. compared | 
with that at room temperature is taken into account, 
the limiting ratio of steady working pressure at 65 deg. 
C. to bursting pressure at room temperature is only | 
0-5. (c) Nickel is not altogether unaffected by the | 
temperature of 65 deg. C., but is affected much less | 
than aluminium. The ratio of steady working pressure 
to bursting pressure for nickel at 65 deg. C. appears to 
be at least 0-8. (d) The results explain the premature 
failures of the aluminium and justify the decision to | 
substitute nickel discs for aluminium. No further 
premature failures have been reported since nickel 
discs were fitted. 

A few creep tests were also carried out on aluminium 
tensile specimens (cut from sheet } in. thick) both at 
room temperature and at 65 deg. C. These specimens | 
were loaded up to stresses of 3-0 tons and 3-5 tons per | 
square inch, which is the order of stress in the discs | 
within the range of the test conditions at 65 deg. C. | 
Such tests as were carried out showed greater creep 
at 65 deg. C. than at room temperature in the initial 
stages, although after the initial creep period little 
further creep occurred in any of the specimens. Since | 
in a dise the amount of total creep before bursting is 


In connection with the problem of protecting certain 
vessels which would be required to operate at 175 deg. 
C., some tests have been carried out on both nickel and 
on 18/8/1 chromium-nickel-tungsten steel discs at this 
The reason for the inclusion of tests on 
discs of the latter material is that the discs were 
required to withstand certain corrosive conditions, 
which were found to affect nickel adversely. These 
tests were carried out in a similar manner to the tests 
at 65 deg. C., except that an oil bath was used instead 
of a water bath. The results of the tests are given in | 
Figs. 9 and 14, and show that, although at 175 deg. C. | 





| both materials are capable of withstanding pressures | 


quite close to the bursting pressures at that tempera- | 


ture, the bursting pressures at 175 deg. C. are consider- 


AppEenpix III.—ExaMpLes oF THE USE OF 
Burstine Discs. 
The following are examples of the uses to which | 
bursting discs have been applied :—(1) Protection of 
pipes and vessels generally against possible explosion | 
or dangerous rise of pressure. (2) Protection of low- | 
pressure vessels (e.g., steam jackets) surrounding high- | 
pressure vessels against the effects of a possible escape | 
of fluid from the high-pressure system. (3) Protection 
of low-pressure vessels into which fluid is let down from | 
a high-pressure system. (4) Foam fire-fighting equip- 
ment where a disc serves as a partition which can | 
be reliably severed by pressure from the foam pumps in 
the event of a fire. (5) Protection of gas cylinders 
where the cylinder contents are neither inflammable 
For example, the liquefaction of solid 
carbon-dioxide blocks is carried out in cylinders, into 
which the blocks are dropped. These blocks liquefy 
when the cylinders are closed. An excessive pressure 
would result if too many blocks were dropped in by 
mistake. (6) To safeguard certain plant against 
possible mal-operation of stop valves or faulty operation 
of relief valves. In the latter case the bursting dise 
As a relief 
valve the bursting dise suffers from the obvious draw- 
back that reclosing can only be effected by replacement 
of the disc. However, where a disc is used in conjunc- 
tion with the usual type of relief valve, the bursting 
pressure of the disc can be so chosen that it bursts only 
when the relief valve fails by mischance to operate. 








| be erected and dismantled quickly. 
| structed at the Laboratory is similar in general prin- 


APPENDIX V.—LIST OF SYMBOLS. 


d Diameter of disc in. 
p Pressure acting on disc Ib. per sq. in. | 
t Thickness os oe ooo ae | 
to Original thickness of plain 
diaphragm disc oe a 
tg Thickness of cross-cut disc at | 
groove eee ~ os | ae 
ts Thickness of shear type disc in. 
ti) Angle of dishing of plain dia- 
phragm disc measured at | 
edge 
aa 1 | 
K 
4 sin ¢ cos? ¢ 
2 
x,y, 8 Co-ordinates and angle of in- 
clination used to define dish- 
ing of diaphragm (see Fig. 
6) 
a Radius of spherical surface 
which diaphragm assumes in. 
r Radius of disc = ‘ in. 
T Uniform tensile stress in dia- 


phragm Ib. per sq. in. 


THE MANUFACTURE OF 
CHARCOAL IN PORTABLE KILNS. 


In an age of ever-extending mechanisation it is not 


| unnatural that surprise should be felt on coming across 


processes that are still dependent for their perfection 
on the individual skill of the operator. Among some 
familiar examples are those connected with glass 
manipulation and the making of glass moulds, and 
charcoal burning. In many such cases the persistent 
application of scientific research has enabled a tech- 
nique to be developed that has removed some of the 


| reliance that formerly had to be placed on the art of 


the craftsman, and in other cases the rapidly dwindling 


| numbers of these skilled workers has created a demand 


for alternative processes that could be controlled by 
intelligent attendants. Charcoal burning is an example 
of this kind. Its production in the original earthern 
beehive kilns necessitated the constant attention of 
experienced charcoal burners, but during the past 


| decade an increasing quantity has been made in small 
| portable steel kilns in a greatly simplified manner. 


The quality of this product, however, has not always 
been of a sufficiently high standard for acceptance by 
industry, but the occasional failures to produce charcoal 
of good quality have been thought to be due to mistakes 
in control of the process rather than to errors in the 
design of the kilns. It was therefore decided that, as 
no systematic scientific work had been done in this 
field, the Forest Products Research Laboratory, at 
Princes Risborough, should undertake an investigation 
into the whole problem of making charcoal in small 
portable steel kilns. The objects of the investigation 
were the determination of optimum conditions for 
securing the maximum yield consistent with quality of 
the standard required by industry and for use in 
transport vehicles, and to evolve a technique for the 
operation of these portable kilns that could be applied 
easily by semi-skilled labour. A report* covering 
experiments carried out during the first eight months 
of the investigation has been published recently ; the 
experiments are being continued and further reports 
wili be issued. 

In the dry or destructive distillation of wood in 
externally-fired retorts it is usual to wheel the wood, 
loaded on small steel bogies, into the retort, which 
is then sealed. Heat is applied externally, causing 
moisture to be driven off. As the temperature rises, 
the carbohydrates that mainly form the wood substance 
decompose into acetic acid, methyl alcohol, acetone, 
tar, and charcoal. The charcoal remains in the retort, 
but the other products in gaseous form are conducted 
to the recovery plant. For general industrial purposes 
and for use in transport vehicles, the charcoal, which 
is never pure carbon, should not contain more than 
12 per cent. of residual volatile matter, excluding 
moisture. When earthern beehive kilns or portable 
steel kilns are used, external heat is not applied, the 
heat necessary for carbonisation being supplied initially 
by the complete combustion of a portion of the wood 
charge, and afterwards by the inflammable gases 
evolved during decomposition. At a certain tempera- 
ture, exothermic reaction commences, resulting in a 
rapidly increasing rate of decomposition and the 
evolution of considerable quantities of heat. The 
greater part of this heat is used within the retort to 
continue the carbonising process. No attempt is 
made to collect the by-products; in the case of the 
portable kilns it would be neither practicable nor 
economical. The various patterns of portable kiln 
do not differ greatly in capacity, shape, or method 
of operation; differences occur mainly in construc- 
tional details, such as light sectional units, simple air- 
tight joints, and other features to enable the plant to 
The kiln con- 


ciples to the commercial patterns, but is capable of 
flexibility in operation so that various effects may 
be studied. 

It consists essentially of a thin cylindrical steel shell, 
6 ft. in diameter and 5 ft. 6 in. high, placed with its 
axis vertical and fitted with a slightly conical steel 
lid resting in a channel on top of the shell. In the 
centre of the lid is an opening 12 in. in diameter, 
over which a chimney may be placed; or it may be 
covered with a plate and sealed with sand. Round 
the base are 18 inlet pipes to admit air into the body 
of the kiln. There are also six vertical outlet flues, 
fitted with dampers, outside the shell of the retort, 
to extract the products of combustion from the bottom 
of the kiln when the hole in the lid is closed. Just 
within the shell of the kiln is a false wall, or guard 
ring, consisting of loose curved sections of plate that 
overlap and are clipped together, its main purpose 
being to prolong the life of the steel shell by preventing 
the red-hot charcoal from touching it. The height 


* The Manufacture of Charcoal in Portable Kilns. 
Forest Products Research Records-——-No. 29. Depart- 
ment of Scientific and Industrial Research. London: 
H.M. Stationery Office. 1939. [Price 6d.) 








go 


LEWIS 


CONSTRUCTED BY 


Fig. I. 


SINGLE-DRUM 


MESSRS. 


E=NGINEERING. 


WATER-TUBE 


DANKS OF NETHERTON, LIMITED, 


Fig. fl 


Feed Check 7 


aises 


ENGINEERS, 


rr “- 
Main Stop 


JULY 21, 1939. _ 


BOILER. 


NETHERTON. 


- 6.9 
Auxiliary 
| Stop Valie 








awe 


















































































































































(6904) 


of this guard ring need not exceed 3 ft., because during 
the later stages of burning, when it is most needed, 
the top of the pile of charcoal will not be much higher. 
All joints, including the channel into which the lid 
fits, the chimney opening, the bases of the air-inlet 
pipes and the outlet flues, are sealed with sand or 
fine earth. A number of pyrometers project verti- 
cally upwards within the kiln to enable temperatures 
to be recorded in various zones during combustion. 
rhe type of wood normally converted into charcoal is 
cordwood, consisting of the lop and top and branch- 
wood from timber fellings, or occasionally poles from 
thinnings, but any form of waste wood is suitable 
provided that it is not too small or too large. The 
sizes of wood so far treated in the experimental kiln 
have ranged from 2 in. to 20 in. diameter and from 
3 ft. to 4 ft. long. There is a limit to the size of billet 
that can be carbonised conveniently because moisture 
has to be removed from the centre outwards while 
carbonisation proceeds from the outside inwards so 
that large pieces take longer t» convert into charcoal 
than small ones. 

After a number of trials, the method of burning that 
has been found to give the best results is carried out 
in the following manner: The wood charge is fired by 
pushing a lighted paraffin-soaked rag into the centre 
of the charge at the base, thus setting alight the 
kindling wood, which is a bundle of dry pine or spruce. 
At this stage the air-inlet tubes are open, the outlet 
flues are in position, and the chimney placed over the 
hole in the lid. As the charge becomes ignited, a 
dense volume of smoke will emerge from the chimney 
and will continue for a period of 20 minutes to two 
hours, depending on the size and moisture content of 
the wood. When the wood has developed sufficient 
heat to ensure that carbonisation will continue without 
interruption, the chimney is removed and the hole 
closed with the cover plate. The smoke will then 
issue from the outlet flues, the rate and evenness of 
burning being controlled by the dampers. After a 
period of 20 hours to 36 hours, according to the size 
and wetness of the wood, the character of the smoke 
changes. It becomes less steamy, but more pungent, 
and sometimes there is a distinct pulsating action. 
With the rising temperature of the kiln the smoke gets 
thinner and assumes a bluish tinge, indicating that 








carbonisation is almost complete. It is believed that 
by stopping the process at this stage, as has sometimes 
been done in portable kilns, charcoal of poor quality 
has been made. It is the Laboratory’s practice to 
drive off the excess volatile matter that still remains 
in the charcoal by a“ flash-up.” As soon as the smoke 
at the outlet flues begins to turn blue, the central hole 
in the lid is uncovered, the outlet flues are removed 
and their socket holes sealed with sand or fine earth. 
In about 10 minutes to 20 minutes, the charcoal attains 
the required temperature of about 600 deg. C. to 
800 deg. C., and assumes a dark-red glow throughout 
its lower and middle portions. During the flash-up 
dense volumes of greyish-blue smoke issue from the 
hole at the top, but towards the end of the period the 
quantity of smoke diminishes and almost 
colourless. Though no specific tests have been con- 
ducted to ascertain the minimum time before the kiln 
may be opened, 12 hours has been found by experience 
to be quite safe. 

Among the factors that control the yield of charcoal 
per burning are the capacity of the kiln, the size and 
regularity of the billets, the moisture content of the 
cordwood, and the quality of the charcoal desired. 
The larger the kiln the greater will be the yield of 
charcoal for each charge, but there is clearly a limit 
beyond which the size and weight of individual parts 
restricts portability, especially in difficult country. 
The size and regularity of the billets controls the 
quantity of wood that can be stacked within the kiln. 
Moisture content exerts a considerable influence on 
the yield, for the dryer the wood the shorter the 
period during which part of the charge is being con- 
sumed in driving off the excess moisture from the 
remainder. The quality of the resultant charcoal will 
also have a marked effect on the yield. If carbonisa- 
tion is stopped by sealing up the kiln at the stage 
where the smoke begins to turn blue, the charcoal 
will contain a relatively large quantity of residual 
volatile matter and he of poor quality; it may be 
difficult to find a market for it. On the other hand, 
if the process is continued beyond that stage by 
carrying out the flash-up, more volatile matter will be 
driven off but the quality will be improved, and 
there will be no difficulty in finding amarket for the 
charcoal. 


becomes 





LEWIS PORTABLE SINGLE- 
DRUM WATER-TUBE BOILER. 


NORMALLY, a waterworks is regarded as one of the 
most static of power-using plants, as the margin pro- 
vided at its installation is generally sufficient to 
meet subsequent increases in demand and emergency 
conditions are extremely rare. But the present times 
are anything but normal, and certain precautions to 
meet an emergency are in many cases advisable. 
Preparedness for such conditions has been shown by the 
Rickmansworth and Uxbridge Valley Water Company, 
which, in connection with its A.R.P. services, has com- 
missioned a portable steam turbo-electric generator 
plant to run its electrically-operated pumps in case of 
damage to the permanent power station. The design 
of such a plant, as regards the generating set, does 
not present much difficulty, but that of a readily 
portable boiler of the necessary power is a more 
exacting problem. An excellent solution has, how- 
ever been found in the boiler plant illustrated in 
the accompanying Figs. 1 and 2. The boiler is of the 
single-drum water-tube type, patented by Mr. William 
Yorath Lewis, M.I.Mech.E., British Industries House, 
Marble Arch, London, W.1, and is now under con- 
struction by Messrs. Danks of Netherton, Limited, 
Crown Works, Netherton, near Dudley. The boiler is 
mounted on a four-whee! double-tyred chassis having 
a platform 12 ft. long by 7 ft. 6 in. wide, and accom- 
modating, in addition to the boiler, a feed tank, feed 
pump, spares and tool boxes. Although the gress weight 
of the boiler plant is under 10 tons, the boiler will 
provide 6,000 Ib. of steam per hour at a pressure of 
185 Ib. per square inch. The vehicle may be towed at 
a speed of 15 m.p.h. behind any power-driven com- 
mercial vehicle or tractor, and the weight will not 
infringe the Road Acts or call for special notification or 
permission to traverse the roads. 

As regards the construction of the boiler, the cross- 
section given in Fig. 1 is the most informative. The 
large single drum is provided with two splayed nests 
of tubes forming the sides of the combustion chamber. 
Both the front and back of the chamber are lined with 
tubes radiating from the drum and constituting water 
walls. The grate is at the bottom of a shallow firebrick 
well, and is fitted with a steam-jet Turbine furnace, 
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so that any type of fuel can be burned with the low THE PLASTICS INDUSTRY.* 
natural draught provided by the short chimneys, of 7 
which there are two. These chimneys are rectangular | py De Vy, E. Yarsuey and E. G. Couzens, B.Se., 
in cross-section, and, as indicated in Fig. 2, fold down! ~ ARCS 
when the boiler is in transit. Firing can be done from i ia 
the ground level with ease. The chassis is provided, THe past few years have witnessed the introduction 
with two hinged screw jacks at each end which can of many new products into almost every phase of 
be used to take the weight off the springs or to remove | everyday life. In the home, office and factory, we 
the wheels, when the firing height can be lowered | have seen long familiar objects appear in new and 
to 3 ft. 6 in. The arrangement of the tubes calls for | more pleasing form, and the general efficiency of many 
some comment. Each nest is composed of three rows of them increased. These new products come under 
of U-tubes on the outside and three rows of Perkins- | the general heading of plastics, since they are formed 
Field tubes on the inside. The U-tubes virtually act | from materials of natural or entirely synthetic origin, 
as an economiser and are situated in the cooler part | by moulding and fabricating them to the desired shape 
of the gas stream. The feed water is not discharged in the plastic state. While the plastics industry 
directly into the drum, but is led by internal pipes actually dates back more than sixty years, when 
from the check valves on the drum ends and thence | celluloid was first manufactured, it has extended | 
introduced into the outer legs of the outermost rows | rapidly since the thermo-setting plastics were developed 
of tubes by means of spigots projecting a short distance in the post-war years, and now includes a number of 
into those legs. The other leg of this row of tubes industries of considerable magnitude. These differ 
and both legs of the U-tubes nearer the fire lead directly widely in many respects, yet they have this in common, 
into the water space of the drum, but it will be | that they utilise in one way or another plastic materials 
appreciated that the feed, which in this case is con- of one or more of the now numerous commercial types. 
densate from the turbine at a temperature of 160 deg. F., | The great factor in the development of the new plastics | 
does not mix with the heated water in the drum until | industry in the post-war years was the advent of 
it has passed through the rear rows of tubes and become | mass-production methods. Plastics are essentially 
considerably hotter. The effect is, of course, that of | materials for mass production, and injection moulding, 
a steaming economiser which cools the exit gases. which is one of the major inventions of the age, is 
It will be noticed that the steam drum is divided | playing a large part in bringing plastics into the 
longitudinally by a trough which spans the ends of the | everyday lives of the people. 
Perkins-Field tubes transversely and extends very Plastics have already altered the outlook of nations, 
nearly to the drum ends. This trough is open-topped, | of industries, and of individuals. They are the modern | 
but the ends are closed. Inside it is a smaller trough, | materials of construction, but differ from the materials | 
both open-topped and open-ended and having its sides | known to the ages in that they can be more or less 
formed into curved deflecting plates. From the | made to order from such elementary raw materials 
smaller trough, which is naturally in connection with | as coal and lime, water and cellulose. No longer is it 
the drum water space, the inner elements of the Perkins- | essential to have rich deposits of natural materials to 
Field tubes are led. The hot water flows down these | produce and ensure the independence and wealth of 
elements and, returning up the annular space between | nations, although these are still, and will always 
them and the tubes proper, is largely converted into | remain, desirable factors. By direct chemical syn- 
steam which has a free escape to the steam space /thesis from materials which are widely distributed 
through the outer trough, any entrained water being | throughout the world, the chemist has broken the 
deflected over the edges of the trough into the water | monopoly in materials of construction. Where plant, 
space. The water-wall tubes at the ends are also of | labour, and the elemental raw materials are available, | 
the Perkins-Field type. All the tubes are of 1} in. | plastics can be produced. To what extent this will 
external diameter by 10 W.G. The steam drum is | make for the ultimate independence of nations it is 
provided with the usual fittings, including a separator | difficult to say. Theoretically, any nation having the 
under the main steam stop valve. Two gauge glasses above facilities could become self-contained as regards 
and pressure gauges and a manhole are fitted at the | most of the constructional materials required for the | 
rear end of the drum and a continuous blow-down pipe | normal needs of life. Actually, of course, it is difficult 
is led through a coil in the feed tank at the front end. | to imagine a state in which synthetic materials could | 
The tubes are swept clean of soot from the ground, the | economically replace natural products throughout the 
lower parts of the boiler casing being hinged to give | world. Synthetic plastics have, nevertheless, brought 
complete accessibility. an added power to nations, power in the knowledge 
The generating set is for use in driving electrically-| that they could be independent of what have been 
operated pumps. The amount of water pumped is | regarded hitherto as fundamental and necessary 
sufficient to provide circulating water for the condensa- materials of construction. 
tion of the turbine exhaust, so that condensate, plus The extended use of plastics has not been without | 
a small amount of make-up, is used for feed. Such | direct influence on the people as individuals. Plastic 
portable units may be employed to drive turbo-genera- products made by mass-production methods are now 
tors for supplying lighting and power in factories in | available for decorative and utility purposes, and their 
which breakdown or damage of the normal plant has | jow cost has brought them within the reach of the | 
occurred. In this case, if the plant is to be in use | humblest citizen. Plastic materials have increased 
for long periods, there would be provided apparatus | the efficiency of many machines and services which | 
for the treatment of the feed water and a continuous |the public enjoy. Plastic materials made possible 
blow down. If the plant were used for driving steam | the cinema, the roll film, the gramophone record, and 
pumps for fire services in the canal districts of the | almost the electrical industry as we know it. In yet | 
country, no difficulty need be anticipated with regard | another and certainly more intimately personal manner, 
to feed water. It may be of interest to refer here plastics are influencing and will influence the masses 
to the performance of the Lewis boiler described in | of the people in helping them to spend their leisure 
ENGINEERING, vol. 139, page 453 (1935). This| hours. From early times man has frequently filled his 
boiler is installed at the Northampton Polytechnic | leisure by expressing himself in the manipulation of 
Institute, and during the four years in which it has | wood, stone or metal. Woodwork and metal work, 
been in service no trouble from tube leakage has been | modelling, and frequently artistic glass blowing, is a 
experienced. The working pressure is 200 Ib. per | standard feature of the curriculum in our educational | 
square inch and the condition of both the inner and institutions. Already we find this is now supplemented | 
outer tubes is stated to be as good as when the boiler | in many instances by hand work involving the use of | 
was installed, in spite of the fact that they have been | plastic materials. Plastics offer combined possibilities | 
roughly treated intentionally by using experimental | never yet found in the conventional wood and metal. 
baffles, firing the boilers at rates of over 1 lb. of fuel | They can be carved as wood or stone, or turned, cut 
per square foot of heating surface, repeatedly with-| and polished as metals or glass, and they please the 
drawing and replacing the inner tubes, and raising | eye as do natural rare materials, such as ‘ivory, onyx, 
a full head of steam within 15 minutes after long | and crystal. ; ‘ 
periods of rest. The feed water is of the hard London In almost every branch of modern industry plastics 
type, and is treated by a lime-soda softening plant, | have wrought changes. They combine light weight 
but while there is evidence of mud in the drum below | with remarkable strength and are able to resist the 
the level of the continuous blow-down orifice, samples | ravages of corrosion. Plastics thus find increasing use 
of water often tapped from the bottom of the U-tubes | in the construction of chemical plant and machines. 
show no deposits whatever, which may be taken as! As secondary materials of construction they have had 
evidence of effective circulation. a marked influence on the development of many 
industries, and in particular all branches of electrical 
. : _, | engineering, radio, telephone, aircraft, and motor-car 
_ STEELWORK FOR EXxnibiTion BuiLpines.—The British | production. Itis worthy of note that in many instances 
Steelwork Association, Steel House, Tothill-street, | the results have been achieved by the active collabora- 
London, S.W.1, has issued a brochure entitled “‘ An F 
Achievement in Structural Steelwork.”’ It illustrates the 
principal buildings of the Glasgow Empire Exhibition * Paper read before the British Association Division 
and emphasises the speed of erection and the high for the Social and International Relations of Science, in 
recovery value of the steelwork. Persons interested co-operation with the Manchester Literary and Philo- 
may obtain copies on application to the secretary of the | sophical Society, at Manchester, on Wednesday, June 21, 
Association. 1939. Abridged. 








tion of these industries with those engaged in the 
manufacture of plastic materials and products. 
In many cases the development of plastics has been 


| intimately bound up with the advance of other indus- 


tries, and there has always been an intimate connection 
between thermo-plastics and the rayon industry. The 
establishment of acetate rayon in the post-war years 
gave the bulk production which made acetate plastics 
an economic and commercial possibility. Another 
example of this is the new fibre to replace natural 
silk which is now being marketed in the United States 
of America under the name of Nylon. Quite apart 
from the altogether outstanding properties of this 


| material as a fibre, it is a remarkable plastic and the 


outcome of what is possibly one of the most out- 
standing and logical researches of all time. Step by 
step the simple units were pieced together to give a 
complex organic structure which resembled very closely 
the molecular architecture of natural wool and silk 
fibres. Nylon has shown the remarkable possibilities 
of this process of analysis and synthesis. Analysis 
shows us exactly how the products of nature are built 
up, and then, by controlled chemical synthesis, products 
can be made to imitate them. To-day plastic materials 
meet a vast number of needs and, generally speaking, 
make for the more efficient working of machines, indus- 
try,ete. The future, the real plastics age, will, no doubt, 
only be attained when materials have been built up 
by chemical synthesis to meet the vast majority of 


| specilic requirements. 








|GATING, WITH REFERENCE TO 


THE OPTIMUM FLOW CONDITIONS 
IN METALS.* 


By Dr. E. M. H. Lies. 


THE importance of the manner in which the molten 


| metal should be fed to a mould is well known to every 


practical foundryman. During the past few years 


| attempts have been made to investigate more funda- 
| mentally the processes which take place during the 


filling of moulds and thus to break away from the 
previous custom of describing the effects produced on 
the quality of the casting by interfering with foundry 
practice. It is an obvious step to apply the laws of 
flow dynamics in the foundry where liquid metal is 
handled, especially since the importance of flow 
dynamics has been proved in hydraulics and in aero- 
plane design. The present paper draws attention to 
some laws of flow which are important for foundry prac- 
tice and which permit general rules to be established 
for the design of casting gates, 

For the purpose of considering the process of pouring 
metal into a mould, the latter may be subdivided into 
three parts: (1) all the channels through which the 
molten metal has to pass before entering the mould 
proper; (2) the mould proper; (3) the channels pro- 


| vided for the purpose of obviating the effects of cooling 


phenomena, such as the formation of cavities, after 
the mould has been filled with the molten metal. 

It is clear that the channels mentioned under (1) 
have primarily to satisfy hydrodynamical requirements, 
while the channels mentioned under (3) have nothing 
to do with the flow of the molten metal, but are only 
operative after the metal has come to rest. Considera- 


| tion therefore will be confined almost exclusively to the 


channels mentioned under (1). Fig. 1, page 92, shows 
two runners on top of which is placed a pouring bush. 
If the bush is filled, for example, with molten iron and 
the stopper is removed, the iron will flow through 
the runner into any cavity located beneath. If the 
diameter of the runner in the case of one mould is 
small, for example, 4 mm., and in the case of the 
other is large, for example, 40 mm., it is found that 
the nature of the flow from the exit is very different 
in the two cases. The molten metal issues from the 
runner of larger diameter in the form of a very turbulent 
and unsteady flow, while a very steady and smooth 
exit flow occurs in the case of the runner with the 


smaller diameter. The metal flowing through the 


runner of large diameter produces considerable frothing 


|in any receptacle situated beneath it, while the same 
| metal flowing through the channel of small diameter 


causes practically no frothing. In the case of molten 
aluminium, this difference is even more pronounced. 
The differences may be fully explained by reference 
to Fig. 2. The flow through a channel or runner of 
small diameter is laminar or streamline; that is to say, 
the mean velocity of the flowing metal is a maximum 
in the centre and approaches zero at the wall of the 
channel. The curve showing the distribution of the 
velocity is a parabola. The flow through the runner 
of large diameter is, on the contrary, turbulent; that 
is to say, the mean velocity of the flowing metal is 
almost constant throughout the entire cross-section 
* Paper read before the International Foundry Con- 
gress in London, on Tuesday, June 13, 1939, Abridged. 
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of the channel. If a particle moving in laminar flow 
be considered, the path is found to be rectilinear. In 
the case of a particle moving in turbulent flow, its 
motion takes place along wholly irregular and curved 
paths. If the flow of metal through a pouring gate is 
streamline, the thin film solidifying on the wall of the 
gate will remain intact, because the velocity of the 
flowing metal is practically zero along the wall. The 
sand of the mould is thus protected by a film of 
solidified metal. 

In the case of turbulent flow, a film of solidified metal 
will likewise be formed, but will be partly detached by 
the metal flowing along it at a considerable velocity 
and will take particles of the sand with it. With 
turbulent flow a slight suction is also produced in 
places, in consequence of which gases present in the 
material of the mould are carried along and contami- 
nate the metal. It is clear that this will result in 
the formation of dirt which can practically no longer 


E Fig. 1. 
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be removed. The question now arises, therefore : 
how can laminar flow be attained or at least approached 
more closely ? The nature of the flow of any fluid 
through a channel or pipe depends directly upon the 
velocity V, (m. sec.-'), the pipe diameter d (m.), and 


the kinematic viscosity v (m.? sec.-') : 
_a 
R Vo ‘ . () 
’ 
For smooth runner or “ pipe walls, flow is only 


laminar when R 2,500. For greater values of R, 
the flow is turbulent. It will be seen that V, and d 
denote values depending upon the dimensions of the 
mould, while » is a constant of the material. Assuming 
for cast iron a viscosity of 200 - 10-° (kg. sec. m.-*), 
then 
Oo. 1-6 
, 0-28 
714 

Taking the limit value of R as 2,500, it is possible 
to calculate, for example, for a given pipe diameter, 
the permissible velocity of the liquid which just produces 
laminar flow. This velocity is also called the critical 
velocity. The curve in Fig. 3 shows these relationships. 
Although the viscosity of aluminium is not yet known, 
a curve has also been given for this metal on the 
assumption that the viscosity is approximately the 
same as that of iron. The fundamentally more satis- 
factorv behaviour of light metals with regard to running 
power may be gathered from these curves. It can be 
deduced from Fig. 3 that the diameter of the pouring 
gate must be small for attaining laminar flow. This 
is the chief reason why a pouring gate should not be 
combined with a riser. For well-known reasons, risers 
must always be of large diameter. It may also be said 
that the pouring gate must be designed on purely 
hydrodynamical principles, while the design of the riser 
is governed by the crystallisation proverties of the cast 
material when at rest. The importaice of the hydro- 
dynamical design of the gating system will also be 
apparent from the following requirements which a 
good gating system should satisfy, for a small pouring 
gate diameter is not everything. 

Fig. 4 shows the variation of the velocity of the 
metal flowing through the pouring gate with the 
pressure. Curves a, 6 and ¢ show the loss of pressure, 
relative to the velocity of the liquid, which occurs 
when the molten metal undergoes a change in direction 
of 90 deg. These curves were constructed on the 
following basis :—If the resistance which the change in 
direction offers to the flow is equal to ¢, then 

Ap 
vi .f 


» 


10-* (m2 see") . (2) 
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= loss in pressure caused by the 
change in direction, 
velocity of the flowing liquid, 
specific gravity. 


where A p (kg. m.~*) 


V, (m. sec.-') 
p (kg. sec.? m.~*) 
For a sharp bend of 90 deg. with a rough surface, 
Kirchbach and Schubert found a value of 1-27 by 
measurement. For a bend with a radius of curvature 
equal to the diameter of the pipe (curve b), this value 
is 0-50. For a radius of curvature equal to six times 
the diameter of the pipe (curve ¢) the value is 0-18. 
Although it should be definitely stated that these 
figures are not applicable to the flow of molten metal 
through a much cooler pouring gate, it is permissible 
to employ the value n for purposes of comparison, 
especially since the comparisons developed in hydro- 
dynamics are also substantially applicable to liquids 
such as molten metal, while no values are yet known 
in the literature for correcting the above-mentioned 
numerical values. 
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It will be gathered from Fig. 4 that, for example, 
at a velocity of 3 m. (9-8 ft.) per second the loss in 
pressure head for a sharp bend (curve a) is about 60 cm. 
(24 in.). For a curvature such as that given by the 
curves 6 and ¢ this loss is reduced to 20 em. (8 in.) 
and 8 cm. (3 in.), respectively. This clearly shows 
the significance of the gate known as the horn gate. 
It is necessary to avoid not only a sudden change in 
direction of the flowing metal, but also abrupt changes 
in the cross-section of the gate, the loss in the case 
of a sudden increase in cross-section being particularly 
noticeable. Curve d shows the loss for a sudden increase 
in cross-section of one-quarter. The curve was plotted 
for a value of £ of 0-7. Of course, the restricting 
condition mentioned above also applies in this case. 
Assuming now that there are two sudden changes in 
direction and a sudden increase in cross-section in a 
gating system (the example indicated in Fig. 4 shows 
the possibility of this condition), the losses may then 
be represented by the curve e and the actual velocity 
by the curve f. In the example cited, for a gate 
100 cm. (40 in.) in height, for instance, the theoretical 
velocity as calculated from the equation V = , 2gh 
would be about 4-5 m. per second (18 ft. per second), 
while the actual velocity is only 2-2 m. per sec. (7-5 ft. 
per second), giving a factor of usefulness of about 
50 per cent. Compared with corresponding data in the 
literature, this figure appears quite possible. 

The application of the above theory may be illus- 
trated by some examples. The left-hand portion of 
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Fig. 5 shows a gating system which is in common use. 
It will be seen that not only is there a repeated change 
in direction, but there are also sudden changes in cross- 
section. In the right-hand portion of Fig. 5 the single 
pouring gate has been replaced by a large number of 
thin gates. Changes in cross-section and direction are 
avoided as much as possible, while the gate diameter is 
also very small. The satisfactory effect of ** pencil 
gates” employed in some quarters may thus be 
explained. The right-hand portion of Fig. 6 shows a 
gating system provided with * dirt traps.” From the 
foregoing it will be clear that the writer is not an 
advocate of such dirt traps, which merely set up 
resistance and turbulence. This system can be success- 
fully replaced by the arrangement shown on the left 
in Fig. 6. Fig. 7 shows two diagrams of the same 
casting. On the left it is provided with the usual 
gating system, and on the right with a system of new 
design. The numerical values shown in the figure 


Fig.6. 














indicate the cross-sections of the various channels in 


| square millimetres. The small diagram shows the 


variation in cross-section. Comparison of the two 
gating systems will show that not only have sudden 
changes in direction been avoided as much as possible, 
but also sudden variations in cross-section, thus result- 


|ing in an improvement in the quality of the casting, 


and a considerable reduction in the weight of the gates 
and runners. 





SECOND PROGRESS REPORT OF 
THE RESEARCH COMMITTEE OF 
THE INSTITUTE OF WELDING. 


Four years ago a symposium on the welding of iron 
and steel was held under the auspices of the Iron and 
Steel Institute and seventeen other societies. As a 
result, a schedule of proposed research on this subject 
was drawn up, and it was agreed that the task of 
organising and co-ordinating the work should be under- 
taken by the Institute of Welding. In turn this 
Institute appointed a Research Committee, which was 
representative of all the institutions and interests con- 
cerned with welding, and, to begin with, work was 
initiated on the welding of iron and steel. More 
recently research on the welding of non-ferrous metals 
and on the resistance welding of ferrous and non-ferrous 
metals has also been undertaken, and the present 
position, which has been reached over a wide tield of 
endeavour, is reviewed in the second progress report 
of the Research Committee, copies of which may be 
obtained from the Institute of Welding, 104, Victoria- 
street, London, 8.W.1. 

It is pointed out in this report that in considering the 
scope of its investigations the Research Committee had 
two courses open to it: either to concentrate on a 
limited number of problems of special importance, or 
to initiate a comprehensive programme of research 
covering generally the range of applications of welding 
in engineering practice. The former method might 
have appeared to promise the earliest results, and even 
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the greatest immediate return for a limited expenditure, 
but after mature consideration, and having regard to 
certain future requirements of industry, it was decided 
to prepare a programme covering, as far as possible, 
all the important outstanding problems and to work 
through it as a whole to the extent that funds became 
available. The obvious danger of the latter method of 
approach was the risk of taking on more than it was 
possible to complete and of overloading the compara- 
tively small machine it was possible to provide with the 
funds available. It is believed that this danger has 
been averted, because the majority of the 28 com- 
mittees, sub-committees and panels, which are now 
working on different parts of the programme, have 
defined their problems more or less clearly and as the 
work passes into the hands of individual investigators 
the task of administration will become less. 

Since every application of welding falls within the 
sphere of activity of one of the existing technical 
institutions, the question will naturally be asked, why 
it was necessary to set up a new organisation to deal 
with welding problems. The reason, it is explained 
in the report, is simple. There are a number of prob- 
lems inherent in the welding process which are indivi- 
dual to it and do not occur in other methods of construc- 
tion. For instance, the metal in a weld is brought to 
fusion point and the adjacent metal is raised to a high 
temperature, thus setting up conditions about which 
little experience is available. Unlike the position in 
riveted structures, the joints with welding tend to be 


to ascertain the minimum amount of welding required. | 
Welded stiffeners for plate-girder webs are expensive | 
to attach, and it is desirable to establish when a web | 
may be reasonably used without stiffeners, and what 
is the minimum number of stiffeners for a given case | 
to give stability to the web. In welded plate girders | 
the attachment of the flanges to the web is more flexible 
than in the case of riveted girders with flange angles | 
and cover plates; it is therefore necessary to develop 
a rational and safe method of designing the top flange. 
In the design of a structure with rigid joints, it is 
necessary to break entirely new ground. If the struc- 
tures are designed on the assumption that they can 
only carry useful loads so long as they behave elastically 
throughout—a condition which, in fact, never exists 
in any steel structure—the effect of taking into account 


| the stresses induced in the members by the rigidity 


completely rigid, and thus rigidity, which may lead | 


to an entirely different distribution of stress, must be 
taken into account in design for reasons both of safety 
and economy. 
alteration in the metal, internal stresses due to shrinkage 
of the weld and the rigidity of welded joints appear, it 
is pointed out, in various guises through the whole range 
of the application of welding. 
venient to consider and examine them in one correlated 
programme, for the solution of one problem in one 
application may provide the basis of a solution for 
problems in an entirely different application. 

After this hardly needed apologia for its existence, 
the Research Committee deal with the work that is 
being undertaken under various headings. As regards 
shipbuilding, for instance, it is considered that any 
sudden emergency demand must produce a _ rapid 
extension of the use of welding. The committee is 


These problems of micro-structural | 


of the joints is as likely as not to increase the total | 
weight of steel or, at best, to make little saving. The 
experiments in progress on the ultimate load-carrying 
capacity of structures when the distribution of the 
stresses has been modified by small plastic movements 
at the points of initial maximum stress indicate, how- 
ever, that structures may safely carry loads 30 per cent. 
greater than is possible according to the elastic theory. 
Experiments on model structures to confirm this are 
being made with special testing equipment. 

It is argued that, perhaps, in no branch of engineering 
has the success of welding been so remarkable as in 
its application to the construction of pressure vessels ; 
yet the significance of the value of having full-strength | 
butt joints, which is the principal characteristic of the | 
welded vessel, does not seem to be appreciated. Tests, | 
in fact, show that the safety of the structure is no | 
longer controlled by the joint, but by such factors as | 





|the shape of the heads, reinforcement of openings, | 


| and proper distribution of metal in the design. 
It is therefore con- | 


therefore applying itself to three groups of problems | 


corresponding to the three main aspects of construc- 
tion. In order to save weight, for example, particularly 
on naval vessels, it is desirable to use high-strength 
steels, and the types of these steels in common use 
present problems in welding, owing mainly to the 
tendency to hardening in the weld junction. These 
difficulties may be overcome either by the provision of 


| 


special steels less susceptible to alteration under the | 
}engine. A branch also allows a supply to be given 


welding heat or by the adoption of a welding procedure 


alteration at the junction within defined limits. The 
design of a ship as a whole is a problem in statics, but 
the design of the stiffened bulkheads is empirical, 
and for riveted construction is based on the results of 
a series of experiments, These results are not, how- 
ever, applicable to welding construction, and an investi- 
gation has therefore been undertaken to provide the 
necessary comparative data on welded and riveted 
stiffeners of various sizes and shapes with various 
methods of end attachment. A special testing machine 
has been installed for this purpose and is capable of 
testing full-scale specimens. The results obtained are 
then checked against the results of water tests carried 
out on the tanks of vessels in course of construction. 
One of the inherent characteristics of the welded joint 
is its tendency to contract in cooling, and in doing so 
to cause distortion in the work. This applies in other 
industries besides shipbuilding. Although this distor- 
tion has now been obviated or controlled, it is clear 
that it arises from the application of heat to the metal 
and to the shrinkage of the weld metal in cooling 
from fusion point. If, therefore, fundamental infor- 
mation on the behaviour of steel under the application 
of heat can be obtained, it will permit the formulation 
of standard methods for controlling distortion on a 
rational basis, and this would be greatly to the advan- 
tage of the industry. The subject is very complex, 
but a start has been made in investigating the dis- 
tribution of strains in plates of various thicknesses 
with welds on the edges and in plates joined by butt 
welds for various speeds of welding and input of 
energy. 

Turning to the use of welding in bridge and struc- 
tural steelworks, the report points out that this 
method of connection has two special characteristics— 
the ability to make use of advantageous shapes and 
sections and the essential rigidity of the joints. A saving 
in both weight and cost is frequently the result. The 
deposition of weld metal is, however, relatively ex- 
pensive, and it is quite possible to lose all the potential 
saving in a given construction by the use of more 
welding than is essential. It is necessary, therefore, 


Future 
development in vessel construction will therefore be 
towards improvement in the design of the ends and 
attachments. | 





ELECTRIC DRIVE IN THE POTTERY | 
INDUSTRY. 


Tue firm of Messrs. W. Adams and Sons (Potters), | 
Limited, Tunstall, Stoke-on-Trent, have recently been 
celebrating their bi-centenary, although actually the | 
connection of the Adams family with the pottery indus- 
try goes back to about 1450. Coincidently with this 
celebration, the opportunity has been taken to replace | 
a 100-years’-old beam engine by a Crompton- Parkinson | 
alternator and a Belliss and Morcom steam engine, and | 
to substitute electrical operation for the steam drive. 
Under the new conditions, superheated steam is | 
supplied from existing boilers at a pressure of 180 Ib. | 
per square inch through a live-steam main to the new 








which will control the heat input so as to keep the| to a small existing engine, which is now used as @ 


stand-by. The main engine exhausts into a 10-in. 
main which is fitted with a 4-in. relief valve operating at 


| 5 lb. per square inch, so that a supply can be given | 


CATALOGUES. 


Magnetos.—Messrs. C.A.V.-Bosch, Limited, Acton, 
London, W.3, have sent us an instruction book for the 
maintenance of their various types of magnetos. 


Lubricators.—Messrs. Parker-Hale, Limited, Whittall- 
street, Birmingham, 4, have sent us a leaflet describing 
their leak-proof oilers, for gravity or force feed. 


Cooling Units.—Messrs. The Visco Engineering Com- 
pany, Limited, Stafford-road, Croydon, have sent us a 
catalogue of their steel-shell forced-draught cooling units. 


Rubber Cables and Tramway Accessories.—Messrs. 
British Insulated Cables, Limited, Prescot, Lancashire, 
have forwarded to us pamphlets relating to trolley ‘bus 
fittings and fire-resisting paint. 


Sludge Gas Engines.—Messrs. The National Gas and 
Oil Engine Company, Limited, Ashton-under-Lyne, have 
sent us a catalogue illustrating recent progress in the 
installation of dual-fuel engines. 

Power Transmission.—We have received from Messrs. 
Unbreakable Pulley and Millgearing Company, Limited, 


| Wakefield, a priced catalogue of shafting, pulleys and 
| other power-transmission components. 


Electric Motors.—Messrs. Batwin Electric Motors, 
Limited, 138, Southwark-street, London, 8.E.1, have 
issued a priced catalogue of motors ranging in size from 
fractional horse-power to 110 brake horse-power. 

Exhaust Fans.—We have received a leaflet from 
Messrs. Marelli and Company, Limited, Artillery House, 
Artillery-row, Victoria-street, London, 8.W.1, giving 


| particulars of exhaust fans, from 18-in. diameter upwards. 


Trimmer Condensers.—Messrs. United Insulator Com- 
pany, Limited, 12-16, Laystall-street, London, E.C.1, 
have sent us a leaflet describing their Ceramic-type 
trimmers for television, radio transmission and telephone 
services. 


Bakelite Products.—Recent improvements and new 
applications of Bakelite are described in the latest edition 
of Bakelite Progress, which we have received from Messrs. 
Bakelite, Limited, Hobart House, 40, Grosvenor-place, 
London, 8.W.1. 


Band-Sawing Machines.—Messrs. Thomas Robinson 
and Son, Ltd., Railway Works, Rochdale, have sent us 
a leaflet describing the Robinson electric band saw, the 
main frame of which is a one-piece casting with built-in 
motor and control gear. 


Nickel Anodes.—Messrs. W. Canning and Company, 
Limited, Great Hampton-street, Birmingham, 18, have 
issued a brochure dealing with depolarised nickel anodes, 
and another describing the processes of electro-plating, 
anodising, etc., in the aircraft industry. 


A.R.P. Gas-Filtration Plant.—Messrs. Sturtevant 
Engineering Company, Limited, 147, Queen Victoria- 
street, London, E.C.4, have published a booklet dealing 
with methods rendering shelters gas-proof. Particulars 
are given of filtration sets operated by hand or pedal. 


Screw Pumps.—We have received from Mr. Alexander 


through a main of the same diameter to the heating | Thomson, M.1.Mar.E., 125, High Holborn, London, 
and drying coils in the various shops. The whole of | w.c.1, particulars of the screw and Rotex pumps, 
this large-bore pipe is of mild steel and all the parts were | molasses and other heavy fluids manufactured by Messrs. 
butt-welded on site, with the necessary sets and bends | Quimby Pumps Company, Incorporated, Newark, N.J., 


made to suit local conditions. The alternator has an | U.S.A. 
output of 250 kW and supplies three-phase current at 

a pressure of 415 volts and a frequency of 50 cycles. 
It is fitted with a Brown-Boveri automatic voltage 
regulator. Its output is controlled from one of two 
Crompton switch pillars on the main switchboard, while 
the other controls the power and lighting feeder. The | 
alternator equipment is of the firm’s Klad A type, with | 
isolating features, direct-current field equipment and | 
regulator control all on one panel. Both units | 
have a capacity of 300 amperes. The feeder is con- 
nected to an Ellison iron-clad switchboard of the 
draw-out type, from which the stator circuits of the | 
motors are controlled. The potters’ machinery consists | 
of 12 ft. diameter stone and flint pans, 6 ft. 6 in. glaze | 
and colour pans, and various auxiliary equipment. Each | 
of the larger-diameter pans is driven by a Crompton- | 
Parkinson slip-ring protected-type motor, with an 
output of 40 h.p. This is connected to the machine | 
through Brown reduction gear to give a final speed of 
14r.p.m. The smaller-diameter pans, two of which are 
driven by one motor, are operated by a 30-h.p. motor 
of the same type through reduction gear. In addition, 
a 40-h.p. motor has been installed for driving a crusher 
and there are other motors of sizes varying from 
} h.p. to 25 h.p., for sundry subsidiary purposes. 











Tue CENSUS OF PRODUCTION, 1935, ERRATUM.—We 
regret that in Table VI, on page 5, ante, the figure for 
employment in the electrical engineering industry in 
1935 was inadvertently printed as 887,670 instead of 
87,670, in part of the issue. The error, however, will 
probably have been obvious by comparison with the 
figures for the subsequent years. 


Wireless Receiving Apparatus—We have received from 

essrs. Marconi’s Wireless Telegraph Company, Limited, 
Electra House, Victoria-embankment, London, W.C.2, 
a leaflet describing a new type of short-wave telegraph- 
telephone receiver, which supersedes their former equip- 
ment of the kind. 


Electrical Accessories.—We have received a catalogue 
dealing with Westinghouse rectifiers for telecommunica- 
tion, also a number of leaflets dealing with colliery safety 
appliances and accessories, from Messrs. Westinghouse 
Brake and Signal Company, Limited, 82, York-way, 
King’s Cross, London, N.1. 


Temperature Regulators.—Messrs. Crosby Valve and 
Engineering Company, Limited, 41 and 42, Foley-street, 
Great Portland-street, London, W.1, have sent us a 
pamphlet describing the Sy]phon self-contained, tempera- 
ture regulator, in which laminated bellows are employed, 
composed of two or more layers of thin metal. 


High-Speed Cutting Alloys.—Messrs. Alfred Herbert, 
Limited, Coventry, have published a pamphlet illus- 
trating the method of sharpening Ardoloy tools. The 


| high-speed cutting alloy for these tools is made by 


Messrs. British Thomson-Houston, Limited, at their 
Rugby Works. Particulars of the Norton wheels recom- 
mended for grinding Ardoloy tools are included. 


Switchboard Panels and Accessories.—We have received 
from Messrs. The General Electric Company, Limited, 
Magnet House, Kingsway, London, W.C.2, their catalogue 
section dealing with the small gear employed on switch- 
boards. Another section deals with wiring sundries, and 
a third with “*‘ Genalex ” electric exhaust fans. A fourth 
section is devoted to industrial-motor control gear. 
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* ENGINEERING "" ILLUSTRATED 
PATENT RECORD. 


ABSTRACTS OF RECENT PUBLISHED SPECIFI- 
CATIONS UNDER THE ACTS OF 1907 TO 1938. 
The number of views given in the Specification Drawings 


ia stated in each case; where none is mentioned, the 
Specification is not illustrated 
Where inventions are communicated from abroad, the 


Names, etc., of the Communicators are given in italics. 
Copies of Specifications may be obtained at the Patent 

Office Sales Branch, 25, Southampton Buildings, 

Chancery-lane, London, W.C.2, price 18. each. 


The date of the advertisement of the acceptance of a 
Complete Specification is, in each case, given after the 
abstract, unless the Patent has been sealed, when the 


word “ Sealed’ ia appended. 
Any person may, at any time within two months from the 


date of the advertisement of the acceptance of a Complete 


Specification, give notice at the Patent Office of 
opposition to the grant of a Patent on any of the 
grounds mentioned in the Acts. 

AERONAUTICS 
504,894. Gyroplane Rotor. The Cierva Autogiro 


Company, Limited, of London, and J. A. J. Bennett, of 


Esher. (3 Figs.) November 8, 1937 The pylon structure 
for supporting the rotor head carries a housing enclosing 
the bearings of a hollow rotor axle 22 at the upper 
end of which is a flange to which is bolted the hub 23. 
On this are formed lugs 24 which house the pivots of 
the rotor blades. The blades are bolted to flanges 26 
which are universally pivoted to the hub for flapping 
and leading-lagging displacement The latter is con- 
trolled by a pivot block 27 mounted in bearings which are 
earried in spherical seating: The axis of this pivot 
block intersects the hub axis at an angle of about 27 deg. 
thereto. The block is bored perpendicular to its axis 
to take the pivot pin for the flapping motion and the 
axis of this pin makes an acute angle with the axis 
of the blade on the leading sick A driving arm on 
each block 27 engages projections 37 on the upper end 
of a floating driving shaft 38 arranged coaxially within 
the hub, the lower end being bolted to a socket on the 
rotor-driving transmission Che rotational freedom 
of the floating shaft with respect to the hub is limited 
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by stop block m the hub The inclination of the axis 
of the pivot block 27 causes the pitch angle of the blades 
to be decreased when they lag, and the stop blocks 
ire #0 set that this angle i ipproximately zero in the 
fully lagging position When the blace ire driven 
the projections 37 rotate the blocks 27 to bring the 
blades into the fully lagging position, and since their pitch 
angle then zero high revolutions can be imparted to the 
retor for obtaining a jump start (in cessation of the 
drive, the blades are restored to their normal radial 
position by centrifugal force, thus increasing the pitch 
angle as required At the same time, the rotor hub 
overruns the floating shaft 38 wotil the lagging faces 
of the stop blocks engage the projections 37 and it is 
then carried round by the hub In flight, the blades 


oscillate in the usual way in the plare of rotation and this 


oscillation is prevented from causing appreciable changes 


of pitch angle by inclining the axis of the block 27 at a 
relatively small angle to the hub axis \s a result of 
this a relatively lange angular lag of the blades is required 
to decrease the pitch angle to zero for starting. which, 
in turn, is accompanied by a relatively large centrifugal 


restoring moment about the block 27. The aerodynami 


ilrag at the maximum revolutions is insufficient to hold 
the blades in the fully lagging position against the centri- 
fugal restoring moment. During the driving of the 
blades, the latter, having no lift, remain at the lower limit 
of tapping displacement and, if a gust should cause 
any blade to fap upwards momentarily, the inclination 
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of the flapping pivot will cause the pitch angle to become 
thereby the upward displacement 
immediately. lagging of the 
45. 


negative. checking 


Leading and movements 
damped by a 


May 2, 1939.) 


blades are common friction damper 


ferented 


ELECTRICAL APPARATUS. 


505,041. Electric-Cable Terminal. Pirelli-General 
Cable Works, Limited, of London, and R. E. Horley, 
of London. (2 Figs.) 1937.—The terminal 
is designed for use with solid-impregnated electric cables, 
as distinguished from oil-filled cables, wherein the paper 
insulation impregnated with a compound having a 
viseosity greater than 500 seconds Redwood at 60 deg. C. 


November 8, 


is 


In recent years, owing to the increased use of metal-clad 


switchgear, it has become the practice to terminate 
cables within the switchgear casing, the same method 
being also adopted with transformers, and it is the 
object of the invention to form a cable connection to 
metal-clad apparatus which allows of a change of cable 


the 
metal housing. 
wall 2 of the casing of the 


for emptying the oil out of the 
The cable 1 passes through a hole in the 


without necessity 


apparatus to which it is to be 
the 


passes 


of 


to 


sleeve 3 


hole 


is a 
the 


cable 
through 


Surrounding 
which 


connected. 


porcelain, also and 





which is sealed at one end a metal ring 4 and at the other 
end a metal cap 5 A flange on the 
the wall with a gasket to ensure an oil-tight joint. 


ring is attached to 
The 


cap 5 has an extension 11 forming the female member 
of a plug-and-socket connection, the male member 12 
being attached to the cable conductor. Connection 


is made to the apparatus by a connector clamped to the 
extension 11 Fitted to the metal ring outside the wall 
is a casing 14 which surrounds the cable and to which is 


bolted a conical extension wiped to the lead sheath, 
Since the connections between the casing ring and 
extension are all fluid-tight, an annular fiuid-tight 


chamber extends from the wiped joint to the metal cap 5, 
and after the terminal has this 
is filed with oil To allow for expansion of the oil with 
rise of temperature the 14 contains an internal 
chamber the walls of are constituted by two 
concentric bellows filled with 
together at each end to form 
The inlet for filling the annular space is mounted in the 
conical extension, which is also provided with a draining 
May 4, 1939.) 


been assembled, space 
casing 
22 which 
air and hermetically sealed 
a compressible chamber 


plug ( Accepted 


INTERNAL-COMBUSTION ENGINES. 
504,851. Fuel-Pump Governor. Bryce, Limited, of 
Hackbridge, and F. H. Seeley, of Hackbridge. (5 Figs.) 
January 13, The is of the two-speed 


type commonly fitted to the camshafts of the fuel pumps 


1938 governor 


of compression-ignition engines The driven member 
of the governor embodies a friction clutch shown in the 
lower half of the figure A hub is keyed to the tapered 
end of the fuel-pump camshaft and has «a flange 7 a short 
distance from its inner end A sleeve & loosely sur 











an internal flange 


and has 


rounds the hub and its flange 7 


at its inner end. Two friction rings engage the opposite 
sides of the flange 7, their opposite surfaces being engaged 
respectively by the flames on the sleeves 8 and 12. The 
latter slides within the sleeve 8 and is loaded by a com 
pression spring to keep the rings and the flanges in 
engagement \ keeper plate 14 secured to the outer 
end of the sleeve 8 has two diametrically -opposed recesses 
in which axial projections on the sleeve 12 slide so that 
both sleeves and the keeper plate rotate as a unit. The 


driven sleeve 12 has two diametrically-opposed pairs of 
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lugs supporting saddle-shaped weights 22, which surround 
the sleeve. Each weight an adjustable hollow 
eylindrical plug 23 with a lead filling screwed into an 
aperture in the weight drilled parallel to the axis of 
rotation of the governor, that displacement of the 
plugs alters the moment of the weights about their pivot 
bolts 21. The plugs are reached by removal of a cover 
plate on the casing. The plugs are held in position by 
the engagement of a spring-loaded ball with a groove 
in the wall of the aperture. The loadiug springs are 
disposed at the sides of the weights in sem:-cylindrical 
recesses bored lengthwise of each weight along their plane 
of mutual abutment on each side of the sleeve 12 (upper 
half of the figure). The concentric compression load- | 
ing springs are in groups of three and their fixed abut- | 
ment is the keeper plate 14. An idling spring in each ; 
group presses against a cup which is engaged jointly by : 
two rollers 40, one attached to each weight, at the ends : 
of the recesses. A second spring bears against the outer 
flange of a Z-section ring and a third spring bears on its 
inner flange, these two springs jointly coming into opera- 
tion for maximum speed control. The rollers at each 
side first compress the idling spring until the base of the 
cup engages the Z-section ring, this range controlling the 
idling speed of the engine. Any further movement of 
the weights is resisted jointly by all three springs, pro- 
viding, in association with an auxiliary manual! control 
interconnected with the engine-speed free 
range of speed up to an absolute maximum determined by 
the governor, irrespective of the engine load, at the limit 
position of the manual control. The weights are con- 
forked links to the lever 59 controlling-the 
No provision is made 


has 


so 





control, a 


nected by 
spill mechanism of the fuel pump. 
for adjusting the initial compression of any of the loading 
springs as the effective control range of speed is adjust- 
able to any required extent by displacement of the loaded 


plugs 23 in the weights. (Accepted May 2, 1939.) 


MISCELLANEOUS. 


504,941. Underfeed Stoker. Baker Perkins, Limited, 
of Peterborough, C. Dumbleton, of Peterborough, and 
J. E. Pointon, of Peterborough. (3 Figs.) November 2, 
1937.—The stoker is primarily intended for bakers’ ovens 
burning solid fuel. It can also be fitted to an existing 
oven. An elongated fuel tunnel 5 is inserted through 
the ashpit 6 of the furnace and is relatively shallow with 
regard to its width. At the outer end, the tunnel is 
coupled to a dual hopper for the fuel mounted beside the 
furnace door 7, its outlet extending the full width of the 
fuel tunnel. At its inner end, the tunnel opens upwards 
into an aperture 10 in a grate of rectangular plan, in the 
combustion chamber. A pusher 14 extends the whole 
length of the tunnel and slides on the lower wall, the 
outer end beyond the tunnel being coupled to variable- 
throw reciprocating mechanisms. Fuel feeds by gravity 
and friction down the upper surface of the pusher, the 
forward end of which forces it up into the grate. This 














combined gravity and forced feed prevents crushing of the 
fuel and thus avoids excessive dust in the furnace. The 
11 hollow ring and in its upper surface are 
apertures whereby air under pressure is 
the fuel bed. The air is supplied by a blower coupled to 
a conduit 20 which through the ashpit. The 
portion 21 of the rear wall of the hopper outlet extends 
downwards to the pusher 14 and forms an abutment for 
the fuel during the retraction of the pusher. The rate 
of reciprocation of the pusher is controlled automatically 
by a thermostat in the baking chamber. In installing 
the stoker into an existing furnace, it is only necessary 
to remove the furnace bars and to provide supporting 
brickwork forward end of the tunnel 
and the grate are mounted. The are 
through the ashpit door, so that, apart from the removal 
of the bars and the provision of the brickwork support 
furnace or its founda- 


grate is a 


forced into 


passes 


30 on which the 


parts inserted 


no alterations are necessary to the 
4 chute seated between the two parts of the dual 
facilitates the of clinker. (Accepted 


1939,) 


tions. 
hopper removal 


Vay 2. 
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ALTERNATING-CURRENT BRIDGE 
THERMOSTAT FOR CREEP TESTING. 


By L. E. Prosser, B.Sc., A.K.C. 


A NEw alternating-current bridge thermostat has 
been developed for use with the high-sensitivity 
creep-testing furnaces in the Engineering Depart- 
ment of the National Physical Laboratory. The 
thermostat has been designed to give a very sensitive 
control, and is at the same time robust, cheap, and 
reliable. A description of the high-sensitivity creep- 
testing machines, using an earlier type of thermo- 
stat, was published in ENGINEERING five years ago.* 
These machines are 5-ton tensile-testing machines 
fitted with electric furnaces. The strain of the 
specimen is measured with a tilting-mirror extenso- 
meter, and as a high magnification is employed, a 


Fig. 1. 
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very sensitive temperature control is required. The 
principle of operation of both the original and the 
new thermostats, is that variation in the resistance 
of a platinum winding in the furnace will control 
the proportion of each minute during which a 
resistance in series with the furnace is shorted. By 
this means any deviation in temperature will change 
the effective heating of the furnace by a propor- 
tional amount. 

The original system has worked well except for 
occasional failures due to the breaking of the fine 
platinum winding. The sensitivity is, however, 
limited both by the power which can be dissipated 
in the platinum winding, and by the eensitivity of 
the moving-coil relay itself. As the creep-testing 
machines will shortly be transferred to a new 
laboratory, which is being equipped with a con- 
trolled ventilating system to maintain constant 
conditions of air flow and temperature, it was 
decided to improve the sensitivity of the thermo- 
stats in order to take full advantage of the more 
uniform conditions anticipated. The principle of 
operation of the new thermostat is similar to that of 
the original one, but much greater sensitivity is ob- 
tained by using alternating current in the platinum- 
resistance bridge. This makes it possible to obtain 
a large amplification of the out-of-balance voltage 
by the use of valves, and permits the employment of 
a smaller and more robust platinum winding. The 
arrangement described below, the circuit diagram of 
which is shown in Fig. 1, has been used successfully 
on two furnaces since November, 1937, but a some- 
what different circuit modification, shown in Fig. 4, 





* See ENGINEERING, vol. 137, page 212 (1934). 
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page 96, has been tried experimentally, and will be 
standardised on all the high-sensitivity machines. 
Method of Operation of Thermostat.—The thermo- 
stat circuit contains a relatively low-resistance 
non-inductive platinum thermometer a, in a non- 
inductive bridge circuit, fed from a 4-volt winding 
on a transformer connected to the 50-cycle mains. 
Any out-of-balance voltage, due to the temperature 
of the thermometer deviating from the value set by 
the slide wire in the bridge circuit, is amplified by 
the two-stage valve amplifier ) and then applied 
to the grid of the control valve c. The anode 
circuit of this valve is connected through reversing 
contacts d across a 110-volt winding on the mains 
transformer, but is in series with a large condenser e. 
This condenser is, in turn, connected to the grid 
circuit of a relay valve f which has a telephone-type 
relay g in its anode circuit. This relay controls the 
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current to the furnace through another larger 


| relay h, and also operates the reversing contacts d. | 
| The sequence of operations can be understood more 

jeasily if it is assumed that the temperature is | 
| correct, so that there is no out-of-balance voltage | 


| from the bridge circuit. Starting from a point in| 
the cycle where the contacts are in the position | 
shown in Fig. 1, i.e., when the grid of valve f is | 
negatively charged and the rectified anode current | 
is small, it will be seen that the control valve c is | 
passing a small rectified current which slowly | 
reduces the negative charge of the condenser e, | 
thus gradually increasing the anode current in the 
relay valve f. At a certain value of this current | 
the relay g will operate and reverse the contacts d. 
|The rectified current passed by valve c¢ will now | 
| charge the condenser in the reverse direction, and | 
|so gradually reduce the anode current in the relay 
| valve f. The relay g will, however, remain closed | 
| until this current has fallen to a certain value, when 
it will open and again reverse the contacts d, thus 
| repeating the cycle. The values of the components | 
| are so chosen that the complete cycle oc@npies about | 
40 seconds, the furnace thus being supplied with 
maximum current for about 20 seconds, and with a 
| reduced current for the subsequent 20 seconds. 

| Consider now the case when the temperature of | 
|the platinum winding is slightly low. There will 





| be an out-of-balance alternating-current voltage 


| applied to the grid of the control valve c, which will 
|be approximately proportional to the temperature | 
deviation, the connections being so arranged that 
| this voltage will be in phase with the anode voltage 
| when the relay is in the open position, as in Fig. 1. 
| The rectified current passed by the control valve 
| will, therefore, be greater than normal; hence the 
condenser e will charge up quickly, causing the 
relay to close in less than 20 seconds. When the 
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/relay closes, however, the contacts d are reversed, 
80 that the anode voltage on the control valve will 
;now be out of phase with the grid voltage. As 
current is only passed by the valve during the 
half cycle when the anode is positive, and as during 
this time the grid will be in its negative half cycle, 
the mean rectified current will be less than normal 
and the condenser e will charge slowly, causing the 
relay to take longer than 20 seconds to open. 
Should the temperature of the furnace be high, the 
out-of-balance voltage will be in opposite phase, 
/and the converse of the preceding will apply. It 
| will be seen that the control obtained is directly 
| proportional to the deviation of the temperature 
from normal, so that, provided the time lag between 
a change in the mean furnace voltage and the 
resulting response of the platinum thermometer is 
| less than a certain value, the thermostat will control 
the temperature without hunting. Care must be 
'taken to ensure that the grid and anode voltages 
on the control valve e are as nearly as possible in 
phase, or antiphase, and to obtain this an optimum 
| value of the condenser across the coupling trans- 
former was determined by trial. For this purpose 
| a cathode-ray oscillograph proved invaluable. There 
will also be a certain amount of extraneous pick-up 
| from the mains, and some out-of-phase component, 
but their effect is merely to increase the frequency 
of operation of the relay without appreciably 
affecting the sensitivity of control. Details of the 
| apparatus, which has been in satisfactory use for 
over a year, are given below, but it is not suggested 
|that the particular components are the most 
| efficient which could be used. 

Details of Thermostat.—The platinum resistance a 
comprises 3 m. of 0-25-mm. diameter commercial 
| platinum wire wound non-inductively on a former 
of heat-resisting cement in a plastic state. The 
former is approximately 1 in. by } in. oval section, 
and the winding, which occupies a length of about 
3 in., is protected by a flattened stainless-steel 
tube, one side of which is cut away to expose the 
| winding to direct radiation from the furnace wall. 
This tube is inserted inside the furnace just above 
the test piece. In order to avoid trouble due to 
contact resistance, there are no switches or plugs 
in the bridge circuit. An open scale for tempera- 
| ture setting is provided by a helical slide coil of 
about 30 ohms resistance, wound with 100 turns of 
| wire. This is in series with two fixed resistances 
|of about 30 ohms each, so that the temperature 
range covered is about 0 deg. to 900 deg. C., and 
may be adjusted to within 0-1 deg. C. A simple 
two-stage amplifier b, having a gain of about 
2,000, is used, but if a special coupling transformer 
between the bridge and the amplifier were used, 
it should be possible to dispense with one stage. 
An output transformer is necessary in order to 
isolate the control-valve cathode from earth. The 
control valve c is a high-impedance triode, self- 
biased to give an anode current of a few micro- 
amperes. The large negative feed back, caused by 
the high cathode resistance, decreases the sensi- 
tivity ; but owing to the possibility of grid current 


during the ineffective half cycle, it is undesirable 


to use any condensers in the grid circuit, although 
a separate grid-bias battery could be used. 

The loss in sensitivity is compenated by the 
gain of the amplifier, and a high resistance in the 
grid circuit limits the grid current when the bridge 
is considerably out of balance. A telephone-type 
relay g fitted with three sets of change-over con- 
tacts, and having a resistance of about 1,500 ohms, 
is operated by the rectified current from a low- 
impedance triode f. As the current in the coil 
increases comparatively slowly, there is a tendency 
for the relay to stick in the half-closed position. 
This was overcome by increasing the required closing 
force with the aid of a rubber band. Since the coil 
is supplied with half-wave rectified current, a 
20-4 F electrolytic condenser is required to prevent 
humming. The creep furnace has a resistance of 
about 10 ohms, and is supplied from a tapped auto- 
transformer. A series resistance, or choke, which 
is shorted by the furnace relay every cycle, varies 
the current through the furnace by about 20 per 
cent. The furnace relay h is a standard commer- 
cial single-pole alternating-current relay. 

Performance of Thermostat.—The sensitivity of 
the thermostat can be measured by substituting a 
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fixed resistance for the platinum winding, and 
noting the variation in the relative durations of 
each portion of the cycle as the slide wire is moved. 
The result can be shown on a curve of slide wire 
setting or temperature, plotted against the control 
factor, which may be taken as the difference in the 
duration of each portion of the cycle divided by 
the total duration of the cycle. From this curve 
the effect of a change in the voltage of the supply to 
the furnace, or an alteration in air temperature, can 
be deduced. An example of such a sensitivity curve 
is shown at a, Fig. 2. This was taken on one of the 
thermostats after it had been in use for over a 
year, without changing any of the valves. It can 
be shown that if the furnace were operating at 
50 volts for 20 seconds, followed by 40 volts for 
20 seconds, an increase of 3 per cent. in the mains 
voltage would require the cycle to consist of 14-8 
seconds at 51-5 volts, followed by 25-2 seconds at 
41-2 volts, in order to maintain the same power 
to the furnace. This would require a control 
14-8 - 25-2 
40 
the temperature of the furnace would have to 
increase by about 0-14 deg. C. This deduction is 
confirmed by Fig. 3, which shows a mean furnace 
temperature of 400 deg. C. over a six-hour period, 
during which the mains voltage was increased 
suddenly and deliberately by about 6 per cent. or 
7 per cent., resulting in a temperature rise of about 
0-3 deg. C. Before the intentional increase of 
mains voltage, each cycle of furnace voltage con- 
sisted of 32 seconds at 50 volts, and 21 seconds at 
41 volts. After the increase, the cycle was 22 
seconds at 54 volts, and 34 seconds at 43 volts. 
The effect of a change in room temperature, apart 
from variations in air currents, is very small except 
at low temperatures. At 300 deg. C., a 5-deg. C. 
change in room temperature would produce a 
similar effect to that of a 1 per cent. change in 
At higher temperatures the effect 
As the thermostat normally 


factor of 0-26, and to obtain this, 


mains voltage. 
would be even less. 
operates near the balance point of the bridge, 
variations in amplifier supply voltage, or change in 
valve characteristics, will not affect the accuracy of 
control. The heat dissipated in the platinum wind- 
ing is of the order of } watt, so that variations in 
mains voltage do not tend to affect its temperature 
appreciably. As there is no sensitive relay to be 
damaged by excessive voltage, no precautions are 
necessary to guard against operation with the bridge 
considerably out of balance. In fact, the slide 
wire may be set to the desired temperature and 
the thermostat switched on when the furnace is 
cold. The amplifier will, of course, be saturated, 
and the wave form considerably distorted, but the 
control is still maintained. ‘The later portion of 
a typical heating-up curve, taken under these 
conditions, is given in Fig 5, which shows that the 
final temperature is attained fairly rapidly and 
without oscillation. 

Alternative Circuit.—As a result of experience 
with the thermostat just described, it is proposed 
to standardise a slightly different arrangement for 
the 12 sensitive creep machines when they are 
transferred to the new labcratory. Several modifica- 
tions have been tried experimentally, some giving 
comparable results with fewer valves, but various 
practical considerations have resulted in the selec- 
tion of the circuit shown in Fig. 4. This arrange- 
ment, which has a maximum sensitivity about four 
times greater than that shown in Fig. 1, has been 
tested experimentally and appears to be satisfactory, 
although no prolonged test has yet been made. 
It is anticipated that ordinary mains voltage 
variations will cause a temperature deviation of 
less than 0-1 deg. C. The control circuit shown in 
Fig. 4 differs from that of Fig. 1 mainly in that the 
control valve ¢ does not now act as a kind of variable 
resistance directly in series with the condenser e, 
but is in this case used to supply a variable voltage 
to charge the condenser e through a fixed 
resistance. 

The reason for this change is that it is now possible 
to maintain the grid circuit of the control valve 
at a constant potential, and there is thus less 
risk of extraneous pick up. The control valve 
cirouit is now less sensitive, but compensation in 
the form of increased amplification is provided by 
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coupling the low-impedance bridge circuit to the 
high-impedance amplifier through a microphone- 
type transformer. A condenser of 0-1 yu F, shunted 


across the secondary winding, brings the output | 


from the amplifier into phase with the anode 
voltage of the control valve. The stability of the 
amplifier has been increased by eliminating the 
condensers across the cathode resistances, thus 
causing negative feed back to the grids. 


scale, may be inserted in the cathode circuit of the 
second stage, to increase the negative feed back and to 
control the sensitivity. Owing to the fact that 
increase of frequency makes the cathode-heater 
capacity reduce the negative feed back, small con- 
densers are shunted across the anode circuits to 
guard against parasitic oscillations. As the control 
valve ¢ does not now have its anode-cathode con- 


Fig.4. 





An addi- | 
tional variable resistance, having a logarithmic | 
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bias circuit is provided for the relay valve f, and 
| is adjusted so that, when the bridge is balanced, the 
relay will remain in the open and closed positions 
for equal periods. The operation of the thermostat 
| is very similar to that of Fig. 1, except that when 
|switched on from cold, the furnace will heat up 
at the maximum voltage until the platinum wind- 
|ing is very nearly at the required temperature at 
which the control commences to operate. A typical 
sensitivity curve is shown at b in Fig. 2. All the 
| apparatus shown in Fig. 4, with the exception of the 
platinum winding, is mounted on a tin-plate chassis 
housed in a metal box. The units are interchange- 
| able, and in the unlikely event of failure, a complete 
spare thermostat may be substituted in a few 
moments. 

No special precautions are taken about screening 
any of the components, other than isolating the 
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nections reversed when the relay g operates, it is 
necessary to make separate provision for reversing 
the phase of the alternating-current supply to the 
anode, or alternatively, the phase of the grid voltage 
may be reversed. This is done by means of an 
earthed centre-tapped winding on the transformer, 
using an additional set of contacts on the relay to 
connect the anode circuit to either end of the 
winding alternately. The same winding is used to 
give a full-wave rectified supply to the amplifier 
through two small Westinghouse copper-oxide 
rectifiers. A high resistance, shorted between two of 
the relay contacts, maintains the control valve 
anode voltage when the relay is operating, and 
prevents it from becoming stuck in an intermediate 
position. A resistance included in one of the trans- 
former leads, limits the short-circuit current should 
the relay contact springs be pressed together acciden- 
tally. 

The normal frequency of operation of the relay 
can be varied by altering the voltage drop across 
the anode resistance of the control valve. This is 
achieved by altering the grid bias, obtained from 
a small copper-oxide rectifier, tapped across a 
potentiometer in the anode supply. A similar grid- 


bridge coupling transformer from the mains trans- 
former. The furnace relay is mounted on rubber 
bushes to reduce the noise of its operation, and the 
front portion of the box is hinged to give access to 
the controls. A moving-iron volmeter (0 volts to 
120 volts) indicates the furnace voltage, and a 
change-over switch enables it to be temporarily 
connected across the amplifier output, allowing the 
bridge to be balanced, if necessary, by visual 
observation. Switches are provided to allow the 
furnace to be heated up at either the maximum, 
minimum or mean voltages, and three small pilot 
lights indicate the behaviour of the thermostat. 
The sensitivity can easily be checked at any instant, 
by timing the relative durations of each portion 
of the cycle during which the slide wire is displaced 
a small definite amount on either side of the balance 
point. This must be done quickly before the 
furnace temperature has time to alter. 

Possibilities of Further Improvement.—Although 
the thermostat is of ample sensitivity for the 
purpose it was designed for, it would be compara- 
tively easy to increase this considerably ; and the 
principle could also be extended to other applications 
where a control force proportional to a deviation 
is required. It would also be possible to provide 
an additional control proportional to the rate of 
change of the deviation, hence eliminating hunting 
in unstable conditions. This could be done con- 
veniently by varying the gain of the amplifier 
through a suitable control. With a high-gain 
amplifier it would probably be desirable to use a 
different frequency from that of the mains for the 
bridge supply, in which case the control valve 
could be a frequency-changer type, with the reference 
alternating-current voltage applied to an auxiliary 
grid. It has been found experimentally that a 
large increase in sensitivity can also be obtained, 
without causing instability, by introducing a stage 
of direct-current amplification between the control 
valve and the relay valve. 
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FRUSTRATED CONTRACTS. 
By W. SumMERFIELD, Barrister-at-Law. 


Few travellers have failed to note the great 
contribution which Scotsmen have long made, the 
world over, to engineering practice. It is, accord- 
ingly, interesting to note the important contribution 
which Scotsmen are making also towards an 
improvement in the legal rules applicable to the 
not uncommon situation which arises when an 
engineering contract is “ frustrated.”” The “ doc- 
trine of frustration,’ known to lawyers as “The 
Rule in Chandler v. Webster,’ is comprehensively 
dealt with, in relation not only to the practice 
obtaining in England, on the one hand, and in 
Scotland on the other, but also to the practice 
recognised in France, Belgium, Switzerland, Italy 
and Germany, in the recently-published Seventh 
Interim Report of the Law Revision Committee. 

The doctrine embodies the rule applied by the 
English Courts to the situation which arises when, 
after the making of a contract, its fulfilment becomes 
impossible through a “frustrating event,” 1.e., 
circumstances unanticipated by the parties and 
beyond their control. Such a situation may arise, of 
course, in a great variety of contracts, but its 
commonest incidence is in the type of contract 
with which engineers are familiar, viz., where the 
work contracted for is necessarily spread over a 
substantial period of time, during which almost 
anything may happen. 

The frustrating event normally occasions loss 
to one or both of the parties to the contract, that 
is to say, in all cases other than those where the 
contract during the course of its currency appears 
to promise neither profit nor advantage to either 
party, although each is reluctant to suggest to the 
other its cancellation. The present rule of English 
law is that where a contract is frustrated “ the 
loss lies where it falls.” Lord Shaw of Dunfermline 
described this rule in Cantiere San Rocco S.A. v. 
Clyde Shipbuilding and Engineering Company, 
Limited (1924), in the House of Lords, as a doctrine 
which gave “something for nothing” and which, 
under other systems of jurisprudence, might be 
“viewed as monstrous.” In the Cantiere San Rocco 
case Lord Shaw was discussing, with forthright 
disapproval, the doctrine as applied in the leading 
case of Chandler v. Webster, as to which he observed 
that had it been tried in Scotland the Court would 
have given the opposite decision. 

In Chandler vy. Webster (1904), Webster had 
contracted to let to Chandler a room for viewing the 
Coronation Procession of June 26, 1902, for the sum 
of 1417. 15s. Od.; owing to the king’s sudden indis- 
position, the coronation arrangements were post- 
poned and the contract was thereby frustrated ; 
at the time of frustration Chandler had, by the 
terms of the contract, already paid 1001. on account ; 
he now sued for the return of this sum and resisted 
Webster's claim that he was still bound to pay 
the balance of 41/7. 15s. 0d. The Court held against 
Chandler on both issues; the loss had fallen on 
Chandler and it must lie there. 

Lord Atkin (Mr. Justice Atkin, as he then was) 
would appear to have understated the position when 
he declared, in Lloyd Royal Belge S.A. v. Stathatos 
(1917), that the doctrine “ works but a rough adjust- 
ment of the rights of the parties, and may involve a 
hardship.” He, however, “spoke out more loud 
and bold” in Russkoe v. Stirk (1922), when he 
ventured to doubt whether any two business 
people in the world would ever really make a con- 
tract that if certain unforeseen events happen the 
contract should be at an end and that moneys paid 
should remain exactly as they were.” “It seems 
to me impossible,”’ he proceeded, “* that that should 
be deliberately done by business men,” for “ they 
would be practically certain to try to make some 
arrangement as to the adjustment of their rights.” 

In the Canticre San Rocco case a shipbuilding 
company carrying on business in Port Glasgow 
(the respondents in the House of Lords) had con- 
tracted, under date May 4, 1914, with the appellants, 
an Austrian shipbuilding company carrying on 
business at Trieste, to supply a set of marine engines, 
the purchase money to be paid by five instalments, 
as specified in the contract, the first of 20 per cent. 
being payable on the signing of the contract. The 


| been a failure of consideration. 
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contract was frustrated by the outbreak of war 
between Great Britain and Austria on August 12, | 
1914, by which date no more had been done under 
the contract than the making of plans and the 
ordering of material. After the termination of the 
war the Austrian firm brought an action (in the | 
Scottish Courts) against the Scottish company for 
a declaration that the contract was dissolved by | 
the frustrating occurrence of the war, and they 
claimed the return of the first instalment paid. 
They succeeded ; it was laid down that the first 
instalment had been paid by them in consideration 
of a set of engines to be supplied to them, and that 
as those engines had not been supplied there had 
It was, however, 
further laid down that the Scottish company, the 
contractors, might counterclaim in respect of work 
done by them under the contract. The admission 
of such a counterclaim is the vital issue on which | 
the recommendations of the Law Revision Com.- | 
mittee’s Report turn. 

Before turning to those recommendations let us | 
glance at a few more typical cases illustrating the | 
harsh incidence of the legal rule as contrasted with | 
the more accommodating attitude towards each 
other of practical business men. It must, however, 
be premised that it is always open to contracting 
parties to “contract out” of the legal rule, i.e., 
to incorporate in the terms of their contract their 
own provisions as to what is to happen regarding | 
financial and other outstanding legal obligations | 
at the date of the maturing of any given risks or | 
contingencies. The difficulty, nevertheless, remains | 


| that life, and particularly business life, is far too 


short to permit of drawing up such a ore 
contract as will provide for every conceivable 
contingency which may arise, before getting on 
with the actual work covered by the contract, 
even if many of the commoner contingencies can 
be foreseen and, accordingly, provided for. 

In Paradine v. Jane (1647) it was held that a 
lessee who had contracted to repair a building and | 
to pay rent was obliged to repair even though the | 
building were burned down by such an “ Act of | 
God” as lightning or the acts of “the King’s | 
enemies ” and was obliged also to continue to pay | 
rent. And so, in Brecknock and Abergavenny | 
Canal Navigation Company v. Pritchard (1796), | 
where the contract provided for the building of a | 
bridge and its maintenance in good repair for a | 
specified period, it was held that the contractors | 
were bound to rebuild it after it had broken down | 
following upon an extraordinary flood. In Appleby | 
v. Myers (1867) the plaintiffs had contracted to| 
erect machinery on the defendant’s premises and | 
to keep it in repair for a period of two years ;| 
payment was to be made upon the completion of | 
the whole of the work, although the contract 
specified prices for specified portions. An acci- | 
dental fire destroyed the defendants’ premises and | 
the materials thereon after the plaintiffs had 
completed a part of the work contracted for and 
when they were in process of completing other | 
portions. It was held that the contract was thereby | 
ended between the parties, and that neither of them | 
was under any duty to fulfil outstanding obligations ; 
further, that the contractors could not sue for 
payment in respect of the completed portions of 
the work, regardless of whether or not the defen- 
dants had acquired, at the time of the frustrating 
event, ownership of the materials which had been | 
used. The Court took the view that such a mis- | 
fortune equally affected both parties ; the one lost | 
their profit and the other lost the profit which | 
they anticipated making by the use of the machinery. 

The Law Revision Committee considered four | 
possible ways of amending the existing law so as 
to bring it more into line with business conceptions | 
and requirements and with the dictates of justice : 
(1) The party who has paid should, on the occurrence 
of frustration, be repaid the whole ; (2) the party 
who has paid should, on the occurrence of frustra- 
tion, be repaid, but subject to a deduction represent- 
ing the value of benefits received under the contract ; 
(3) the party who has paid should, on the occurrence 
of frustration, be repaid, but there should be| 
deducted one-half of the loss suffered by the other | 





} 
| 
| 


| 


party through his activities under the contract | — 


up to the time of frustration; (4) the party who! 


| was opened for traffic in 1884. 
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has paid should be repaid on the occurrence of 
frustration, but there should be deducted the whole 


| of the loss suffered by the other through his activities 


under the contract up to the time of frustration. 
Proposal No. 4 was eventually adopted for 
recommendation by the Committee, subject to the 
following :—(a) Loss of profit not to be taken into 
consideration ; (b) overhead expenses of the payee 


| to be taken into consideration ; at the same time, 


account to be taken of the benefits accruing to the 
payee in consequence of his expenditure ; (c) if the 
contract is severable, and part has been performed, 
the new rules to apply only to the part remaining 
unperformed ; (d) sums recoverable under contracts 
of insurance not to be taken into account. 








THE RECONSTRUCTION OF 
ALDGATE EAST STATION. 


TuE Aldgate East station, on what was originally 
the Metropolitan Railway, and now forms part of the 
system of the London Passenger Transport Board, 
As will be seen from 
Fig. 1, on Plate IV, it lies immediately to the east of 
a junction, between the lines from Liverpool-street 
and Mark-lane which forms one apex of a triangle, the 
other two being at Minories Junction and north 
of Aldgate station. The traffic over all these lines, 
especially at peak-load periods, has for a long time 
been very heavy, and has been recently intensified 
by the introduction of more frequent services to 
Barking and Upminster, and from the Metropolitan 
line to New Cross via St. Mary’s. The difficulties of 
handling this traffic were naturally increased by the 
fact that the north curve of the junction and the 
platforms at Aldgate East could only accommodate 
six-car trains. The platforms at the station were 
also too narrow for safety, and the close proximity 
of the western end of Aldgate East station to the 
junction was another source of delay. Further 
problems that had to be dealt with were the relief 
of pedestrian congestion in the street area between 
Aldgate Pump and Whitechapel Church, and the 
provision of improved means of entrance and exit 
to the station itself. Finally, Aldgate East was 
very close to Aldgate station and was not at a 
natural traffic centre; on the other hand, the 
distance from it to St. Mary’s, the next station east- 
ward, was considerable, although St. Mary’s itself 
was also not at a traffic centre and was quite close to 
Whitechapel. 

To overcome these difficulties, a scheme was pre- 
pared by the engineers of the London Passenger 
Transport Board some years ago, and was completed 
at the end of 1938, at which time an account of the 
various features of the work was given in ENGIN- 
EERING.* Briefly, this consisted in the construction 
of a new double-ended station to the east of the 
original station at Aldgate East, and of a new south 
curve built outside the triangle, the old south curve 
tunnel being abandoned. As a result of this re- 
construction, a detailed plan of which is given in 
Fig. 6, on Plate IV, eight-car trains can now be run 
with an ample overlap and be accommodated at 
the new station. As one of the entrances to the 
new station is 310 yards east of the entrance to the 
old booking hall it has also been possible to close 
St. Mary’s station. In addition, a large park for 
omnibuses, motor coaches and trolley ’buses has been 
constructed by covering in the south junction of the 
triangle at the Minories. In carrying out this exten- 
sive engineering work a number of obstacles had to 
be overcome. No interruption of the railway traffic 
was permissible and occupation of the line was only 
possible for a few hours in the early mornings. An 
uninterrupted tramway service also had to be 
maintained in Whitechapel High-street, while many 
diversions of water, electricity, gas mains and sewers 
had to be undertaken. Moreover, the house property 


| affected by the reconstruction was often both aged 


and dilapidated, and in nearly every case was vested 
with heavy trade interests. The method of carrying 
out the various operations therefore was the 
dominating factor in the details of design. The 
portion of the works at the west end of the new 
station, where no hoardings could be allowed in the 


* ENGINEERING, vol. 146, page 531 (1938). 








98 


street, was so complicated by the large number and 
size of sewers, pipes and mains, and by the lay-out 
of the tramway tracks, that two models were first 
built to a scale of } in. to a foot, one showing 
the position as it existed before carrying out the 
works, while the other embodied all the diversions. 
These models were of great value in enabling the 
various authorities to visualise the best solution of 
the problem as it affected them. 

Reconstruction was begun early in 1936 to the 
east and north of the old station. 
the work covered the new station and alterations to 
the tunnel east of it, as well as a new bell-mouth 
covered way between the new and old stations. 
A cross-section through the ticket hall and entrance 
subways at the east of the new station is given in 
Fig. 13, on Plate IV. This shows that in order to 
obtain head room for the ticket halls below the 
street, it was necessary to lower the tracks for about 
7 ft. throughout the length of the new station. 
‘This lowered portion was connected to the old track 
levels east of the station by a gradient of 1 in 40 
for which purpose the walls of the original tunnel 
were thickened and underpinned and the invert 
reconstructed, as shown in Fig. 10, on Plate IV. 
West of the old station, a gradient of 1 in 52, up to 
the old levels, was provided by lowering the invert, 
as shown in Figs. 14 and 15, on the same Plate. 
The work indicated in Fig. 10 was carried out by 
driving headings from openings left in the new east 
head-walls, along the back of the old walls, and 
just below the sewer. The rear part of the old 
walls was underpinned from these headings in 4-ft. 
iengths, old rails being left projecting into the earth 
to form a bond with the inner portion and the new 
invert, when these were constructed later. A cross- 
heading was driven from pits at the far ends of 
these headings under the old tunnel invert and a 
certain amount of the work on the new invert and 
the trestling for the tracks, which described 
below, was carried out from it. Most of the excava- 
tion, however, was dealt with by working on a 
“face "’ from the end of the tunnel. As the new 
invert was constructed and the old invert taken out, 
the inner 18 in. of underpinning was completed under 
the old tunnel walls. The headings were then filled 
with concrete and the sewers underpinned, the 
whole being grouted up to fill the many voids that 
were found. 

Figs. 7 to 9 and 11 to 13, on Plate LV, show the 
relation of the work on the new station site to the 
old tunnel. Operations were begun on the north 
side of Whitechapel-road, where a series of pits 
about 25 ft. long and at 52-ft. 6-in. centres was 
sunk on the centre lines of the main stanchions at 
the new station. These pits extended from the 
back of the old tunnel wall to the outside of new 
sewers, and were first excavated to the level of the 
bottom of the sewers. From this level, which was 
just normal water level in the soil, steel 
sheet piling was driven on the line of the outside of 
the main retaining walls to some feet below the 
lowest excavations. Excavation then proceeded to 
the lowest level, but was carried down on the line 
of the outer side of the sewer, as the latter was an 
old brick barrel which required careful handling. 
Timber runners, which extended to the top of the 
sewer when fully driven, were used for this purpose. 
Extra struts and heavier walings were also placed 
opposite the springing of the tunnel arch to prevent 
spreading. After the bottom had been sealed by 
a 12-in. layer of concrete, headings were driven under 
the old sewer and tunnel wall for the insertion of 
the grillage foundations for the main stanchions, as 
shown in Fig. 9, Plate IV. 4s the lower tiers of 
grillages were concreted the cld tunnel wall was 
underpinned with concrete. Tne tunnel itself was 
stiffened and the horizontal thrust at the 
springing taken up by inserting temporary steel 
struts, also indicated on Fig. 9, and wedging them 
up against continuous waling opposite the 
springing point and against a vertical timber soldiers 
on the outer trench face. These struts had short 
angles riveted on to them to form anchors within 


18 


above 


also 


a 


the new concrete walls after the latter had been 
cast. The thrust of the arch, therefore, was auto- 
matically transferred to the new retaining walls 
without re-timbering. Any serious spreading of 


the arch, which might have occurred had the usual 
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method of successive changing of timbers been | length of nearly 1,700 ft. of wall there has been no 


employed, was therefore prevented. This portion 
of the work is illustrated in Fig. 16, which shows a 


section of the new retaining wall midway between 


the two ticket halls. It also shows the existing 


36-in. gas main supported overhead and, on the| 


right, the temporary 9-in. by 7-in. steel struts 
supporting the timbering of the back of the trench. 
In the centre are visible the cleats which were 
riveted on to the steel struts for taking the thrust 
of the arch on to the new concrete wall, while on 
the left is the old sewer. The temporary steel struts, 
mentioned above, are illustrated in Fig. 18, on 
page 100, which also shows one of the longitudinal 
girders over the new station and the new retaining 
wall on the right. 

After the struts had been inserted the new con- 
crete walls were cast up to roof level. The inter- 
vening pits were then excavated and dealt with in 
a similar manner. A special form of jointing, of 


sign of anything more than hair cracks at some of 
the joints. As soon as the wall had been completed 
the construction of the new sewer, the position of 
which is also shown in Figs. 7 to 12 on Plate IV, 
was put in hand and the house connections were 
changed over to it. The old sewer was then broken 
out at the positions to be occupied by the new 
stanchions and the stanchions and main longitudinal 
girders which rest on them were erected. The outer 
bay of the roof steel was next inserted at a level 


| which avoided diverting the existing mains and the 


road was again made good. At the same time the 


|remainder of the old sewer was demolished, the 


Vee section, was inserted between the ends of 
adjacent 25-ft. lengths. Wrought shuttering was | 


employed and the surface of one length was given a 
double coating of shutter compound before casting 
the next section of concrete against it, 
prevent adhesion. This method was adopted to 
avoid the large cracks which might have occurred 
had the walls been cast in one continuous length. 
It was particularly desirable to avoid this risk as 
the wall was asphalted at the rear and tiled in front. 
It is therefore satisfactory to note that in a total 


so as to 


ground was excavated to a line coinciding with the 
outer face of the old tunnel wall and a further 
strip of concrete invert was formed. After making 
good the road the traffic was transferred to the 
north side and work was then begun on the south 
side of the old tunnel, the sequence of operations 
being the same as in the former case. 

When sufficient of this work had been completed 


| the demolition of the old tunnel arch was begun 


was possible to 


from the roadway. As it not 
interrupt the tramway traffic fish-bellied girders, 
placed at 10-ft. centres, were erected as shown in 
Figs. 12 and 19. These served to support the 
tramways over gaps in the tunnel roof while each 
panel of old tunnel was demolished and the steel 
work inserted. The tramways were carried across 
the gaps on 9-in. by 7-in. rolled-steel joists which 
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were inserted immediately below the rails. As the 
new roof girders were erected, the joists were packed 
off them, timber sheeting being laid over the filler 
joists during the day to protect the railway below. 

To enable the demolition work to go on through- 
out the whole of the twenty-four hours the shields, 
the construction of which is shown in Figs. 2 to 5, 
were fitted to the soffit of the arch. These shields, 
14 ft. in length, consisted of ribs of 5-in. by 4}-in. 
rolled-steel joists at 3-ft. 6-in. centres, bent to 
fit the shape of the soffit. Hardwood purlins 
were provided between the ribs, and to these 
corrugated-iron sheets of extra heavy gauge, which 
fitted snugly to the curvature of the arch, were 
fixed. The whole shield was supported on brackets, 
which were bolted to the tunnel walls just below the 
springing of the arch. The brackets were provided 
with jacking screws, and these supported double- 
flanged rollers on which the shield proper was 
mounted by means of a steel angle track. This 
track was permanently fixed to the lower ends of the 
steel ribs, with the upright leg of the angle running 
between the roller flanges. The angles were made 
several feet longer than the shield to give a lead to 
the next set of brackets when the shield was moved. 
When the shield was stationary the brackets on the 
tunnel walls coincided with the steel ribs and it was 
held tight against the soffit by packings inserted | 
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of arch. After the shield had been moved, the end 
of the fish-bellied main girder was lowered into the 
tunnel and eased over to its final position on the 
two longitudinal girders, which had previously been 
erected on the outside of the walls. The bay of 
filler joists and the shuttering were then erected in 
succession, after which the roof was concreted and 
asphalted, the tramways supported on the new roof, 
and the whole road made good. Fig. 19, on page 
100, shows a girder being lowered into the tunnel. 
The bond of the crane on the north side is shown 
ready to pick up its end of the girder while the 
bond of the other crane, on the south side, is being 
moved. 

Work was carried out on similar lines at the east 
and west ticket halls and at the new bell-mouth 
tunnel, though certain modifications were necessary. 
At the east-end ticket hall, for instance, as shown in 
Fig. 13 on Plate IV, the depth of the roof and 
floor were reduced to a minimum in order to avoid 
having to lower the tracks unduly and to keep 
down the distance between the roadway and the 
platforms. Three-piece roof girders were therefore 
designed for insertion under the tramway conduits. 
The outer portions of these girders were canti- 
levered out over stanchions carried up from the 
platform and were anchored into the mass of the 
new retaining walls. The centre portion was a 








between the foot of the ribs and the top of the wall | simple span which was jointed to the two ends on 
brackets. |site. The floor joists were also cantilevered out to 

On completion of one length of arch demolition a} clear the loading gauge with the tracks at their 
girder and its panel of filler joists were brought to | original levels and were pinned at the outer ends 
the site by road, off-loaded, and suspended from | into the main walls. The centre portion of the 
an erecting pole, which was placed alongside the | ticket-hall floor was suspended from the roof by 
hole on the south side of the tramway tracks. This |2}-in. round mild-steel rods. At the bell-mouth 
girder was slung with its north end heavy, so that | section between the old and new stations the track 
it could be paid out into the tunnel in a nearly | lay-out prevented the use of stanchions between 
vertical position. On the previous night an extra|the main walls, so that the main girders formed a 
set of wall brackets had been fixed ready for the|clear span. Owing to erection difficulties these 
demolition shield in its next position. Immediately | girders had also to be designed in three pieces. 
the line was clear the packings between the shield | Their north ends were erected during the occupa- 
and wall brackets were taken out and the screws | tion of that side of the road, the inner ends resting 
were slackened, so that the shield as a whole could | temporarily on a bearing cut in the old tunnel wall. 
be lowered to clear the tunnel soffit. It was then | The south and centre portions were erected during 
drawn forward by ropes on the rollers of the brackets | the occupation of the centre of the road. The 
into a position ready for demolishing the next length | centre portion was raised from below into a chase 
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cut in the tunnel arch, the south portion being 
inserted from the roadway. As soon as the site 
joints were completed, wedges were driven under 
the south end of the girders until the temporary 
bearing on the north wall just showed a hair-crack. 
The intervening panel of arch between these main 
girders was then demolished on shields, as described 
above. No provision was made, however, for 
travelling the shields along the tunnel. It may be 
mentioned that pre-cast concrete jack-arch centrings 
were used to avoid the employment of suspended 
timber centres over the track. These centres were 
of standard design and were also used to a great 
extent in the new south curve tunnel and for the 
deck over Minories Junction. 

Fig. 13 indicates the position of the permanent 
pumping plant and of the sump into which all the 
water from the dip in the tunnel is led. In spite of 
the fact that the new station structure is nowhere 
taken below platform level, and that the normal 
water level in the ground is about 5 ft. above the 
new rail level at this point, it is satisfactory to note 
that the quantity of water dealt with in this sump 
does not exceed 500 gallons per hour, a good propor- 
tion of which comes from the old tunnel east of 
the new station. The old pipe bay, the position 
of which is shown in Fig. 6 and in Figs. 7 and 8, was 
situated at a point where four roads join. There 
was, therefore, a complicated system of tramway 
crossings and junctions, and the large volume of 
traffic precluded the use of hoardings. The old 
construction, which is shown in Fig. 8, consisted 
of four shallow girders let into the tunnel roof. 
Between these girders were two 48-in. gas mains, 
an 18-in. gas main, and a 20-in. water main, none 
of which could be taken out of service except for 
short periods. It was therefore decided to leave 
this pipe bay intact, although the position of the 
pipes at the north and south ends were altered to 
make room for the platform roof structure. As 
shown in Figs. 7 and 8 on Plate IV, the old girders 
were transferred from their bearings on the old 
tunnel wall to cantilevers, anchored into the new 
retaining wall at the back of the platforms. 

Besides the sewer which ran longitudinally on 
both tunnel walls, and had to be set back, there 








were junctions with other sewers north and south, 
and a syphon under the old railway tunnel, as also 
shown in Figs. 6 and 7. A new syphon, which is 
indicated in the same drawings, was therefore con- 
structed from a heading on the north side. As 
will also be gathered, numerous and complicated 
pipes and main diversions had to be undertaken in 
the roads. The alteration of the 48-in. gas mains 
at the south side of the pipe bay was particularly 
awkward. As soon as the work on the main walls, 
sewers and diversions was sufficiently advanced, 
headings were driven along the rear of the top of the 
old tunnel wall, and from these headings pits were 
sunk for the grillages of the new stanchions at each 
corner of the pipe bay. After the stanchions had 
been placed in position, longitudinal girders were 
drawn along the headings on top of them. Four 
cantilever girders were similarly placed in position, 
the outer ends being bolted to anchors in the 
main walls, while the inner ends were connected 
to the longitudinal girders and the cantilever brackets 
on the far side of the latter. As will be seen from 
Figs. 7 and 8, the outer ends of these brackets 
came under the bearings at the ends of the old pipe 
bay girders. Before cutting a way the blue-brick 
seatings of the latter, temporary stanchions were 
placed in chases cut in the inner face of the tunnel 
wall under each old girder. When the new steel 
work was all up, fitted steel folding 
wedges were driven home between the tops of the 
cantilever brackets and the bearing plates on the old 
girders. The temporary stanchions and the re- 
mainder of the brick seatings were then removed. 
Finally, the new roof was completed, the remainder 
of the pipe diversions carried out, and the void under 
the road surface track filled with weak ballast concrete. 


connected 


A cross-section through the works on the site of 
the old station is given in Figs. 14 and 15, Plate 
IV. During the occupation of the street on the 
north side the London County Council sewer was 
diverted from its position below the east-bound 
platform to the rear of the tunnel wall. At the 
same time the north wall was underpinned with 
and brick work, which was carried well 
down into the blue clay, thus enabling foundations 
to be provided for the greatly increased load due 
to the large span of the new roof girders. At the 
eastern end, where the seatings of these girders were 
formed in chases cut in the old wall, the full width 
of the latter was underpinned and a much wider 
base provided at the lower level. Further west the 
new roof girders were supported on stanchions. At 
the same time the concrete and asphalt platforms 
of the old station were broken out at night, their 
supporting walls trimmed down about 18 in., and 
a temporary timber surface provided. This enabled 
the tracks to be lowered through the whole length 
of the old station by taking out some of the ballast, 
thus giving reasonable construction depth for the 
new roof girders. The platforms were lowered in 
three stages of 5 in. at a time, three sets of packing 
of this thickness being inserted under the temporary 
platform surfacing. On a Saturday night the whole 
of the first series of 5-in. packings were removed, 
and during the succeeding week, at nights, the 
track was lowered to suit. On successive Saturday 
nights the second and third series were removed, 
the track following. 

Figs. 6 and 14 and 15, Plate IV, show how, in 
widening out the old station to give room for four 
tracks, the new south wall had to be built under 
existing buildings. Clear span girders were neces- 
sary to support the frontages of these buildings 
and the road. The traffic conditions and the large 
number of mains occupying the roadway made it 
necessary for the old roof over the north platform 
and tracks to be left in, though i was also essential 
for the supporting columns to be removed. Large 
curved girders were, therefore, designed to fit under 
the centres of jack arches, but clear of the brick 
arches. The softit of these girders was shaped to 
clear the structure gauge of the two tracks after 
the initial 15 in. lowering, as well as the four tracks 
of the final lay-out at the new levels. Small needling 
girders were introduced below each end of the old 
cross girders of the jack-arched roof and fitted steel 
folding wedges were inserted between these 
needle girders and the old girders to take the load off 
the old columns. The old columns were at 25-ft. 


concrete 


ENGINEERING. 


OF 


M.INST.( 


RECONSTRUCTION 


MR. J. H. HARLEY-MASON, 


ALDGATE 


.E., 


JuLy 28, 1939- 


EAST STATION. 


ENGINEER FOR NEW WORKS. 
































Fie. 19. 


centres and supported longitudinal girders, which, | 
in turn, supported two jack arches ; that is to say, 
one old girder came on the columns and the next 
came midway along the old longitudinal girder. | 
As the shape of the new main girders necessitated 
cutting through the old longitudinal girders on the 
south side, it was necessary to provide temporary 
support for the old jack-arch girders midway 
between the existing columns. This was done by 
erecting of temporary stanchions and 


two sets 


grillages, as shown in Fig. 15, Plate IV. One of 
these sets was moved forward each week as the 
new girders were erected and wedged up, thus 


enabling the work to proceed at the rate of one 
main girder each Saturday night. As there were 
21 of these girders, this was necessary to keep up 
a fair rate of Before erecting the main 
girders a considerable amount of work had to be 
completed on the south side. Figs. 20 and 21, on 
page 101, show the girders under erection and in 
Details of this work will be 


progress. 


position, respectively. 
given later. 


LOWERING GIRDERS INTO TUNNEL. 


The work carried out under the business premises 
on the south side of the road is also shown in Figs. 
14 and 15, Plate IV. It was known from old 
records that the frontages of these buildings had 


|been underpinned to a certain extent when the 


railway was first built and advantage was taken 
of this fact. The party walls of the buildings 
were underpinned in the rear of the new wall 
and sewer by excavating the first 4 ft. down to 
good ballast and then stepping up at 45 deg. 1 his 
first block of underpinning was carried out for 
about 3 ft. on each side of the party wall founda- 
tions and piers were built on top of this to within 
3 ft. of the underside of the ground floors. Steel 
service joists were then placed on each side of the 
old party wall, their rear ends being supported on 
the piers on the new underpinning and their forward 
ends being carried into the old brick frontage walls 
on the original underpinning. Small steel needles, 
which were wedged up tight, were then built into 
the party walls and protruded each side over the 
service joists, as illustrated in Fig. 17. The old 
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party walls below the joists were next demolished 
for the width of the new retaining wall and sewer, 
so that excavation could be effected along the whole 
length of a wall down to a point just above the 
level of the bottom of the new party wall under- 
pinning. From this level a continuous row of 
borehole-type concrete piles was cast along the 
back of the excavation to well below the lowest 
foundation level. This system of piling was 
adopted, as driven sheet piling was out of the 


question in these old buildings, owing to vibration, 


noise and curtailed head room. It was thus possible 
for excavation to proceed safely without undue 
anxiety as to the water-logged sandy gravel under 
the building foundations. During excavation it was 


found that, except in two cases, where the piles | 
had run out of plumb, the adjacent piles had | 


coalesced and formed an almost watertight barrier. 


From the top of these piles excavation was effected | 


in lengths of from 10 ft. to 15 ft. to a point just 
above the level of the whole front-wall under 
pinning. From that level excavation was carried 
out in 4 ft. lengths and headings were driven under 


EREcTION, SHOWING TURNTABLE. 


the old underpinning to the full extent of the new 

retaining-wall toe. As the concrete of this toe was 
cast, the old underpinning was trimmed and re- 
underpinned on to the new retaining-wall toe. 
The new wall was then built up to sewer level, a 
dovetail chase, 3 ft. wide, as shown in Fig. 15, 
being left in the face below each girder position 
| from the level of the platform upwards. The new 
| sewer was then completed and the old one de- 
| molished. In the meantime, the dumpling between 
the old underpinning and the old station retaining 
| wall on the south side was excavated, the various 
mains being slung from the timbers which supported 
| the temporary pavement. 


(To be continued.) 








FLAMES AND FURNACES.—An International Conference 

on Flames and Furnaces, convened by the Institute of 

Fuel, will be held at the Royal Institution, London, from 

| September 17-20, 1940. The technical organisation is 

being undertaken by the British Coal Utilisation Research 
Association. 
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The Life and Work of William Cawthorne Unwin. By 
| E. G. Watker, F.C.G.I., B.Se. (Eng.). London: 
The Unwin Memorial Committee. [Price 12s. net.) 


|'To few men, and fewer engineers, is it given to 
| become legendary in their own lifetime. It is less 
| unusual, however, to find an aura of tradition 
| gradually forming about the personality of a great 
| teacher, and the fact that the name of William 
Cawthorne Unwin was familiar in their mouths as 
household words to several generations of engineers 
| must be attributed to his work as a teacher rather 
than to his status, assured though it was, as a con- 
sultant. In support of this contention, there is 
ample evidence in the biography which has now 
been published by the Memorial Committee, estab- 
lished some four years ago to commemorate Unwin’s 
services to engineering science. Mr. E. G. Walker, 
| who has compiled it on the basis of the record of 
| Unwin’s life and work which appeared in The 
| ¢ Jentral, quite evidently wrote as a student of his 
| professor ; and his collaborators one and all share 
that peculiar relationship, than which nothing is 
;more durable. The inevitable result is that, while 
| the book presents an unquestionable portrait, it is 
|a portrait from some little distance and perhaps 
tends to enhance the impression that Unwin’s great 
'age naturally imparted in his later years, of a 
| survivor from another era, who dwelt apart. 
| William Cawthorne Unwin was born at Coggeshall, 
| Essex, on December 12, 1838, and, therefore, was 
in his 95th year when he died on March 17, 1933. 
|The son of a Congregational minister, who had 
| graduated at Glasgow University, he was educated 
| at the City of London School and, after the fashion 
\of the time, was early inured to the habit of long 
|and intensive study. Even in 1848, when Unwin 
| went there, science classes were a notable feature 
|in the curriculum and in these he took a keen 
| interest. Subsequently, he attended for a year at 
| New College, St. John’s Wood, where also natural 
| philosophy and chemistry were taught, and in 1855 
| passed the matriculation examination of London 
| University. At this stage, however, the trend of 
his career, which hitherto had been purely academic, 
was given a new and more practical direction by his 
| appointment as assistant to Sir William Fairbairn, 
with whom he remained for five years. He then 
| went to Kendal for three years as manager of an 
| engineering works, but returned to Fairbairn for 
| a further period before being appointed as instructor 
| at the School of Naval Architecture, at Kensington, 
in 1869. Thus began the 35 years of exposition by 
| lecture and by textbook which has made his name 
so familiar wherever engineering is practised. 
| With the details of Unwin’s professional career 
| it is unnecessary to deal at length here ; they were 
| fully recounted in the obituary notice which appeared 
|in our columns in 1933. Nor is there occasion to 
|recall the many distinctions which came to him 
|in subsequent years, from the presidency in 1888 
| (his first induction to such office) of what is now the 
| Junior Institution of Engineers, to that of the 
Institution of Civil Engineers in 1911, the Smea- 
|tonian Society of Civil Engineers in 1913, of the 
| Institution of Mechanical Engineers in 1915 and 
| 1916, and in 1921, the award of the first Kelvin 
| Medal. All these, and many more, are given their 
| allotted places in Mr. Walker’s history, which is 
| documented and indexed with a completeness that 
| leaves little to be desired. The list of Unwin’s 
published works, which occupies no less than 
84 pages, covers practically every branch of engineer- 
|ing. There were few of these branches wherein he 
had not some original contribution to his credit, and 
|on which any pronouncement he might make was 
not received with the respect due and paid to an 
acknowledged authority. 

Such a breadth of interest, coupled with the 
presence of an ever-increasing circle of former 
students, gradually establishing their individual 
position in the engineering world, argues a wide and 

| sympathetic acquaintance ; yet the impression per- 
| sists of a man whom a naturally reticent disposition 
|had eventually deprived of the capacity for really 
|intimate friendship. One after another, of those 
| who contribute personal recollections and apprecia- 
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tions to this memorial volume, comments upon his 
air of aloofness and the difficulty, which to some 
amounted to impossibility, of “ getting to know 
him.”’ At the same time, he was not a recluse, nor 
was he so completely immersed in his work as to 
have no time to spare for recreational pursuits. His 
recreations, however, were not of a markedly soci- 
able kind: mountaineering, in his earlier years, 
fly-fishing and photography were his particular 
interests. The best summary of his character, in 
a book which contains many attempts to epitomise 
it, is that of Miss A. C. Taylor, whose father, Sir 
Alexander Taylor, was president of Cooper's Hill 
College, during Unwin’s professorship of hydraulic 
engineering. 
great intellectual power kind, shy, fastidious, 
inaccessible, and yet an admirable friend, the fine- 
ness of his fibre imposed itself on all, no one showed 
him any but their best self.” The Unwin of whom 
this was written was still comparatively a young 
man, but every page of the biography confirms that 
he could have no truer epitaph. 


Illustrated. 
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Model Building Byelaws 
MITCHELL. London » 
[Price 108. 6d. net.) 


BUILDING legislation in this country has long been 
a source of confusion and annoyance to those who 
come more directly into contact with it, because of 
the arbitrary and empirical nature of its require- 
ments, as well as its frequently ambiguous phraseo- 
logy. With the publication of the New Model 
Byelaws by the Minister of Health, under the Public 
Health Act, 1936, the whole of the building bye- 
laws throughout the country will be unified and 
put on a more rational basis. These New Model 
Byelaws supersede all existing local byelaws on 
and after July 31, 1939, and the Act also requires 
that local authorities shall revise such byelaws at 
intervals of ten years. Such differences as will 
exist under the new code will only be those demanded 
by special local conditions. The control of building 
development, at present so varied all over the 
country, is also made uniform, an improvement that 
saves time and trouble to the whole building 
industry. Mr. G. E. Mitchell's book is a praise- 
worthy attempt to clarify the intention and meaning 
of the new Model Byelaws by means of explanatory 
notes and diagrams. The author's experience on 
county-council committees, which are usually com- 
posed of laymen, has enabled him to evolve a lucid 
method of exposition which is materially aided by 
the extremely clear diagrams. Perspectives and 
isometric projections are employed where the 
conventional plan and elevations might have been 
less clear, and throughout the book stress has been 
laid only upon the main points of each byelaw. 
This little treatise fills a definite gap among 
textbooks on building byelaws. It can be recom- 
mended to architects, engineers, builders, and local 
authorities as a reliable reference book, and should 
prove a serviceable textbook for students of the 
subject. 


Electron Optics By L. M. Myers, 
and Hall, Limited. 


London 
[Price 2/. 28. net.) 


Chapman 


THat an account of a branch of applied physics 
not much more than ten years old should occupy 
some 580 pages and list some 800 references, may 
appear surprising, but the present extent of the 
subject of electron optics, apart from its scientific 
interest and the variety of its applications, is due to 
the fact that it has grown logically out of the 
classical theories of geometrical optics and of the 
motion of elementary charged particles in electric 
and magnetic fields, both of which had previously 
been intensively investigated. ; 

The analogies between light and electrons are 
developed in the opening chapter, and the funda- 
mental point established that an electron traversing 
® layer in an electrostatic field across which the 
potential changes from a value V to a value 
V + AV experiences a deflection similar in cha- 
racter to that which a light ray would experience in 
traversing a layer of a transparent medium across 
which the refractive index changes from n to 
n + An, provided we assume n to be proportional 
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to 4/ V. However, while the refractive indices 
of the materials employed in optics range about a 
mean of 1-5 and within the limits 1 and 2, the 
magnitudes of the electrostatic fields available in 
electron optics enable the upper limit of the 
equivalent refractive index to be considerably 
increased. Moreover, since the equipotentials, 
which function as the refracting surfaces in electro- 
static electron optics, are not sharply defined 
boundaries, like the faces of a glass lens, across 
which quasi-discontinuous changes in refractive 
index occur, the strict optical analogy of the electron 
trajectory is rather that of a light ray traversing 
a striated medium, such as the crystalline lens of 
the eye or the atmosphere. These electrostatic 
fields may be applied to the region concerned 
through the agency of suitably disposed wire mesh 
electrodes, or, more usually, by means of con- 
centric cylinders or coaxial diaphragms main- 
tained at suitable potentials. The velocity of the 
electron in such a field will naturally vary from 
point to point along its path. 

In the second chapter the equations of motion 
of the electrons are derived, and the focusing 
possibilities of axially symmetrical fields of electro- 
static and electromagnetic origin explored. An 


added complication is introduced owing to the fact | 


that, while the concentration of an electron beam 
in vacuo is governed solely by the disposition and 
strength of the respective fields, in an imperfect 
vacuum it depends also upon the space charge 
developed by the ionisation of the residual gas 
molecules, and this likewise is considered. The 
general trajectory equations envisaging all these 
possibilities are naturally difficult to handle mathe- 
matically. It is not even always easy to calculate 
the positions of the equipotential surfaces corre- 
sponding to the electrode systems chosen to provide 
the electrostatic deflecting fields. Various devices 
have, however, been developed which enable the 
tracing of such surfaces, and of the trajectory of the 
electron across them, to be mapped out mechanically. 
These are described towards the end of the 
chapter. 

Chapter III is devoted to the theory of electron 
lenses. It is shown that a beam of electrons, 
originating at a point in the object space and enter- 
ing the axially symmetrical electron lens system, 
can be converged so that, on emergence, it passes 
through a single point in the image space. Thus 
the enlarged or reduced image of an electron- 
emitting source of restricted dimensions, located 
in a plane perpendicular to the axis, will be formed 
in another plane, likewise perpendicular to the axis. 
The employment, in practice, of short solenoids 
introduces the phenomenon of “ torsion,” which 
has no counterpart in the isotropic centred optical 
system. In the latter, the image can only be 
either upright or inverted; in the former it may 
suffer rotation through any angle. 

The next chapter is concerned with the different 
types of aberration exhibited by electron lenses. 
These are similar to those encountered in ordinary 
optical lens systems, due to analogous causes, and 
are denoted by the same names. Like them they 
can, to a large extent, be minimised by suitable 
design. Chapter V is devoted to the electron 
multiplier, in which the fact that a more or less 
copious liberation of secondary electrons occurs 
when any conducting surface is bombarded in 
vacuo by primary electrons travelling with speeds 
in excess of about 10 equivalent volts is systematic- 
ally and ingeniously exploited. The statement that 
the factor A in the Dushman thermionic emission 
equation “is a constant, which is now recognised 
as being universal for pure metals ” reads curiously 
when followed by a table (page 294) in which the 
numerical values listed for A range from 0-76 for 
silver to 60-2 for tungsten. 

Chapter VI supplies a résumé of various practical 
matters connected with the production and measure- 
ment of low pressures, the technique for the degas- 
sing of electrodes, methods of preparing thermionic 
and photo-electric cathodes and of obtaining fluo- 
rebcent screens with appropriate visual and photo- 
graphic properties. The reason for its appearance 
in this particular situation is not obvious and it 
rather interrupts the main sequence. Chapter VII 
is concerned with the electron microscope, the 
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significance of which resides in the fact that its 
limit of resolution is some thousand times finer 
than that of its optical equivalent. A number of 
electron microphotographs, reproduced as plates, 
exhibit in a striking fashion the potentialities of 
this new scientific tool. The concluding chapter 
deals at some length with a variety of further appli- 
cations of the principles of electron optics, mostly 
concerned, either directly or indirectly, with tele- 
vision. 

The preface states that the proofs of the book have 
been read, but the reading appears to have been 
somewhat perfunctory; it is rare, even in a first 
edition of a work so highly technical in character, 
to encounter such a profusion of misprints. Some 
are sufficiently obvious, but the high incidence of 
misprints in the mathematical sections is more dis- 
concerting. As an example, the expression for the 
magnetic vector potential at a point off the axis, 
in terms of the axially symmetrical magnetic field 
at a point on the axis and its derivatives along the 
axis, is given on pages 91, 116 and 255. All differ 
from one .another and none is correct. It is 
necessary, therefore, to warn the reader that the 
mathematical expressions throughout the hook should 
be treated with caution, and not accepted without 
being checked. In a book that is practically the 
first connected account in English of the subject of 
electron optics, and from an authority of Dr. 
Myers’ standing, it is particularly regrettable that 
more care should not have been taken in revising 
the original manuscript, and more time devoted 
to seeing it safely through the press. It contains 
so much of real interest that it is to be hoped that 
the demand for a second edition will afford an oppor- 
tunity to remove the blemishes which detract from 
the first. 


Thorpe’s Dictionary of Applied Chemistry. Volume III. 
Chemical Calculations—Diffusion. By JOCELYN FIELD 
THORPE, F.R.S., and M. A. WHITELEY, D.Sc. Fourth 
Edition. London: Longmans, Green and Company. 
[Price 63s. net.) 


/Tuts publication is familiar to all students of 


chemistry as a ready source of reference to chemical 
subjects and has the advantage of being prepared 
by eminent authorities in the various fields of 
applied chemistry. The rapid progress which is 
taking place in the science has rendered necessary 
the publication of new editions, in which modern 
developments are given prominence. The present 
publication preserves the continuity of style which 
has characterised the previous editions. 

A feature of this volume is the appearance of a 
number of outstanding monographs dealing with 
widely varying aspects of chemistry. Mr. G. E. 
Wainwright contributes a comprehensive survey of 
the cyanides, including the historical aspects and 
a study of the complex metallic cyanides, cyanogen 
and its derivatives and the cyanates. The most 
recent researches on cyanide synthesis have been 
in the realm of high-temperature gas reactions for 
the production of hydrocyanic acid from ammonia 
or nitrogen. The abandonment of the Gold Standard 
in many countries has been an important factor in 
creating a demand for cyanide by stimulating the 
gold mining and the base metal industries. Dr. 'T. A. 
Henry and Mr. W. Solomon, of the Wellcome 
Research Laboratories, contribute a timely study 
of the physiological chemistry of the cinchona 
alkaloids. There are probably few drugs of which 
the early history has been so fully recorded as that 
of cinchona. Dr. F. M. Hamer’s monograph on 
cyanine dyes is of particular interest as a contri- 
bution to photographic chemistry. At the present 
time certain cyanine dyes, absorbing light of com- 
paratively short wave length, are used for conferring 
extra sensitivity upon gelatino-chloride photographic 
emulsions. The high achievements of modern 
photography are largely due to photographic 
sensitisers, of which the cyanines are the most 
significant. The section dealing with colloidal 
chemistry indicates how recent studies of the subject 
have led to important applications of colloids in 
biological, agricultural and nutritional sciences. 
The list of references given at the conclusion of the 
various sections have been well chosen and present 
a ready means of further study of the subjects 
considered. 
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SLIPS IN CLAY BANKS. 


By Herpert Cnatriey, D.Se. (Eng.), M.Inst.C.K. 


Ir has long been noticed that landslides in clay 
often show a curved line of rupture, but no special 
attention seems to have been given to this peculiarity 
until about 1916, when a Swedish engineer, K. E. 
Petterson, emphasised its importance and Professor 
Fellenius invented an analysis of stability based 
upon it. This was applied to the study of slides in 
railway cuts in the 1922 report of the Swedish 
State Railways Geotechnical Commission and has 
since been developed in considerable detail by 
Gilbert, Krey, Terzaghi, Rendulic, Jaky, Gilboy, 
Casagrande and D. W. Taylor. 

An excellent paper on the matter by the last 
named appeared in the 1937 volume of the Journal 
of the Boston Society of Civil Engineers (vol. xxiv, 
pages 197-246, issue of July, 1937). There were 
also four papers dealing with the subject in the 


Fig.1. is 








Proceedings of the International Conference on Soil 
Mechanics, held at Harvard in 1936. It should at 
the outset be observed that this method makes the 


customary reliance on simple “ angles of repose ”’ | 


quite baseless. 

The fundamental idea is that the surface of 
rupture in a cohesive uniform material forming a 
sloping bank is approximately cylindrical. Whereas 
the ideal slip profile in uniform material may | 
actually be a logarithmic spiral or a cycloid, for 
practical purposes a circular profile is sufficiently | 
correct and its mathematical convenience is obvious. 
In practice, the actual variations in cohesion, 
friction and density are greater than the geometrical 
errors due to the deviation of the actual curve from | 
a circle. 

When studying a slide that has occurred, it is 
almost always possible to find two points on the 
rupture profile and, by an examination of borings 
or of the volumes of displaced material, a third 
point can usually be found. Assuming that the 
profile is circular, these three points fully determine | 
it, and a mechanical analysis can then be applied. | 
This takes the form of a balance of moments about | 
the centre of curvature, the active torque being 
simply the moment of the eccentric weight of the 
segment of soil (and structure, if any) above the 
curve, and the passive resisting torque being the 
shear (including internal friction, if any) on 
the curved surface. Since the curve is a circle, the 
moment-arm is just the constant radius of the 
circle. 

Terzaghi has confirmed, in broad outline, the 
truth of the Coulomb principle that the shearing 
strength per unit area s on a surface is of the form 





s=c+ntan?d 
where 
c = the unit shearing strength under no load, 
¢@ = angle of internal friction, and 
n = the unit normal pressure on the surface. 
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| ' 
| It has become apparent from his work, however,| This is an example of a general expression, 


|that this is only an approximation depending on eu Seed (3a) 
the history of the clay and the degree to which the | which applies to all cases, F being a factor of safety. 
| water has been squeezed out of it. The forcing , : , en : 

| out of the water takes a very long time, and it is Taylor, in his paper, gives tables of FwH ned 


| only when the process is well advanced that the | numerous cases, including those where internal 
coefficient of internal friction, tan ¢, has its full | friction is counted. 
value (say, 0-20 to 0-25). When there has been; _. . MLT? ’ MLT- 
recent re-absorption of water, due to cracking, | Since cis a stress ( L? ),1a density ( L> ) 
soaking and swelling, or when the consolidation is| and H a dimension (L), and F is a simple ratio, 
in its early stages, ¢ may be practically zero. The this expression is non-dimensional, and is called 
unit no-load shearing strength, c, for wet clays, is by Taylor the ‘‘ Stability Number.” 
of the order of 3 lb. per square inch. For dried| “ There is, of course, an infinite number of positions 
clays it may rise to very high values owing to the possible for the centre of curvature and also an 
|intense pressures caused by surface tension, but/ infinite number of possible values for the radius, 
| there will then be many cracks and the strength| and the criterion is that circle which makes the 
| will fall back as soon as the material is thoroughly | Shear a maximum. By shifting the centre and 
wetted. The simplest case of sliding then occurs) varying the radius systematically, the worst circles 
|when ¢=0, and this condition is frequently | can be found by a process of trial and error. Fortu- 
| approximated to. nately this has already been done for many cases. 
| Ifthe very simple example given above is modified 








Rl paheg alge <sechnigal™ Ln Mich oh Ns Sp | and it is assumed that (a) the surface of rupture 
‘ aA 90-4 ad ry | passes through the toe of the slope, but is not 

90- a we) P , ee 
aa | necessarily horizontal; and (b) internal friction 


|may be disregarded, it is feasible to find the 


Lv ? 
3 ‘ 






maximum (most dangerous) value of FwH by trials. 


| This Taylor has done, expressing the circle in terms 
| of two angles, x and y, as shown in Fig.2,on this page. 


—-----R cos (y-x)-- --- 
a] 
= 
8 
\ ¥ 


R l 
| Note : = 
} [ Note H = 2sin zx. sin | 
| Table I shows the critical values given by 
| 








Taylor. 
TABLE I, 
- e | R | 
|} «deg. . cf Z. — 
5, OE A Oe | Fw | | 
baa! 
| j - 
|} 15 10-6 60-7 | 0-145 | 2-476)) Contre behind 
| 30 20-0 | 58-4 | 0-156 | 1-821 >| “Ore Henin 
| 45 | 98-2 | 44-7 | 0-170 | 1-604 van 
60 | 35-3 | 35-4 | 0-191 | 1-494— | Centre over toe. 
75 | 41-8 | 25-9 O-219 | 1-717 | Centre in front 
90 | 47°6 15-1 | 0-261 | 2:50 | of toe. 


Norr.—In the case of the italicised figures, still more dangerous 

| circles occur passing below the toe of the slope. These figures 

cannot, therefore, be used unless there is a deep sheet piling at 
the toe or the bank rests on a stiffer material. 


| To illustrate the use of such figures, if it is assumed 
|that F = unity, for a 60-deg. slope with clay 
| having a shearing resistance of 3 |b. per square inch 





(6916.8) 


writes | (432 Ib. per square foot), and a weight of 112 lb. 
From the point of view of the designer, the | per cubic foot (no internal friction), then 

problem is the inverse of that referred to above. | 432 

He wants to know, for a given bank, where the | H = i> =o 181 

centre of curvature of the rupture surface would |. = j 





= 20-66 ft. 





be, and what radius gives the worst conditions. 


| is the critical height of the bank. 


A hypothetical preliminary case is shown in| With a 90-deg. slope, it is 14-78 ft. 

Fig. 1, herewith. Unit length of slide is assumed | | (If the shearing resistance is only 2 lb. per square 
in all cases. It is further assumed that (a) the| inch, a8 may be the case with young soft clays, 
surface of rupture is horizontal at the base of the | these figures are reduced by one-third. Top open 
slope, and () the surface of rupture passes through cracks may still further reduce the critical heights.) 
the top edge of the slope. From condition (a), the | The next step is to consider cases where the 
centre of curvature is vertically over the toe of the | °Titical circle passes under and outside the toe, 
slope and . | condition which particularly applies to instances 

| where the bank slope is less than 53 deg. Unfortu- 
| nately, it will be found that, if zero internal friction 
|is assumed, the critical circle is not determinate. 


2 2 
on = = > ( + cot? i) 


For example : 





if cot i 4-0, a slope of lin 4, R = 8-5 H; The highest value of F i (0-181) occurs for 
30 is lin2,R =2-5H; fe Ag 
yen lin], R =1-0H, infinite values of D (see Fig. 3). 
si ; In actual fact, however, D must be limited, as 
The balance of moments is | at a certain depth either the material changes to 
CR=Wd. ‘ , . (1) | something firmer or internal friction begins to 
Disregarding internal friction become apparent. The critical values of ;, . i 
os ' w 
Coa hOmseks given in Table II, are, therefore, of interest. 
or wesen El 
aia WwW ad (2) ABLE II. 
2 RR | n 1-0 n 2-0 | n 3-0 
W = w. R* (i — sin i. cos ¢) w = unit density tient 
deg. | 
and + day gellia ele tinge e te 
H.coti H. coti ; | Fw | Fw FwH | 
d> 5 or = — — . #(t) A mig 
where ¥ (i) somewhat exceeds unity and defines os oe i rat aH | oe ees he 
the position of the centre of gravity of the segment) 45 | 0-174 | 1-6 | o-178| 2-20 | 0-180 | 2-85 
in terms of the slope, so that [eis oe ee 
wH. cot i(i — sini. cos i) ' | In practice, therefore, either a limiting value of D 
‘> ————. > (3) |. : : . ical c¢ > , if i 
24 is known (as by a geological change), or, if D is 
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indefinite, internal friction must be allowed for. 


Failing cither of these criteria, ..- > may be taken 


F wu 
us 0-181, which gives critical heights somewhat 
uveater than are mentioned above for steeper 
slopes. 

The final stage in this investigation is the intro- 
duction of the frictional resistance. This depends 
on the weight of material over any particular 
point in the rupture surface and the coefficient of 
friction, tan ¢. Its effect is obviously to strengthen 
the bank. If ¢ is more than i, the slope is stable 
for any height. For steeper slopes, a new set of 
critical circles exist. If the angle of friction is 
14 deg. (tan ¢ = 0-25), for slopes of more than 
about 20 deg., the critical circles pass through the 
toe of the slope. The centres of the critical circles 
move outwards as the friction angle increases, and, 
for slopes less than 45 deg., also move upwards. 
This means that the segments are, respectively, 
more tilted and thinner, and the values of F “ Hi 
necessarily decrease. 

Various methods have been devised for simpli- 
fying the analysis, with a fair degree of concordance 
in the results, the discrepancies being the most 
marked for small slopes. The so-called * friction 
circle ’’ method is the simplest. If a circle with a 
radius Rtan¢@ is drawn about the centre of 
curvature it is obvious that all the support reactions 
on the rupture surface, at the instant of slipping, 
will act tangentially to that circle, so that the 
balance of moments takes a form 


CR + P. Rtan d Wd 


where P is the resultant reaction (see Fig. 4, on 
page 103). 

By means of a triangle of forces at a point on 
the rupture surface vertically below the centre of 
uravity of the segment, P may be expressed in 
terms of C and W. Taylor shows that this may be 
resolved, for cases where the are passes through 
the toe of the slope, into the form 


§ conec® x (y. cosec® y 
kwHlH 2 cot x. cot t 2 


cot y) cot 2 cot t 


(3B) 


and he has tabulated xz, y and — for values 


Fr wH 


of ¢ from 15 deg. to 90 deg., with ¢ varying from | 


() deg. to 25 deg. He also gives graphs dealing 
with the cases where the circle goes below the toe. 
Submergence of the bank, of course, increases its 
stability. Capillary saturation and seepage cases 
are probably best treated by neglecting internal 
friction, although Taylor has suggested another 
method. 

A very important point, emphasised by Terzaghi, 
is the occurrence of a surface crack at the top edge 
of the rupture surface, which thereby becomes 


reduced in effective shearing area. The conditions | 


leading to this crack have been much discussed. 
In actual practice, it is wise to deduct, say, 3 ft. 
from the length round the curve of the sliding 
surface. This necessarily reduces the critical height 
of low banks, but is of less consequence in very 
long flat slopes. 

If the material is not uniform, the surface tends 
to depart appreciably from a circular form, but 
even in this case a fair notion of the stability can 
often be gained by this method, using the appro- 
priate densities, friction coefficients and shearing 
strengths. 








Diese ENGINE MAINTENANCE,—A free course of 
instruction is provided by Messrs. F. Perkins, Limited, 
Peterborongh, to enable operatives of Diesel engines to 
become proficient in maintaining these engines and to 
be able to diagnose and correct any faults that may 
develop. The course, which lasts from Monday to 
Friday of each week, embraces both the working princi- 
ples of the compression-ignition engine and the detailed 
dismantling and assembly of typical engines, including 
such auxiliary components as fuel and water pumps. 
bach class is limited to six persons, so that individual 
attention is ensured, and in addition to the lecturer and 
laboratory instruction in service maintenance, several 
hours are devoted to actual fault diagnosis on the road. 
which makes the course of great value to the driver 
of Diesel-engined vehicles, 
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THE INTERNATIONAL FOUNDRY 
CONGRESS. 


(Continued from page 75.) 


Dr. H. Woop occupied the chair at the meeting of 
Session A, held on the morning of Friday, June 16, 
and the first paper presented was “ Cutting Tools for 
Cast Iron,” by Mr. H. H. Beeney, M.Met., which was 
reprinted in abridged form on page 789 of the previous 
volume of Enarneerinc. The author described the 
characteristics of cast iron from the aspect of the 
machine shop and also dealt with the tools which 
Gave been developed for the high-speed cutting of this 
material. 

In the discussion on this paper, Mr. P. H. Russell 
inquired whether any method could be recommended 
for ascertaining the comparative machineability of 
various grades of cast iron. He could not agree that 
tensile strength was a major factor in machineability 
and thought the prime factor was graphite size and 
arrangement. Mr. W. Smith, supporting this view, 
pointed out that certain cast irons of 25 tons tensile 
strength could be machined as readily as ordinary 
grey irons of only 12 tons to 14 tons tensile strength. 
Mr. F. J. Cook, however, agreed with the author that 
tensile strength was a vital factor. In estimating 
hardnesses by the drill method it was almost possible to 
prepare a chart which would give tensile strength and 
resistance to wear. With carbon over about 0-9 per 
cent., the graphite flakes were larger and fewer and 
such metal could be machined quite easily. A hard 
iron could be readily machineable, but with an ordinary 
iron of, say, 18 tons tensile strength, where all the 
graphite was fine, the effect on the cutting was greater. 
The testing machine referred to by the author was 
designed similarly to his own machine made forty 
years ago. An important matter in a drill test was to 
keep the point of the drill sharp, and when testing by 
this method the point of the test drill should be relieved 
by first cutting a small hole. 

In reply, the author said he was well acquainted with 
the machine for comparing machineability and had 
built one himself. In spite of what had been said he 
still maintained that tensile strength was the main 
factor and that diminishing it improved the machine- 
ability. He could not agree that the low-phosphorus 
iron of 25 tons tensile strength machined as readily 
as weaker irons. On his own drill-testing machine 
the penetration of the drill per hundred revolutions 
increased as the phosphorus content of the iron was 
raised and, consequently, as the tensile strength was 
reduced. There was a 25 per cent. increase of drill 
penetration with the reduction of tensile strength and 
the increase of phosphorus. This, however, did not 
take into account the wear of the cutting tool with a 
very high phosphorus content, such as 1-58 per cent., 


| which would certainly increase the wear of the tool. In 


his opinion, the optimum range, from the point of view 
of ease of machineability, was about 0-8 per cent. to 
1-0 per cent. of phosphorus. 

Dr.-Ing. Massimo Bargozzi’s paper on “ The Laws 
Governing the Operation of the Cupola ” was then read. 
In this paper the author applied a general equation to 
the working of Italian cupolas and claimed that with the 
aid of four diagrams given it was possible to solve any 
problem affecting the acceptance or design of a cupola. 

Mr. M. Olivo, speaking in the discussion, said the 
theory advanced by the author was very complicated. 
His own experiments supported the theory, to some 
extent, but his experience was that each cupola had 
its own peculiarities even when constructed to the 
same design. More coke did not mean hotter iron, 
and the optimum depth of coke bed had to be found 
for each cupola and adhered to. To increase the 
temperature of the iron it was necessary to diminish 
the weight of the charge of iron, and vice versa, but 
the coke bed must remain at the same height. Pro- 
fessor A. Campion agreed with the previous speaker 
that every cupola had its own peculiarities. He 
inquired whether the paper was purely theoretical 
or had been confirmed by practical results. Theo- 
retically the analysis of the waste gases should give a 
true idea of efficiency and performance, but the diffi- 
culty was to obtain a proper sample, and his own 
experience was that it could not be done ; the structure 
of the coke was a factor, as well as its analysis. In some 
of his work extending over the last two years it had 
been proved that the distribution of the air within 
the cupola was so important that it would be necessary 
to modify the shape of the furnace. Even distribution 
of the air resulted in a very large reduction in the coke 
consumed and also gave a better performance. Mr. 
J. E. O, Little supported Professor Campion’s remarks 
and said that he believed that when the new work 
referred to was published the reason why one cupola 
was different from another would be clear. Mr. 
R. Bean, referring to gas-analysis, said that there were 
cupolas in the United States in which the air volume 
was controlled by the carbon-dioxide content of the 
waste gases drawn from the cupola stack below the 
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charging door. In the United States the cupola 
charges often contained as much as 50 per cent. to 
60 per cent. of steel scrap and about 30 lb. of coke per 
ton was used, not for melting, but to carburise the 
low-carbon material in the charge. At the conclusion 
of the discussion, the author said he would reply in 
writing to the points raised by the speakers. 

Mr. Lutoslawski then read a paper entitled ** Opti- 
mum Blast Volume for Cupola Practice,” by Dr. Ing. 
Nicolas Czyzewski, in the absence of the author. In 
this paper the author showed that optimum blast 
conditions depend particularly upon the quality of the 
coke and gave several formule to account for the 
behaviour of the cupola under different working con- 
ditions. Mr. L. W. Bottom, who opened the discussion, 
mentioned that the figure given by the author of 
100 cub. m. of air per square metre was lower than that 
used on common iron in this country, which was 
between 110 cub. m. and 130 cub. m. with the same 
coke ratio, namely, 9 per cent. to 11 per cent., as 
given in the paper. He had found that the cokes 
produced in various countries possessed very different 
characteristics which had a considerable influence on 
resistance to blast. He thought that the velocity 
of the blast was often higher than 100 ft. per second, 
and was strongly in favour of allowing for more air 
than was theoretically required when ordering blowing 
equipment. 

Professor A. Campion said he doubted whether the 
coke-air ratio was the only or the main factor; the 
secret of successful operation was regularity and 
uniformity of distribution of the air. Graded coke 
also was very advisable, and 2 in. to 4 in. mesh for 
cupolas up to 30 in. in diameter was satisfactory. Oxida- 
tion of the metal was a common and serious trouble 
and could be caused by excessive air supply. There 
was no other speaker in the discussion and the author’s 
reply will be given in writing. 

Mr. G. R. Shotton’s paper entitled “* Notes on the 
Design and Operation of the Open-Hearth Furnace for 
Melting Malleable Cast Iron” was then taken. The 
author dealt with the design of a furnace suitable for 
melting white iron in a malleable foundry, describing 
the whole of the important features, including the 
gas-producer plant, the fuel and other costs, and the 
manner of operation. In the discussion, Mr. F. J. 
Cooke said that the points raised by the author would 
be valuable to those intending to operate such a 
furnace, and asked how he got rid of the “ bear” 
which had a tendency to form in the bed of the furnace 
and could be a great nuisance. Mr. J. H. Cooper 
asked if it were detrimental to leave the furnace partly 
charged for a time, and the next speaker, Mr. H. A. Fox, 
inquired about the variation in quality of the metal 
at the beginning and end of a tap. Replying to the 
points raised in the discussion, Mr. Shotton said that 
the “ bear” on the bed of the furnace was composed 
largely of residual iron and most of it was removed 
during the “ swill’’ heat. Occasionally oxides were 
not so removed and it had been found useful to put 
in some ferro-manganese to reduce this. Actually, he 
had had but little trouble from this cause as the bath 
was dried off and puddled with wet sand, to remove 
pools of iron, after the metal had been drawn off. 
When the melting-down time was prolonged, the loss 
of silicon and carbon was very much greater. There 
was naturally a variation in quality between the top 
and the bottom, as the former was not only hotter, 
but was in contact longer with the flame. Towards 
the end of a heat there was a loss of carbon which 
might be anything from 0-05 per cent. to 0-15 per cent. 
The practice was to hold back the end of the heat 
and put in some pig-iron to keep up the carbon-content. 

The next paper, by Mr. C. Zehnder, described the 
whole process of manufacturing malleable cast-iron 
pipe fittings from the melting of the iron in the cupola. 
He pointed out that much of the corrosion trouble in 
pipe fittings had been found to commence at the 
threads, and mentioned that his firm had developed a 
special system of galvanising them. In the discussion, 
Mr. J. H. Cooper commented upon the use of the cupola 
for the castings and said he had been informed that 
this furnace was no longer used for the purpose ; he 
wished to know the approximate analysis of the 
castings. Mr. H. A. Fox said he noticed that tumbling 
was used for fettling the castings and asked if there 
were any objection to the use of airless shot blast. 
He suggested, also, that the continuous galvanising 
process might be used in place of the manual operation 
of dipping, and finally, he asked what form of pot 
gave the longest life in the annealing operation. In 
reply, Mr. Zehnder said that tumbling was only used 
after annealing; for cleaning the castings any sand- 
blast equipment could be employed. For galvanising 
the threads of his firm’s castings the continuous process 
was unsuitable. Many factors affected the life of 
annealing pots and each manufacturer had to study his 
own conditions. There were cast-iron boxes, cast-steel 
pots and pots made of heat-resisting materials. He 
used the cupola only for his work, but he understood 
the duplex process had been installed in a number of 
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malleable-iron foundries. The duplex process was not 


used for pipe fittings, but for other classes of malleable | 


work. Sulphur was undesirable in the metal as it 
tended to keep the castings white, and since the cupola 
was employed there was naturally more sulphur than 
they could wish for. He did not think that 0-1 per cent. 
or 0-2 per cent. of sulphur had much influence on the 
cracking of castings, and by observing certain conditions 
in handling, the number of cracked castings could be 
made practically nil. 

Dr. A. B. Everest then presented the paper “‘ Pitting 
Corrosion of Cast Iron and Steel Pipes,”’ on behalf of 
its author, Dr. Ing. Ludvik Olsansky. In order to 
determine the influence of the cast skin, in the case of 
cast-iron pipes, and of mill scale, in the case of rolled- 
steel tubes, on the resistance to corrosion by corrosive 
agents, the author made tests with a 5 per cent. solution 
of nitric acid. His conclusions are set out in full in 
the paper, an abridgement of which was given on 
page 787 of our issue of June 30 last. The only speaker 
on this paper was Dr. Everest, who said that the 
test used by the author needed to be treated with 
considerable caution. Failures, in his experience, 
were due generally to a local defect, damage to the 
protective coating, or to stray electric currents. Such 
factors were more important than straightforward 
corrosion and the author’s tests would not, he thought, 
have any direct bearing upon life in service. 

The meeting concluded with a vote of thanks to the 
uuthors, proposed by Mr. F. J. Cook. 


(To be continued.) 








THE ZERHYD WATER-SOFTENING 
PROCESS. 


THE problem of the supply of softened and deminera- 
lised water is an important one not only in connection 
with boiler-feed problems, but for many industrial 
processes. For many years the only practicable method 
of obtaining demineralised water was by distillation, 
but electro-osmosis has recently been introduced. These 
processes are rather expensive, both in the matter of the 
plant required and in its operation. Even when water 
is distilled for make-up feed for high-pressure boilers, 
it is usual to arrange for some preliminary softening 
in order to reduce the load on the distilling plant and 
maintain its efficiency. The usual less-expensive 
methods of softening water give only partial deminerali- 
sation or lead to a substitution of salts, as in the case 
of zeolitic cation base-exchange processes. These 
processes, moreover, cannot deal with chlorides which 
may be present in brackish waters. Messrs. L’ Auxiliare 
des Chemin de Fer et de L’Industrie 117, Quai Jules 
Guesde, Vitry-sur-Seine, who have been working on 
the subject of water softening for many years, had 
an exhibit at the Paris Fair, which we dealt with on 
page 82 of our last week’s issue, illustrating the use of 
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the substances to which 
they have given the name 
Allassions, for water- Fia. 2. 
softening purposes, and a 

number of plants using 

these materials are now in commercial operation. The 
use of zeolites for water softening is well known. 
These are substances having in their structure a certain 
proportion of mobile cation metals which are replacable 
by other cations. In the base-exchange process, the 
cations of calcium and magnesium are replaced by 
cations of sodium and it is possible in this way to obtain 
water of zero hardness. As the zeolites can only 
exchange one metallic cation for another, the softening 
process results in the replacement of one salt by another 
and there is no reduction in the amount of soluble 
salt present. An analogous action takes place in the 
water-softening process to which Messrs. L’Auxiliare 
des Chemin de Fer et de L’Industrie have given the 
name Zerhyd, and in which Allassions are used, In 
this process mobile ions are also exchanged, but can 
also be replaced by H and OH ions so that the final 
result is to take out all the ions which constituted the 
initial mineral content of the water. 

| In the Zerhyd process, treatment takes place in 
| two stages. The water is first passed through Allassion 
| C, which results in the cations being replaced by the ion 
| H; it is then passed through Allassion A, which results 
| in the anions being replaced by the ion OH. Allassion C 
| is an insoluble product which, like the normal zeolites, 
| contains a percentage of mobile cations. Its properties 
| are such, however, that not only can other metallic 
cations be exchanged but also the cation hydrogen. 
The material gives up cations of hydrogen to the water, 
which replace any cations of calcium which were in it 
originally ; a water containing bicarbonates, sulphides 
and chlorides of calcium yields only acids, of which 
carbonic acid can be easily eliminated by simple 
de-gassing. When Allassion C is saturated with lime 
it can be regenerated by an acid, such as dilute sulphuric 
acid, which replaces the hydrogen ions, Other cations, 
such as magnesium, sodium and iron, follow the same 
reaction. 

Allassion A is an insoluble product which contains a 
certain percentage of mobile OH ions which are replace- 
able in reverse by the anions SO,, NO;, etc. The water, 
| which after passing through Allassion C contains only 
| the acids produced in the first exchange, has these 
| replaced by OH ions on passing through Allassion A, 
| with the formation of water. At the end of the two 

treatments there is no trace of the salts which the 
| water originally contained. The final process consixts 
in de-gassing the water for the elimination of CO, 
Allassion A may be regenerated by passing an alkali 
solution through it. When the water contains silica, 
a preliminary treatment is necessary, since this material 











having no pronounced qualities either acid or basic, | 


is not retained by the Allassions. The silica may be 
| removed by means of a precipitate of gelatinous alumina, 
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and the silica coagulating and depositing itself on the 
gel may then be removed by filtration. When the water 
contains iron the process takes place exactly as 
described for calcium. Normal zeolites will remove iron 
but only by an irreversible process, so that they gradu- 
ally lose their activity. Allassion C, after dealing with 
iron-bearing waters, may be regenerated by acid as 
already described. 

The purification plant consists of a series of closed 
vertical cylinders, made of acid-resisting metal, con- 
taining the Allassions. together with tanks for the 
regenerating acid and alkali, circulating pumps, etc. 
The Allassions are in the form of grains, graded to 
size, the charge in the tanks depending on the quality 
of the water to be treated and the rate of treatment 
required. A diagram of an installation is reproduced 
in Fig. 1, this representing a plant which includes 
apparatus for the preliminary removal of silica. The 
water to be treated enters at the left, as indicated by the 
arrow. The gelatinous alumina precipitate is added 
from the dosing tank a and the water than passes 
to filter b, where the deposited silica is filtered out. 
It then passes through cylinders c, d and e. The 
first of these contains Allassion C, which converts the 
salts in the water to acids. Cylinder d contains 
Allassion A and in it the acids contained in the water 
are changed from OH ions, which are removed in the 
de-gasser f, pure water passing into the tank g. Cylinder 
e, which contains Allassion C, is not an essential part 
of the plant but is sometimes used to remove any 
traces of alkali which may be deposited in cylinder d 
during the regenerating process. 

The regenerating plant is shown in the lower part 
of Fig. 1. Tank A contains dilute commercial sulphuric 
acid which is delivered to cylinders ¢ and e by the 
centrifugal pump shown. It leaves by drains at the 
bottom of the cylinders. On its way to the pump the 
acid passes through a gauging tank i and a mixer j. 
The regenerator for Allassion A, in cylinder d, is car- 
bonate of soda, which is contained in tank k. The 
pump and simple regenerating circuit are clearly shown 
in the diagram. The makers claim that the water 
delivered to tank g is equivalent to distilled water 
and may be used for laboratory work and accumulator 
make-up. The process is stated to be very suitable 
for dealing with the magnesia-bearing waters of North 
| Africa. A photograph of a plant installed in an electro- 
| metallurgical works and having a capacity of' 220 
| gallons per hour is illustrated in Fig. 2. A plant of 
twice this capacity has recently been set up at one 
| of the Paris electric power stations. 

Some account of the constitution of the Allassions 
| which are used in this process is given in an article 
| by M. G. Austerweil which appears in the Bulletin de 
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la Société Chimique de France, Series 5, vol. 6, page 55 
(1939). This states that cation-exchange materials may 
be prepared by treating materials containing humic 
acid or humates with sulphuric acid. Such materials 
can be used as hvdrogen exchangers as they can be 
regenerated with acids without being destroyed. The 
author suggests the name Allassions for these ma 
terials to distinguish them from zeolites. He goes on 
to say that other cation-exchange materials may be 
prepared from synthetic resins and sulphonated tannins. 
To be suitable for softening water ion-exchange 
materials must be easily wetted, insoluble, must not 
swell in water, and must not be too expensive. In 
connection with this matter, it will be remembered 
that some work has been done by the Water Pollution 
Research Board on synthetic resins having base- 
exchange properties. 








PLASTIC MOULDING MACHINES. 


Tue manufacture of the great variety of articles for 
which plastic materials are used not only involves 
machines capable of producing them economically in 
quantity, but also machines of many different types. 
Thus, small quantities of articles may be made in 
thermo-setting resins on a fully-automatic machine, or 
large output may be secured in thermo-plastic resins 
by injection moulding. Messrs. Alfred Herbert, 
Limited, Coventry, have given the general subject 
considerable attention, and as a result, handle a number 
of different machines by various makers. Charac- 
teristic examples are the moulding machines constructed 


by Messrs. Reed-Prentice Corporation, Worcester, | 


Massachusetts, U.S.A., of which machines an injection 
moulding type of unusual interest is illustrated in 
Figs. 1 to 5, on page 110. As will be evident from the 
outline arrangement of Fig. 1, the machine is disposed 
horizontally with the movable die and its operating 
cylinder at the left and the fixed die, with the material 
feeding gear, at the right. The machine can be arranged 
#0 that the several movements made during an opera- 
tion are manually controlled, or can be used with semi- 
automatic or full automatic operation. It is manu- 
factured in four sizes, with a range of feed of from 
7 cub. in. of material to 28 cub. in., the weight of the 
article moulded per cycle being 2 oz., 4 oz., 6 oz., and 
8 oz., respectively, for the four sizes. The machine 
shown in Fig. 1 gives a general idea of the two smaller 
sizes. 

The drive is by motor, housed in the rear portion of 
the base, its position being indicated by the ventilating 
louvres at the left. The motor is direct-coupled toa 
Vickers hydraulic pump with valve control. The motor 
is of 15-h.p., but the full power is required for approxi- 
mately two seconds only of the injection cycle. The 
pump has both high-pressure and low-pressure sections, 
both supplying oil to the injecting ram during the 
filling of the mould, the low-pressure section only 
supplying oil for maintaining pressure on the ram, 
during the cooling of the work in the mould. The oil 
supply is contained in the bedplate of the machine, 
which is provided with a level observation window. The 
pump delivery is 38-2 gallons per minute. The pump 
supplies oil to the cylinder a, which is 3} in. in diameter 
by 8 in. stroke, and advances the movable die 5 up to 
the fixed die c, and holds it there during the moulding 
operation, by toggle mechanism. The closing pressure 
is 100 tons. The movable die carries one-half of the 
mould and the fixed die the other half, as is seen in 
Fig. 5. The machine—not, however, of the precise 
type illustrated in Fig. 1—is being used, in this parti- 
cular illustration, for moulding ordinary combs, two of 
which, back to back, are seen in place with the runner 
between them. A further example is seen in the dis- 
charge chute below the dies, and others near the manual 
control levers. These combs can be produced at the 
rate of 720 per hour. An even greater rate is attained 
with articles of which more can be moulded in one 
die, thus, when producing frames for sun glasses 
of which eight pairs are moulded on one runner, the 
output is 1,040 pairs per hour. The die plates provide 
a clear space of 12 in, by 12 in. inside the guide bars. 

The injecting part of the machine is best understood 
from the sections of the nozzle aid heating cylinder 
shown in Figs. 2 and 3. The tip of the nozzle, as shown 
in Fig. 2, is flush with the fixed die plate and engages 
with the fixed half of the mould. It is screwed into a 
conical nose piece bolted to the heating cylinder, which 
is perforated with a number of holes arranged in a 
cirele, as shown in Fig. 3, and converging to the hole 
in the nozzle. The nose piece in which the holes are 
formed is prolonged backwards into a mandrel on which 
the annular feeding ram slides, the outer surface of the 
ram sliding in a feed cylinder having a liner of air- 
hardened steel, the mandrel and ram being of the same 
material, The heating cylinder is indicated at d in 
Fig. 1, the feed cylinder at e and the ram at f. The 
material, in powder form, is contained in the hopper g 
and measured quantities are removed from this by a 
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sliding plunger, with variable stroke, worked from the 
ram. The material falls down the chute below the | 


hopper into the feed cylinder, which it can enter through | | 


a port when the ram is withdrawn, and then lies in a heap 
in front of the ram. On the ram being advanced, the feed | 
opening is closed and the material is pushed by the ram 
into the heating cylinder, the operation being concluded | 
by the now-plastic material being ejected through the | 
nozzle into the mould. It should be noted that a 
different type of heating cylinder, with a more direct 
material feed is fitted to the machine shown, in part, 
in Fig. 5. 

The heating cylinder of Figs. 2 and 3 is of consider- 
able interest. The body is subjected to an alternating | 
magnetic flux from the surrounding coils, a layer of 
asbestos being interposed between the coils and the 
cylinder walls, so that the coils themselves are pre- 
vented from becoming overheated, a small motor- | 
driven blower discharging air over the outside of the | 
coils also assisting to this end. The heating of the | 
cylinder is due to a hysteresis effect, the steel of which | 
it is made having a high coercive force and a high | 
specific resistance, so that the eddy currents are | 
small. A low frequency field is used. There are two | 
coils, viz., one on the nose piece and one on the cylinder | 
body, which are controlled by separate thermocouples 
connected to a dual potentiometer controller. The 
temperature of each section may be independently 
adjusted. It is claimed that this method of heating 
has practically eliminated the troubles experienced in 
rendering materials sufficiently plastic to be injected 
into a mould. This improvement is due to the high 
degree of uniformity of temperature obtained through- 
out the body of the cylinder and nose-piece. With 
resistance heating or other surface heating methods the 
outer portions become hotter than the inner portions | 
and, in consequence, when the heat supply has been 
cut off, a flow of heat towards the inside of the cylinder | 
takes place, which uncontrolled flow makes accurate | 
temperature control almost impossible and results in | 
overheating and discoloration. The magnetic heating 
device is also claimed to make a change of colour much | 
more easily effected. The heater has been found suit- | 
able for all type of cellulose acetate and for several 
other types of thermo-plastic material but, if desired, 
a resistance heating cylinder can be supplied. This is 
illustrated in Fig.4. The nozzle, ram and feed cylinder 
arrangement is the same as with the magnetic heater, | 
but heating is done by separate resistance on the nose- | 
piece and cylinder. It is somewhat lighter and smaller 
than the magnetic heater, but the temperature is not | 
so readily controlled. 

The ram of the machine in Fig. 1 is actuated by a} 
plunger 9 in. in diameter by 6 in. stroke, which works | 
at a speed of 140 in. per minute. The plunger area is 
3-14 in., and the pressure on the material is 9 tons | 
per square inch with a pump delivery pressure of | 
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1,000 Ib. per square inch. The pressure on the plunger 
can be varied between 1,000 Ib. and 500 Ib. per square 
inch by the handwheel h, the corresponding handwheel 
at the other end of the machine being used for adjusting 


| the rate of travel of the moving die. Gauge i shows 


the pressure on the die and gauge 7, that on the ram 
plunger. The levers near these gauges are for manual 
control of the machine, one closing the mould and the 
other starting injection, with reverse in both cases. 
When the machine is working automatically, it is con- 
trolled electrically through the three time clocks &, 1 


‘and m. The first of these determines the time the 


ram remains in the forward position ; the second deter- 
mines the period for solidification in the mould, i.e., 
how long the dies remain closed after the ram has 


|returned; while the third determines how long the 


moulds remain open for ejection of the work, etc. The 
several periods can be varied between 0-2 sec. and 
120 sec. The setting dial n controls the point at 
which movement of the ram ceases. 








OPPOSED-PISTON TWO-STROKE 
DIESEL ENGINE. 


THE advantages of the opposed-piston type of engine 
with a common combustion space are well known, but 
apart from the various models developed by Messrs. 
Junker, this arrangement has been rarely adopted by 
manufacturers. The explanation probably lies in the 
fact that a simple method of coupling the pistons to 
the crankshaft is difficult of achievement, but a very 
neat solution of the problem has been effected in a 
new range of engines developed by Messrs. Sulzer 
Brothers, of Winterthur, Switzerland. The range com- 
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prises two-, three- and four-cylinder engines, develop- | 
ing, respectively, 40 brake horse-power, 60 brake horse- 
power, and 80 brake horse-power at 1,000 r.p.m. This 
speed corresponds to heavy duty when the engine runs 
continuously for long periods at full load. For average 
industrial work, the designed speed is 1,250 r.p.m., 
with outputs of 50 brake horse-power, 75 brake horse- 
power, and 100 brake horse-power. A speed of 1,500 
r.p.m. is permissible for peak load and stand-by plant, 
or for rail vehicles, motor launches, or other services 
where the maximum speed and output is required only 
for short periods. At this speed the output of the 
three engines is 60 brake horse-power, 90 brake horse- 
power and 120 brake horse-power. The outputs given 
are for altitudes not exceeding 1,300 ft. and an outside 
air temperature of 68 deg. F. The engines are suitable 
for either stationary or portable plants, such as pumps, 
compressors, or electric generators, for rail or road 
traction, and for marine purposes. When applied to 
tugs, fishing boats, or similar services, the medium 
speed may be employed. 

The four-cylinder engine is illustrated in Figs. 1 to 4, 
on this and the opposite pages, Fig. 1, showing it incor- 
porated in a self-contained generating set. Operation 
is on the two-stroke cycle. The cylinders are horizontal, 
and the manner in which the pistons are coupled to 
the crankshaft will be clear from Fig. 3. It will be 
observed that the shaft is below the cylinders, and 
that it is of the eight-throw type, there being two 
throws set at 180 deg. for each cylinder. There are, 
of course, no cylinder covers, as combustion takes | 
place between the two pistons, and the motion is | 
conveyed from each piston to the corresponding crank | 
pin by an upper and lower connecting rod coupled to | 
the two ends of a rocking lever. One of these levers | 
with a piston and rod isshown in Fig. 2. The cylinder 
liners, of special cast iron, are finished by honing 
on the working surfaces, and are replaceable and inter- 
changeable. They are fixed in place without the use 
of rubber water joints. The pistons are of the two- 
part type, the crowns being of special heat-resisting 
material. To facilitate their removal, each rocking 
lever is mounted on a short shaft held at each end 
in split bearings, and when the two bearing caps are 
removed, the pin at the small end of the lower connect- 
ing rod can be taken out, and the piston, upper | 
connecting rod, and rocking lever withdrawn as one 
unit. A large cover is provided on each side of the 
engine, and when these are removed, ready access is 
given to the rocking lever shafts and lower connecting 
rod ends for removal of the locking devices. As shown 
in Fig. 4, the assembly referred to is light enough to | 
be easily handled. 

The fuel pumps, one of which is shown to the right | 
in Fig. 3, above the cylinder, are operated by a cam- | 
shaft in an enclosed casing, the camshaft being driven | 
from the crankshaft through spur gearing. The pumps | 


























are automatically primed, and are therefore always 
ready for service. Each pump delivers its oil at a 
suitable pressure to an injector, which, as shown in 
Fig. 3, is mounted above the cylinder at its centre. 
Each pump is separately replaceable. It is claimed 
that the efficient design of the fuel-injection system, 
in combination with turbulence due to scavenging, 
results in a good’ mixture with low fuel consumption. 
In addition to operating the fuel pumps, the camshaft 
controls the compressed-air starting valves, when fitted, 
and carries a ball governor at one end. The governor 
controls the fuel pumps through a short system of 
rods. The two-cylinder engines are started by hand. 
The three- and four-cylinder models can also be started by 
hand, but they are normally fitted with either electric 
or compressed air starting. Similar means of starting 
can also be fitted to the two-cylinder engine, if required. 

A self-contained scavenge pump is fitted to each 
cylinder and is driven by a rod from one of the rocking 
levers, as shown to the left in Fig. 3. The arrangement 
of the pump valves, and also of the inlet ports, will be 
clear from this figure. The exhaust ports open towards 
the end of the working stroke, and a little later the 
inlet ports are uncovered by the opposite piston. The 
entering scavenge air forms a swirl, driving out the 
exhaust gases and filling the cylinder with fresh air. 
The scavenge ports remain open after the exhaust 
ports have closed, so that the cylinders are super- 
charged at the scavenge pressure. The engine will 
operate satisfactorily on any of the usual Diesel fuels 
with a specific gravity between 0-85 and 0-88, the 
consumption at full load amounting to about 0-4 Ib. 
per brake horse-power-hour. It may be pointed out 
in conclusion that the opposed-cylinder arrangement 
results in an exceptionally good balance, so that if 
necessary the engine can be mounted on very light 
foundations and runs with a minimum of vibration, 
The design is also very compact, rendering it suitable 
for confined spaces. All the auxiliaries, such as the 
starting air compressor, fuel transfer pump, cooling- 
water pump, radiator-cooling fan, and, in the case of 
marine engines, the bilge pump, are directly driven 
from the engine. The accessories normally supplied 
include supporting rails, air filter, fuel tank with filter, 
and exhaust manifold with silencer. Reversing and 
reducing gear, together with a propeller, shafting and 
stern gear, can be supplied to suit the engines for 
marine use. The engines are handled in this country 
by Messrs. Sulzer Brothers (London), Limited, 31, 
Bedford-square, London, W.C.1. 








INSTITUTION OF ELECTRICAL ENGINEERS—WIRELESS 
SecTion.—Mr. E. B. Moullin and Dr. R. L. Smith-Rose 
have been elected chairman and vice-chairman, respec- 
tively, of the Wireless Section of the Institution of 
Electrical Engineers for the 1939-40 session. 
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ANNUALS AND REFERENCE BOOKS. 


Year Book of The Rhodesias and N yasaland.—Last 
year we reviewed, in this column, the first edition of the 
Year Book and Guide of the Rhodesias and Nyasaland. 
The second edition, that for 1938-39, which has recently 
come to hand, is similar in arrangement to the first. 
The volume is divided into five main sections, the first 
dealing with general information regarding the British 
Empire; the second, and longest, with Southern 
Rhodesia; the third with Northern Rhodesia; and 
the fourth with Nyasaland. The fifth section is a 
biographical one and constitutes an interesting ‘* Who’s 
who” of prominent persons resident, or formerly 
resident, in the portions of Africa with which the book 
deals. The sections dealing with the Rhodesias and 
Nyasaland are very complete and it can be truly said 
that all phases of life in these colonies are dealt with, 
many of them in detail. Taken altogether, the volume 
should prove of real value to merchants and manufac- 
turers wishing to engage in commerce and to intending 
tourists, settlers and travellers. It is printed in 
Rhodesia and is published, price 4s. 6d., by Messrs. 
Rhodesian Publications, Limited, P.O. Box 1082, 
Salisbury, Southern Rhodesia. 


Kelly’s Directory of Merchants, Manufacturers, and 
Shippers of the World, 1939.—The 53rd annual edition 
of this well-known business directory and guide to the 
export, import, shipping, and manufacturing industries 
has recently made its appearance. As in previous years, 
the directory is in two volumes, the first dealing with 
foreign countries and the second with the United 
Kingdom, and the British Empire overseas. This latter 
volume contains alphabetical and classified-trades 
sections, and lists of exporters and importers, relating 
to England, Scotland and Wales, to the London Postal 
District, and to Ireland. In the Dominion and Colonial 
section, which follows, the names of agents, exporters, 
importers, wholesale merchants and manufacturers are 
arranged alphabetically, by trades and towns, under 
the various countries and geographical divisions of the 
Empire. The information in the first volume, which, 
as stated above, covers all the countries of the world 
outside the British Empire, is arranged in a manner 
similar to that in the Dominion and Colonial section of 
Volume II. Detailed instructions for the use of the 
directory are given in French, German and Spanish, as 
well as in English, and these are supplemented by 
French-, German-, and Spanish-English glossaries of 
the names of trades and industries. These, needless to 
say, greatly enhance the value of the directory abroad. 
Complete indexes to countries and towns and to trades 
are included in each volume. In accordance with 
established practice, the information contained in the 
volumes has been carefully revised, and all inter- 
national boundary changes occurring in 1938 noted 
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Messrs. Kelly's Directories, Limited, 
The price of the directory 


by the publishers, 
186, Strand, London, W.C.2. 
is 31. 4e, for the two volumes. 


The Colliery Year Book, 1939.—Detailed statistical 
commercial and other data concerning the colliery 
industry and coal trade of the United Kingdom are 
contained in this volume, now in its seventeenth 
annual edition, and the full title of which is The Colliery 
Year Book and Coal Trades Directory. As has been the 
case with previous issues, the largest single section in 


the book is the directory of the colliery owners of 
Great Britain. In this, the names of the firms are 
arranged alphabetically and the particulars given 


regarding each include the names and addresses of the 
directors and principal officers, the seams worked and 
the classes of coal produced, the names of individual pits 
and the nearest railway stations, the numbers of 
employees below and above ground, the annual output, 
of the undertaking, and the type of power employed. 
(ther, shorter, directory sections relate to coke makers, 
gasworks and electricity-supply undertakings, and 
exporters, shippers, merchants and others engaged in 
the distribution of coal. A number of special chapters 
are included ; these deal with such subjects as coal 
marketing schemes, Mines Regulations and Orders, 
blasting in collieries, reviews of the coal-mining industry 
and the coal trade in 1988, a diary of chief events in 
1938, and bibliographies of periodicals and books on 
mining. The statistical section is particularly 
complete ; it contains numerous tables and diagrams 
relating to coal resources, production, prices, costs, 
exports, wages, and accidents in Great Britain, and 
also a number of interesting international comparisons 
relating to resources, outputs, etc., in the chief coal 
producing countries of the world. A personal index 
and a useful ‘‘ Who’s Who ” of prominent figures in the 
coal-mining industry are included. The volume, which 
ontains 974 pages, is published, price 1/. ls. net, by 
Messrs. The Louis Cassier Company, Limited, 
Henrietta-street, Strand, London, W.C.2. 
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JOHANN GEORG HALSKE. 


Tue history of industry is largely that of pioneering 
firms. An illustration of this is recalled by the occur 
renee, on July 30, of the 125th anniversary of the birth 
of Johann Georg Halske, the German mechanic who 
helped Werner von Siemens to build up the firm of 
Siemens and Halske, which played an important part 
in the early days of electric telegraphy, and was the 
parent of other companies, of which Messrs. Siemens 
Schuckert is one When the firm was founded in 1847. 
Siemens was still an officer in the Prussian military 
A man of great force of character, imagination 
and good scientific attainments, he had the foresight 
to see the manifold uses of the telegraph, and, aban 
doning a career in the army, he resolved to set up in 
business. One day in 1846, at the Physical Society of 
Berlin, he met Halske. who was about his own age 
and had been with the famous instrument-making firm 
of Repsold at Hamburg. Halske was then in partner- 
ship with Botticher in Berlin manufacturer of 
special chemical apparatus. He was not only an ex- 
cellent mechanic, but a good manager and organiser, and 
it was to him that Siemens entrusted the manufacturing 
side of the business. The first workshop of the firm 
was opened on October 12, 1847, at No. 19, Schéne- 
bergerstrasse, Berlin, for the manufacture of tele- 
graphic instruments, and of wire insulated with gutta 
percha, for which a press was invented by Siemens. 
Among the important contracts carried out by the 
firm was the installation of telegraphs in Russia. The 
association of Halske with Siemens lasted twenty years. 
Halske then retired, at the age of fifty-three. In 
later years he became immersed in municipal affairs. 
He died at Berlin on March 18, 1890. The year in 
which Halske retired, 1867, was marked by the presen- 
tation of Werner von Siemens’ famous paper on the 
dynamo, the development of which opened still wider 
fields for this pioneer firm in electro-technics. 
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COUNTIES TRAFFIC ADVISORY 
and 
been 


LONDON AND Hom» 
Com™irrren.—-The London Home Counties Traffic 
Advisory Committee has reconstituted under the 
provisions of Section 58 of the London Passenger Trans- 
port Act, 1933, for a period of three years from July 1. 
At the first meeting of the new Committee on July 5, 
Sir Harry Vanderpant, 1).L.. the representative of the 
Westminster City Council, was unanimously elected to 
the The consists of 40 
appointed by the of State, the 
Transport, the London Council, 
city, metropolitan-borough, 
borough councils in the area, 
railway companies, the London 
Board, and the Minister of Labour. 
Mr. FE. BR. Hart, O.B.F.. Metropole-buildings 
berland-avenne, London, W.C'.2 


members, 
Minister of 
the various 
and 


chair committee 
Secretary 
County 
county, county- 
the four amalgamated 
Passenger Transport 
The secretary is 
Northum 
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ENGINEERING TRAINING AND 
EDUCATION. 


Society of British Aircraft Constructors’ Scholarships. 

The Scholarship Selection Committee of the Society 
of British Aircraft Constructors and the Royal Aero- 
nautical Society have announced the awards of the 
Society of British Aircraft Constructors’ Scholarships 
for this year. The successful candidates, in alpha- 
betical order, are :—Frank Ashton, Chorley, Lanca- 
shire; Peter Reyner Banham, Norwich; Gabriel 
Lancaster, Lenton Boulevard, Nottingham; Denis 
Moore, Huddersfield; Geoffrey Westwood, Quarry 
Bank, Staffordshire ; Raymond Wilks, Sheffield. The 
scholarships, intended to provide the necessary financial 
assistance to enable boys, in need of it, to pursue a 
course of study with a view to becoming aircraft 
engineers, are tenable with certain selected firms up 
to a maximum of four years, the holders being expected 
to qualify for a technical grade of the Royal Aero- 
nautical Society. Candidates must be British subjects, 
between the ages of 16 and 18 on September | in the 
year of the award, and the elections are normally 
made in March or April in each year. 
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PERSONAL. 


The degree of Doctor of the 
University of Wales was conferred upon Mr. H. L. Guy, 
F.R.S., of Messrs. Metropolitan-Vickers Electrical 
Company, Limited, at Aberystwyth on July 18. 

Mr. W. G. GIRLING, vice-chairman and managing 
director of Messrs. Henry Foster and Company, Limited, 
has been appointed to the board of directors of both 
Messrs. General Refractories, Limited, Sheffield. and 
Messrs. Glenboig Union Fire Clay Company, Limited. 


honorary of Science 


MESSRS. PREECE, CARDEW AND RIDER inform us that 
they have taken into partnership Mr. John Bell, a member 
of their staff, and also Mr. Cecil Henry Pickworth, a 
former member of their staff and late Electrical Engineer- 
in-Chief, Public Works Department, Nigeria. 








CONTRACT. 


MESSRS. FAIRFIELD SHIPBUILDING AND ENGINEERING 
COMPANY, GOVAN, have received an order from the 
London Midland and Scottish Railway Company for two 
twin-screw turbine steamers for its Holyhead-Kingston 
service. With a length of 390 ft. and a beam of 54 ft., 
accommodation will be provided for 750 first-class and 
1,250 third-class passengers for day and night travel. 








TENDERS. 


We have received from the Department 
Trade, 35, Old Queen-street, London, S.W.1, particulars 
of the undermentioned tenders, the closing of 
which are stated. Details may be obtained on applica- 
tion to the Department at the above address, quoting 
the reference numbers given. 


of Overseas 


dates 


97-25 
12 months com- 
Clerk, Municipal 
(T. 24.998 /39.) 


Strip Tin, containing not less than per cent. 


tin, as and when required during the 
1940. Town 
September 13. 


mencing January 1, 
Offices, Johannesburg ; 
vertical cylinder, 
type, 


Varine Internal-Combustion Engine, 
cold-starting, solid-injection, high-compression 
capable of developing 70 b.h.p. continuously for 12 hours ; 
complete with installation equipment, spares and acces- 
sories. Indian Stores Department, Electrical Section, 
Simla; August 10. (T. 25,068 /39.) 

Overhead Travelling Crane, 30-ton, for Henderson sub- 
station. Public Works Supplies and Tenders Committec. 
Government Buildings, Wellington, N.Z. ; September 26. 
(T. 25,128 /39.) 

Scientific Instruments, 
theodolites, pantometers, 
compasses, protractors, slide rules, etc. 
Physical Department, Sharia El Insha 
Egypt; August 21. (T. 25,155/39.) 

Bridgework, comprising approximately 
steelwork, including bolts, nuts, for a 
Chief Stores Superintendent, South African Railways and 
Headquarter Offices, Purchase Section. 
South Africa ; 21. (T. 


Clocks and Watches, including 
drawing instruments, 
Director-General, 
No. 1, Cairo, 


levels, 


twelve tons of 
ete... footbridge. 
Harbours 
Johannesburg, 
236/39.) 


September 


25 








NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—While material further 
for the better in the international outlook is necessary 
to genuine market activity, an encouraging 
feature is the increasing desire of usual customers to 


change 
restore 


place orders to cover current needs and to replenish, to 
some extent, depleted stocks. Producers of several 
commodities are, however, still too fully employed on 
Government work to pay much attention to industrial 
inquiries that stipulate early delivery. 

The Cleveland Iron Trade.—Conditions 
unsatisfactory in the Cleveland pig branch of industry 
and prospects of early material improvement are not at 
all bright. Consumers of foundry iron who used to 
depend almost entirely on supplies from Tees-side are 
drawing considerable tonnages from producing 
centres and makers of Cleveland qualities continue to 
restrict production to intermittent output, which they 


continue 


other 


state meets actual requirements for consumption. 
Stocks are at a low ebb. however, and second hands 
complain of inability to obtain command of as much 


tonnage as they could dispose of. Export trade is still 
at a standstill, prices being too high to compete with 
quotations for Continental products. Fixed minimum 
prices of Cleveland brands are based on No. 3 description 
at 99s., delivered within the Tees-side zone. 
Hematite.—Steady change for the better in the statis- 
tical state of the East hematite department 
promises soon to strengthen the hands of sellers. As yet, 
tonnage accumulations are larger than makers care to 
earry, but acceleration of reduction is considered likely. 
Buyers are taking increasing deliveries and the gradual 


Coast 
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growth of absorption at producers own consuming 
works encourages hopes of early appreciable decrease of 
stocks. Merchants are handling moderate parcels and 
are regularly supplying home users with current needs, 
but their efforts to re-establish extensive business with 
old and valued customers abroad are unsuccessful. 
Export sales are still confined to odd cargoes of special 
quality iron to Continental firms. Stabilised quotations 
stand at the equivalent of No. 1 grade of hematite at 
115s. 6d., delivered to North of England areas. 

Basic Tron.—There is no marketable basic iron, makers’ 
adjoining steelworks continuing to absorb the whole of 
the output. 

Foreign Ore.—Consumers of foreign ore still have no 
occasion to resume market negotiations, but are taking 
deliveries at a rate that is rapidly reducing acceptance 
obligations, some of which are much overdue for com- 
pletion. Imports to the Tees to date this month total 
133,633 tons, compared with 114,922 tons for the corre- 
sponding part of June. 

Blast-Furnace Coke.—The supply of blast-furnace coke 
continues ample for local use, and sellers offer Durham 
good medium qualities at 24s. 3d. at the ovens. 

Manufactured Iron and Steel.—The aggregate tonnage 
output of semi-finished and finished iron and steel is 
maintained at a high level, but the delivery demand for 
some commodities is difficult to cope with. Re-rollers 
are still pressing for larger supplies of steel semies and 
compelled to a good deal of Continental 
material. Producers of constructional steel clear their 
output as it becomes deliverable, and manufacturers of | 
shipbuilding requisites have specifications to deal with 
that keep them well employed; sheet makers are 
fully sold to the end of the year. Among the principal 
market quotations for home trade are :—Common iron 
bars, 121. 5s.; steel bars, 111.; soft steel billets, 
7l. 7s. 6d.; hard steel billets, 8/. 10s. ; steel ship, bridge | 
and tank plates, 10/. 10s. 6d.; steel ship rivets, 141. ; 
iron ship rivets, 15/. ; steel constructional rivets, 151. 5s. ; | 


are use 


steel boiler plates, 11/. 8s.; steel angles, 101. &s.; steel 
joists. 101. &s.; Tees, 111. 8s.; fish plates. 13/. 10s. ; 
black sheets, No. 24 gauge, 14/7. 15s.; and galvanised | 


corrugated sheets, No. 24 gauge, 171. 5s. 

Wages of Blast-Furnacemen and Tronstone Miners.— 
Under sliding-scale arrangements, wages of Cleveland 
blast-furnacemen wik be increased by 0-75 per cent. 
from August 6. Cleveland ironstone miners, and Wear- 
dale quarrymen’s wages will be similar] increased from 
August 14. 


Scrap.—Iron is in ample supply, moderate | 
business passing at 6d. for clean light cast iron, | 
75s. for heavy cast iron, and 80s. for machinery metal. | 
Steel scrap than recently, but available 
parcels continue to realise control prices. 


scrap 


578. 


less scarce 








|}on hand to 
| months 


for 
| have so much work on hand that active conditions will 
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NOTES FROM THE NORTH. 
GLASGOW, Wednesday. 


Scottish Steel Trade.—During the past week all the 
steelworks in the West of Scotland were closed down for 
the annual holidays, with the single exception of the 


Clydebridge works of Messrs. Colville’s, Limited, which | 


has been in full production, and where, as previously 
intimated, the holidays of the workers have been 
staggered over the summer. This arrangement has 
enabled the firm to keep abreast of the requirements of 
their clients, and also to have something on hand when 
business in the district is resumed. In the other works 


the repair squads have been busy, as most of the plant | 


was requiring attention after the heavy work of the 
past six months. During that period the demands for 
steel have been increasing steadily, and production has 
lately reached maximum. if not record, figures. This 
state is likely to continue right through the autumn 
months, particularly for shipbuilding material, as there 
are quite a number of new vessels on order, and many 
of these will be commenced almost immediately. On 
account of the extremely heavy demand for steel material 
of all kinds, the holiday stoppage this year was actually 
the minimum and work has now been resumed, but 
production will be limited for the next two weeks 
owing to some alterations which are being carried 
through in the large section mill at Messrs. Colville’s 
Dalziel works. The makers of black steel sheets have 
also resumed operations again and have plenty of work 
keep them fully employed for several 
to come. While the raw material position 
generally is much better at present and deliveries of 
scrap steel, etc., have been fairly satisfactory the 
forward outlook is not very reassuring, but the steel 


| makers are quite hopeful that their requirements will be 


met. All prices are steady, and the following are the 
current quotations :—Boiler plates, 111. 8s. per ton; 
ship plates, 101. 10s. 6d. per ton; sections, 10/. 8s. per 
ton; medium plates, 12/. 2s. 6d. per ton; black-steel 
sheets, No. 24 gauge, 14/. 15s. per ton; and galvanised 
corrugated sheets, No. 24 gauge, 171. 15s. per ton, all 
delivered at Glasgow stations. 


Malleable-Iron Trade.—In the West of Scotland 
malleable-iron trade there was no business last week 
owing to the holidays, but some bookings were reported, 
and a good re-start has been made. The re-rollers 
of steel bars who have had an exceedingly busy spell 
several months, have resumed operations, and 


be general for some time. The supply of “‘ semies’”’ has 
been fairly good of late, as additional lots have been 
arriving from Continental ports, but the forward outlook 
is still a little uncertain, although the position will be 
somewhat relieved when the Australian lots arrive. 
The market quotations are as follows :—Crown bars, 
121. 5s. per ton for home delivery or export; re-rolled 


| steel bars, 11/7. 15s. per ton for home delivery and 111. 


NOTES FROM THE SOUTH-WEST. 


CARDIFF, Wednesday. 
The principal development 
the Welsh steam coal market last week was the 
placing of the French National Railways’ business. 
These buyers, who were recently asking for prices, have 
now placed orders with local shippers for a total of | 
416,000 tons. Of this quantity, 266,000 tons was for best 
quality large coals, and was divided equally between the | 
Powell Duffryn and Tredegar companies. The remainder | 
of the business was for through classes and second quality 
large coals. Apart from this, however, the market pre- | 
sented a very quiet tone throughout the week. New| 
business again matured quietly and was usually only in | 
respect of small quantities for early delivery. In spite 
of the reluctance of buyers to enter into fresh commit- 
ments, however, a very steady tone was maintained, as, 
under previous contract bookings, sellers were able to 
find a ready outlet for the bulk of current productions- 
In the case of some of the more favoured grades, pro. 
ducers found it almost impossible to meet requirements, 
and for these strong prices ruled. Best large descrip- 
tions were only moderately available, and prices were 
fully upheld. Dry large, on the other hand, were in 
plentiful supply, but quotations again failed to show any 
change. 
able over a considerable time. Consequently, such | 
occasional small parcels as became available through ships | 
going out of position could command very high aout 
\ steady request was passing for bituminous smalls 
which were well engaged at late values. Dry smalls 
lacked orders and offers were readily made at recent dull | 
levels. There were good inquiries for cokes which, | 
however, were only sparingly available and firm. Patent 
fuel remained busy. | 

The Iron and Steel Trade.—<Activity was well main- | 
tained in the iron and steel and allied trades of South | 
Wales and Monmouthshire last week. Most works were | 
engaged to capacity and producers had sufficient orders | 
on their books to ensure the maintenance of the present | 
position for a long time ahead. 


The Welsh Coal Trade. 





per ton for export; No. 3 bars, 12/. per ton, and No. 4 
bars, 12/. 5s. per ton, both for home delivery. 


Scottish Pig-lron Trade.—There was a much smaller 
demand for Scottish pig-iron during the past. week, but 
with the general resumption of business deliveries will 
soon be back to normal. The production of basic pig- 
iron has been reduced temporarily by an accident at 
Messrs. Baird’s works at Gartsherrie, and the total 
number of furnaces now in blast is twelve. To-day’s 
market quotations are as follows :—Hematite, 51. 15s. 6d. 
per ton, and basic iron, 41. 12s. 6d. per ton, both delivered 
at the steelworks ; foundry iron, No. 1, 5/1. 3s. per ton, 
and No. 3, 51. 0s. 6d. per ton, both on trucks at makers’ 
yards. 


Record Steel Output.—During the past week a record 


; output was obtained at the Clydebridge Steel Works of 


NOTES FROM SOUTH YORKSHIRE. 

SHEFFIELD, Wednesday. 
| Iron and Steel—The widespread activity in industrial 
Sheffield is reflected in the steady decline in unemploy- 
ment. The present total of 16,000 unemployed is the 
lowest since the Unemployment Insurance Act came into 
| force. Reports of a shortage of skilled labour are still 
|coming to hand. Not only are Sheffield works in need 
of men, but a scarcity is being experienced in surrounding 
districts. Heavy buying of raw and semi-finished mate- 
rials continues, and furnaces are operating to capacity. 
| Production will be suspended this week-end, when 40,000 
operatives will commence a week's holiday with pay. 
Maintenance men will take advantage of the shut-down 
and carry out urgent repairs to furnaces and machinery. 
Owing to the intervention of holiday stoppages, produc- 
tion of steel in the Sheffield district for June was 148,900 
tons, falling short by 6,000 tons of the quantity turned out 
in May. Acid-steel output, however, at 54,100 tons, 
was 2,700 tons above the May figure, but basic-steel 
production was 10,000 tons lower. Aggregate production 
so far this year is well up to the standard for the corre- 
sponding period last year. Firms dealing in steel-making 
alloys are accounting for increased outputs, while scrap 
consumption is on a higher level. Activity is more 
pronounced in the heavy machinery and enginecring 
branches than a year ago, and vehicle builders are busy. 
Railway development schemes in this country and 
abroad are resulting in a strong demand for Sheffield - 
made railway steel, locomotive parts, wagons, carriages, 
rails, axles, wheels, springs, and buffers. Sheffield works 
hope to benefit from an order for 37,000 tons of steel 
rails, valued at 318,0001., to be placed in this country 
by the South African Railways and Harbours Adminis- 
tration. Machinery makers are busy, and the recent run 
on agricultural machinery and parts has been maintained ; 
sales abroad tend to increase. Cement- and concrete- 
mixing machinery is a progressive section. Firms 
specialising in the production of steelworks and ironworks 
machinery and related equipment are operating to 
capacity ; the plant in demand includes rolling mills, 
forges, hydraulic presses, and furnace parts. Forgings 
and castings of record size are being produced in connec- 
tion with electrification and hydrogenation schemes in 
this and other countries. Works extensions are taking 
place at firms producing crankshafts for petrol and 
Diesel engines, motor cars, and agricultural machines. 
One concern reports that the demand has increased 
150 per cent. during the past three years. Sheftield 
continues to do an exceptionally brisk trade in spades 
and shovels. Production of all types of special steels 
has been maintained. Stainless steel is the most active 
section, but there is a better call for automobile, heat- 
resisting and acid-resisting steels. Toolmaking works 
are busy. 

New Blast-Furnace Lit at Scunthorpe.—Captain R. 5. 
Hilton, managing director of the United Steel Companies, 
Limited, has lighted up the first of the two new blast- 
furnaces which have been constructed at the Appleby- 
Frodingham Steel Company’s Scunthorpe Works. These 
are each capable of producing 3,500 tons of pig-iron per 


week. The height of each furnace from the ground 
level is 200 ft. 
South Yorkshire Coal Trade.—Business is moderate 


Best South Yorkshire and Derbyshire 
hards are in fullsupply. Business in bunker coal develops 
slowly. Exports from the Humber ports last week 
totalled 64,000 tons, as compared with 25,000 tons in the 


on export account. 


corresponding week last year. The inland market is 
steady. Steam coal is in better demand and best 
locomotive hards are being ordered in larger tonnages. 


The call for domestic fuel shows little change. Blast- 


furnace coke is in good demand. 











Messrs. Colville’s, Limited, when the tonnage of plates | 


rolled, finished, and tested, ready for dispatch, amounted 
to 7,090 tons. This is nearly half as much again as 
the previous record Scottish output, which was 5,238 
tons, also made at the same works in 1928. No special 
preparations were made for this effort, and no extra 
men were employed, a similar tonnage could be obtained 
during any working week. Much of the heat re- 
quired for the furnaces was obtained from coke-oven gas 


Duffs and sized coals were practically unobtain- | #24 blast-furnace gas produced in the adjacent Clyde 


Iron Works, while the pig-iron used was all in the 
liquid state. 


More Admiralty Work for the Clyde.—Subject to the 


settlement of certain details, the Admiralty have decided | 


to place orders for six minesweepers with Clyde firms. 
The successful contractors, who will each build two of 
these vessels, are Messrs. The Ailsa Shipbuilding Company, 
Limited, Troon; Messrs. William Hamilton and Com- 
pany, Limited, Port-Glasgow ; and Messrs. Harland and 
Wolff, Limited, Govan. It is understood that the 
machinery for the Troon vessels will be supplied by 
Messrs. J. I. Thornycroft and Company, Limited, 
Southampton, and that for the Port-Glasgow vessels 
will be supplied by Messrs. J. S. White and Company, 
Limited, Cowes. 


| ANNUAL REPORT OF THE NORTHERN COKE RESEARCH 
| COMMITTEE.—A summary of the work carried out during 
the year 1938 is given in the tenth annual report of the 
Northern Coke Research Committee. Recent grants 
from the Department of Scientific and Industrial 
Research, and the Research Committee of King’s College, 
have enabled X-ray equipment to be purchased, and 
interesting results have been obtained with the new 
| apparatus. Owing to the fact that little work has been 
done in the past on the structure of coal and coke, it is 
likely that a considerable amount of data will have to be 
| collected on the carbonisation process before conclusions 
can be reached. A preliminary investigation was made 
on the carbonisation of pure cellulose by X-ray and 
chemical methods, and subsequently these methods were 
applied to coals of various grades. The last year’s work 
on X-ray examination of coals has been surprisingly 
fruitful, but the committee considers that, at present, the 
knowledge of the topochemistry of the carbonisation 
process is very scanty. The Committee expresses thanks 
to the Council of King’s College for the continued pro- 
vision of laboratory accommodation, and to the British 
Iron & Steel Federation and various firms for financial 
support. 
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PLASTIC INJECTION MOULDING MACHINES. 
CONSTRUCTED BY MESSRS. REED-PRENTICE CORPORATION, WORCESTER, MASS., U.S.A 


(For Description, see Page 106.) 
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LAUNCHES AND TRIAL TRIPS. 


* Hav.” —-Single-screw weneral cargo motorship ; 
t-evlinder, Doxford engin Launch, July 115. 1939 
Main dimensions, 412 ft tin... bw 457 ft 4 in... bw SR ft 


Built and engined by Messrs. Swan, Hunter, and 
Wigham Richardson, Limited, Walisend-on-Tyne, for 


Messrs. Helmer Staubo and Company 


* HOPERIDGE.”’—Single-screw cargo motorship two 
yele, opposed-piston, airless-injection engine Launch 
July 17, 1939. Main dimensions, 412 ft. 3 in., by 57 ft 
+ in., by 38 ft Built and engined by Messrs. Swan 
Hunter, and Wigham Richardson, Limited, Newcastl 


upon-T'y me 6. to the order of Messrs Hopemount 


Shipping Company. Limited, Neweastle-upon-Ty ne 


ReRVUF I win-screw team tue for service in 
"cont tier tiene hast Afra: triple-expansion engines by 
Mewar Vlenty and Sons, Limited, Newbury Launch 





July 1%. Main dimensions, 105 ft., by 26 ft. 6 in., by 


13 ft Built by Messrs. Cochrane and Sons, Limited, 
Selby, Yorkshire, for Messrs. Beira Works, Limited. Fie. 5. Digs anp InsecTIon CYLINDER. 
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THE *“ THETIS ’’ INQUIRY. 
Tue decision of Mr. Justice Bucknill, on July 20, 


to adjourn for a week the inquiry into the loss of the | 


submarine Thetis, over which he had presided con- 
tinuously since it was opened on July 4, affords a 
suitable occasion to review the evidence, so far as 
it is now available. In certain important respects | 
it is still inconclusive, and naturally no attempt can 
be made to anticipate the eventual findings of the | 
Court. As a matter of record, however, it is desir- | 
able to set down a résumé of the proc eedings hitherto. 
The inquiry has been held, thus far, in Mr. Justice 
Bucknill’s Court in the Divorce and Admiralty | 
Division. Sitting with the Judge as assessors are | 
Captain G. C. P. Menzies, R.N., a submarine 
specialist ; Captain A. H. Riley, one of the Elder 
Brethren of Trinity House; and Professor T. B. 
Abell, professor of naval architecture in the Univer- | 
sity of Liverpool. The Admiralty were represented 
by the Attorney-General, Sir Donald 
K.C., whose opening statement described the course 
of events from the time that the Thetis left the | 
Birkenhead shipyard of Messrs. Cammell Laird and | 


Somervell, | others 
| has still to be taken, whether or not the salvage 


| Company, Limited, on the morning of June 1, down 
| to 10 p.m., on June 3, when hope was finally aban- 
| doned of saving any more of the ship’s complement 
| than the four who had managed to escape by means 
‘of the Davis apparatus. The Thetis, which was 
accompanied to sea by the tug Grebe Cock, signalled 
| by wireless that she proposed to dive at 1.40 p.m., 
and proceeded to do so. It was found, however, 
| after reg | the tanks, that she was light forward, 
‘and Lieut. G. Woods went forward to check 
whether hy torpedo tubes were actually nar of 
| water, as they were supposed to be. Nos. 1, 2, 3 
and 4 tubes were found to be empty. From the 
}-in. test cock on the rear door of No. 6 tube a small 
trickle of water was obtained, indicating that the 
tube might be partly filled, but no water appeared 
from the corresponding cock on No. 5 tube. He 
reported this, and was sent forward again to ascer- 
tain whether the bow caps of Nos. 5 and 6 tubes 
were closed, the contractors’ manager being uncer- 
tain whether the tubes were full or not, although 
the ‘‘ trim chit ’’ showed that they were. 

The test cock of No. 5 tube still showed no sign 
of water, but when the rear door of the tube was 
opened, water rushed into the tube compartment, 
which rapidly filled. The men escaped into the 
next compartment, but before the bulkhead door 
could be closed, this compartment also filled, the 
sudden increase of weight forward causing the 
submarine to dive steeply to the bottom, which she 
struck at an angle of about 40 deg. It transpired 
subsequently that the impact had put the submarine- 
signalling apparatus out of action, and, as the Thetis 
was thus unable to make signals, it was only when 
the intended duration of the dive—three hours— 
was exceeded that the alarm was raised. The 
failure of the vessel to surface was reported to the 
Operations Division at the Admiralty at 5.10 p.m. 

During the later sittings of the Court a consider- 
able time was occupied in ascertaining the exact 
times occupied in organising rescue efforts. ‘The 
details of these stages of the inquiry need not be 
set out at length: it is sufficient to record that the 
destroyer Brazen, about 55 miles away, was ordered 
to the scene at 6.45 p.m. and the 6th Destroyer 
Flotilla from Portland at 8.5 p.m. The Mersey 
Dock Board’s tender Vigilant was with the Brazen 
at 7.50 a.m. next morning, when both vessels sighted 
the stern of the Thetis projecting some 18 ft. above 
water. < 


About ten minutes later Captain H. P. K 
Oram and Lieut. Woods escaped through the after 
Davis hatch, followed after some interval by Lead- 
ing Stoker Arnold and Mr. F. Shaw, one of the 
contractors’ crew. Two attempts were made to 
support the stern by means of a wire hawser, but 
the wire broke and the stern disappeared below 
water. Yet another attempt was made at about 
6 p.m., but the wire slipped. On this occasion the 
mark buoy broke adrift and some time clapsed 
| before the submarine was again located. It should 
| be mentioned that strong tidal currents prevail in 
| this part of Liverpool Bay. At 10.15 p.m. a party 
| of deep-sea divers arrived at Liverpool by air from 
| Scapa Flow, where — had been engaged i in raising 
| the vessels of the German Fleet, but before they 
| could be taken out to the spot, it had become 
| evident that no hope remained of saving any of the 
| 99 men who were still in the Thetis. 

So far as it has gone, the inquiry has definitely 
| established certain facts that it was desired to 
| ascertain, but there are others which remain to be 
| |revealed. The knowledge that the vessel was 
flooded by the opening of the rear door of No. 5 
| torpedo tube merely raises the further question of 
how the bow cap of the tube came to be open; 
apparently to its full extent, to judge by the rapidity 
| with which the compartment filled. The failure 
| of the searching craft to locate the buoy that was 
released from the Thetis appears to be explained 
| by the tangle of wire reported by one of the divers, 
indicating that the buoy cable had fouled some part 
| of the superstructure ; but the non-effect of the 
; Smoke candles has not been elucidated. Some 
| forty- seven witnesses have been examined, several 
of them on more than one occasion, but there are 
including various divers, whose evidence 





operations now in progress are ultimately successful. 
It is inevitable that a disaster of this kind should 
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induce recriminatory protests that sundry precau- 
tions, which, the event showed, might have pre- 
vented it or lessened its magnitude, were not taken 
in advance as a matter of course. The suggestion 
has even been made that no new submarine should 
go on trial unless accompanied by a fully-equipped 
salvage vessel. The obvious and immediate answer 
to such objections, of course, is that, when a certain 
procedure has proved completely satisfactory in 
four hundred and ninety-nine cases, it is a reason- 
able presumption that it will also be satisfactory in 
the five-hundredth ; and cold statistics would indi- 
cate that, even if this presumption were falsified 
in the five-hundredth case, the established practice 
might continue to prove adequate in an indefinite 
number of subsequent instances. It is quite possible 
to multiply safety devices to excess, and, as was 
pointed out by Admiral Sir Martin Dunbar-Nasmith, 
V.C., the Commander-in-Chief, Plymouth, the sub- 
marine is primarily a weapon of war, and all sub- 
marine personnel are agreed that the principal 
aim must always be to “ concentrate on the efficiency 
of the submarine and its fighting qualities, rather 
than to study methods of getting out.”’ Neverthe- 
leas, Sir Martin stated, the Admiralty had appointed 
a special committee, immediately after the disaster, 
charged with the duty of reviewing submarine policy 
in these matters. The committee had not com- 
pleted its deliberations, but it had already made a 
number of recommendations, some of which were 
being acted upon at once, without waiting for the 
results of the judicial inquiry. 


One of the recommendations which had been 
adopted, Sir Martin continued, was that safety 
clips should be fitted to the rear doors of torpedo 
tubes to ensure that they could not be opened unless 
the how cap was closed. Another recommendation 
was that the attendant vessel should be a destroyer 
and not a tug. Other matters to be investigated 
included the possibility of fitting indicator buoys 
with a telephone and lights ; of modifying the con- 
struction of the stern of a submarine, so as to enable 
the crew to escape by their own efforts if the stern 
were raised above water ; and of improving the air 
conditions in a submarine when more than the 
normal complement was carried. Arrangements are 
also proposed to enable the water drained from 
escape chambers to be pumped overboard, instead 
of remaining within the vessel as at present; to 
prevent bulkhead watertight doors from jamming 
(as happened to the door of the torpedo compart- 
ment in the Thetis) ; and to permit of the expulsion 
hy compressed air of the water in flooded compart- 
ments. The gun recuperator valve, through which 
it was proposed to force air into the Thetis, is to be 
moved to a more accessible position, and strong- 
backs are to be provided on the hatches to resist 
the internal pressure set up by compressed-air de- 
watering of flooded compartments. Submarines on 
trial are to tow small marker buoys, so that their 
course can be followed when they are submerged, 
and it is proposed that the forward and aft indicator 
buoys, provided for release in case of emergency, 
shall be distinctively marked, so that a rescue ship 
can determine at once how the submarine is lying 
on the bottom. 

\part from these recommendations of the com- 
mittee, it may be regarded as certain that a much 
closer supervision will be exercised in future over 
the presence on board during diving trials of persons 
not actually essential to their conduct. No evidence 
has been forthcoming that the greatly increased 
complement of the Thetis contributed in any way 
to her loss, although it is obvious that the available 
air supply would have served for a longer time 
had there been fewer persons present to consume it. 
The number of Admiralty officials on board was 
larger than might be thought necessary, but it 
has been the practice of the Admiralty for many 
vears to arrange that the staff of the Director of 
Naval Construction, whose duty it is to design the 
Navy's ships, shall have first-hand experience of 
their behaviour under service conditions, and it may 
be supposed that the presence of these officials 
was in part the result of that policy. It is equally 
desirable from the contractors’ point of view that 


. . ! 
their staffs shall obtain practical experience in| 


operating the machinery in circumstances that can 
hardly be simulated in a dock. 
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ASSISTANCE FOR BRITISH 
SHIPPING. 


THE proposals contained in the British Shipping 
Assistance Bill, which Mr. Oliver Stanley, President 
of the Board of Trade, introduced in the House of 
Commons on July 19, are broadly those previously 
indicated, which were outlined on page 407 of the 
previous volume of ENGINEERING. They include 
provision for financial assistance under the four 
heads of a tramp-shipping subsidy, loans for build- 
ing cargo vessels, grants towards the cost of new 
cargo tonnage, and special assistance for liner com- 
panies operating services which are directy 
threatened by foreign subsidised competition. In 
addition, it is proposed that the Board of Trade 
shall be empowered to purchase serviceable vessels 
which otherwise might be sold abroad, and to main- 
tain them as an emergency Merchant-Ship Reserve. 

The tramp-shipping subsidy, which would not 
exceed 2,750,000/. a year for a period of five years, 
is proposed to begin on January 1, 1940, and is 
planned generally on the lines of the scheme operated 
under the British Shipping (Assistance) Acts, 1935 
to 1937. Following the precedent then set, a 
statutory Tramp Shipping Subsidy Committee 
would be set up to examine claims and make recom- 
mendations to the Board of Trade regarding pay- 
ment. The total amount of the subsidy payable 
would depend, as before, on the average level of 
freight rates in relation to the level in 1929, the 
sliding scale being such that no subsidy would be 
payable if the average level should reach or exceed 
105 per cent. of the 1929 average. Certain condi- 
tions are indicated as attaching to the payment, 
in respect of the internal organisation of the industry 
and the adjustment of the supply of tonnage to the 
demand. For this purpose it is proposed to continue 
the Tramp Shipping Advisory Committee. 

The maximum sum that it is proposed to make 
available for shipbuilding loans is 10,000,000/., the 
allocation of the money to be made on the recom- 
mendation of an advisory committee, and in respect 
of new British-built cargo vessels ordered after 
March 28, 1939, and begun within two years of the 
passing of the Act. Each loan would be secured 
by a first mortgage, and would be repayable within 
a period not exceeding twelve years from the date 
of the first advance. Only cargo liners and tramp 
ships are covered by these proposals, which are 
intended not to apply to vessels having more than 
80,000 cub.-ft. or 10 per cent. (whichever is greater) 
of the cargo space refrigerated, nor to vessels 
arranged to carry more than twelve passengers. 
Tankers are also excluded. 

Similar restrictions are designed to apply in 
respect of the shipbuilding grants, to a maximum of 
2,500,0001., which would be made towards the cost 
of British-built cargo vessels ordered on or after 
March 29, 1939, and completed not later than 
December 31, 1941. The proposed rates of grant 
are 16s. 6d. per gross ton for coal-burning or dual- 
fired cargo liners, and 15s. for other cargo liners ; 
and Ils. for coal-burning or dual-fired tramps, ‘or 
10s. for other tramps. Payment would depend 
also on the average level of freight rates during the 
years 1941 to 1944; and, if the owner of the vessel 
were a borrower under the Loans scheme men- 
tioned above, the grant would not be paid to him, 
but would be applied in reduction of the loan. 

The scheme for liner defence against subsidised 
competition provides for a sum not exceeding 
10,000,000/, to be available as a counter-subsidy. 
The extent of the assistance to be granted in a 
particular case would be decided by the Board of 
Trade on the advice of a Liner-Services Defence 
Committee, which would require to be convinced 


that, in the absence of such assistance, foreign com- | 


petition would involve the discontinuance or the 
substantial curtailment of the British service. No 
specific conditions are proposed otherwise, but the 
Board would have power to attach such conditions 
as they might deem to be “in the interests of 
British shipping and necessary to ensure due regard 
for co-operation between owners of British vessels.” 

The concluding proposals, described as the 
* Merchant Ship Reserve Scheme,’ would empower 
the Board of Trade to purchase any vessel registered 
in the United Kingdom, and to make regulations 
requiring that vessels of any classes specified by 
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them should not cease to be registered under the 
British flag except with their consent. A supple- 
mentary estimate for this purpose was adopted by 
the House of Commons on May 17, 1939, and the 
Board subsequently set up an advisory committee 
to consider the arrangements to be made to form 
such a reserve of tonnage. The committee decided 
to limit the size of such ships to tonnages of 3,000 
to 8,000 gross, but without definitely debarring 
ships outside of these limits. Comparatively new 
ships would not normally be thus acquired, nor 
ships designed for purposes other than the carriage 
of cargo from overseas. Except in time of emer- 
gency, the ships would be laid up, and if occasion 
arose to employ them, they would be managed for 
the Board by shipowners appointed to do so. By 
these means, said Mr. Stanley, it was hoped to 
ensure the protection of British shipping. This 
was no longer merely an economic question: the 
merchant fleet had to be regarded as a vital service 
in war, and the Government was prepared to assist 
it to meet the unfair competition that had developed 
all over the world. 








NOTES. 
CHANNEL FLIGHT ANNIVERSARY. 

On Tuesday, July 25, a dinner was given at 
the Dorchester Hotel, Park-lane, London, W.1. 
to celebrate the 30th anniversary of M. Louis 
Blériot’s pioneer flight across the English Channel. 
M. Blériot paid his last visit to London, before his 
death on August 1, 1936, on the 25th anniversary. 
The guest of honour on Tuesday night was 
Madame Blériot, his widow. The French Ambassa- 
dor presided at the dinner, which was attended by 
Sir Kingsley Wood and his opposite number in 
France, M. Guy la Chambre. In these days of 
regular Channel flights one is apt to forget the 
courageous work of the early aviators who proved 
that a flight across the Channel was possible, and to 
M. Blériot, the first of them all, is due the highest 
priase. The historic flight was described in 
ENGINEERING, Vol. 88, page 152 (1909), and a 
study of some of the leading particulars of Blériot’s 
machine provides an interesting contrast with those 
of the machines flying the Channel to-day, to a 
regular time-table. It is interesting to consider 
that Blériot built a monoplane for his flight, and 
after a vogue for biplanes lasting over 20 years, the 
monoplane has once more come into its own and 
the form of the bird is being more closely copied. 
Blériot crossed the Channel in 43 minutes at an 
average speed of 43 m.p.h., with an engine of only 
three cylinders, in the days when engine reliability 
was very much a matter of chance; so one can 
imagine the anxious moments he must have spent 
flying over water with the only safeguard of an 
attending destroyer which was, for the greater part 
of the flight, none too close at hand. With a laden 
weight of 718 Ib., and a wing loading of 4-76 lb. per 
square foot, this flight was indeed a triumph for 
the sustained flight of a heavier-than-air machine, 
and even more noteworthy is the fact that the 
machine used, a Bleriot XI monoplane, was designed. 
constructed and piloted by M. Louis Blériot. 


Norse Liwir ror Moror Horns. 


On page 688 of our 144th volume (1937), we dealt 
with the final report of the Departmental Committee 
on Noise in the Operation of Mechanically Propelled 
Vehicles, of which Dr. G. W. C. Kaye, of the National 
Physical Laboratory. was chairman. This Com- 
mittee, it will be remembered, carried out a great 
deal of experimental work with the object of finding 
practical means for limiting all unnecessary noise 
caused by motor vehicles, basing what appeared to 
us to be quite reasonable recommendations on this 
work. With regard to motor horns, with which the 
final report was concerned, the Committee expressed 
the view that if a loudness limit of 100 phons were 
placed on horns, it would greatly reduce the annoy- 
ance caused without rendering them inadequate 
for their normal service of giving warning of 
approach. Following this recommendation, nego- 
tiations have been carried on for over a year between 
the Ministry of Transport and the Society of Motor 
Manufacturers and Traders, Limited, and these 
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negotiations have recently resulted in the Society 
giving an undertaking that after October 1 next 
manufacturers of motor horns will not offer for sale 
instruments with a loudness, under specified condi- 
tions of test, exceeding 100 phons, except in the case 
of the wind-driven type of instrument, for which the 
figure is to be 105 phons. Vehicle manufacturers 
have also agreed to co-operate by only fitting, to 
new vehicles, horns which comply with the agreed 
standard. It may be noted that earlier agreements, 
based on the Committee’s recommendations, were 
concerned with motor cycles and sports cars, the 
manufacturers of which undertook to eliminate 
excessive exhaust noises. It is interesting to note 
that, in consequence of the agreement reached 
respecting the noise of motor horns, the Minister of 
Transport has decided, for the meantime, not to 
make regulations imposing a compulsory limit of 
loudness on these instruments. Sharing, as we do, 
the view that the motorist is already overburdened 
with restrictions and regulations, we trust that this 
course will serve to render any further complaint 
unnecessary. It is obvious, however, that a 100- 
phon horn operated by an inconsiderate driver can 


still constitute a nuisance, but fortunately such users | 


are in a very small, if not quite negligible, minority. 
It is for the control of such minorities that most 
legislation has to be enacted, but the control can 
sometimes be left to the influence of public opinion, 
and the latter course is certainly worth trying in 
this case. 


ApVISORY PANEL FOR MINISTRY OF SUPPLY. 

The proposal of the Minister of Supply, Mr. Leslie 
Burgin, to appoint a number of advisory panels to 
assist him in regard to the different branches of the 
important work on which he is engaged, is one that 
is excellent in principle. Properly organised, such 
panels should ensure that the closest touch is kept 
between those who have to administer and those 
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THE VIBRATIONS OF HELICAL 
SPRINGS. 

By R. M. Davtns, D.Sc. 


Notation and Assumptions.—The spring is assumed 
be wound on a straight circular cylinder of which 
the axis is vertical and is taken as the axis of 2. 














again possible, after the viaduct had been tested 
by running rolling stock over it for some hours. 
Although the direct line from London Bridge to 
Charing Cross was not affected, considerable delay 
and inconvenience were experienced by the passen- | 
gers who normally use Cannon-street during the | io 
rush hours, and the position would have been| 


worse but for the fact that the Southern Railway | The wire composing the spring is assumed to be 


is liberally w : - : . 
lly provided with camer - London and uniform and isotropic, and the central line of the 
was thus able to offer alternative routes. The|.. : . . 
‘ . » 29 A pe ‘ | wire is assumed to form a uniform helix, the axis 
occurrence gives some indication of what might take 


; : |of which coincides wi is of the cylinder. 
place on a vital trafficartery due toenemy action and coincides with the axis of the cylinder 


: | The radius of this central-line helix is assumed to 
| suggests that every possible means should be adopted | toiten : ; 
ay way of ecfimeneh. ‘Thnk Wane seni oe ant] be R, and the coils of the helix are assumed to be 


| inclined at an angle « to a plane perpendicular to 


| be easy to devise or to implement renders the task \the axis. Let 
|even more urgent than it might otherwise be. In| 
this connection it may be pointed out that the 1 = total length of wire in the spring, 
line between London Bridge and Charing Cross L = lsin « = axial length of the spring, 
is reduced to one up and one down track on the M = mass of a load attached to the free end of 
| south side of the Borough Market triangle. Such the spring, 
bottle necks render the working of traffic difficult I moment of inertia of a load attached to the 
even in normal times, though it is often hard to see free end of the spring, about the axis, 
how they could be improved without great ex- Mw’ Le 
. ‘ : i. , I = mass of the spring, 
pense. A further point that arises is whether it . 
would not be desirable to exercise some closer; y — M mass per unit axial length of the 
control over the purposes for which railway arches sett L _— 
and contiguous premises are used. I’ = moment of inertia of the spring about its 
axis, 
POSTPONEMENT OF MACHINE-TOOL EXHIBITION. | r I’ moment of inertia of the spring about 
As already announced, the exhibition organised | a ° its axis, per unit axial length, 
by the Machine Tool Trades Association, which in | M I 
the ordinary course of events would have been held c we d i’ 
next year, has been postponed. This postponement, : Mia ; ; 
| though intelligible in the circumstances, has given | E = Young’s modulus of the material of the 
|rise to rumours which it is the purpose of an an- | opting, 
| nouncement that we have received from the Associa- | G rigidity modulus of the material of the 
| tion to allay. This announcement states that the | —e. 
| step was only taken after the most careful weighing | a = Poisson’s ratio of the material of the spring, 
| of all considerations and in consultation with repre- B = flexural rigidity of the wire in the plane of 
| sentatives of H.M. Government. No coercion, it is curvature of the spring, 
C = torsional rigidity of the wire composing the 


who have to perform, to the advantage of each, and | pointed out, was exercised from any quarter, the 
that the way is smoothed of many obstacles that | first suggestion of doubt as to the wisdom of proceed- 
will inevitably arise. Unfortunately, advisory com- | ing with the arrangements being voiced from within | 
mittees have been appointed before, and their|the Association. Further uneasiness developed in| ‘7, T. 
activity and influence are not uniformly conspicu-| view of the changing situation, and following | 
ous. There are, however, conspicuous exceptions. | representations to the Government as to the) 
A promising start is at least being made by the | implications of preparing for and holding an exhibi- | 
inauguration of an Advisory Industrial Panel, and | tion under existing conditions, the view was expressed | 
the names of those appointed to serve on it encour- | officially that it would be inopportune to continue | 


spring, 
frequencies of vibration of the spring, 
periods of vibration of the spring, 

w, Wy = pulsatances of vibration of the spring. 
» 
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Introduction.—The calculation of the periods of 
vibration of unloaded and loaded helical (or spiral) 





age full confidence in its future. 
Mr. G. E. 
Vickers Electrical Company, Limited; Mr. P. 
Bennett, president of the Federation of British 
Industries, and chairman of Messrs. Joseph Lucas, 
Limited; Mr. O. Boden, managing director of 
Nuffield Mechanisation and Aero, Limited ; Com- 


mander Sir Charles Craven, chairman and managing 


director of Vickers-Armstrongs Limited and _ the | 
English Steel Corporation ; Lieutenant-Commander | 
C. R. F. Engelbach, a director of the Austin Motor | 


Company, Limited; Mr. A. J. Grant, managing 
director of Messrs. Thomas Firth and John Brown, 
Limited ; Sir Alfred Herbert, chairman and govern- 
ing director, Messrs. Alfred Herbert, Limited; Sir 
James Lithgow, chairman, Messrs. William Beard- 
more and Company, Limited; Mr. A. C. Mac- 
diarmid, chairman, Messrs. Stewarts and Lloyds, 
Limited ; Mr. F. E. Rebbeck, chairman and manag- 
ing director, Messrs. Harland and Wolff, Limited ; 
Mr. J. Rogers, a director of Imperial Chemical Indus- 
tries, Limited, and Lord Wootton, chairman of 
Messrs. Lewis’s, Limited. 


THE BorouGH MARKET FIRE. 

An essay on the vulnerability of railways to out- 
side influences might well be written around the 
incidents which led to the closing of Cannon-street 
Station, London, to the public for a large part 
of last week. On the evening of July 19 a fire 
broke out in a part of the Borough Market, below 
the brick viaduct on which the trains run between 
Cannon-street and London Bridge. The flames 
broke through the roof and ignited both the power 
and the signal cables, while extensive damage was 
also caused by flooding. Although the fire itself 
was mastered within a few hours the hope that 
the train services would be shortly resumed proved 
too optimistic, and actually it was not until the 
morning of July 24 that normal running was 


They are:|the arrangements. 
Bailey, a director of the Metropolitan- | were sought and the recommendation of the Council 


The views of the membership | springs is of interest, partly because of its technical 
me njong : | importance and partly because of its bearing on 
to postpone the exhibition wae unanimously en- | well-known laboratory exercises in which Young's 
dorsed. is further pointed out that in the present | modulus and the rigidity modulus are determined 
circumstances it 1s impossible to forecast the date | from experiments on vibrating springs. When the 
| when the exhibition will be held, but it will not be} ,.i, of the spring is vertical, the expressions* 
| deferred unduly having regard to the progress of | generally used for the frequencies of vibration of 
| events. loaded springs may be written as follows, in the 
" present notation : 
ELEctRIcAL DEVELOPMENT IN NortTH-WEST . —_ , 
ENGLAND (1) If n, be the frequency of vibration of the 
; ‘“ ia ; a vertical or longitudinal oscillation of a spring, fixed 
It is announced that the North-West England | a¢ jts upper end and loaded with a mass M at its 
{and North Wales Electricity scheme has been | free end, 
| amended by the inclusion of the Whitebirk station | 1 re 
of the Blackburn Corporation as a selected station. "= saRA / (Mt iMy * 
In addition, two new selected stations with initial i erie 
capacities of not less than 60,000 kW are envisaged (2) If n, be the frequency of rotational vibration 
and certain alterations are made in the main trans- | of a spring, fixed at the upper end and loaded at 
mission lines and transforming stations. Copies of | the free end with a load, the moment of inertia of 
| the amended scheme, which is entitled the North) which about the axis of the spring is I, the load 
West and North Wales (Alteration and Extension) | vibrating in a horizontal plane, 
Scheme, 1939, as well as an explanatory memoran- 
dum prepared by the Electricity Commissioners were - l Ys B 
published last week by the Stationery Office. It 2" 2a VY T+4rhl 
a ~— ese my oe Se ee It should be remembered that these expressions 
ei : : 4. | are only valid if two conditions are fulfilled :— 
Electricity Board to the conclusion that, in addition | /..”,,, : : ; 
aceeaal . (i) The mass M (or moment of inertia I) of the load 
to the extension of the present selected stations that | ' . - : “ 
. . | is large in comparison with the mass M’ (or moment 
are in course of construction and contemplated, and : oe : a. cla 
. Thee nhs of inertia I’) of the spring ; (ii) the angle of inclina- 
apart from the selection of Whitebirk and the |. . : oad - 
. . ra . | tion « is small. In practice, conditions are such 
erection of the Carrington (Manchester) station | that fre a eum ox alten ef ta een 
provided for in the original scheme, it would be | ~ ae . <p 


necessary to establish two other stations. One of does not hold, and it becomes es in- 

i 2 @ i ' 
these would have to be ready to meet the estimated | V°steate how tho equations mast be mem — 
demand in the Wirral area in 1942-1943, and the these circumstances. In connection with the firs 
other to meet the anticipated growth in later years. | assumption, it should be pointed out that ow 
The alterations in the transforming-station positions | (1) and (2) are derived by considering first the 


ae , limiting cases in which the mass or moment of 
and transmission-line routes were found to be con- | ng : 


ducive toeconomy and security, and have been carried * Wilberforce, Phil. Mag. Oct., 1894, page 386 ; 
out by arrangement with the undertakings concerned. | Ayrton and Perry, Proc. Roy. Soc., vol. xxxvi, page 311. 
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inertia of the spring is negligibly small in com-|be ¢ and let the force in the direction of the axis 
parison with the mass or moment of inertia of the| be P. Then, at time ¢, the displacement at the 
load; the expressions are then modified to allow J ' Gé 

of the finite (but small) mass of the spring by normal section abscissa (xz + dz) willbe ( ¢ + si dz) 
Rayleigh’s energy method.* In the general case, +P 
where the ratio of the mass (or moment of inertia)! while the axial force will be (p r- dz). It 
of the spring to that of the load can have any value, hi 
the analogous case of the longitudinal and trans- follows that the change in length (or the extension) 
verse vibrations of barst suggests that the equations | ef the channt de te‘ g ca: cel thts tities 
can be seriously in error. This analogy also suggests | Cz 

that the solution for the general case is best obtained | _. = 

by first finding the differential equation of wave | **i#l force on the element is ~~ d z. 


motion in the spring and then proceeding to finda| ; 
solution appropriate to the boundary. conditions. | rhe relation between the extension of the element 


For this purpose, we shall assume the usual expres- | #nd the force causing this extension can be obtained 
sions} for the potential energy U of a spring sub- | from equation (6) by equating the couple N to zero, 
jected to the action of an external axial force F | and replacing the force F by P, the extension « by 








and a couple N about the spring axis. If / be the 
length of wire in the spring, then, in the present 
notation, 


U=4$! [“ R cos hu N sin a)? 
A (F Rain « N cos 7 (3) 
B 
If 
ain? F cos® a ) 
F B Cc 
l l | 
h = “ . . . 4 
(n “) sin a COB o | (4) 
cota  ain® a | 
P B + -& 
J 
then equation (3) may be rewritten 
U = gi(aF* R? —~26FNR+pN?*). . (5) 


As usual, the extension « of the spring and the 
angular rotation @ of one end of the spring relative 
to the other are given by 


‘ ¥ - I(aFR'—~bNR) | 
AU a (6) 
N—O6F | 

@ = <= 1PN F R) 


Thus, in general, both F and N give rise to an 
extension of the spring and to a rotation of one end 


relative to the other. The comparative importance | 


of the two displacements can be seen by considering 
the case of a spring wound with isotropic wire of 
circular cross-section of radius r; under these 
conditions, 


B=}rEr; C $7Gr*; E=2G(1+ 0). (7) 


It follows that 


1 + ecos*® « 2 1+ocoa ) 
a : 
C (1 + @) 7 Gr* l+oe 
P asin a cos & 2o38in a cos x 
cal + @) rGrti(l + @) . 
(8) 
l o sin® a 2 1 + osin® « 
, C(l + @) rGre° ol+e 





4 (1 + osin® «) 


nr Er | 


When a becomes small, a tends towards the 
9 
limiting value @ or 


‘ , ! 4 
owar»rt wr 
wa s B ‘ Fe E a 


axial force will give rise solely to an axial displace 
ment, while a couple about the axis will result 
similarly in a rotation about this axis. I[t will be 
convenient to discuss the motion of the spring in 
these limiting cases before proceeding to the more 
general cases in which an axial force is accompanied 
by a rotation and an axial couple by a linear 
displacement 

Longitudinal Vibrations of Unloaded and Loaded 
We shall consider first the simple case 
where the rotation of the spring is negligibly small. 
At a cross-section of the spring, normal to its axis, 
where the abscissa is x when the spring is in equili 
brium, at time ¢, let the displacement along Ox 


a -% b towards zero, and p 
wh 


Under these conditions, an 


Springs 


* Lord Rayleigh, Theory of Sound, vol. i, page 250 

+t Davies, Phil. Mag., vol. xxv, page 364 (1938). 

{ Preacott, Applied Elasticity, page 276; Southwell, 
Theory of Elasticity, page 246. 


5 é dz, and the length / by the length of wire 

| : , . 

corresponding to an axial distance d z, i.e.,d x cosec «. 
It follows that 

sina o€ 

aR*® ¢z 


» 


(9) 


| from which the resultant force on the element is 
} 


oP sina oé€ 
dz 


— — . 0 
ez aR am’? (10) 


The mass of the element of axial length dz is 


, Mdz ., and 
iM d z, 4.é., ; its acceleration is along O z 
| L 
. ( : 
| and is equal to Yt Equating the resultant force 
| ( 


| on the element (given by equation (10)) to the 
product of the mass of the element into its accelera- 
tion, we obtain the following equation for wave- 
motion in the spring : 


@é Lsina € 


o@ aM RR’ da (1) 


It follows that longitudinal waves are propagated 
along the spring without change of type with a 
velocity U, given by 

L 
ValM’ R® 


U, (12) 


| 


l id 
[f « be small, a is equal to ;, and if the wave 
| velocity under this condition is called Us, 


| U.-L./-£ 13) 
| eB ro ee 


| 
| 
| 


| By analogy with the longitudinal vibrations of 
bars, the frequency (or pulsatance) of vibration of 
unloaded springs under various conditions can be 
written down immediately. In practice, the most 
important case is that of a spring of axial length L, 
fixed at one end and free at the other; under 
these conditions, the possible pulsatances (pulsa- 
tance 2a * frequency), Wy, are given by 


U, am(m + $) 


(14) 
L \/alM’ R* 


We m(m + $) 
where m = 0, 1 for the fundamental mode, 
the first overtone respectively. 

If ws be the value of w, when « is small, this 
equation, together with equation (13), gives 
fC 

im R* 


/ 


Ws a(m + $) V (15) 

Turning next to consider the vibration of a spring 
fixed at one end (x = 0) and loaded with a mass M 
at the other end (x = L), we require a solution of 
equation (11) which satisfies the conditions (i) at 
the end x = 0, ¢ is zero for all values of ¢; (ii) at 
the end x = L, the product of M into its acceleration 
is equal to the restoring force due to the spring. 
From equation (9), it follows that 


é sina c€ 


) 
a cel a R® Y 


(16) 


The solution for £ satisfying equation (11) and 
the first condition above is 


» We, = tw,t " 
=D (sin U ) (17) 
0 


where 1 =V/ 1 and D is an integration constant. 
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From the boundary condition at the loaded end 
(equation (16) ), it follows that 


w, L sin « 
tan = = 7 
U, a w,M R*U, 
and using equation (12), this can be rewritten 
wl M’ l 
tan °—= 
0 l 0 M ¢ 


7 P (18) 

Equation (18) is the frequency equation and it 
involves w, implicitly ; in practice, it is useful to 
be able to express w, in terms of U,, L and c, 
and it is thus necessary to obtain an explicit 
solution of equation (18). It is impossible to obtain 
a solution which is valid for all values of the para- 
meter c, but in the instances in which c is large or 
small, reasonably accurate approximate solutions 
are available. Equation (18) is of the same form 
as the frequency equation for a loaded fixed-free 
bar vibrating longitudinally ; this case has been 
treated it: a previous paper* and the results given 
in that paper enable us to write down the corre- 
sponding solutions in the present instance. 

Thus, for small values of c, 


ott ihef 14 ere iS 
(iteye L't 3 ( oe Jo) 


Wo 


wherem=0,1, ... 
If « be small, U, is to be replaced by U, (equation 
(13) ) and the pulsatance w, in this case is 


m(m +- $) 1 7 (m + $) é 
(i¢ol * s©6| Ss > | 


Cc \b 
Pa iy , : é 20 
. G M =) (20) 


As they stand, for the fundamental mode, these 
two equations are accurate to within 0-1 per cent. 
for values of c up to0-4; for c < 0-12, this accuracy 
is obtained if the term involving c in the square 
bracket is neglected. The approximations (19) 
and (20) are accurate to within 1 per cent. for 
values of c up to unity. 

For large values of c, the fundamental mode only 
is important, and the value of the pulsatance for 
this mode of vibration is given to a first approxi- 
mation by the equation 


_ VU f eo ae 
™ L* 1+3c 


When « is small, U, becomes U, (equation (13) ), 
and the pulsatance w, under this condition is thus 


J C 7 
V iM + 3 M)R* 


oO, = (22) 

which agrees with equation (1). As approximations, 
equations (21) and (22) are accurate to within about 
0-1 per cent. for values of c exceeding 4, and to 
within 1 per cent. for values of c exceeding unity. 
As c decreases, the inaccuracy of the approximation 
increases ; the maximum inaccuracy occurs when c 
(or M) is zero. In this case, the true value of w, 
is obtained by putting m equal to zero in equation 
(15); the ratio of this true value to the value given 


; » «@ : - 
by equation (22) when c is zero is , , v.€., 0-907. 
2,/3 
A better approximation for large values of c is 
given by 


U, 4 16 
@o 7? 3c 452 94508 


16 4 . 
wk (8 
14,175 | an 


This equation is accurate to within 0-1 per cent. 
for values of ¢ exceeding unity ; the corresponding 
approximation for small values of « can be obtained 
by replacing U, by Us as before. 

For values of ¢ lying between the limits of accuracy 
of the approximations for large and for small values 
of c, the frequency equation (18) must be solved 
graphically or by interpolation from tables.+ 

The Correction for Rotation in Longitudinal 
Vibrations..-_We have next to consider the effect 
of the rotation of the spring which accompanies the 


* Davies, loc. cit, 
+ Jahnke-Emde, Funktionentafeln, page 32, 
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axial displacement when the spring is subjected to 
the action of an axial force. ‘This effect can best be 
investigated by finding the effect of rotation on the 
potential and kinetic energies of an element of the 
spring. Considering first the effect of rotation upon 
the potential energy, it follows from equation (5) 
that the potential energy, dU, of an element of 
the spring of axial length d z, is, in general, given by 

dU = $dz cosec x. (a F? R? —-26F NR + pN*). 

At present, we are concerned only with the terms 
involving F. On differentiating the above expres- 
sion, a8 in equation (6), the term involving a gives 
the axial displacement due to F, while the term 
involving 6 gives the rotation due to F. Under the 
present circumstances, N is zero, the term involving 
b vanishes identically, and does not contribute to 
the potential energy of the element. Thus, the) 
rotation of the spring is without effect on the 
potential energy, and the equations used for the force 
(equations (9) and (10) ) will remain valid. 

(To be continued.) 








THE LATE MR. J. M. WOOD. 


It is with regret that we record the death, on July 21, 
at Terling, Essex, of Mr. John Mackworth Wood, late 
Northern District Engineer of the Metropolitan Water 
Soard. Mr. Wood was born on February 25, 1859, 
and received his early engineering training at Uni- 
versity College, London. He then served an appren- 
ticeship with Messrs. Ransome, Head and Jefferies, 
[pswich, after which he studied marine engineering 
in the shops of Messrs. J. and A. Blyth, London. 
He acquired general engineering experience in the 
works of Messrs. Pontifex and Company, Londoa, and, 
deciding to specialise in water engineering, joined 
the staff of the New River Company as an assistant 
engineer in March, 1881. Mr. Wood became a Member 
of the Institution of Mechanical Engineers in 1886 
and a Member of the Institution of Civil Engineers in 
1900. In his service with the New River Company 
he was successful in creating and carrying out large 
water schemes, and he also studied the legal aspects 
of water engineering at a time when many Bills were 
being brought before Parliament. The knowledge 
gained in this study of legislation was put to good 
use in later years, and in the capacity of consultant, 
Mr. Wood was successful in steering important com- 
pany schemes through Parliament. The New River 
district, in which he derived much of his early experi- 
ence of water engineering, was later to profit by his 
accumulated knowledge, both technical and _ legal, 
and when this company was transferred to the ad- 
ministration of the Metropolitan Water Board, he was | 
appointed Assistant District Engineer of the New 
River district. In 1911 he became District Engineer 
of the New River district, and when the Eastern and | 
New River districts were amalgamated in 1913 he 
was appointed Northern District Engineer, which 
position he held until the time of his retirement on 
October 31, 1924. 








THE LATE MR. WILFRED R. WOOD. 


WE regret to have to record the death of Mr. Wilfred 
R. Wood, at Doctors Hospital, New York, on July 14. 
Mr. Wood, who was a member of the Executive Com- 
mittee and consultant to the President of Messrs. Com- | 
bustion Engineering Company, was born in Virginia in 
1870. His early engineering experience was gained 
with Messrs. Fishkill Landing Machine Works, and with | 
Messrs. Russell and Company, Massillon, Ohio, makers 
of high-speed engines and road rollers. At the early 
age of 23 he designed one of the first road rollers to be 
built in America, which was exhibited at the World’s 
Fair in Chicago in 1893. Mr. Wood then turned his 
attention to underfeed stokers, and carried out valuable 
pioneer work in the design and development of these 
stokers with Messrs. Stoddard Manufacturing Com- 
pany, and later with Messrs. American Stoker Company, | 
in the capacity of chief engineer. He was granted 
a patent in 1898 for a screw feed running in a retort, 
which was the first of its kind. In 1899, Mr. Wood came 
over to this country for a short stay, which he prolonged 
to a residence of 30 years, during which time he did much 
for combustion engineering. He formed, and became 
managing director of, Messrs. Underfeed Stoker 
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| large diameter will tend to reach the ground quicker 
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and the plate-type air preheater. Mr. Wood took out 
38 United States patents and over a hundred foreign 
patents dealing with stokers, steam generators, pul- 
verised-coal and ash-disposal equipment, superheaters, 
and air preheaters. He returned to the United States 
in 1929 and was associated with Messrs. Combustion 
Engineering Company, Incorporated, 200, Madison- 
avenue, New York, until his death. 








IDENTIFICATION OF THE SOURCE| 
OF DEPOSITED MATTER.* 


By J. S. Owens, M.D., B.Ch., B.A., M.I.Mech.E. 


It is a comparatively easy matter to measure the | 
amount of deposit from the air at any particular place | 
and to compare this with results obtained at other | 
places with a view to finding if the deposit is abnormally | 
great and is giving, or might give, reasonable grounds | 


measure the deposit, it is only necessary to expose to 
the air shallow vessels of known area, and to protect | 
these vessels from artificial pollution, dust blown up | 
from the ground, and the like. As the investigation | 
controlled by the Department of Scientific and Indus- | 
trial Research has adopted a standard form of deposit | 
gauge and a standard period for exposure, it is usually | 
best to follow the same procedure, as in this way the | 
results obtained will be strictly comparable with those | 
of the many stations co-operating in the general | 
investigation. The exposure of such gauges is often | 
subsequent in point of time to the recognition of an | 
unusually heavy deposit and may be the result of such | 
a deposit being noticed. The process, though com- | 
paratively simple, does not give any clue to the source 
of the deposited impurity. 

It is usual to find that there is some particular 
source to which the impurity is attributed ; but even 
when complaints arise and the existence of a nuisance 
due to heavy deposit has been proved, the correct 
identification of the source is no nearer. Unless the 
responsibility for the deposit or atmospheric pollution 
can be fixed, there can be no hope of enforcing any 
remedial measures. The author’s purpose is to indicate 
possible methods of overcoming these difficulties. 

Rate of Settlement.—There are certain physical laws 
which govern the deposit of impurities and which may 
be applied to solve this somewhat difficult problem. 
The rate at which particles of solid matter emitted by 


of conditions. If the particles were perfect spheres and 
of known specific gravity, the rate at which they would 


accuracy, and it is known that this rate of settlement, 
known by physicists as the terminal velocity, varies 
directly with the square of the diameter of the particle 
and with its specific gravity. Supposing that a chimney 
is emitting dust composed of such spheres, those of 


than those of small diameter, and if a uniform wind 
is blowing it will carry the particles to a distance from 
their source dependent on their diameter, i.e., the 
larger ones will fall nearer to their source than the 


siderations are based is known as Stokes’s law, and is 
in centimetres, o their density in grammes per cubic 


centimetre, p the density of the fluid in grammes per 
cubic centimetre, 7 the absolute viscosity of the fluid 


| gravity. 





in C.G.S. units, and g the acceleration due to gravity | 
in centimetres per second per second, then the terminal | 
velocity of a settling particle, assuming it to be/| 


spherical, is cm. per second. 
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n 

The absolute viscosity of air at 15 deg. C., in C.G.S. 
units, is 181 x 10~*, and g is 981 cm. per second per | 
second. If the particles have unit density and are | 
falling in air, the density of air may be neglected, and | 
the terminal velocity of the particle will then be | 
v =r x 12 x 108 cm. per second. Thus a particle | 
1 micron (0-001 mm.) in diameter, and of unit density | 


| will settle at a rate of about 0-003 cm. per second. | 


This law does not apply when the particles are over | 
10—* cm. or below 10—° cm. radius. Taking the density | 
of spherical particles of fused ash as about 2-6, then 
at a temperature of 15 deg. C. (59 deg. F.) the terminal | 
velocity will be v = r? x 31-2 x 105 cm. per second. | 

As already mentioned, this law does not apply to | 
irregularly shaped particles, but as an approximation | 


| it may be taken that such particles, if of the same | 


weight, will settle at about two-thirds of the rate of 
spheres. The dust carried out of chimneys by flue | 


the rate of settlement, as particles may be said to 
obey the rule of taking up, during settlement, the 
position of greatest resistance to falling, so that a flat 
flaky particle of the same weight as a spherical onc 
will fall through the air much slower than the spherical 
particle. They may seem, at first sight, an insuperable 
objection to utilising the rate of settlement to discover 
the source, but actually it is not so futile because in 
flue dust there is usually a large proportion of almost 
perfectly spherical particles, formed from the fused ash, 
which are very often solid, transparent, or semi- 
transparent. Thus if attention can be limited to such 
particles, the deposit can be regarded as consisting of 
almost perfect spheres of practically uniform specific 
The problem now is how to utilise this 
physical law to point towards the source of deposit. 

If a measure of the deposit could be secured at 
different points along an imaginary line drawn down 
wind from the suspected source and extending also a 
little way up wind, and if gauges could be exposed on 
this line only when the wind is blowing along it as 
above, then as the suspected source is approached 
along the line from the direction the wind is blowing, 
very little deposit would be found in the gauges up 
wind of the source. After passing the source (if it is 
the true source), however, there would be a sudden 
increase in the quantity of deposit in the gauges, 
decreasing more or less regularly from gauge to gauge 
down wind. A microscopic examination of the dust 
caught in the gauges should then show that in those 
up wind from the source there were no spherical 
particles, or very few—at least, no more than in any 
other part of the district—but after passing the source, 
going down wind, the first of the gauges would contain 
spherical particles of a diameter that was large com- 
pared with those in subsequent gauges. Actually, 
however, the diameter of the largest particles would 
be only a fraction of a millimetre; the next gauge 
down wind would contain spherical particles of a 
somewhat smaller diameter than the first, and so on. 
The gauges must, of course, be spaced at sufficiently 
wide intervals, say, 300 yards or 400 yards apart. 
The reduction in particle diameter in the first few 
gauges down wind should be well marked, but in going 
farther from the source the reduction will be less 
obvious. 

Here then is a method which, if it could be used, 
would point directly to the source of the deposit ; 
but how is it possible to control events so as to have 
the wind blowing down a line of gauges in this way ? 
Also, how can allowance be made for a wind which 
is constantly changing from day to day, or possibly 
from hour to hour ? The following method, which has 
been successfully used by the author, may be adopted 
to overcome this difficulty : 

Several rows of gauges are set radially from the 
suspected source and in the direction in which the 
prevalent wind is likely to blow. If sufficiently large 
gauges, say, 2 sq. ft. or 3 sq. ft. in area, are used, a 
measurable deposit may be obtained during quite a 
short exposure, say, 24 hours. After each 24-hourly 
interval, the deposit is collected, the directions of the 
wind being carefully noted. Whenever it is found 
that a continuous period of twenty-four hours has 
elapsed without any change of wind, the deposit is 
taken from the gauges in the line along which the wind 
was blowing, and examined on the lines indicated 
above. As the direction of the wind cannot be con- 
trolled and is liable to change rapidly, the only method 
that can be adopted is to take observations over short 
intervals and to wait for a period in which the direction 
of the wind is along one of the lines of gauges. In this 
way sufficient data can be collected to give a direct 
pointer towards the source of the deposit. 

Although irregularly shaped particles do not strictly 
obey the same law as spherical ones, it is still generally 
true that the larger particles have a higher terminal 
velocity than the smaller ones, hence one may expect 
to find gradually diminishing weights of deposit in the 
gauges in moving away from the source ; and this, in 
addition to a gradual diminution in diameter of the 
spherical particles in the deposit, will give another 
indication as to the point from which it is being 
derived. 

(T'o be continued.) 








LAUNCH OF H.M.S. “ Mauritivus.”—On July 19 
H.M.S. Mauritius, a cruiser of the Fiji class, was launched 
from the Wallsend shipyard of Messrs. Swan, Hunter 
and Wigham Richardson, Limited, only 24 hours after 
H.M.S. Nigeria, a ship of the same class, had been 
launched from Messrs. Vickers-Armstrongs’ naval yard 
at High Walker-on-Tyne. H.M.S. Mauritius, which has 
an overall length of 555 ft. and is of 8,000 tons displace- 


Company, Limited, Aldwych House, London, W.C.2, | gases is composed of particles of all shapes, and of | ment, will carry aircraft in addition to her main arma- 


and during his connection with this firm he designed | 
the self-cleaning underfeed stoker, type E, which was 
subsequently used in England, on the Continent, and 
in the United States. Other developments for which | 
he was well known are the Wood steam generator’ 


varying sizes and specific gravity. The shape of the 
particle is one of the governing factors in determining | 


* Paper presented for written discussion to the | 
Institution of Mechanical Engineers. 


ment of guns and torpedo tubes. Her four propellers 
will be driven by geared turbines of 80,000 total shaft 
horse-power, which are in course of construction by 
Messrs. Wallsend Slipway and Engineering Company , 
Limited, who are associated with the shipbuilders. 
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INFINITELY-VARIABLE SPEED 
DRIVE FOR TWO SHAFTS. 

An unusual form of infinitely-variable speed gear 
for driving two concentric shafts is shown by the 
photograph reproduced on this page. The gear has 
been manufactured by Messrs. Crofts (Engineers). 
Limited, Thornbury, Bradford, and involves the use of 
two motors, viz., the horizontal one seen to the right, 
which drives the outer main shaft and the vertical 
one on the left which drives the inner auxiliary shaft 
toth motors are mounted on sliding seats providing 
helt-tensioning adjustments and the whole assembly is 
mounted on a welded-steel baseplate. The guarding 
devices to comply with the Factory Act Regulations are 
not shown, The concentric output shafting is vertical 
ul appears at the top of the illustration. The 
wuxiliary drive is identified by the bevel pinion keyed 
to the inner shaft, while the main drive is represented by 
the flange below it. This is formed on a hollow spindk 
onstituting the outer shaft and carries gearing, not 
shown, bolted to it. Dealing with the main drive first, 
it will be clear that this is fitted with speed-reducing 
year. The first element in the transmission is a Vee-belt 
drive from the firm’s patent variabk speed pulley 
carried on the motor spindle. The driven pulley is 
mounted on the wormshaft of a Croft’s Radiation type 
reducing gear, the wheel of which is coupled direct to 
in external worm which meshes with a wheel on the 
outer shaft referred to above. The gear transmits 1 h.p. 
at top speed against constant torque, this top speed 
heing 6 r.pam. The drive can, however, be set for 
iny speed between this figure and a speed of 3 r.p.m 
rhe motor speed is 1,450 r.p.m 

The auxiliary drive is taken by Vee-belt direct from 
the motor spindle to the inner shaft, the firm's variabk 
speed pulley being again employed, and there being 
no speed-reducing gear in this transmission. The 
motor speed is 960 r.p.m. and the speed variation of 
the output shaft has a range, through infinitely small 
teps, of between 65 r.p.m. and 195 r.p.m. This gear 
transmits 3h.p. The motors are supplied with three- 
phase current at 440 volts and 50 cycles. The whole 
lrive is compact and substantial and the problem of 
driven concentric shafts at widely differing speeds with 
different degrees of infinite speed variation may b 
claimed to have been solved in a satisfactory manner. 


THE BRITISH WATERWORKS 
ASSOCIATION. 


we innual general meeting of the British Water 
works Association was held at Nottingham on Tuesday 
unl Wednesday last, July 25 and 26. The presidential 
uiiress was delivered on Tuesday by Alderman Sir 
\lbert Atkey, J.P... and on Wednesday three papers 
were read, one by Mr. B. W. Davies, A.M.Inst.C.E., 
entitled * Burton Joyce Pumping Station,” a second by 
Professor H. H. Swinnerton, D.Se., entitled “ Geology 
und Water Supply in the East Midlands,” and a third 
by Mr. C. B. Taylor entitled “* Bacteria of Lakes and 
Impounded Waters.”’ In his address, Sir Albert Atkey 
lirst reviewed the work accomplished by the Association 
over the past twenty years, and dealt more particularly 
with its instrumentality in forming the first advisory 
ommittee of the Ministry of Health on water supplies. 
lhis committee had issued three valuable reports on 

Underground Water,”’ in 1925, on * The Consolidation 
ind Modernisation of the Waterworks Clauses Act,” 
in 1920, and on Compensation Water.” in 1930. 
\nother important step taken by the Association 
was the setting up of a standing committee on water 
regulations, which led to the drawing up of a model 
specification and the certification of the Swan” 
stamp for fittings. 

One of the first evils which the Association attempted 
to cure was the pollution of rivers and streams, 
ind it was represented on the Joint Advisory Com- 
mittee set up in 1926 by the Government. The 
publicity wiven to the reports of that committee had 
umdoubtedly influenced the progress now being made 
in the direction of comprehensive watershed authorities 
to ensure more effective control cf river pollution and 
unify the work now carried out by catchment boards, 
drainage boards, tishery boards, and river boards rhe 
efforts to curb the pollution of rivers also led to the 
Association becoming allied with the Association of 
Fishery Boards, which was followed by the establish- 
ment of the Freshwater Biological Association of the 
British Empire \ conjoint conference of public 
utility associations was set up in 1924, its first 
objective being to evolve a clause which would reconcile 
the conflicting interests of highway authorities and 
the rights of the public utility undertakings to lay 
their mains and cables under the roads. It was found 
impossible to frame a satisfactory clause, and a joint 
committee of both Houses of Parliament was subse 
quently originated to consider the question. 
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report of this committee had just been issued and laid , 
dawn the principle that the cost of removals or altera- 
tions of apparatus under the highway should be borne | 
by the party initiating the proposal. The Association | 
had given financial support to the British Non-Ferrous 
Metals Research Association. The causes of the burst- 
ing of water pipes and problems of corrosion had been 
investigated, and advice had been secured on the use 
of ternary lead-alloy pipes. In concluding his retrospec- 
tive review, the President referred to the Association’s 
activities on the National Joint Industrial Council 
for the waterworks undertakings industry. The 
Association was the first public utility authority to 
set up a Whitley Council, in 1918. Finally, it was 
mentioned that the Association had actively co-operated 
with the Ministry of Health in organising the Public 
Health Services Congresses and Exhibitions. 

In his paper on ** Burton Joyce Pumping Station, ” 
Mr. B. W. Davies mentioned that there were unusual 
features in connection with the station, which was 
situated in the valley of the River Trent, in the rural 
district of Basford. The subsoil consisted of about 
20 ft. of alluvium overlying a thickness of Keufer of | 
about 140 ft. Underlying this again was Bunter sand- 
stone of unknown thickness. The original borehole, | 
14 in. in diameter, was sunk in 1908 to a depth of 
$52 ft., the upper 160 ft. being lined with steel tubes. 
When tapped, the Bunter sandstone yielded water | 
under artesian head, giving a gauge pressure of 40 ft., | 





when the borehole was sealed. A small steam-driven 
pump with its suction attached to the top of the| 
borehole was installed, together with a portable boiler, 
and this plant continued to pump for a portion of the 
day only with a steadily decreasing artesian yield until | 
1910, by which time three additional boreholes, each | 
18 in. in diameter, had been sunk to a depth of 480 ft. | 
6 in., 481 ft., and 500 ft., respectively. The upper 
portion of each boring was lined with steel tubes to a 
depth of 180 ft., with the object of excluding Keufer 
water. The greatest distance between any two bore- 
holes was 730 ft., and the minimum distance, 390 ft. The | 
overflow from all four boreholes was gravitated through 
pipes to a cast-iron receiving well of 10 ft. internal | 
diameter and 40 ft. deep. Two Worthington-Simpson | 
direct-acting plunger pumps, having acombined capacity | 
of 1} million gallons per 24 hours, lifted the water from | 
the receiving well and delivered it to a service reservoir. 
The two engines were supplied by a 30 ft. Lancashire 
boiler, 8 ft. in diameter, using natural draught. The 
average weekly quantity pumped increased fairly 
regularly to a maximum of 5,391,000 gallons in 1916, 
and then decreased to about 3,000,000 gallons in 1921, 
at which it remained approximately constant until 1929. 
In 1925, it was recommended that the resources of the 
site should be more fully utilised by installing centri- | 
fugal pumps in the three larger boreholes. These “4 
| 

' 





been sunk with percussion tools for artesian flow only, 
but two were found reasonably plumb to a depth of 
about 180 ft., the limit of the lining tubes. The third | 
large hole showed deviation from the vertical amount- 
ing to as much as 3 ft. 2 in., 200 ft. from ground level. 
It was decided that the site should give a total yield | 
of at least three million gallons a day, and the question 











placed to obtain this yield. The land in the vicinity 


| was very flat, and the discharge capacity of the water 


courses comparatively small, the amount of test pump- 
ing from each borehole being limited to a quantity 
not exceeding a million gallons a day. To depress 
the water levels as much as possible, a further quantity 
of about half-a-million gallons a day was obtained 
from the artesian yield of the 14-in. and the two remain- 
ing 18-in. boreholes, and pumped to the service reser- 
voir. The test proved inconclusive, and to provide 
a margin of safety, it was decided that each of the 
centrifugal pumps should be fixed at a depth of 140 ft. 
A contract was placed for three 16-in., three-stage. 
vertical-spindle pumps, each capable of raising 
100,000,000 gallons a day from a depth of 140 ft., and 
each driven by an 80 b.h.p. constant-speed squirrel-cage 
induction motor, fitted with an auto-transformer. The 
shafts were of steel, 2} in. in diameter, and the 10-in. 
steel rising mains were flanged to carry the bearings. 
These were spaced at 7-ft. intervals, and were of the 
usual lignumvite type. 

In view of the possibility of sand being carried from 
the boreholes, and to establish a reserve of water, it 
was decided to augment the storage in the receiving 
well, having a capacity of 17,000 gallons, by providing 
a sump under the floor of the booster pump house, 
having a capacity of about 50,000 gallons and provided 
with a baffling wall for settling the sand. Owing to the 
waterlogged nature of the ground, considerable difticulty 
was experienced in the construction of the suction 
tank, which was 12 ft. below the pump-house floor level. 
Temporary pumps had to be kept running continually 
to deal with the water percolating through the alluvium. 
Three booster tanks were installed to draw their supplies 
from this tank, one having a 120-brake horse-power 
motor and a capacity of a million gallons a day, 
being arranged to deliver into a high-level reservoir and 
to work in parallel with one of two million gallons a 
day capacity, with a 200-brake horse-power motor 
pumping into a low-level reservoir. The third pump 
had a capacity of three million gallons a day with a 
300-brake horse-power motor, and caused a rise of 
pressure in the low-pressure pumping main sufficient to 
supply both the high- and low-level reservoirs. The 
whole of the plant was driven by electricity supplied 
by the Derbyshire and Notts Electric Power Company, 
at a pressure of 11,000 volts, three-phase, 50 cycles. 
transformed by the department to 440 volts for power 
and 250 volts for lighting. Owing to the continual 
growth of the area supplied by the high-level reservoir, 
it became impossible to serve it adequately from the 
three-million gallon pump, and it was necessary to run 
the two-million gallon pump and the one-million gallon 
pump together. It was therefore advisable to have 
standby plant of sufficient capacity for the latter, 
and a further contract was placed for a 13}-in. variable- 
speed combined lift and force pump, having capacities 
varying between half-a-million and three-quarters of a 
million gallons a day. This pump was placed in the 
14-in. borehole, the existing steam plant being removed. 
Shortly after the pumps had been installed in the 18-in. 
boreholes it was found that their yield was much 
greater than had been anticipated, and that it was 


The had to be decided at what depth the pumps should be | necessary to restrict their output, and further, since the 
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new pump in the 14-in. borehole was started up it had | 
heen found that the yield from any two of the three | 
18-in. boreholes was ample to supply the two-million | 
gallons a day pump. Owing to various causes, the 
output of the pump gradually exceeded the quantity 
for which it was designed. Pumping was becoming un- | 
necessarily costly, and it was decided to replace the 
three 18-in. borehole pumps with new units, each | 
designed to deliver a maximum of 1} million gallons 
a day at a varying working level. It was also decided 
to install a 2}-million gallon a day booster pump, | 
with a constant-speed synchronous induction motor of | 
235 brake horse-power to give a unity power factor for | 
the whole of the station. | 

Of the remaining two papers read on Wednesday, | 
that on “Geology and Water Supply in the East 
Midlands ” was of greater interest to engineers. The 
author first pointed out that the area under considera- 
tion embraced both large centres of population and 
scattered rural districts. The highest altitudes in the 
region were attained in Central and North Derbyshire. 
Here, many of the valleys were very suitable in form 
for surface supplies, but in the former area the underly- 
ing rock was limestone, more or less honeycombed 
with fissures. In the latter area, on the other hand, 
the rocks consisted of thick layers of grit interbedded 
with correspondingly thick shales, the porous grits 
containing large quantities of water. Further, the 
area was occupied largely by uncultivated moorland. 
With such a combination of favourable conditions it was 
not surprising that a scheme had been produced jointly 
by several large centres in the area for developing the 
source of supply. Already two reservoirs, Howden and 
Derwent, had been completed, and a third, Ladybower, 
was in course of construction. With regard to under- 
ground water, between the limestone mass of central 
Derbyshire and the western flank of the Derbyshire and 
Notts coalfield, the millstone grits dipped steeply east- 
wards. The water, of which they held vast quantities, 
issued in numerous springs. Owing to the varying 
extent of their outcrops, these springs tended to vary in 
yield with the season, but this had been countered in the 
case of several authorities by putting borings down 
through the shale in order to tap the water at a deeper 
level in the grit. Farther north, the springs issued at 
the junction of the grit with the shale below, and were 
not so liable to be affected by seasonal variations in 
rainfall. The flow from a spring could often be 
greatly augmented by adits, a procedure effectively 
used by the Matlock authority. Apart from large 
towns, the most densely populated portion of the 
Kast Midlands was the Derbyshire and Notts coalfield. 
The water stored in the sandstone beds in the coal 
measures was generally unfit for consumption, but by 
the side of the field were two first-class sources of 
water, the millstone grits and the Bunter sandstone. 





76-FT. STROKE HYDRAULIC 
HONING MACHINE. 


Waite honing as a finishing process is extensively 
practised in British workshops for work of relatively 
short length, such as the cylinders and liners of internal- 
combustion engines, connecting-rod holes, bushes and 
so forth, the honing of really long bores is not so common 
as it is in the United States. It may be of some 
interest therefore to describe briefly the large horizontal 
honing machine shown in the accompanying illustration, 
the working stroke of which has a length of 76 ft. The 
machine was made by Messrs. Barnes Drill Company, 
Rockford, Illinois, U.S.A., a firm for which the British 
agents are Messrs. Gaston E. Marbaix, Limited, 
Humglas House, 22, Carlisle-place, London, 8.W.1, and 
which has long specialised in the manufacture of both 
horizontal and vertical honing machines of a great 
variety of types. Long machines of the type illustrated 
are used for honing the bores of gun barrels or the 
recuperator cylinders of such ordnance, while certain 
tubes for oil-well work and the like have to be thus 
finished. It is evident that a machine with a stroke 
of the length just mentioned must be capable of being 
used for shorter work, and as a matter of fact, the 
machine can be set with a travel of only 2 in. The 
operation actually in progress on the machine, as 
illustrated, is not seen, as the total length of the 
machine, viz., 184 ft. 2 in., would not permit a photo- 
graph to be taken without undesirable foreshortening 
of the working parts. 

As it may be incorrectly assumed that long bores are 
difficult to hone with accuracy, some actual results 
may here be cited. Gun forgings with a bore of 
4} in., and approximately 21 ft. long, are finished 
to a degree of accuracy of within 0-0007 in. for 
both diameter and parallelism. Smaller diameters 
are also accurately finished, an actual case being the 
honing of liners having a bore of 2} in. and a length of 
18 ft. 4in. The mater al had Brinell hardness of 1,100, 
and the degree of accuracy for diameter and parallelism 
was 0-001 in. The amount of material removed by 
honing was 0-045 in. at the rate of 0-015 in. per hour. 
The amount of material removed depends, of course, 
on the nature of the surface left by the boring tool, 
broach or reamer, for although the ridges and irregu- 
larities left by such tools are generally of microscopic 
dimensions, they are still present. The hone removes 
any high spots, corrects irregularities in diameter and 
parallelism, but, as is well known, it does not alter the 
alignment of the bore as the honing stones “ float ” on 
the tool itself. 

The motion of the stones in the machine illustrated 
is one of combined rotation and reciprocation, the 
surface being thus subjected to a right-hand helical 
smoothing action on one stroke and a left-hand one | 





on the return stroke. The finished surface then, if the 
stones could score it, would appear to be 
hatched,” but actually a mirror-like finish is obtained. 
The hone, with its numerous stones of artificial abrasive, 
which are expanded within the pre-determined limits 
as the operation proceeds, is seen to the left of the 
illustration. It is supported in a cradle at the end 
of the work which, as already stated, is not visible, 
but is carried on the continuation of the bed towards 
the left. This cradle is provided with adjustments tor 
centring, so that the hone will enter and leave the bore 
accurately. The hone is mounted at the end of long 
shafts having intermediate supports and terminating at 
the driving head seen at the right of the bed. This 
contains the electric motor and pick-off gearbox, which 
drives and regulates the shaft. It travels along the 
bed of the machine to give the reciprocating stroke to 
the hone, the reciprocation being effected by a wire 
cable attached to the head and having a return strand. 
The strands of the cable are alternately paid out and 
wound in by a drum driven by a rotary hydraulic motor 
actuated by a motor-driven pump. The oil is con- 
tained in the bed of the machine, which is of fabricated 
steel. This unit is situated at the extreme end of the 
working part of the bed, and is not visible in the 
illustration. 

The machine shown is capable of honing bores up to 
30 in. in diameter. The tool seen in the cradle is 
suitable for a bore 14 in. in diameter. Control of the 
machine is by push buttons on a panel seen to the 
right of the cradle, the lever visible near this panel 
controlling all the movements, including entry of the 
hone into the hole to be finished ; automatic rotation 
and hydraulic reciprocation ; hydraulic expansion of 
the hone until the positive stop determining the finished 
size is reached ; shortening the stroke at any point of 
the bore ; and withdrawal of the hone from the work. 
The hone enters the bore and withdraws therefrom 
without rotating. The reversal of traverse when 
working, owing to the use of hydraulic transmission, is 
effected without shock. An optional auxiliary con- 
sists of a straight-line lapping device, the lapping tool 
merely reciprocating, its only rotation being an index 
ing movement to a fresh position. 


“ cross- 








ENGINEERING SCHOLARSHIPS.—The results of an 
examination, held in London last month, which was 
attended by nine boys from public and secondary schools, 
have been announced by Messrs. R. A. Lister and 
Company, Limited, Dursley, Gloucestershire. The suc- 
cessful candidates, R. G. Havers, Imperial Service College, 
Windsor, and C. R. Coltart, Aldenham School, Elstree, 
have been awarded industrial scholarships, tenable for 
44 years in the machine shops and drawing offices of the 
Lister engineering works, Dursley. 
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The total of 1,349,579 persons on the registers at 
June 12 included 695,729 persons with claims admitted 
for insurance benefit, 488,146 persons with applications 


LABOUR NOTES. 


\r the end of June, 8,136 members of the Boiler- IC 
makers’ and [ron and Steel Shipbuilders’ Society | #uthorised for unemployment allowances, 27,638 
were “ signing the books,” as compared with 8,069 at | persons with applications for benefit or allowances 
the end of May. The number of members on super- under consideration and 138,066 other persons, of 


annuation benefit was 4,004—the same as at the end | whom 26,808 were under 16 years of age. 
of May—and the number on sick benefit 983, as com- | 
pared with 1,009. In May the expenses amounted to | 
4,5641. 8s. 3d.; in June, which had to bear five weeks’ 
outlays, they were 5,3301. 9s. 10d. In June, there was 
a net increase in the membership of 174. The Trade 
Report for June of the United Patternmakers’ Associa- 
tion records a continuance of good employment. Of| 
) unemployed members 73 were on trade benefit | 
and 17 not in benefit. The number sick decreased from 
245 to 225 and on superannuation benefit there were employed in the engineering industry, coal miners in 
687. The total membership is 11,941. | North Derbyshire, Cannock Chase, Leicestershire and 
| Warwickshire, and workpeople employed in the flour- 
: : _ | milling industry in Great Britain. The decreases 

At a conference between representatives of a section | mainly affected coal miners in 
of Cardiff foundry employers and representatives of | Yorkshire, Lancashire and Cheshire, Nottinghamshire, 
the United Patternmakers’ Association an increase of 
2s. per week was arranged to take effect immediately. 
The arrangement stabilises the wages for six months, 
and makes the rate 77s. 6d. per week. Apprentices 
are to get proportionate increases, Commenting upon 
the agreement, Mr. Findlay, the general secretary of 
the United Patternmakers’ Association, says in his 
Report :—“ Mention of apprentices reminds me that 
there has been very little said about the good work 
done and the improvements in wages and conditions 
which has been secured on their behalf by the Associa- 
tion through its representatives and officials and not 
alone by ours but of those of others as well. While 
there is no doubt that the action of the apprentices 
themselves gave a stimulating, if not a compelling, 
urge to the progress made lately, it is nevertheless a 
fact that without the unions’ backing it is doubtful 
if the result would have been the same. I sometimes 
wonder if the present-day apprentice appreciates the 
improvement that has taken place when I hear of the 
response made by some of them to the advances made 
to them by the members of the unions. Most certainly, 
we have every right to expect their adherence, and they 
have everything to gain by joining the unions at the | 
earliest possible moment.” 


In the industries for which statistics are regularly 
compiled by the Ministry of Labour, the changes in 
rates of wages reported to have come into operation in 
June are estimated to have resulted in an increase of 
about 71,5001. in the weekly full-time wages of 884,700 
workpeople, and in a decrease of 26,7001. in those of 
416,200 workpeople. The principal groups of work- 
people whose wages were increased were men and boys 


Dean and Scotland. The changes so far reported in the 
six completed months of 1939 are estimated to have 
resulted in a net increase of about 133,0001. a week in 
the full-time wages of 1,296,000 workpeople, and in a 
net decrease of 32,0001. in those of 321,000 workpeople. 
Of the 416,200 workpeople whose rates of wages were 
reduced in June, over 370,000 had received increases 
of greater or equal amounts earlier in the year. 





The number of trade disputes involving stoppages 
of work reported to the Department as beginning in 
June was 81. In addition, 21 disputes which began 
before June were still in progress at the beginning of 
that month. The number of workpeople involved in 
these 102 disputes, including those thrown out of work 
at establishments where disputes occurred, was about 


June was about 130,000 working days. 








The writer of the editorial notes in the July issue 
of Man and Metal, the journal of the Iron and Steel 
Trades Confederation, states that “activity in all 
sections of the industry is being maintained at the 
| maximum, and final figures of outputs for May show 
| that new records have been created.” ‘* While commit- 
: , | ments,” he goes on to say, “in connection with the 

It is mentioned in the July issue of the monthly | Government’s defence programme claim priority and 
report of the Boilermakers’ and Iron and Steel Ship-| aj) works are operating under great pressure in that 
builders’ Society that while at the meeting of executives | respect, every effort is made to give reasonable 
in York, which “ almost unanimously " accepted the | delivery of commercial orders, and there is a steady 
engineering employers’ offer of the recent wages | demand for a variety of steel and engineering products. 
increase, “ keen disappointment was expressed r 
particularly respecting the . . . refusal to restore the 
pre-1931 conditions as they affect pieceworkers and 
overtime and nightshift, it was felt that it could not be 
improved upon at present. It will be remembered,” 
the reference continues, “that the employers’ first 
answer was a refusal to make any offer at all and it 
was only as a result of great pressure that this increase, 


being met by further purchases from the Continent 
and Australia, and the raw material shortage is being 
overcome by the lighting of additional blast fur- 
naces and the effecting of further substantial 
scrap purchases from the United States. The utilisa- 
| tion of these fresh sources of raw materials helps in 
a & — . | the speeding up of the production of steel air-raid 
small, as it is, has been secured.” According to the | shelters, as apart from those at present being produced, 
same Official report, the award of the Industrial Court | orders for a further 1,000,000 shelters are being placed 
on the claims of the railway shopmen is regarded as | immediately, making a total of 2,500,000 delivered or 
far from satisfactory. “ The Companies’ agitation |on order. The latest available figures of the rate of 
for a ‘square deal’ has resulted,” it is stated, “in a production in the tinplate trade show 63 per cent. of 
measure of success for themselves, and what they | capacity. The improvement in this section of the 
claim, and have, indeed, obtained, cannot be denied | industry is such that orders from home and foreign 
the workpeople. Therefore, future action will have | buyers have accumulated and the production quota 
to be considered by the Railway Shopmen’s Council | ynder the pooling scheme has been suspended on the 
(Employees’ Side). remainder of the year.” 


The weekly organ of the International Labour 
Office at Geneva states that, on the initiation of the 
| French Federation of Christian Unions of Salaried 
Employees, Technicians and Chiefs of Services, a Bill 
has been introduced in the Chamber of Deputies 
establishing a code for salaried employees. After 
stating that legislative reforms have improved the 
position of the workers and increased their guarantees 
regarding independence and security, the preamble to 
the Bill declares that collective agreements have 
nevertheless not brought with them the expected 
effects for all workers, and more particularly for 
salaried employees. This group of workers should, 
therefore, it is stated, be provided with more extensive 
protection, and with this object should be placed under 
a code, as are journalists and commercial travellers 
and representatives. 


The Ministry of Labour Gazette states that, among 
insured persons between the ages of 16 and 64, the 
percentage unemployed in Great Britain and Northern 
Ireland at June 12 was 9-4, as compared with 10-4 at 
May 15. For June 13, 1938, the percentage (exclusive 
of the classes brought into insurance in April, 1938) 
was 12-8. For persons insured under the general 
scheme the corresponding percentages were 9-7 at 
June 12, 10-6 at May 15, and 13-2 at June 13, 1938. 
For persons within the agricu’tural scheme the per- 
centages were 4-2, 5-7 and 5-2, respectively. 





At June 12, there were 1,098,793 persons on the 
registers of Employment Exchanges in Great Britain 
who were out of a situation. This was 135,208 less 
than at May 15 and 169,773 less than at June 13, 1938. 
There were registered as unemployed in Great Britain, 
195,625 persons who were on short time or otherwise 
temporarily suspended from work. This was 2,992 
less than at May 15 and 273,131 less than at June 13, 
1938. Of persons who normally seek a livelihood 
by means of jobs of short duration, there were on the 
registers in Great Britain 55,161 unemployed persons. 
This was 4,503 less than at May 15, and 10,429 less than 
at June 13, 1938. 


The draft defines the workers who should be con- 
sidered as salaried employees for the purposes of the 
Act. Further, it regulates and safeguards admittance 
to the various salaried occupations, lays down the 
conditions to be observed in concluding contracts of 
employment, and governs engagements on trial and 
re-engagement of employees called out on military 
service or dismissed 


Northumberland, | 


South Derbyshire, North Staffordshire, the Forest of | 


39,000, and the aggregate duration of the disputes in | 


Re-rollers’ requirements for semi-finished steel are | 


or lack of work. A number of’ 
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guarantees regarding wage rates are also included. 
The Bill contains detailed provisions concerning the 
position of salaried employees and their relatives in 
case of sickness or death. There are special provisions 
with regard to female employees. Annual holidays are 
governed in accordance with custom, as already ex- 
pressed in collective agreements. Exact rules are laid 
down with regard to the termination of the contract 
of employment. 


In a new Act on the subject of holidays with pay, 
adopted recently in Finland, the duration of the annual 
holiday is defined in general as five working days in 
respect of a minimum qualifying period of six months’ 
continuous service, and is increased to nine working 
days after one year’s service and to 12 working days 
after five years’ continuous service with the same 
employer. Young persons under 16 years of age and 
persons employed in shops, offices and commercial 
undertakings are, however, entitled to longer holidays. 
In the case of young persons, the holiday is fixed at six 
working days after six months’ service and 12 working 
days after one year’s service. For workers employed 
in shops, offices and commercial undertakings, the 
duration of the holiday remains the same as that fixed 
in earlier legislation, i.e., one week after six months’ 
service, two weeks after a year, three weeks after five 
years, and one month after ten years’ service. 


During his holiday, the worker is to receive his 
normal pay. Workers who are fully boarded by their 
employers are entitled during their holidays to an 

| allowance corresponding to the cost of the food they 
| normally receive. For piece workers, the amount of the 
| daily holiday allowance is to be equivalent to the 
| average daily rate of remuneration, excluding overtime, 
| received during the three months immediately preceding 
the holiday. If information on this is not available, the 
amount of the daily allowance is to be based on the 
| daily earnings of workers engaged in similar occupa- 
tions in the district. Workers who are normally em- 
ployed only on certain days of the week must be granted 
a holiday of the normal duration corresponding to their 
period of employment ; but they are entitled to holiday 
pay only in respect of the days on which they would 
have worked had they not been on holiday. As regards 
workers who are remunerated wholly or partly by tips, 
the amount of the holiday allowance is to be calculated 
on the basis of their average earnings during the three 
months immediately preceding their holiday. 


Imperial Chemical Industries are to increase the 
wages of approximately 32,000 of their chemical, ex- 
plosives, leather-cloth, paints, and quarry workers. 
There will be a minimum rate of 31. a week for adult 
male labour, with a corresponding advance for those 
whose rates are above the present minimum. In the 
case of women the minimum rate will be raised to 
ll. 16s. The advance is to take place in two instal- 
ments, on October 2 next and on April 1, 1940, and will 
vary in the case of men from 4s. 2d. to 6s. a week. 
Advances have also been agreed for youths and girls. 
The advances are to continue in force at least until 
December 31, 1940. 

At the annual meeting of the National Committee 
of the Amalgamated Engineering Union the following 
resolution was moved :—‘ The National Committee 
instruct executive council to make a determined effort 
for an increase in the basic minimum rate of all produc- 
tive workers who are ineligible for the full district 
rate, on the following basis :—({a) That planers, slotters, 
millers, gear cutters, shapers, grinders, who set up 
their own work, horizontal drillers and borers, all 
radial drillers, who perform knifing, boring, tapping 
and studding operations, and capstan, turret, combina- 
tion or automatic operators who set up the whole of 
their work, shall be paid the standard district rate 
of the turner or fitter. (6) That vertical drillers, 


screwers, sawyers and other machines of a similar 
character shall be paid at a rate of 90 per cent. of the 
turners’ district rate. (c) That other machines 


requiring a lesser degree of skill on the part of the 
operator and working on inferior work such as drilling 
plates without any degree of accuracy, be paid a rate 
by agreement with the unions and the employers, 
taking into consideration the two factors, class of work 
and skill of operator. (d) That new machines shall 
be rated by agreement between the employers and the 
union on the basis of the classes above. (e) An adult 
being placed on a machine in paragraph (a) shall receive 
10s. below the rate as laid down for a period of two 
years and at the expiration of same the full rate to 
apply. (f) An adult placed on a machine in paragraph 
(6) shall receive 50 per cent. of the difference between 
his former rate and the rate laid down after one month 
on machine, and full rate after six months. An amend- 
ment, * to delete paragraphs (e) and (f) of 1935 National 
Committee,” was carried unanimously, and the resolu- 
tion, as amended, was adopted. 
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s-IN. BAR ELECTRO-PNEUMATIC CAPSTAN LATHE. 


BY 


CONSTRUCTED 





ELECTRO-PNEUMATIC 
CAPSTAN LATHE. 


Tue 5-in. centre electro-pneumatic capstan lathe 
shown in the accompanying illustrations, Figs. | and 2, 
has been recently introduced by Messrs. Alfred Herbert, 
Limited, Coventry. The machine has been designed 
from an unconventional viewpoint, namely, that since 
cutting speeds and feeds have reached practicable limits, 
what is required in small capstan-lathe practice is 
a machine in which simplicity of operation is com- 
bined with a maximum possible output and good 
finish and accuracy in the product. Although the 
lathe is termed a 5-in. centre machine, it is primarily 
intended to give high production on bars up to } in. 
in diameter, and the method of chucking and bar 
feeding is both original and exclusive. A prominent 
feature in the general view, Fig. 1, is the pedal seen 
at the right of the pedestal; by the movement of this 
pedal the operator can feed the machine continuously 
without removing his hands from the two levers which 
control all the capstan tools and the forming and 
cutting-off tools. The chuck is of the Herbert air- 
operated dead-length bar type, in which the collets 
are stationary in the axial sense and no movement of 
the work takes place during the chucking operation. 
The actual advancing of the bar is effected by an air- 
operated device which comes into action, as the chuck 
opens and closes, in response to a movement of the 
pedal. The device, which can be made out in Fig. 2, 
actuates a collet tube, and the stock is pulled con- 
tinuously by it until the last possible work-piece is 
produced from the bar. This, it is claimed, is the 
only satisfactory method of feeding small-diameter 
bars. It should be noted that no bar is shown in 
Fig. 2, the guide tube for it being brought forward 
into the loading position in order to show the rear 
construction more clearly. 

The action of the new gear is as follows: When a 
work-piece is completed, the operator presses lightly 
on the pedal; the chuck is thereby opened and the 
bar fed forward. Release of the pedal first stops the 
forward bar feed and then closes the chuck, which 
grips the bar tightly. Closing is effected by the end 
movement of a sleeve, which compresses the collets 
against a ring. The ring is adjustable to compensate 
for slight variations in the diameter of the stock. 
The length of bar feed through the chuck is governed 
by adjustable stops, and a throttle valve is incor- 
porated in the feed device to regulate the speed of 
the bar feed and to minimise shock. A pressure 
gauge on the chuck warns the operator of any variation 
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in air pressure from the normal value of between | holes, } in. in diameter, and indexes automatically by 


60 Ib. and 80 Ib. per square inch. The stock guide 
tube, seen to the left of Fig. 1 in the working position, 
is of a material which prevents damage to the bars. 
It can be swung forward for loading from the operator's 
position. 

The main motor, which is manufactured specially for 
use on this machine, is of the ball-bearing, screen- 
protected, squirrel-cage, two-speed induction type, and 
its characteristics are such that it may be reversed 
six times per minute when running at the maximum 
spindle speed of 6,000 r.p.m. When running at 
1,500 r.p.m., 10 reversals per minute can be made 
without adverse effects. Two pairs of pulleys, which 


are interchangeable between the motor shaft and the | 
| lubricated from an oil-box in the slide and are never 


spindle, are provided, and a range of eight spindle 
speeds between 320 r.p.m. and 6,000 r.p.m. is available. 


The motor speed change is effected by the lever seen to | 


the left of Fig. 1. This actuates a butt-contact pole- 


change switch and is of the “ joystick ” type, movement | 


giving two forward speeds and two reverse speeds, 
the latter being particularly used for stopping the 
spindle quickly, thus enabling full advantage to be 
taken of the high maximum speeds. An engraved 
direction plate surrounding the lever shows the various 
speeds obtainable. The ratio between the fast and 
slow motor speeds is such that screwing and high-speed 
turning can be carried out without changes of the 
pulleys. The spindle is mounted in precision ball and 
roller bearings, and is driven by a pair of Vee-belts. 
The drive is illustrated in Fig. 2, the cast-aluminium 
cover which normally encloses the spindle pulley, 
shown in place in Fig. 1, having been removed. The 
motor pulley is accessible through a hinged door in the 
pedestal, as shown in Fig. 2; the circular cover on the 
front of the pedestal indicates the position of the belt- 
tensioning gear, adjustment being effected by a re- 
movable crank-handle inserted in a square hole in the 
spindle projecting from the cover. 

The cut-off slide is lever-operated, and movement 
in either direction is controlled by stops which are 
protected from chips and swarf by a hinged cover. 
The back and front toolposts can be adjusted longitu- 
dinally on the slide, while the saddle, of course, has 
freedom of movement in the same direction. It is 
locked as desired by four screws in clamping strips 
underneath the saddle. The capstan saddle is also 
hand-operated and is clamped to the bed by the same 
means as the saddle. It can be moved close to the 
cross-slide saddle, so reducing overhang to the minimum. 
The capstan is circular and the maximum distance 
from its front to the chuck face is 9 in. It has six 


one station on each backward movement of the slide. 
The working stroke of the slide is 23in. The automatic 
rotating mechanism can, however, be held out of 
engagement by the plunger seen at the front of the 
slide in Fig. 1, should the nature of the work demand it. 
In these circumstances the capstan can be rotated by 
hand to any desired position. The six adjustable 
indexing stops are seen at the end of the capstan slide, 
just below the traversing lever. The stop barrel is 
geared to the capstan by a pair of equal bevel gears 
so that it rotates through one-sixth of a turn only 
for each index movement, this reducing shock. The 
guiding surfaces of the capstan slide are at the front 
and:there is a flat way at the rear. Both surfaces are 


uncovered, so that full protection from swarf and 
cutting lubricant is afforded. 

The electrical equipment is simple, though fully able 
to withstand frequent starting, braking, and reversing. 
The main motor is controlled by push-buttons, and, 
if desired, a push-button starter with no-volt and 
overload protection can be fitted. Another alternative 
fitting is a self-contained motor-driven centrifugal 
cutting-lubricant pump, with a push-button switch incor- 
porating thermal overload protection. All internal 
wiring is completed before the machine leaves the 
works, the only wiring necessary on the site being the 
supply leads to the isolating switch at the bottom 
left-hand corner of the pedestal. A standard tool 
equipment covering all general requirements for bar 
work can also be supplied, including either a ,-in. 
Coventry self-opening dichead or a Herbert 4-in. solid 
adjustable diehead. For purposes of identification it 
may be mentioned that the new machine is described 
as the Herbert No. 0 patent electro-pneumatic capstan 
lathe. 








GENERATION OF ELECTRICITY IN GREAT BRITAIN.-— 
The official returns rendered to the Electricity Commis- 
sioners show that 1,912 million kWh of electrical energy 
were generated by authorised undertakings of Great Britain 
during June last, as compared with the figure of 1,612 
million kWh in the corresponding month of 1938, repre- 
senting an increase of 300 million kWh, or 18-6 per cent. 
During the six months of 1939 up till the end of June, 
the total amount of energy generated by authorised 
undertakings was 13,571 million kWh, as compared 
with the revised figure of 11,954 million kWh during 
the corresponding period of 1938, representing an increase 
of 1,617 million kWh, or 13-5 per cent. 
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THE FLOW OF WATER IN CHANNELS 
UNDER STEEP GRADIENTS.* 


By W. F. Duranp. 


Tue problems arising in connection with the flow 
of water in channels more commonly relate to moderate 
gradients, low to moderate velocities, and steady con- 
ditions of flow. We are not, as a rule, concerned with 
the introductory period during which the velocity is 
increasing from zero, or from some initial velocity, to 
its final or steady-flow value. Under these latter 
conditions the forces making for acceleration are 
balanced by the resistance to flow and steady con- 
ditions prevail, that is, over any given cross-section of 
the stream, the distribution of velocity remains sensibly 
constant in time. Furthermore, the moving medium 
may be assumed to remain continuously in the liquid 
phase, that is, without sensible insufflation by air. 
And again, the resistance opposed to the flow may be 
considered as that developed between the moving 
liquid and the solid boundaries which constrain its 
motion ; fluid friction so called. The final or steady- 
motion velocity acquired under these conditions is, 
then, the item of principal interest and forms the 
subject of the well-known classical treatment of the 
subject. 

In the case of water flowing under steep gradients, 
however, the preceding simple conditions of flow no 
longer prevail. The velocities acquired may be high | 
and the resistance to the flow can no longer be restricted 
to the solid boundaries of the stream. The air bound- | 
ary now begins to play a part, and gradual insufflation | 
with air brings a change in the density of the flowing 
medium and in the mean hydraulic radius of the section. 
The surface of the flow becomes broken and irregular 
due to wave formation (action between air and water) 
and due also to the marked velocity gradient between 
the bottom of the flow and the top. The latter is 
especially marked in case the flow is relatively shallow | 
in depth. As a result, the flow may become trans- 
formed from a liquid phase into an extremely turbulent 
foamy phase with a rough and irregular upper surface 
involving a greatly increased resistance by the air 
boundary of the stream. Under these conditions of 
flow, we are not only concerned with the ultimate 
velocity which may be acquired, provided the channel 
is long enough, but we are also interested in the velocity 
which may be acquired in a given length of channel 
or in a given interval of time. We are, therefore, con- 
cerned with relations between velocity, distance, and 
time, during the period of acceleration from an initial 
velocity v, towards a final velocity 3. 

The present treatment of this problem differs from 
the well-known solution by Bakhmeteff in that, with 
insufflation, the assumption of a continuous liquid 
phase is no longer tenable. Furthermore, the effect 
of the fluid pressure within the sheet is neglected and 
the slope of the flow is taken as that of the bottom 
surface of the channel. The simplification thus realised 
by throwing all variable hydraulic conditions into one 
factor 8 (as defined later) makes possible the direct 
solution in terms of hyperbolic functions rather than 
in terms of a special function, as in the Bakhmeteff 
solution. The present treatment is presented in no 
sense as a substitute for the detailed Bakhmeteff 
solution but rather as a relatively direct mode of 
approach through well-known tabular functions to 
problems involving insufflation, always assuming that 
values of the coefficient B, based on experience, may 
be available. The treatment of the problem mathe- 
matically will obviously depend on the continuously 
varying relation between acceleration and resistance 
or retardation. If we know the angle of slope of the 
channel at any given point, we can, for a unit of mass, 
determine the acceleration due to gravity at that point. 
If the slope is uniform, so also is the acceleration. 
The question then turns on the relation between 
resistance and velocity. For the ordinary case of 
channel flow we are content, for most practical purposes, 
to assume the resistance, or fluid friction, to vary as 
the square of the velocity with a constant coefficient, 
the value of which will depend on the circumstances 
of the flow, especially the mean hydraulic radius and 
the roughness of the surface. 

In the present case we may mak. the same assumption 
as to velocity, but now with a value of the coefficient 
varying with the velocity instead of constant. This 
will give, for the resistance to the flow, a term of the 
form Sr* where v is the velocity at any instant of time 
(or point along the flow) and 8 is the value of the 
coefficient for that value of v and for the other cir- 
cumstances of the flow at that time or point. The 
phrase, “ velocity at any instant of time (or point 
along the flow),” is not precise, since the velocity 
will vary, perhaps widely, over the cross-section of the 


* Contributed by the Hydraulic Division and presented 
at the Semi-Annual Meeting of The American Society of 
Mechanical Engineers, San Francisco, California, July 
10-15, 1939 \ bridged. 


flow. As usual, however, it may be accepted as mean- 
ing the general average velocity of flow over the section. 
If then we denote the angle of slope of the channel (not 
necessarily uniform) at a given point along the line 
of flow by @, we shall have, for the general equation 
of flow the differential form 


dv 
dt 


With the equation in this form, with @ variable from 
point to point along the channel and with £ variable 
with the velocity, analytical treatment of the problem 
appears to be out of the question. The same is true 
with @ constant, as is more commonly the case, but 
with 8 variable. If, however, we know the values of @ 
from point to point along the channel and if we have 
some clue to the relation of 8 to the controlling con- 
ditions of the flow and to the velocity, we may then 
assume these values constant for a brief interval of 
time—one second or shorter if desired. If then we 
can solve the equation for constant values of @ and 8, 
we may, knowing the values of velocity or distance at 
the start of the period, find those for the end of the 
period, and thus stepwise trace all values through as 
far as may be desired. 

It is seen, of course, that this method of treatment is 
approximate only. First, the resistance is assumed 
to vary with the square of the velocity, and, second, 
the value of 8 is assumed to remain constant at some 
mean value over a short period of time. Justification 
for the first assumption is found in the fact that it is 
one of the conditions of a practicable analytical treat- 


qg sin @ B v? , - (1) 


ment and further, that it is in line with the general | 


practice in problems involving the relative motion 
between a fluid and its boundaries. Justification for 
the second assumption is found in the fact that by 
decreasing the time interval over which £ is taken 
constant at a mean value, the approximation may be 
made as close as desired—in any event much closer, 
presumably, than the observational data on which the 
values of B may depend. 

We may now proceed to the discussion of the equa- 
tion of motion. We consider first the simple case 
where both the slope and £ are constant and v, = 0. 
We then take the more general case where v, is not 
zero and where, as will be seen, the treatment will 
provide for a stepwise approximate solution for the 
case of variable @ or 8 or both @ and 8, from point to 
point. 

Turning then to equation (1) we put « for g sin @ 
and have 

dv 
dt 


dv 
For ; 0 we have for the limit velocity 


(i.e 


Put the equation in the form 
dit l 
dv od Br 


The fraction on the right is readily separated into 
two partial fractions giving 


it l dr dv ) (4 
r ; ) 
gat (ai Bre a'+ Biv 


This integrates immediately as 


t l at+ Biv r = 
[, 2a? Bt log (Ss aie) |. = 


0, that is, a start from rest at the top of 
0, we have 


With rv, 
the slide, and with ¢t, 


at 4 : 
2a! pit = log ; . (6) 
x! Biv 
Dividing through numerator and denominator of 
the fraction by 8, remembering equation (2), and 
putting 
p for a 8! and A? for 


r r 


equation (6) becomes 


pt 5 log = - log A 
Here again for v at * which shows that 7 is 
reached only after an infinite time. However, on the 
assumption of 8 constant we find readily the time 
required to reach any stated fraction of #. Thus put 
Then equation (7) becomes 


l l m ; 
pel 3 log ¢ a . (8) 


* Throughout the treatment, log means the Napierian 


v m Tv. 


log, or log,. 


For m = 0-90 this gives ¢ (+ #) log 19 
For m = 0-95 this gives t = ($ «) log 39 
For m = 0-99 this gives ¢ = (4 «) log 199 
Now taking exponentials and solving equation (7) 
for v or equation (8) for m, we have 
et _ 1 


m= a ‘ ‘ - (9) 


ce 
e 


Equation (9) with a series of values of ¢ will give the 
corresponding progressive values of v. Equation (9) 
may, furthermore, be conveniently transformed into 
an expression in terms of hyperbolic functions as 
follows 


9g: h e* — e@ ew — 1 ti (9 
é 2 x - _ =-_ —_——_, qi n 
ince tanh 2 e+e @ al equatio ) 
gives directly 

t 

- m tanh (« t) ; . (10) 

3 


Thus with a table of hyperbolic tangents and any 
assumed values of ¢, the values of m and hence of v 
may readily be found. 


7 ds . : 
Again in equation (10) putting v and integrating 


dt 
between limits of 0 and t, we have 
8 — * (log cosh » t) < . (11) 
ies 


Here again, with tables of hyperbolic cosines and 
natural logarithms, the value of the distance for any 
value of t may be directly found. 

We return now to equation (5) and take the more 
general case where v, is not zero. Substitution of the 
limits ¢,, ¢, and v,, v, with 3 put for a! 8! gives 


1 Bus = 
u(t — t,) zle (5=*) (= =), . (12) 
2 v—e 0+ 0, 


Or putting At for ¢ — t,, and remembering that we 
may put 


A? for pans : and A* for (13) 
r v 


of; @ 


equation (12) takes the form 


uAt tog (;*) . . (14) 
1 


This equation gives the time interval A ¢ required for 
an increase of the velocity from v, to any given value r. 

Then going back to equation (12), taking expo- 
nentials, and solving for v, we find 


r ees (y + v;) (é v;) 15) 
> ; r= . (15 
c e hal (7 + Uy) + (ev Uv») 
v i eet l 
m ; . (16) 


. 2 t 
v rie 


which may be compared with equation (9). This 
equation gives the velocity v acquired after an interval 
of time At, starting with an initial velocity v, and 
knowing =. See equations (13). In a similar manner 
as for equation (9), we may express (16) in terms of 
hyperbolic functions as follows : 


Put e = Ave" Then 2p =2pAt + 2 log A, 
and, similarly as for equation (10) 
v + - 
- tanh (uw At + log d,) . . (17) 
; 


With values of 7, v,, and At, the value of v is thus 
found directly from a table of hyperbolic tangents. 
ds 
dt 
giving for the space interval A S the value 


Again putting for v, we integrate equation (17), 


(18) 


AS o log (= (uw At + log A,) 


cosh (log A,) 


This gives the space A S passed over in the time Af 
starting with an initial velocity v,. By solving in- 
versely certain of the preceding equations and collect- 
ing together, we have explicit expressions for all six 
possible relations between the variables v, ¢, and S for 
initial ve = 0, and for v, At, and A § for initial » ry. 

These are as follows : 

General Formule.—In the following formule, note 
that 


, J T d 1 
“ / (x B). A® = at : = . 
v v e-—v, 
Bs Bh AS 
and y or ——-. 
7 v 
Where r, 0. 
For ¢ in terms of v 
t+ 
t = log =— = log A ° ° (a) 
te ied IT 
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For ¢ in terms of S 


pt=cosh—e’ . « (6) 
For v in terms of t 
~ewt—1l . 
ted ~ ES tt ae: (c) 
For v in terms of S 
v = T tanh (cosh-! e”) (d) 
For S in terms of ¢ 
S= “og cosh (, t) (e) 
For § in terms of v 
' o 1 o+v t 
Ss =— 208 - flog 
= log cosh 3 log = ") 8 cosh log A (f) 


Where v, is not 0. 


For A t in terms of v 
wAt— Slog (F 2°) (Fo 
~- v v0 
For Atin terms of AS 
p At = cosh (eY cosh log A,) — log A, . (B) 


+v 


= © + t 


A 
) = log 5 - (A) 


1 


For v in terms of At 
de e*HAt l 


r= a(? 


\ taal ‘) 7 tanh (wu At + log A,) 


or log A = w At + log A, . (C) 
For v in terms of AS 
v = 0 tanh [cosh (e” cosh log A,)] 
or log A = cosh"! (eY cosh log A,)_—.. (D) 
For AS in terms of At 
Pt 3 ee (= (wu At + log wy). (E) 
» cosh log A, 
For A S in terms of v 
AS= B cosh log A _() 


°6 cosh log A, 


Thus far the analytical discussion has proceeded on 
the assumption of constant values for both « and B. 
While quite commonly « might be found constant, the 
value of 8, as already noted, may be expected to change 


with the changing physical conditions usually met| 


with in flows of this character. At the start, the value 
of B will involve the coefficient of friction between 
water and the surface of the conduit, the density of the 
flow, and the mean hydraulic radius. As the flow 
follows down the slope, all of these conceivably may 
change. Air friction will enter as a factor, especially 
with indraught of air and insufflation of the stream, 
and in particular if the flow becomes broken and 
irregular with boiling rolling turbulence, with wave 
action at the surface breaking out into spray. As the 
gradient approaches extreme limits, from 80 deg. to 
90 deg., there is a tendency, as is well known, for the 
entire flow to break up into spray and mist, provided 
the descent be of sufficient length. 


i the hydraulic gradient which for steady flow equals 

sin @, and p is the mean hydraulic radius. Equating 
| these values of (v)* and v* and solving for 8, we have 

g 

| B= Ge, - (19) 
| However, it will be desirable to develop this relation 
|in such manner as to bring in the two fundamental 
| characteristics of a fluid, viscosity (as evidenced by 
| fluid friction) and density, and to this end we proceed 
| as follows : 

In any conduit let f be the coefficient of friction for 
| unit velocity. That is, f is the drag in pounds force 
| per unit area of surface for unit velocity. Assume 
| friction to vary as v*. 
| The let w = the weight of unit volume of the fluid ; 
| @ = cross-sectional area of channel; and p = wetted 

perimeter of channel. Then for a small length dz of 
| the channel or conduit, we shall have : 


Drag for length d x at velocity v = f v* pdx 
Weight of contents =wadz 
Drag per pound, fv? pdx ~wadxr=fvrp+wa 
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a , : 
| If then we put p = — = mean hydraulic radius, this 
Pp 
| becomes 


fe 


Drag per pound contents of flow = . 
pw 


This then is the drag in pounds force on a pound 
weight of the contents of the flow and as such it will 
produce negative acceleration measured by the force 
divided by the mass. But the mass of | lb. weight in! 


and hence the negative acceleration produced by the 





a y2 ide 
drag i will be a5 . Thisis represented in equation 





by the term £ v*. Hence we have 
of 
pw 
Next, if we take the familiar Chezy formula for loss 
of head, we have 


These same physical conditions will affect likewise | (1) 
the average density of the flow and the mean hydraulic | 
radius. It would seem not unreasonable to expect a| 
continuous increase in the value of 8 from point to| 
point down the flow. However, any attempt to 
introduce f as a function, either of distance or time, | 
into the basic equation (1), introduces a complexity 
rendering direct integration impracticable. The same 
results follow with variable slope, that is, with « 
variable. If, however, we assume both « and | This is loss of energy per pound weight of fluid in 
constant for any specified time, such as one second, | traversing a distance L, and is measured by the work 
we shall have, for this period, equations (14) and (16)| done on 1 lb. weight in traversing this distance. Hence 
as the solution of the basic equation (3) with the known | the resistance overcome will be measured by dividing 
(or assumed) initial velocity v,. This provides a| : 
means for tracing the velocity through from second to | 
second, with any known series of values of « and any | 
assumed values of 8. If, as in the more usual case, 
« is constant, we shall have only to take the assumed 
values of 8 from one time interval to another. Thus 
for the first second assume a velocity of approach », 
and for 8, some value £,. This will give v at the end 
of second 1. This then becomes v, for second 2, and 
with another value £,, v at the end of second 2 is 
found. This, in turn, becomes v, for second 3, and 
so On as far as may be desired. 

It now remains to discuss briefly the relation of Bin 
equation (1) to the more familiar quantities connected 
with fluid friction. We may derive immediately the 
desired relation as follows : . 

From equation (2) we have 


(7)? 


. (20) 





_Lv 


=a, . (21) 


2 
the work by L, or, drag = aa -. But, as we have just 
* p 


2 
ai v 
seen, this is also measured by f Hence, equating, 
pw 
we have 


f 


0 


u 


w 


orf =a . (22) 


( ‘2 

This gives a relation between the coefficient of 
friction f and the familiar C of the Chezy formula. 

Again from equation (20) and (22) we have, as in (19) 

p= a giving, as before, a direction relation between 

B, the Chezy C,,and the mean hydraulic radius. 

Returning to equation (20), we may write B ~ SI . 

‘ jee 

In comparing the value of 8 at some point down the 

slope with its value at the start, we have then to query 

the changes in f, p, and w. With high velocity, 

irregular water surface, and insufflation of the 

stream, air friction will enter as an important factor 


a sin 0 

B B 

_ But 0 is the same v as that given by the familiar | 
formula v = C y(é p) where C is the Chezy coefficient, ' 


and the effective perimeter must include the air surface 
as well as the channel surface. The value of f for the 
friction between the channel surface and a mixture 
of air and water will also come into the picture. There 
seems to be no available data on such a complex value 
of f. The effect of insufflation, without the air peri- 
meter, will be to increase p and decrease w. The 
inclusion of the air part of the perimeter will decrease p. 
Decrease in the values of either p or w, or both, will 
tend to increase the value of 8. On the other hand, 
| the increase in velocity will tend to decrease both a 
and p, but with a decrease in the value of p. That is, 
increase in v by itself will result in a decrease of p, 
insufflation by itself will increase p and decrease w, 
and including the air part of the perimeter, will decrease 
p. There seem to be available no data on which to 
base a judgment for any particular case as to the 
ultimate effect on f, p, or w, and still less on the result- 
ing value of f. 

Accurate observations on the values of v in any 
particular case would however make possible, by a 
cut-and-try method, the determination of a series of 
values of 8 which would fit that particular case, but 
there does not appear to be any theoretical method 
whereby such values could be generalised to extend to 
other cases with varying values of the slope, propor- 
portions of the flow sheet, and the like. Such obser- 
vations would, however, be of value in at least deter- 
mining the facts and in making possible the deter- 
mination of ranges of values of 8 for particular cases. 
An accumulation of such data would then make possible 
at least an approximate solution for the usual run of 
cases which are encountered in practical experience. 

A question of fundamental interest and importance, 
collateral with the main problem, is, how, in the course 
of the flow of water down a steep gradient, that is, 
with high velocity, does the air get into the water ? 
What are the factors which determine such insufflation 
and on what conditions of the flow do they depend ? 
In the present paper no attempt is made to deal with 
these important questions ; there seems to be too little 
to go on in the way of experimental evidence ; but 
it is hoped that the interest and importance of these 
questions may stimulate, by way of laboratory research, 
suitable investigating which may throw some light 
on this apparently obscure phase of the general problem. 

It may be noted that the treatment in the present 
paper implies a continuous discharge, for the time 
being, of a uniform quantity of water down the steep 
sloping discharge channel, rather than the movement 
of a discrete gulp or wave of water. The same basic 
equations would appear likewise to apply even to the 
case of a sudden wave, but in such case the form of the 
wave would vary continuously down the slope with 
resulting increased difficulty in the evaluation, from 
point to point, of suitable values of the coefficient £. 

Furthermore, the discussion thus far has been quite 
independent of reference to specific applications. One 
of the principal fields of such application would be 
found in connection with the design of means for the 
absorption of the energy of the water flowing down 
the spillway of a dam, such as the Grand Coulee Dam 





9|on the Columbia River, or the Shasta Dam on the 


Sacramento River. In the former, the water will 
plunge into the river on the downstream side of the 
dam, and then under the influence of a submerged 
curved lip—the so-called ‘‘ bucket ”"—it will be de- 
flected upwards, with transformation of most of the 
kinetic energy of flow into the energy of eddies, boils, 
; and mixed turbulence. In the latter the energy is to 
| be absorbed in a special form of hydraulic jump. In 
| both cases the velocities likely to be acquired in the 
flow down the sloping face of the spillway are of 
definite interest in connection with the design of the 
“* bucket ” in the one case or the hydraulic jump in the 
other. 

Broadly, the methods outlined in the present paper 
would be applicable to the determination of the velocity 
which might be anticipated after any given period of 
time or over any given length of a steep sloping run, 
once the controlling conditions are known or assumed, 
and suitable values of the coefficient f available. 
Such conditions may occur in connection not only with 
| spillway dams, but with many types of hydraulic con- 
| struction, where waste water is disposed of by discharge 
| down a specially formed channel under a relatively 
| steep gradient. 

By way of illustration of the application of these 
| equations, the following problems have been worked 
out on assumed conditions and values of the coefficient 

In the accompanying diagram, curve a gives the 
| velocity history for the following conditions: v, = 0 
(start from rest), « = 25 (@= 50 deg.), and Bp = 
| 0-0009 constant. This would correspond to, say, 
C = 125 and p = 2-3 ft. Then } = 167 ft. per second 
and p = 0-15. In 14s8econds, with a travel of 1,583 ft., 
v has reached a value of 162 ft. per second, or 97 per 
cent. of %. 

Curve b gives the velocity history for the same basic 
value; except that here v = 40 ft. per second. In 
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this case, after 14 seconds and with a travel of 1,813 ft., 
v has reached a value of 164 ft. per second, or 98 per 
cent. of >. 

Curve ¢ gives the velocity history for the following 


conditions: v, = 0 (start from rest), « = 20-7 (@= 
40 deg.), B =0-0009 as before at the start, with 
increasing values taken arbitrarily as follows: For 
the first second, 00-0009; second, 0-0012; third, 
09-0015; fourth, 0-0019; fifth, 00-0024; sixth, 
00-0029; and for the seventh second, 0-0030. In 


this case, after 7 seconds, with a run of about 390 ft., 
v has reached a value of 81-4 ft. per second against an 
ultimate for B = 0-003 of 83-1 ft. per second or 97-8 
per cent. of ¥. 

Curve d gives the corresponding time history with 
no increase in B, t.¢., no increase above ordinary skin 
friction for water on concrete, for which the limit 
velocity, with 8B constant at 0-0009, would be 151 ft. 
per second, 

The line ¢ gives the corresponding 
no retardation at all. 


time history with 








THE WEST YORKSHIRE GAS GRID. 


A DEVELOPMENT of considerable industrial, and 
indeed of national, significance reached an important 
stage when the last section of the pipe line at Drigh- 
lington for the first stage of the West Yorkshire gas 
grid was sealed on Wednesday, July 12. This grid, it 
will be remembered, is the first of its kind in Great 
Britain and is regarded in many quarters as being long 
overdue, seeing that for many years it has been recog- 
that fuel derived from native coal a vital 
necessity should the supplies of imported oil be inter- 
rupted by war other circumstance. The grid 
differs from some smaller networks already in existence 
in that it will supply pure coal gas, such as is used in 
the ordinary town main, instead of coke-oven gas. The 
gas is distributed at high pressure direct from pit- 
head plants, so that, as carriage of the raw material 
is cut out, it may be expected to be sold at an economical 
rate. Delivery will be made to gas undertakings within 
the area of industrial West Yorkshire, covered by the 
network of 19 different communities. The grid has 
been sponsored by Messrs. United Kingdom Gas 
Corporation, Limited, 9, Clements-lane, London, E.C.4, 
of which the managing director is Colonel Moncrieff 
Carr, O.B.E., T.D, 

\s it is anticipated that the supply may require 
to be augmented, the scheme has been linked up with 
two large coke-oven plants. One of these, now under 
construction at Hemsworth, will have an output of 
6,700,000 cub. ft. of gas per day, and the other, the 
initial plans for which have just been completed, will 
be at Glass Houghton, where a new gas-purifying plant 
will enable some 5,000,000 cub. ft. of gas per day to 
be utilised from a large coking plant adjacent to the 
pits of the Glass Houghton and Castleford Collieries, 
J.imited, and the Pontefract Collieries, Limited, which 
are under the same ownership, viz., Messrs. Yorkshire 
Coking and Chemical Company, Limited. The new 
plant at Hemsworth will be provided with purifying 
equipment of the most modern type and gas of a high 
and consistent quality will be pumped from all the 
stations through the mains which are, of course, all 
underground. We understand that certain eXperi- 
ments by Messrs. The National Gas and Oil Engine 
Company, Limited, Ashton-under-Lyne, and now 
nearly completed, show that it is quite practicable 
to adapt existing Diesel engines to use coal gas at a 
small cost. There should not be any inherent difficulty 
in such conversions on a large scale as it is by no means 
uncommon in the United States, some plants in that 
country being constructed to burn either oil or natural 
The scale of the new gas grid may 
be indicated by the fact that the new gas-purifying 
plant at Glass Houghton is estimated to cost 32,0001, 
and that the gas mains already laid amount to 55 miles, 
the cost being 5,0001. per mile and the total weight, 
16,000 tons. 
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Britisu FounDRY ScHoo..—-The fourth session of the 
British Foundry School closed on July 26, and the new 
session will commence on September 19. Applications for 
received on forms obtained from 
of the School, Central Technical College, 


admission can now be 
the Secretary 
Suffolk-street, Birmingham. 

INSTITUTION OF ELECTRICAL ENGINEERS COUNCIL FOR 
1939-40.—It that the have 
reported to the President that the results of the ballot 
to fill the vacancies which will occur on the Council of 
the Institution of Electrical Engineers on September 30, 
1939, are as follows :—President, Mr. Johnstone Wright : 


is announced scrutineers 


Vice-President, Colonel A. 8S. Angwin: Honorary 
Treasurer, Mr. W. McClelland ; Members, Messrs. E. 8. 
Byng, H. J. Cash, P. Good, W. J. John, A. L. Lunn, 
H. W. Swann, W. Jackson and D. Z. de Ferranti 
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THE DETECTION OF CARBON- 
BISULPHIDE VAPOUR. 


In several recent issues of ENGINEERING we have 
reviewed the monographs issued by the Department of 
Scientific and Industrial Research, describing methods 
of detecting toxic gases arising from, or incidental to, 
industrial The latest publication in this 
series is a leaflet dealing with the detection of carbon- 
bisulphide vapour. Situations where this vapour may 
occur in dangerous concentrations include works con- 
cerned in the manufacture of artificial silk (viscose), 
chemicals, coal gas, vulcanised and “ dipped ” rubber 
goods, and tar distillation products. In high concentra- 
tions, the vapour may cause delirium, coma, and death 
from respiratory failure. The better-known effects, 
however, are those of a severe chronic poisoning of the 
nervous system, accompanied by a variety of symptoms, 
varying in degree from slight fatigue and giddiness to 
serious mental derangement, blindness and paralysis. 

The concentration of carbon-bisulphide vapour in 
the atmosphere of workrooms should be kept well 
below one part in 30,000 of air, and preferably 
should not exceed one part in 100,000. The standard 
method adopted for the detection of low concentrations 
of the vapour depends upon its interaction with di- 
ethylamine and copper acetate, to produce a coloured 
compound, copper diethyldithiocarbamate. A _ series 
of standard colours is first made up by adding small 
quantities of the reagents to dilute alcoholic solutions 
of carbon bisulphide of known strength. Samples of 
the air under test are then drawn, by means of a hand- 
pump of definite capacity, through a bubbler of alcohol 
containing the reagents, and the mixture is allowed to 
stand. The colour developed is compared with the 
series of standards, and, from the number of pump 
strokes and the colour obtained, the concentration is 
estimated by reference to a table. Concentrations 
down to one part in 120,000 can be estimated in this 
manner with 20 strokes, or less, of the pump. Any 
traces of hydrogen sulphide in the atmosphere will 
also produce a colour with the reagent. These can be 
removed, however, if not more than one part in 10,000, 
by drawing the air sample first through a filter paper 
impregnated with lead acetate. Full instructions for 
carrying out the tests are contained in the leaflet, which 
is obtainable from H.M. Stationery Office, price 3d. net. 


processes. 








THE WELDING OF NON-MAGNETIC 
STEEL IN SWITCHGEAR MANU- 
FACTURE. 


WHERE conductors carrying currents 200 
amperes pass through circuit-breaker top plates and 
metal partitions, it is frequently necessary to interpose 
a high-reluctance section in the magnetic circuit thus 
formed, in order to reduce the losses due to hysteresis 
and eddy currents. For this purpose the material 
chosen must have a low permeability and a relatively 
high specific resistance, and yet possess mechanical 
strength equal to that of mild steel. Austenitic steels 
fulfil these requirements, but it is not practicable to 
build structures entirely of these materials on account 
of their high cost. Strips of this are therefore inserted 
where required in the magnetic circuit. This means 
that joints occur between the non-magnetic and the 
mild steel. 

Early experiments showed that the welding of two 
similar parent metals was not difficult, but that when 
unlike parent metals were welded there was a tendency 
for cracks to develop: sometimes as the metal solidi- 
fied, sometimes a considerable time afterwards, or 
sometimes when subjected to shock. Investigation 
also showed that the cooling contraction was very 
much greater with unlike metals, and that by making 
due allowance for this the cracking could be practically 


above 


eliminated. A mild-steel weld, however, is capable 
of withstanding contraction without any specific 
allowance being made for it A general design 


principle has therefore been laid down and followed, 
we understand, with complete success, that, in welds 
between non-magnetic steel and mild steel, one of the 
metals should be free to move during the welding 
process. In certain cases the thickness and shape of 
the parent metal may be such as to accommodate the 
contraction by deformation or elastically ; that is to 
say, a cooling weld may be stronger than the rigidity 
of the parent metal. As, however, figures for the 
strength of the weld throughout its change from the 
molten state to the solid are not very specific, calcula- 
tions are not possible, and practical experience is the 
only guide to procedure. 

The general operational procedure followed in this 
matter at the Willesden works of Messrs. The British 
Thomson-Houston Company, Limited, during the con 
truction of switchgear may be summarised as follows :— 
(1) In butt joints, advantage is taken of the lesser 
contraction of similar metals by coating the mild steel 
with as thick a deposit of non-magnetic steel as possible, 
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before joining the mild-steel and non-magnetic com- 
ponents. (2) As far as possible, unlike metal welds 
are made with one component free to move. 
(3) Where contraction is allowed for by a gap, the 
gap closure is divided into sections. For example, 
when welding one long plate to another at right 
angles, a gap is left for contraction and the weld is 
worked outwards from the centre. Insome structures 
full freedom of movement is not possible, as suggested 
in (2). In these cases it recommended that 
principles (1) and (3) should be followed, and that 
the sequence of operations should be arranged so that 
the weaker components yield to the welding. It is not 
always obvious which is the best sequence when the 
possible distortion has to be considered, and experience 
is the best guide in this. 

As regards the application of these methods, mention 
may first be made of the pressed-steel domes of circuit - 
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Fig.1. 
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These domes, shown in Fig. I> 
vary in thickness from ¥, in. to } in., and through them 


breaker top plates. 


pass six conductors. Various methods are adopted 
for interrupting the magnetic circuit. For currents up 
to 600 amperes it is usually sufficient to insert three 
strips of non-magnetic steel between the pairs of 
bushing holes, the weld contraction being satisfac- 
torily allowed for by the slight distortion of the dome, 
which flattens to a small extent. For heavier currents 
the whole of the area between the bushing holes may 
be filled with a non-magnetic sheet. In this case also 
the distortion of the dome may provide for the con- 
traction; but a balanced heat-disposal sequence is 
used during the welding process. For very heavy 
currents of thousands of amperes the whole dome may 
be a non-magnetic casting, usually with a mild-steel 
skirt. As these structures are generally in heavy 
material, the welding sequence is of importance. 

As regards bushing seatings, these are usually of 
large cross-sectional area and contain a circle of holes 
blind tapped to avoid possible oil leakage. A section 
of the seating ring is a non-magnetic casting, and is 
welded to the remainder of the ring, which is then 
machined as a complete component of the main body. 
Two successful methods are in use for dealing with 
conductor apertures through flat partitions, where 
the weld contraction cannot be provided for by change 
of shape. In one method the partition is completely 
cut in two across the apertures in each phase, or across 
the three apertures in line, as shown in Figs. 2 and 3, 
and the cut between the apertures is then widened out 
to take the non-magnetic steel, while the outer portions 
are left as narrow cuts only. With the separated parts 
in position, but free, the non-magnetic inserts are 
welded in, and the outer portions finally joined as 
simple mild-steel welds. In the second method, when 
it is not permissible to sever the partition completely, 
the portion between the apertures is cut away and a 
composite insert is made up by welding a strip of non- 
magnetic steel to a strip of mild steel, as shown in 
Figs. 4 and 5. This insert is then placed in position 
and the non-magnetic edge welded first so as to leave 
the other side free during the process, the mild-steel 
edge being welded in position last of all. 
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FOUNDRY EDUCATION AND 
TRAINING IN GREAT BRITAIN.* 


By J. C. Pearce, M.Se., M.I.Mech.E. 


UNTIL recent years, foundries were conducted mainly 
on a basis of skilled craftsmen, led by foremen and 
managers who in many cases had long practical 
experience. To-day, two developments have changed 
the whole aspect of many sections of the industry. 
The first is the application of methods of continuous and 
mass production ; and the second is the establishment 
of a vast body of technical and metallurgical knowledge 
relating to the materials, processes and products of the 
industry. These developments have brought about 
great changes in outlook on the problems of education 
and training. 

The main source of supply of operatives is the 
primary school, and the normal school-leaving age of 14 
has recently been raised to 15. Certain types of senior 
or central schools take boys at 11 or 12 for a three-year 
or four-year period. Junior technical schools take 
boys who wish to enter industry, from primary schools 


at 13, and provide a two-year or three-year course, | 


with a vocational bias in the case of those preparing 


boys for entry to the constructive industries, but | 


there is no information how many from this source 
enter the industry. The secondary and grammar 
schools also receive young people from primary schools 
at about 11 or 12, and take them approximately to the 
standard required for university entrance. Compara- 


tively few boys from these schools enter the industry, | 


except for employment in laboratories and offices. 

The Hadow report (1931) is accepted generally as 
indicating the future lines of development of post- 
primary education in this country, and, broadly 
speaking, these aim at a primary school training to the 
age of 11 and then transfer, according to ability, etc., 
to another type of school, senior, secondary, etc. The 
Spens report recently issued (1939) marks a further 
development, and envisages the growth of types of 
school which, without sacrificing the demand for a 
good general education, will recognise that activity 
and experience are important channels to knowledge 
and will prepare boys more directly for industrial 


employment, and thus meet the criticism that ordinary | 


secondary schools prepare boys for the so-called black- 
coated posts. 

The school-leaving certificate forms a_ suitable 
criterion of standard reached by secondary-school boys, 
and until recently this has been accepted, subject to 
certain conditions, as a substitute for matriculation or 
university entrance examination. A university entrance 
examination in a limited number of subjects is not a 
desirable form of certificate for boys who are not in 
the main preparing for the university. Nevertheless, a 
suitable leaving certificate is very useful to employers 
as an index to standard reached, and invaluable to its 
owner as a basis for acquiring a professional certificate 
by part-time study. Young men leaving school for 
industry with the intention of securing a professional 
qualification or external degree would do well to get 
the higher school certificate from school. Such quali- 
fications are those of the Institution of Mechanical 
Engineers, Institution of Electrical Engineers, Institute 
of Chemistry, and Institute of Physics. 

The number of universities in Great Britain having 
departments of metallurgy is about ten, but the 
number of students taking degrees in metallurgy is 
small; so much so, that no great recruitment of 
university graduates to the industry is to be expected. 
One can thus picture the bulk of those who go into 
the industry doing so with a primary education, a 
small proportion with a secondary or higher education, 
and a still smaller proportion with a university quali- 
fication. Continued education takes place after entry 


to industry through part-time evening study in local | 
technical colleges, although some colleges also offer | 


facilities for part-time training during the day. Little 
provision of this kind is made for or used by the foundry 
industry. It is understood that part-time evening con- 
tinuation education attracts about 5 per cent. of those 
eligible to attend, while a further 5 per cent. of those 
in industry already taking part-time education attend 
part-time courses. 

A pprenticeship.—In days when industry was mainly 
an affair of practical experience and individual crafts- 
manship, indentured apprenticeship was the method of 
training. After serving a master, the apprentice gained 
further knowledge and experience by working elsewhere, 
as a journeyman. The changes in industry have 
resulted in a decline in apprenticeship, and young 
people entering the industry obtain their experience on 
whatever work is going through the shops, without 
entering into an obligation binding on either employer 
or apprentice. A distinction, however, does still 
persist between the young man who works on an 
apprentice basis and the handy youth who works to 





* Paper presented at the International Foundry 
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| satisfy his immediate need for employment rather | 


than to learn the trade. 

Whatever the limitations of a shop in size or scope 
of work, young people being trained should have 
opportunities of working on all the types of work in the 
shop. 


them up by watching older men. The experience of 
shop discipline, shop organisation, of co-operation to 
a common end, are also very valuable parts of the 
training, and, more than anything else, a spell in the 
shops shows a young man whether he finds the industry 
congenial and his employers whether he has the quali- 
ties needed for practical foundry operations. Such 
training can only be obtained in an industrial establish- 
ment, and no school or college can usefully offer or 
claim to offer practical training in lieu of this. At the 
same time, the limited provision offered by technical 
colleges serves a useful purpose, in facilitating experi- 
ments impracticable in a works, and in providing 
instruction in elementals to those engaged in engin- 
eering and other metallurgical operations and not in 
the foundry trade itself. 

The main objection to an apprenticeship confining 
the young man to one foundry is that, even in a good 
general foundry the variety of work is limited. One 
interesting proposal to overcome this difficulty, due to 
Ingall, provided that apprentices undergoing a full-time 
two-year course of training in the area served by the 
Constantine Technical College, Middlesbrough, should 
regularly visit and work in the whole of the shops 
sending apprentices to the group. It is unfortunate 
that this scheme of full-time training is at present 
suspended, although it may be revived on a sandwich 
basis of six months in the college and six months in the 
works. 

Technical Training for the Craftsman.—In providing 


facilities for young people to acquire some knowledge | 


of the technical basis underlying the industry, the 
technical schools have to face two conditions which 
materially affect the nature of these. The first condi- 
tion is that attendance is on a voluntary basis. The 
consequence of this is that attendance is undertaken 
only by those more able and far-sighted young people 
who desire to make use of the education in securing 
positions of higher responsibility. 

The second condition is that the schools cannot 
confine instruction in foundry subjects to purely 
foundry students, with the result that in foundry 
classes there is always a proportion of students from 
other branches of engineering and others who for 
various reasons desire to learn something of foundry 
science. This materially affects the attitude of the 
technical colleges to practical work, for students 
outside the industry have no opportunity of gaining 
any insight into practical founding except through such 
provision as is made by the technical colleges. 


In formulating courses for the technical training of 


young foundrymen, it is generally considered that, for 
evening study, two years’ part-time work is required in 
calculations, science and drawing, and a further three 
years’ work to enable the apprentice to reach a quali- 
fying standard. Secondary and junior technical school 
boys may short-circuit the preliminary course. The 
qualifying standard is admirably provided by the 
examinations of the City and Guilds of London 
Institute, which conducts each year two examinations 
in patternmaking, intermediate and advanced, and 
one examination in foundry science and _ practice. 
So much criticism is directed at examinations and 
examining bodies that it is satisfactory to report the 
favourable influence of these particular examinations 
on the growth of foundry instruction, for there is little 
doubt that the existence of the City and Guilds syllabus 
has facilitated the provision of classes by the technical 
colleges. 

Technical Training for Intermediate Grades.—The 
development of the industry has resulted in a much 
more diversified group of occupations and a greater 
demand for men needing some technical knowledge 
than was the case a few years ago, such posts including 
chemists, laboratory assistants, inspectors, testers, 
estimators, rate fixers, progress men, and so on. 
Those who have such posts, or the more ambitious 
workmen who hope to get them, are provided for by 
the endorsement in foundry science of the National 
Certificate in Mechanica! Engineering of the Institution 
of Mechanical Engineers. 

Usually a certificate can be obtained after three years’ 
study for the ordinary certificate and about five years 
for the higher certificate. About eight of these certi- 
ficates are now available in various branches. Since 
no such certificate exists in metallurgy and since the 
production of castings is as much an engineering as a 
metallurgical task, arrangements were made by the 
Institute for the endorsement in foundry science and 
practice of Ordinary and Higher National Certificates, 
issued under the zxgis of the Institution of Mechanical 
Engineers. This can be done by the student taking a 
course subsequent to obtaining the certificate or during 
the certificate course. 


Secondly, young people should be taught the | 
operations instead of being allowed merely to pick | 


In accordance with the usual practice governing 
National Certificate examinations, the syllabuses and 
examination papers are arranged by the technical 
college and externally assessed, while the scripts are 
marked by the college and assessed externally. The 
college is therefore much freer than those teaching to 
an external syllabus, and local industrial requirements 
can be kept in mind. While the present position with 
regard to qualification for the intermediate technical 
grades cannot be regarded as entirely satisfactory, the 
arrangement does offer something until a better basis 
can be established. 

Technical Training for Executive Grades.—Although 
universities form a natural reservoir of men with the 
| highest technical qualifications, the number of graduates 
| leaving these departments annually does not encourage 
| the belief that a large accession of university-trained 

men to the foundry industry can be expected. Lough- 
borough College makes provision for foundry teaching, 
| but mainly for its engineering students, as far as day 
| instruction is concerned. A few years ago the Univer- 
sity of Sheffield, with the co-operation of the Institute, 
made provision for instruction in foundry science, and 
it is understood that candidates for the honours degree 
in metallurgy may take either ferrous metallurgy, non- 
ferrous metallurgy, or foundry metallurgy. Since the 
scheme was begun in 1935, sufficient time has not 
elapsed to see to what extent the scheme yields recruits 
to the industry. 

The difficulty of training men through institutions 
outside the industry is heightened by the difficulty of 
knowing whether a given candidate so trained will find 
the industry congenial to him. The skilled foundry 
executive can comparatively quickly make up his 
mind whether a young man has the necessary qualities 
| for success in foundry work, and a proposal for a full- 
|time training scheme put forward by the author in 
1934 was based in part on a recognition of the impossi- 
bility of teaching practical foundry work in a school. 
It was, furthermore, thought that, to be successful, 
any school for training foundrymen should be associated 
with the industry, and these considerations led to 
the establishment of the British Foundry School. 

The British Foundry School_—The School opened for 
its first session in 1935 and is now in its fourth year. 
The School is financed in part by a group of 10 
institutions, of which the Institute is one, being research 
associations, trade associations or technical institutions 
connected with the industry, in part by donations 
| from industrial firms, in part by students’ fees, and 
|in part by a grant from the Board of Education. 
| The school is entirely controlled by the industry 
through its governing body, but the fullest co-operation 
| is exercised with the educational authorities, and both 
| the Board of Education and the Birmingham Education 
Committee are represented on the governing body. 
Birmingham was chosen as a convenient central city 
in what is, perhaps, the most densely populated foundry 
| area in the country, and for convenience the school 
|is housed in the buildings of the Birmingham Central 
| Technical College, by arrangement with the Birmingham 
Education Committee. The school is national in 
character and awards a diploma on the result of its 
annual examination, which is endorsed by the Board 
of Education. 

The number of students can in the nature of the 
case never be large: 36 students have been enrolled 
to date, and an annual enrolment of 12 to 15 students 
will justify its continuance. Judging by the experience 
of the French Foundry High School in Paris, to 
which the British Foundry School has similarities, 
there should be no difficulty in securing a minimum 
of 20 students per annum, which would for the time 
| being be regarded as a maximum. 

The curriculum is such as to make considerable 
| demands on the students’ own time, so that they are 
|not permitted to take additional work, although in 
| certain cases part-time classes are specified in the 
college to equalise variations in experience and training. 
|The basic part of the curriculum consists of lectures, 
| with practical work in metallurgical analysis, micro- 
| scopic examination, mechanical testing, sand testing, 
| Pyrometry and foundry work. No attempt is made 
to teach practical founding, since practical experience 
in a foundry is a requirement for admission to the 
course ; neither are students taught to become labora- 
tory workers, but rather to understand and interpret 
the results of laboratory tests. 

Apart from this basic work, the curriculum has 
certain special features. The first of these is a series 
of lectures, 100 to 120 in number, by nationally-known 
foundry specialists, and not only is an exceptional 
range of practical knowledge thus placed at the disposal 
of the students, but contact is provided with the 
outstanding men in the industry. The second special 
feature of the curriculum is the arrangement each 
week of a foundry visit, about forty being paid during 
the school year, including a group of visits once a year 
to a centre away from the Midlands, and so far Scotland, 
London and the South, and Belgium and France 
‘have been visited. 
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ROAD STATISTICS. 


A useful collection of road statistics is published 
annually by the British Road Federation, 120, Pall 
Mall, London, S8.W.1, and those for 1939 have recently 
been issued in the form of a booklet of 35 pages. This 
contains statistics relating to roads, accidents, employ- 
ment, motor vehicles, taxation, etc., and, where possible, 
the records extend back to the early days of motoring. 
In many branches of industry it is necessary to know the 
annual changes in production that have occurred over 
a number of years, so that by a process of extrapolation, 
some idea of the demands of the immediate future can 
be estimated. The figures quoted in the handbook 
are depicted clearly in such a way that they can be easily 
understood by the general reader, and we shall refer 
only to those sections that are most likely to be of 
interest to our readers. How important our national 
roads are may be gauged by the numbers of persons 
employed in road transport, embodying those engaged 
in manufacturing and operating road vehicles, those 
on the sales side, and the labour required for con- 
structing and maintaining the roads. The figure 
of 1,385,000, which only includes those who earn 
their livelihood from roads and road transport, repre- 
sents a high percentage of the total population. 

In comparing the standards of roads in different 
countries, it is important to know how many vehicles 
there are to a given length of road, and although the 
United States of America has by far the largest number 
of vehicles, with 29} millions, Great Britain being second 
with 2) millions, the ratio of motor vehicles to road 
mileage is a maximum in this country, with a figure 
of 14-6 vehicles per mile of road, as compared with 
only 9-7 in the United States. At the bottom of the list 
comes Japan, with only 0-2 vehicle per mile of road. 
When these figures for traffic density are considered, the 
skill of the British road engineer in maintaining road 
surfaces in general second to none becomes apparent. 
Data on the growth of traffic in this country are obtained 
from official censuses taken every three or four years, and 
in a typical industrial area the number of motor vehicles 
passing between 6 a.m. and 10 p.m. has risen from 
6,753 in 1925 to 21,716 in 1935, i.e., has trebled itself in 
a decade. In an average agricultural area the growth 
is nearly as striking, the increase being from 952 in 
1925 to 2,545 in 1935. The total number of licensed 
vehicles, which was 143,877 in 1910 and only 330,518 
at the end of the Great War, has shown an enormous 
inerease recently, the figure for 1938 being 3,084,896. 

From the engineering point of view, the development 
of Diesel-engine propulsion is of great interest, and it 


is unfortunate to record that the recent imposition of 


taxation on Diesel oil has greatly retarded the pro- 
duction of this type of engine. The Diesel engine was 
first used on commercial vehicles in this country in 1928, 
and by 1934 the number of omnibuses and coaches using 
this form of propulsion was 2,398, in addition to 4,317 
goods vehicles. In 1938, the figure for the former had 
risen to 17,322, while that for the goods vehicles was 
only 8,621. The explanation of thisis that, on account 
of the high tax of 9d. per gailon on Diesel fuel, only 
large annual mileages find it 
economical to employ Diesel-engined vehicles, on 
account of their higher initial cost. Itis stated in the 
booklet that the development of the light Diesel-engine 
has almost come to a standstill, which is regrettable 
in view of the need for the general development of the 
compression-ignition engine for use in aviation. The 
figures given for road mileage and cost of maintenance 
are interesting, and it is apparent that the total mileage 
has not greatly increased for many years, although 
the number of vehicles using the roads has grown enor 
For example, in 1911 there were 192,877 
vehicles and 175,487 miles of roads, while in 1938 
there were 3,084,896 vehicles and only 179,630 miles 
of roads, The annual cost of upkeep of Class I roads 
has fallen from 6041, per mile in 1924 to 392. in 1937, 
notwithstanding the great increase in traffic density, 
which now almost entirely concentrated on the 
classified roads, That there is room for improvement 
in the widths of road surfaces is shown by a survey 
recently carried out. Of the 4,452 miles of existing 
trunk roads, 3,010 miles are between 30 ft. and 60 ft. 
wide, and only 691 miles are of greater width than 
oo ft. 
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STANDARD VERNIER CALLIPERS. 


FoLLowine recent practice in the drawing up of 
standard specifications by the British Standards 
Institution, a draft British Standard Specification for 
vernier callipers has been prepared and issued in order 
to give persons and firms interested an opportunity 
of suggesting improvements before the specification 
is printed. Copies of the draft, which consists of two 
typed illustrated leaflets, CF(ME)1353 and CF(ME)3080, 
respectively, can be obtained from the British Standards 
Institution, 28, Victoria-street, London, S.W.1, and 


ENGINEERING. 


comments should be addressed there to be received 
on or before August 14, 1939. The comments and 
suggestions will be laid before the Technical Com- 
mittee ME/59 Measuring Tools, which committee is 
charged with the revision of the Specification. The 
scope of the Specification covers vernier callipers, with 
internal and external measuring faces, and having 
ranges of measurement of (1) in inch units up to 40 in. 
graduated to reali 0-001 in.; (2) in metric units up 
to 1 m., graduated to read 0-02 mm. ; (3) in both inch 
and metric units with the above graduations. 

The inch callipers are proposed to be standardised 
in 7 lengths with an external measuring range of from 
4 in. to 40 in., and the metric callipers in the same 
number of sizes with a measuring range of from 100 mm. 
to 1,000 mm. The sliding jaw is to have a suitable de- 
vice for fine adjustment with a clamp for locking in 
position and provision is to be made for setting the 
vernier to zero. The graduations are to be one of three 
types for both the inch and metric callipers, and the 
draft specification lays down limits for deviation from 
flatness and straightness, the sizes and contours of 
the jaws, the length and thickness of the graduated 
lines, maximum permissible errors, marking and pack- 
ing. The draft specification is provided with full tables 
and illustrations of graduations, etc. The sketch 
of a complete calliper included is intended to clarify 
nomenclature and not meant to indicate actual 
details of design. 
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HAND MAGNIFIER. 


Tue illuminated hand magnifier shown in the 
accompanying illustration was primarily developed 
for medical work and is largely used in hospitals, but 
it has, we understand, been found of considerable 
service in engineering workshops for the examination 
of surfaces for fractures, pitting, and so forth, the 
degree of illumination provided and the position of the 
light in relation to the surface giving a marked degree 
of penetration. The fact that the light source is 
incorporated in the instrument enables the magnifier 
to be used in situations where it is not possible to 
illuminate the surface by an independent light. The lens 
system magnifies about 54 times. The construction 
will be clear from the illustration. The casing contains 
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a flanged sleeve holding the lenses, of which there are 
two separated by a deep rubber distance piece. A 
second bearing on a rubber ring, holds the 
lens system firmly in place, both sleeves being held 
down by a screwed cap. A projection at one side of the 
casing forms a for a tinted bulb fitted in a 
battery contained in the handle, this handle being 
screwed into the projection and having a thumb- 
switch, 

The intensity of the illumination is stated to be 
400 times ordinary daylight. The material is 
highly-tinished white bakelite, the handle being of 
plated metal. The instrument is used with the bottom 
edge in contact with the surface to be examined. The 
notch at one side of the casing enables a scraper or 
other small tool to be used on the surface. A transparent 
celluloid strip is provided with the instrument for 
measuring purposes. Half of this is ruled with }-in. 
squares and the other half with l-cm. squares. Two 
of the edges are graduated with 0-5-mm. divisions 
and ,4,-in. divisions, respectively. It is possible to read 
to one-quarter of these latter divisions so that a width 
of 0-0039 in. can be estimated with fair accuracy. 
The magnitier has been developed by Mr. 8S. W. 
Partington, 96, Gloucester-road, London, S.W.7. 


sleev e, 


recess 


ELECTRICITY SuPPLY (METERS) AcT, 1936.—The 
Electricity Commissioners announce that from July 1, 
1939, until further notice the fee for examining and/or 
certifying meters, in pursuance of Section 1 of the 
Electricity Supply (Meters) Act, 1936, has been reduced 
from 3d. to 24d. per meter. This fee does not apply to 
the examination certification of 
particular meters at the request of consumers or under- 
takings. 
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STRENGTH TESTS OF STRUCTURAL 
TIMBERS. 


Wiru the passage of time, there has grown up in 
many trades a rough system of visual standards by 
which the quality of a material is judged. Even in 
those cases where a physical test might be applied in 
addition, it is common practice to appraise a sample 
by its appearance, and perhaps by its feel, and very 
large quantities of certain materials are bought and 
sold on such a basis. The timber trade is an example 
of this, but to provide architects, builders, timber 
merchants and others with a ready means of ascertain- 
ing whether their material is suitable for buildings the 
design of which is governed by rules requiring timber 
with a safe working strength, the Forest Products 
Research Laboratory, Princes Risborough, has been 
making a study of the problems involved. Reports 
of the earlier tests in this series have already been issued; 
namely, Part 1, General Principles, being Forest Pro- 
ducts Research Records No. 2; Part 2, General Pro- 
cedure of Selecting and Testing Joists, No. 8; and 
Part 3, Development of Safe Loads and Stresses, No. 15. 
Recently there has also been published Part 4, dealing 
with the Development of a Minimum Structural Grade 
for Redwood,* and of this we summarise below those 
points of chief interest to the engineer. 

The softwoods commonly used in the London 
area for building purposes are redwood and Douglas 
fir, but whitewood, pitch pine and a few other species 
are also used, although in smaller quantities. They 
are mainly in demand for joinery, where appearance 
rather than strength is important, and for carcassing, 
where strength is essential. For the latter purpose 
timber should be graded according to strength, the 
limiting sizes of defects being specified to ensure that 
the desired working stress may be attained. As 
well known, redwood is at present imported under a 
classification of grades ranging from first grade down 
to fifths or sixths, but the method lacks uniformity 
to such an extent that a nominal grade of a third may 
be different as between sawmill and sawmill, from one 
country to another, and even in any one district, 
from year to year. As a result of tests carried out 
in the Forest Products Laboratory at Madison, U.S.A., 
on Douglas fir, pitch pine and a few other species 
grown in North America, strength grades have been 
defined. For example, the 1,200 Ib. f. grade for 
Douglas fir and for pitch pine, adopted as standard 
in America, and introduced into the London County 
Council Timber By-Laws, indicates that joists, rafters 
and similar members subjected to transverse bending 
may be loaded to a maximum stress in the extreme 
fibres on the tension and compression edges of 1,200 Ib. 
per square inch. No such strength grades existed for 
redwood. An examination of the various building 
codes and by-laws for joists and rafters revealed that 
the working stresses in bending, although not consistent, 
were generally of the order of 800 Ib. per square inch. 
From previous tests in this series it is apparent that 
material to which this stress was applicable included 
most of the timber now classed as fifths and all the 


1s 


‘unsorted’ grades, except a small percentage of 
very knotty pieces. After further tests have been 


completed it will be possible to define higher strength 
grades for redwood, and the corresponding grades 
for whitewood. 

It has been found that the strength of a member is 
decreased by the disturbance of the grain round a 
knot to a greater extent than by the mere presence 
of the knot, though the size of the knot is related to a 
certain extent to the degree of this disturbance. For 
this reason the size of the knot provides a reliable and 
quick way of assessing its influence. Tests were 
carried out with the joists in the weakest position, 
that is, with their worst edges in the lower position 
and therefore in tension. In practice, joists may 
be set with the worst knots on the compression edge, 
but in this position a knot hole or a loose knot may 
have a greater weakening effect than a tight knot, 
but because the joist is stronger in this position than 
in that adopted during the tests, this point has no 
practical significance. In these tests it was decided 
to examine the relationship between the strength of a 
joist and the knot-ratio of a knot emerging entirely 
on the edge, the knot-ratio being defined as the size 
of knot compared with the width of face or edge. After 
corrections had been made for the moisture content, 
it was found that an approximately straight-line 
relationship existed between the knot-ratio and the 
equivalent fibre stress at maximum load. From these 
results the connection could be established between 
the knot-ratio and the minimum stress that it indicated, 


* “Strength Tests of Structural Timbers, Part 4. 
The Development of a Minimum Structural Grade for 
Redwood (Pinus sylvestris).”" Forest Products Research 
Records No. 28. Department of Scientific and Indus- 
trial Research. London: H.M. Stationery Office. 
(Price 6d.) 
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and it became possible to predict the lowest strength 
of joists having any knot-ratio. 

The probable minimum strength of a member having 
been found in this manner, it remained to determine a 
factor of safety so that a safe working stress could be | 
established. 

This factor of safety usually incorporates the following | 
elements: T for effect of long-time loading, generally | 


taken as 


9 
the minimum strength of any one piece of material | 
which, by the procedure adopted in these tests, becomes 
1; S for unforeseen variations or conditions, but for | 
timber similar to that tested at the laboratory, a value | 
of 4 has been adopted. These elements thus produce 
a factor of safety of 2-4. It should be noted that this | 
factor does not make any allowance for overstress | 
due to abnormal impact loadings, or for deterioration | 
due to decay or other agency; these are points that 
the designer must take into account in each case. | 
It will be seen that the working stress of 800 lb. per 
square inch corresponds to a minimum fibre-stress | 
at maximum load of approximately 1,900 Ib. per | 
square inch which, from the analysis of the test results, | 
corresponds to a critical knot-ratio of 0-58 (approxi- | 
mately ,8;) for knots on the edge of the piece. Com- | 
paratively few joists failed in the tests due to knots | 
on the face and in every case the safe stress would 
have been much higher than 800 lb. per square inch, | 
but, in order to eliminate abnormal knots from carcass- 
ing material cut from exposed stems with large persistent 
branches, the knot-ratio of } has been adopted. 

With regard to the modulus of elasticity, the Labora- 
tory has not been able, so far, to find a satisfactory 
relationship between it and the size of the knots. The 
indications are that the same modulus of elasticity 
can be adopted for all grades of the species. The 
arbitrary amount of deflection permitted at the centre 
of a span is assumed to be ,j, of the span in order to 
prevent the cracking of plaster ceilings, but with | 
improved methods of plastering and with ceilings 
covered with other materials, this arbitrary limit of 
deflection may at times be exceeded without any 
detriment. A modulus of 1,300,000 lb. per square inch 
will, therefore, prove to be adequate for all ordinary 
constructions. On the other hand, should the absolute 
maintenance of a plastered ceiling be insisted upon or 
should it be considered necessary to limit deflection 
to a possible maximum under a definite superimposed 
load, then the value should be reduced to 700,000 Ib. | 
per square inch. 


; R for the variation from the average of 





ACCIDENT TO THE FLYING BOAT 
* CALPURNIA.”’’ 


On November 27, 1938, the Imperial Airways flying | 
boat Calpurnia, carrying regular mail from South- 
ampton along the Empire Air Route, crashed into Lake 
Habbaniyah, Iraq, with the loss of four lives. The 
accident occurred after dark in very bad weather, and 
when the boat was located the next morning, the two 
sole survivors were found clinging to the port wing. 
The accident was subsequently investigated by an 
Air Ministry Inspector of Accidents and the findings 
of the inquiry can now be made public. The Cal- | 
purnia, one a series of flying boats built by Messrs. | 
Short Brothers, Rochester, for Imperial Airways, 
carried six occupants and a full complement of mail 
at the time of the accident, which is believed to have 
occurred at about 3.33 p.m. Greenwich mean time. 

On account of the unfavourable weather prevailing 
at the time, the wireless operator of the Calpurnia had 
been in frequent communication with land stations, 
and between 1.10 p.m. and 1.30 p.m. (G.M.T.), he had 
received two reports on the weather at Habbaniyah, 
Hinaidi and Diwaniyah. At 2.15 p.m. messages were 
exchanged with Rutbali and nothing abnormal was 
reported by the flying boat. The last news received 
from the aircraft was at 3.32 p.m., when a request was 
made for a bearing, and it is assumed that both the 
reply to this request, and other messages stated to 
have been sent to the boat between 3.19 p.m. and | 
3.34 p.m., were not received by the Calpurnia owing 
to atmospherics. As a result of his investigation the 
Inspector was satisfied that the aircraft was airworthy 
at the time of the accident and not in an overloaded 
condition, and that the engines, four in number, were 
functioning satisfactorily until the instant of impact. 
The reports of the weather in the district were generally 
bad, showing unstable conditions with local cloud, 
heavy rain, poor visibility and occasional lightning. 
The conclusions arrived at regarding the cause of the 
accident were that the pilot, on account of atmospherics, 
not having received his bearings by wireless, was endeav- 
ouring to locate his position by ground observations. 
The combination of darkness and poor visibility had 
prevented him from realising how close to the water he 
was, and the aircraft struck the surface of the lake 
with the engines running. 


Mitt tte 


CATALOGUES. 


: : = 
This unfortunate accident to one of a type of British 
| flying boats that have given excellent service in many | 


| passing motor cars. 


parts of the Empire, reflects no blame on the pilot, the 
makers of the aircraft or the servicing of the operating 
company. Although the atmospheric conditions pre- 
vailing at the time undoubtedly hampered the inter- 
change of bearings between the Calpurnia and the land 
stations, the Chief Inspector of Accidents at the Air 
Ministry was of the opinion that improvements in the 
civil wireless organisation in that particular section of 


the Empire Air Route were desirable, and the Iraq | 


Government are now considering proposals for a 
modification of the radio control in the Iraq sector. 








BRITISH STANDARD 
SPECIFICATIONS. 


Amone the specifications issued by the British Stan- 
dards Institution, the following may be of interest to 
our readers. Copies are obtainable from the Publica- 
tions Department of the Institution, 28, Victoria-street, 


| London, S.W.1, and, unless otherwise stated, the price 


is 2s. net, or 2s. 2d., post free. 


Burettes.—In the series of specifications for scientific 
glassware a further publication has now been issued 
relating to burettes and bulb burettes (No. 846-1939). 
This specification furnishes detailed requirements for 
a range of burettes from 1 ml. to 100 ml. capacity, and 
bulb burettes from 45 ml. to 105 ml. capacity. Parti- 
culars are given of the material to be used, the dimen- 
sions and tolerances, the delivery time, and the jets, 
stopeocks and graduation marks. 





Low-Voltage Transformers.—It will be recalled that 
a few months ago a specification for transformers for 


| low-voltage lighting was published (No. 794-1938). 


This has been followed by the publication of two new 
specifications dealing, respectively, with transformers 
for use with electrically-operated toys (No. 831-1939), 
and transformers for bell-ringing (No. 832-1939). Both 
of them deal with the standard ratings and the essential 
requirements regarding construction and performance 
tests. The specifications were prepared as a result 
of a request from the Wiring Regulations Committee 
of the Institution of Electrical Engineers, and, in their 
preparation, due consideration has been given to the 
question of safety. 


Radio-Interference Suppression.—Owners of television 
receivers are familiar with the interference caused by 
Such interference, however, is 
not only a cause of annoyance to televiewers, but also 
affects other ultra-short wave wireless services. Special 
interest, therefore, attaches to the recently-issued 


| specification No. 833-1939, which deals with radio- 


interference suppression for automobiles and stationary 
internal-combustion engines. It has been prepared 
as the result of co-operative effort on the part of the 
Society of Motor Manufacturers and Traders, the British 
Broadcasting Corporation, the Electrical Research 
Association, and the General Post Office. The specifi- 
cation relates to the limits of the magnitude of the 
interference and to methods of suppression. It is 
primarily concerned with the protection of reception 
at points not in the immediate vicinity of the sources of 
interference, and the degree of suppression has been 
specified with this end in view. The components 


and suppression methods described are, however, also | 


appropriate to the protection of reception in the 
immediate vicinity of the source of interference. It 
must not be inferred that all motor cars will imme- 
diately be fitted by the makers with suppression devices. 
n the event of the relevant legislation coming into 
force, however, the guidance given in the specification 
will be of considerable assistance to the industry, and, 
meanwhile, car owners and designers will find much 
in the specification to interest them. 

Test for Toxicity of Wood Preservatives.—The 
efficiency of any substance for the preservation of 
wood depends on a number of factors, the most impor- 
tant of which are toxicity towards wood-destroying 
fungi, penetrating power, and permanence, namely, 
resistance to leaching, evaporation and chemical 
decomposition. In the present specification, 
838-1939, only tests for the toxicity of wood preserva- 
tives to fungi are considered. Emphasis is laid on the 


fact that it is not possible to estimate from these | 


alone the exact value in practice of any substance 
as a wood preservative, particularly if this is to be used 
on timber exposed to the influence of the weather. 
It is further emphasised that the values given by the 
specified technique can be applicable in practice only 
if the technical method of impregnation of the wood 


and the amount of preservative absorbed under | 
practical conditions are comparable with those specified | 


in the laboratory tests. Tests to determine penetrating 
power and permanence are being developed, and it is 
hoped that, at a later date, it may be possible to 
standardise the methods of carrying out these tests. 


No. | 


| 


Circuit Breakers.—Messrs. Allen West and Company, 
| Limited, Brighton, have issued a leaflet describing 
| recent developments in small oil switches. 
| Electric Motors.—Messrs. The Harland Engineering 
| Company, Limited, “‘ B.E.P.”’ Works, Alloa, have sent 
| us three publications describing electric motors. 
| Oscillographs.—Messrs. A. C. Cossor, Limited, Cossor 
House, Highbury-grove, London, N.5, have sent us a 
leaflet describing their new double-beam oscillograph. 
Free-Cutting Steels.—Messrs. Exors. of James Mills, 
Limited, Bredbury, near Stockport, have sent us a 


bulletin describing their G.K.N. Ledloy free-cutting 
steel. 
Steam Stamps.—Guided ram stamps, for steam or 


compressed-air drive, are described in a leaflet received 
| from Messrs. B. and 8S. Massey, Limited, Openshaw, 
Manchester. 


Plastic Material.—Fluorescent Rhodoid, manufactured 
by Messrs. May and Baker, Limited, 42 and 43, St. 
Paul’s Churchyard, London, E.C.4, described in a 
brochure recently received. 

Machine Tools.—Messrs. Soag Machine Tools, Limited, 
7, Juxon-street, Lambeth, London, S.E.11, have sent 
us a folder describing various American high-production 
machines which are stocked by them. 

Automatic Stokers.—We have received from Messrs. 
Mirrlees, Bickerton and Day, Limited, Hazel-grove, 
Stockport, a catalogue describing the Mirrlees Combus- 
tioneer automatic stoker for furnace coal. 


is 


Rawlplugs.—We have received from Messrs. The 
Rawlplug Company, Limited, Rawlplug House, Cromwell- 
road, London, S.W.7, leaflets relating to their manu- 
factures as recently exhibited at building trade centres. 

Cranes and Lifting Tackle-—We have received two 
pamphlets from Messrs. Herbert Morris, Limited, Lough- 
borough, one describing petrol-electric and Diesel-electric 
cranes, and the other dealing with applications of lifting 
tackle. 

A.R.P. Shelter Ventilation.—Messrs. James Howden 
and Company (Land), Limited, Caxton House, West- 
minster, 8.W.1, are now prepared to supply ventilation 
and filtration plants complying with the latest require- 
ments for gas-proof shelters. 





Educational Apparatus.—We have received two 
| brochures describing the various laboratory equipment 
|}and working models supplied by Messrs. G. Cussons, 
Limited, The Technical Works, Manchester, 7, for the 
| use of colleges and museums, 


Rotary Compressors and Vacuum Pumps.—Messrs. 
|The B. A. Holland Engineering Company, Limited, 
18, Victoria-street, London, S8.W.1, have sent us a 
| leaflet describing the Holland/S.L.M. air and gas com- 
| pressors, pumps, blowers and boosters. 


| Fluid Couplings.—Messrs. Hydraulic Coupling and 
| Engineering Company, Limited, Fluidrive Works, 
| Worton-road, Isleworth, Middlesex, have sent us a 
| brochure describing the Vulcan-Sinclair Fluidrive for 
internal-combustion engines and electric motors. 


| Heat Resisting and Other Alloy Steels.—Messrs. Had- 
field’s, Limited, East Hecla and Hecla Works, Sheffield, 
have sent us a number of leaflets dealing with stainless 
| steels for aircraft and automobile parts ; also one which 
| describes their ‘‘ Hecla *’ improved pulling jack. 








| Steel Products.—A catalogue received from Messrs. 
| Kirkstall Forge, Limited, Leeds, 5, gives a history of 
the firm and description of the works, and specifications 
|of the various alloy steels rolled, with replies to 150 
| questions concerning their characteristics. Tables of data 
are also included. 


Non-Ferrous Fittings.—In addition to their manufae<c- 
ture of watches and precision instruments, Messrs. 
| Rotherham and Sons, Limited, Coventry, England, now 
| supply taps, lubricators, and various other non-ferrous 
fittings, described in a series of pamphlets which they 
| have sent to us. 


| Dust Collectors.—Messrs. The Visco Engineering Com- 
| pany, Limited, Stafford-road, Croydon, have sent us a 
| catalogue describing their unit dust collectors for grind- 
| ing, fettling and polishing machines, which are stated to 
| recover about 98 per cent. of the dust in the air stream 
entering the collector. 


Cotton-Seed Machinery.—We have received a brochure 
illustrating and describing the preparatory machinery 
which Messrs. Rose, Downs and Thompson, Limited, 
| Old Foundry, Hull, supply for the treatment of “‘ white ”’ 
cotton seed. Data regarding the cleaning, linting and 
decorticating of this seed are also given. 


Regulators for Furnace Control.—Messrs. Cambridge 
Instrument Company, Limited, 13, Grosvenor-place, 
London, S.W.1, have sent us a folder describing their 
automatic regulators, of the electric type, suitable for 
industrial application. Another folder relates to 
' instruments for food-storage and transport installations. 
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** ENGINEERING ” ILLUSTRATED 
PATENT RECORD. 


ABSTRACTS OF RECENT PUBLISHED SPECIFI 
CATIONS UNDER THE ACTS OF 1907 TO 1958. 
The number of views given in the Specification Drawings 
is stated in each case; where none is mentioned, the 

Specification is not illustrated. 

Where 
Names, etc., 

Copies of Specifications may be obtained at the Patent 
— Sales Branch, 25, Southampton Buildings, 
Chancery-lane, London, W.C’.2, price 18. each. 

The date of the advertisement of the acceptance of a 
Complete Specification is, in each case, given after the 
abatract, unless the Patent has been sealed, when the 
word “ Sealed’ is appended. 


inventions are communicated from abroad, the 
of the Communicators are given in italics. 


Any person may, at any time within two months from the 
late of the advertisement of the acceptance of a Complete 
Specification, give notice at the Patent Office of 
opposition to the grant of a Patent on any of the 
grounds mentioned in the Acts. 


ELECTRICAL APPARATUS. 


504,832. Circuit Breaker. The Electric Construction 
Company, Limited, of London, and J. M. Boyd, of Wolver- 
hampton. (3 Figs.) November 2, 1937,—The circuit 
breaker is of the oil-immersed type in which the moving 
contact is bored axially to take a plunger. Usually this 
type of contact carries a nozzle at the end at which the 
break takes place. In this construction, however, the 
nozzle is dispensed with. A is a fixed conducting bracket 
supporting one of the fixed contacts B of a double-break 
breaker. This contact consists of a casing with 

through which bolts clamping it to the 
plate A. These bolts also clamp together, and to the 
underside of the plate A, a set of discs E of insulating 
material F is one of a pair of contact rods mounted at 
their lower ends in a transverse bracket G which can be 
The rod F is bored axially to take 
a plunger H secured to a transverse bearer which is 
suspended from the plate A by bolts of insulating 
material. The bore in the rod is of constant diameter 
throughout, except that at its lower end it is widened to 
clear the plunger the rod in its uppermost 
position so as to allow free entry of oil into the bore. 
The rod passes up through apertures in the discs E and 
engages, fully raised, of spring-loaded 
fingers K carried in a ring clamped between the discs E 
and the bracket A. The fingers are connected to the 
casing by flexible metal strips and are pressed inwards 
by springs on the ring. The discs E are of three forms, 
one set being solid, except for a central clearance hole for 
the red F. Those of another set are similar, but have 
a larger central hole so as to leave chambers M in the 


circuit 
lugs d, 


pass 


raised and lowered. 


when 


when with a set 
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pile of discs. The discs of the th rd set are similar to 
those of the second set, but are cut away so as to leave 
side openings m leading from the chambers M. The 
cireuit is broken by moving down the bracket G and 
with it the rods F, each of which moves down over its 
respective plunger H, so that oil is displaced over the 
top of the rod. As soon as the rod leaves the fingers K, 
an are is struck but is encountered by the oil displaced 
from the rod. The oil is immediately heated, and to 
some extent evaporated and the form of the discs E 
produces a cross blast for extinguishing the are. The 
pressure due to the evaporation and disintegration of the 
oll tends to remove the ionised gases and substitute a 
mixture of oil vapour, hydrogen and other products of 
the dissociated oil having sufficient dielectric strength to 
prevent the are re-striking after a subsequent current 


zero. (Accepted May 2, 19359.) 


ENGINEERING. 


LIFTING AND HAULING APPLIANCES. 


505,133. Chain Conveyor. U.D. Engineering Com- 
pany, Limited, of London, and H. C. Taylor. of London. 
(3 Figs.) March 4, 1938.—The invention ir particularly 
applicable to bottle-filling and closing machinery. The 
chain is of the simple link type and all the links are of 
the same form and have straight parallel sides. The 
chain is pre-formed and one straight side of each alternate 
link 10 carries a plate 12 arranged at right-angles to the 





12 14 13 
onto crrerorssy 


10 <7 if 


general plane of the link. Each plate is formed with a 
through slot 13 in which one side of a link 10 is partially 
inserted (Fig. 2). The slot 13 is then filled with metal 14 
from the outside so as to avoid the spluttering of metal 
on to the links of the chain. The outer surfaces of the 
plates 12 are then ground smooth. The plates overlie 
the intermediate links 11 so that their adjacent edges 
are close together. These edges are chamfered so as 
to permit the chain to pass horizontally around a driving 
wheel. The chain is supported by bearers 19 and 20 
beneath the plates at each side of the chain, which also 
provide lateral guides for the chain. The chain can be 
curved in the vertical plane where the plates are on the 
outside of the bend. (Accepted May 5, 1939.) 
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STEAM ENGINES, BOILERS, ETC. 


504,114. Superheat-Temperature Control. John 
Thompson Water Tube Boilers, Limited, of Wolver- 
hampton, and G. A. Plummer, of Wolverhampton. 
(1 Fig.) October 14, 1937.—The invention is a method 
of accurate control of the final temperature of the steam 
supplied by convection-heated superheaters and reheaters 
associated with boilers. The figure shows a water-tube 
boiler plant consisting of a chamber 1, 
a bank of convection-heating tubes 2, a superheater 3, 
bank of convection-heating tubes 4 and an 
economiser 5. In the wall of the main flue where the 


combustion 


a second 
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waste gases leave the economiser, a lateral duct 7 con 
trolled by a damper leads to the inlet side of a boosting 
fan which delivers to a vertical duct. This duct is closed 
at the lower end and two lateral branches controlled by 
dampers 13 and 14, respectively, supply waste gases to 
the interior of the boiler by nozzles 15, 16. The one set 
of nozzles 15 is located the first 
heating surface of the boiler and the superheater and the 
other set is located part-way up the combustion chamber. 
of the 


bet ween convection- 


To increase the temperature steam leaving the 
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superheater 3, a portion of the waste gases is withdrawn 
through the duct 7, and re-introduced into the combus- 
tion chamber 1, the damper 13 being closed. The intro- 
duction of a quantity of cooler gas results in a fall in the 
temperature in the combustion chamber. The quantity 
of heat absorbed by radiation in the combustion chamber 
is therefore also reduced, leaving a greater quantity of 
heat to be carried forward by the gases. At the same 
time the total weight of the gases has been increased and 
consequently the heat transfer to convection heating 
surfaces of the boiler and of the superheater will increase 
with a resultant increase in the final temperature of the 
superheated steam. To reduce the final temperature of 
the superheated steam a portion of the waste gases is 
withdrawn through the duct 7 and re-introduced into 
the boiler gas circuit through the nozzles 15 after the 
first convection-heating surface of the boiler and imme- 
diately in front of the superheater, the damper 14 being 
closed. The temperature of the gases flowing through 
the superheater is consequently reduced and the steam 
temperature is lowered. The control of the degree of 
superheat is thus dependent upon the volume of the 
recirculated gases and the location at which they are 
re-introduced into the main gas flow. Moreover, by utilis- 
ing only low-temperature gases there are no practical 
difficulties in controlling the gas flow. The system can 
be applied to existing plant without difficulty. (Accepted 
April 14, 1939.) 


MISCELLANEOUS. 


504,484. Rotary Gravel Dryer. Frederick Parker, 
Limited, of Leicester, and F. W. Parker, of Leicester. 
(4 Figs.) January 19, 1938.—-The machine is designed for 
drying stone, gravel and flint for use in road construction. 
The drying chamber consists of a cylinder fitted with 
steel rings which run on rollers 3 fitted with solid-rubber 
tyres. The cylinder is driven by a crown wheel attached 
to one of the roller paths and a pinion driven from a 
countershaft 8. The cylinder is divided longitudinally 


Fig.1. 
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into two equal compartments a and b by a single central 
partition. The partition extends right across the 
cylinder from the inlet end la nearly to the opposite end. 
At the inlet end is a D-shaped extension of the partition, 
bent at right angles and welded to the corresponding 
half of the cylinder, and a feed cone 17 into which the 
material to be dried is fed. The compartment a is open 
to the feed cone while the compartment b is shut off 
from it by the D-shaped plate. Thus, as the cylinder 
revolves, the material to be dried enters only the open 
compartment a. At the opposite end of the cylinder is 
a worm blade by which material issuing from the com- 
partment a is turned back into the compartment b and 
returns to the other end of the cylinder. At this end 
the compartment b has a discharge port and a casing 25 
which extends round the major portion of the cylinder 
and by which the dried material is discharged. To cause 
the material to pass through one compartment and back 
through the other, the partition carries blades on each 
side which are inclined obliquely across the partition. 
As the cylinder revolves the material in each compart- 
ment is picked up and slides down inclined paths on the 
partition, so that it is gradually carried through the 
compartment. Lifter blades 23, Fig. 2, project from the 
cylinder wall and lift up the material and pour it through 
the hot gases as the cylinder revolves. An oil burner 26 
is fitted co-axially with the cylinder in a cylindrical com- 
bustion chamber lined with fire clay. A thick casting 
is mounted on the opposing end of the partition to shield 
it from the flame. An exhaust fan draws off hot gases, 
steam and dust from the cylinder through the feed cone 
17 and exhaust opening 37. For medium-temperature 
drying, a damper 38 in the D-shaped end is opened so 
that the hot gases flow contra to the flow of the material 
in the compartment a and with the flow of the material in 
the return compartment b. For high-temperature dry- 
ing, as for asphalt, another oil burner 39, Fig. 2, is 
used in combination with a muffle furnace communica- 
ting with the discharge casing 25. With this arrangement 
the damper is closed and the hot gases flow contra to the 
travel of the material in each compartment. (Accepted 
April 26, 1939.) 
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INSTANTANEOUS FLUID-PRESSURE 
RECORDING EQUIPMENT. 


By 8. E. Goopatt, M.Se., A.M.I.E.E., and 
R. B. Smrru, Ph.D. 


Tue oscillographic recording of impulsive or 
cyclic pressure is a matter of some importance to 
the engineer, the mechanical engineer being 
interested in the cyclic variation of pressure in the 
internal-combustion engine, and the electrical 
engineer being interested in the impulsive rises of 
pressure occurring in tanks and in the arc-control 
chambers of switchgear. The first efforts to measure 
pressure were based on the deformation occurring 


Fig. 1. CROSS SECTION OF PRESSURE UNIT 
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kinds of gaseous or fluid pressures, provided the 
pressure waves are not so steep-fronted as to be 
comparable with the frequency of the alternating 
current flowing in the winding of the pressure head, 
which in the equipment described was 1,000 cycles 
per second. 

Reference might also be made to the use of 
materials which change in resistance under pres- 
sure. Direct current is usually passed through the 
resistor in this type of recorder, the changes in 
current being amplified to operate the oscillograph. 
Recorders of this type have the desirable feature 
that the pressure units are small, but they suffer 
from the disadvantage that the changes of resistance 
with pressure are neither so linear nor so reliable 
as the deflection of a diaphragm under pressure. 
They are, however, free from the mechanical 


| resonances usually associated with diaphragms. As 
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in a copper plug subjected to considerable pressure. 
This method, which gives only an approximate 
indication of the maximum pressure developed, 
is useless for measuring small pressures of the order 
of 100 Ib. per square inch. In recent years there 
has been considerable development of oscillographic 
pressure recorders. These record the instantaneous 
pressure as a function of time, and the information 
yielded by such a record is of considerably greater 
value than a knowledge of peak pressure only. For 
this type of recording, the nucleus of the recording 
system is the pressure unit, which converts changes 
in fluid pressure into corresponding changes in 
voltage or current. The remainder of the equip- 
ment is used to convert these changes into suitable 
form for operating an electromagnetic or cathode- 
ray oscillograph. The pressure unit of the magnetic 
type of recorder is very similar in construction to 
an earphone. Deflection of the diaphragm causes 
changes in the reluctance of the magnetic circuit, 
and hence in the alternating current which flows 
through its winding. An equipment* built on this 
principle has been found suitable for recording all 


an alternative device, the pressure unit may incor- 
porate a piezo-electric crystal, in which changes in 
mechanical pressure on the crystal develop corre- 
sponding voltage changes across it. Such an 
arrangement presents considerable leakage and 
amplification difficulties. Another type of pressure 
unit employs a photo-electric principle, the intensity 
of illumination falling on the cell being affected by 
the deflection of a diaphragm. This and the other 
types of recorder mentioned above are described 
in more detail in an article by P. H. Rayner.* The 
aim of the authors of the presentarticle was to produce 
a pressure recorder of robust construction, having 
a reasonably small pressure unit and able to respond 
to rapid rates of change of pressure. For this 
purpose the electrostatic type of recorder offered the 
most promising possibilities, and in this type a 
diaphragm is used to form one plate of a condenser. 
Consequently, deflections of the diaphragm cause 
changes of capacitance, which are suitably translated 
for oscillographic recording. Of the several possible 
methods of producing the translation, one is by 
making the pressure unit form part of a resonant 








*S. E. Goodall. An Oscillographic Recorder of Fluid 
Pressure, Metropolitan-Vickers Gazette, August, 1932. 





* P. H. Rayner. Notes on Aero-Engine Research. 
Royal Aeronautical Society Journal, January, 1939. 


circuit, and another uses the capacitance as one 
arm of a capacity bridge. Which ever arrangement 
is used, it will be apparent that the capacitor 
system is particularly adapted to the use of high- 
frequency alternating-current supply. This improves 
| the response to steep-fronted pressure waves, and 
|the limit is set by the diaphragm resonances, or 
‘the frequency limit of the oscillograph element if 
| this is of the electromagnetic type. In many cases 
| where pressure records are required, it is desirable 
| to obtain other quantities simultaneously, if possible 
to the same time base. It is for purposes such as 
| these that the electromagnetic type of oscillograph 
| is to be preferred. One such oscillograph, by means 
of which 16 simultaneous records may be obtained, 
has been described previously in ENGINEERING.* 
Description of HEquipment.—The principle em- 
| ployed is that the pressure to be measured produces 
|small capacity changes in a pressure unit, which 
|are translated into large current changes in an 
| oscillograph element. The unit to which the pres- 
/sure is applied is, in effect, a small air condenser 
| which forms one arm of a four-arm bridge to which 
|a high-frequency voltage is applied. The output of 
| the bridge is a modulated high-frequency voltage, 
| the modulation of which is proportional to the 
| change of capacity of the pressure unit for small 
| variations. This signal is amplified and rectified, 
| thereby producing a unidirectional current propor- 
| tional to the fluid pressure, which operates one 
element of an oscillograph. The equipment is 
calibrated by applying definite static loads, measured 
by means of a Budenberg gauge, to the diaphragm, 
the corresponding oscillograph deflections being 
observed. Several considerations are of importance 
in the design of a satisfactory pressure unit, and in 
order to obtain the maximum sensitivity, it is 
desirable that the condenser should be as large as 
possible. On the other hand, it is preferable that 
the unit itself should be small, particularly that 
portion of it which is inserted in the apparatus 
under test. Reference to Fig. 1 shows that the 
small diaphragm to which the pressure is applied, 
is coupled mechanically to a larger diaphragm 
forming one plate of the condenser. At the same 
time the overall dimensions are small, so, in order 
to obtain as high a capacity as possible, the condenser 
air gap must also be small. The components of the 
unit are clamped together to prevent any capacity 
change due to extraneous’ vibration, and the 
diaphragm system has a high natural frequency of 
vibration. The whole assembly is gas-tight, the 
various parts being insulated as indicated in 
Fig. 1. The capacity between the diaphragm b and 
the plate c is varied when pressure is exerted on 
the front face of the control diaphragm a. Both 
the condenser plates, b and c, are insulated from the 
steel case f by means of the Bakelite cup and 
plate e and the sleeve j. Connection is made to the 
plate c by means of the plug g. The diaphragm 6 
is connected to the plate i by means of the plate d 
and the tube Af, in such a way that the plate c 
and plug g are completely shielded. The control 
diaphragm a is turned from Vibrac steel to a 
thickness determined by the maximum pressure to be 
applied ; forexample, one to withstand a maximum 
pressure of 2,000 lb. per square inch has a thickness 
of 0-021 in., and another to withstand 300 lb. per 
square inch is 0-01] in. thick. The air gap between 
the plates of the condenser is 0-002 in. 
The bridge unit consists essentially of four con- 
densers, one of which is formed by the diaphragm 
and backin~ »!ate of the pressure unit. The oscil- 
lator-outpui voltage is applied across the bridge, 
the components to be described being adjusted until 
the bridge is balanced with no pressure on the 
control diaphragm of the pressure unit. Any static 
or transient pressure applied to the control dia- 
phragm upsets the balance of the bridge, causing a 
small corresponding high-frequency voltage to be 
passed on to the amplifier. A diagram of the bridge 
connections is shown in Fig. 2. It is necessary to 
prevent small changes of capacity, due, for example, 
to vibrations of cables, from producing unbalanced 
voltages in the bridge circuit comparable with those 
produced by pressure changes on the control 
diaphragm. This is effected by a special screening 











* See ENGINEERING, vol. 140, page 385 (1935). 
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connection involving the use of three-core concen- 
tric cable. It will be shown that with this arrange- 
ment there is no large cable capacity in parallel 
with the small capacity of the pressure unit. 
Examination of Fig. 2 shows that the voltage from 
the oscillator is applied to two sets of condensers, 
each consisting of two condensers in series. One 
set consists of the fixed condenser C, and the 
variable condenser C,. These are housed in the 
bridge case, and the other set is made up of the 
capacity of the pressure unit in series with the 
capacity between the outer core and the screen 
of the cable. It will be noted that the capacity 
between the centre core of the cable and the screen 
merely forms a shunt on the oscillator supply, and 
does not affect the bridge circuit. The variable 
condenser C, is controlled by means of a dial on 
the front panel of the bridge case. Since one arm 
of the bridge is formed by the cable capacity, it is 
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necessary to provide phase correction to obtain 
the best possible balance conditions. The variable 
resistance R, provides this adjustment, and in 
order to reduce the overall sensitivity during the 
initial process of obtaining balance, a variable 
resistance R,, of 5,000 ohms maximum value, is 
connected across the bridge output leads. These 
leads are fully screened from the bridge case to the 
first compartment of the amplifier, and a three- 
core concentric lead-covered cable connects the 
bridge with a terminal box near the equipment 
under test. This is provided with a two-pin 
sereened socket into which may be plugged the 
screened flexible cable connected to the pressure 
unit. 

It is desirable that the oscillator frequency should 
be high so that steep wave fronts of pressure may 
be recorded. On the other hand, too high a fre- 
quency leads to excessive loss in the circuits and 
cables, and in practice a frequency of from 50,000 
cycles to 100,000 cycles per second is satisfactory. 
The oscillator unit of this equipment is a self- 
contained mains-operated unit screened in a metal 
box, the circuit diagram of which is shown in 
Fig. 3. ‘The leads from the pick-up coil are brought 
out through a flexible metal sleeve connected to 
the case of the bridge unit, so that complete screening 
is maintained from the oscillator case to the bridge- 
unit case. The small modulated high-frequency 
voltage output of the bridge unit is fed to the 
amplifying unit. After amplification by two high- 
frequency stages, the signal is rectified and the high- 
frequency component eliminated. The resultant 
signal is used to control the output of a high-current 
stage which feeds the oscillograph element, the high- 
tension supply being obtained from a mains-operated 
rectifier unit. Four neon lamps are employed as 
stabilisers to reduce the high-tension voltage fluc- 
tuations toa minimum. A detailed circuit diagram 
is given in Fig. 4. The circuit is arranged so that, 
in the absence of any input signal, the output 
current is approximately /00 milliamperes, and 
any input signal reduces the value of this current. 
A milliammeter is used as detector for balancing 
the bridge circuit, and the overall response of the 
amplifying equipment is linear for input signals not 
exceeding 200 millivolts R.M.S. 

It will be apparent that, in certain types of 
equipment, it would be an advantage to be able to 
connect the pressure unit to the equipment by 
means of a small-bore extension pipe. For gas- 
filled pipes the ordinary considerations of propaga- 
tion of pressure in pipes will apply, and it is apparent 
that serious distortion will ensue if the applied 
pressure wave has a front of the order of 0-01 sec. 
duration and the pipe is more than a few inches long. 


In the case of a pipe filled with liquid, such as oil 


or water, the increased velocity of propagation would | 


suggest that pipes of three to four times the length 
of the gas-filled pipes might be used with the same 
degree of distortion. Consequently, a certain amount 
of investigation was carried out using pipes up to 
2 ft. in length, to determine whether their use 
was practicable. For this purpose an arc-contro] 
chamber was constructed, which could be filled 
with an explosive mixture of hydrogen and air, 
the mixture being fired electrically by a sparking 
plug. Two pressure heads were fitted, one instru- 
ment being screwed directly into the chamber and 
the other at the end of an extension pipe. The 
chamber was filled with the explosive mixture by 
filling it first with water and allowing the water to 
run out and draw in the mixture. The extension 
pipe, however, remained filled with water. On 
explosion of the mixture, the pressures developed 
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the threads of the union connecting the pipe to 
the pressure head. When great care was taken 
to exclude bubbles by thoroughly cleaning the 
apparatus with ether and by using distilled water, 
ripples were no longer observed, as is confirmed by 
Fig. 7. It must be emphasised, however, that very 
elaborate precautions were necessary to produce 
this record. 

The oscillations arise as a consequence of the 
coupling between the inertia of the column of water 
and the elasticity of the air bubbles. Such a system 
develops oscillations of natural frequency when an 
impulsive wave of pressure is applied to the end 
of the extension pipe. Fig. 8, which was obtained 
by repeating the test described above three days 
later, indicates that air bubbles had developed in 
the interim, due to liberation of absorbed or dis- 
solved air. Some anode-bend saturation of the 
amplifier is indicated in these records, but this 
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were recorded separately but simultaneously on an | 
oscillograph. One instrument recorded the pressure 
developed in the chamber, i.e., at the mouth of | 
the extension tube, and the other registered the | 
pressure at the end of the extension tube. The 
film obtained showed that a pressure of about 
120 lb. per square inch was developed in about 0-01 | 
second. This fairly rapid rate of rise of pressure is | 
an advantage, for the more impulsive the develop- 
ment of pressure, the more apparent will any dis- | 
tortion become. Fig. 5 is typical of many records | 
obtained with a 4-in. extension pipe. The upper | 
trace is due to the pressure at the end of the pipe, | 
while the lower trace shows the actual pressure | 
developed in the explosion chamber. The ripple | 


developed on the wave-front will be observed, and | 
since its frequency is 500 cycles per second, it is | 


OscILLOGRAPH RECORD. 


should be disregarded. It is unfortunate that a 
mathematical analysis of the system is very difficylt, 
largely as a consequence of the elasticity of the 
air bubble being a non-linear function of pressure, 
except for small pressure changes. It is shown in the 
Appendix that, on certain assumptions, the ripple 
frequency appearing on the records may be accounted 
for by the presence of small air bubbles of reasonable 
magnitude. In view of the elaborate precautions 
necessary in filling extension pipes with bubble-free 
fluid, it was decided that their use would prove 
impracticable in service. 

A pplications.—It will be appreciated that the 
equipment which has been described could be used 
for the measurement of pressure surges in almost 
any type of apparatus. It was actually designed, 
however, to record the pressure developed in tanks 


not, therefore, due to a quarter-wave oscillation of | and arc-control chambers of high-voltage switchgear 
the tube, which would occur at 3,500 cycles per| when tested under short-circuit conditions. Some 


second. Fig. 6 is another record, taken under | 
similar conditions, showing a much more pronounced 
ripple, this time at a frequency of 225 cycles per | 
second. These ripples are produced by air bubbles | 
trapped in some part of the pipe, possibly in 


account of the use of the equipment in this con- 
nection may be of interest, more especially as certain 
modifications to the general arrangement were 
necessitated by the particular conditions arising 
in such testing. In view of the violent electro- 
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magnetic and electrostatic disturbance set up when | 
a circuit-breaker interrupts large currents at high | 
voltage, complete screening was essential and the | 
amplifying equipment could not be used close to 
the circuit-breaker. The problem of reducing the 
effect of interference upon the oscillograph record | 
was tackled in two ways: firstly, by reducing the | 
amount of interfering voltage picked up in the| 
leads in the test cell ; and secondly, by reducing the | 
sensitivity of the amplifying equipment to fre- 
quencies other than that of the oscillator. The | 
introduction of a filter in the grid circuit of the first | 
amplifier valve gave considerably improved results, | 
but it was not possible to make it sufficiently | 
efficient to eliminate all the disturbance, especially | 
when the pressure unit was mounted in an arc-control | 
chamber. Fig. 9 is typical of many oscillograph | 
records obtained when the equipment was used for | 


recording the rises of pressure in switchgear. | 


APPENDIX 


Estimation of Gas-Bubble Size.—Referring to the | 
oscillograph records shown in Figs. 5 and 6, it will 
be seen that the oscillations are set up on the 
impulsive wave front, where the relative pressure 
changes are greatest. However, it will also be| 
observed that the mean pressure reaches a maximum | 
and then decays very slowly. The decaying oscilla- | 
tory pressure persists superimposed on this mean 
pressure, and since the pressure changes are rela- | 
tively small, it becomes a simple matter to derive | 
a mathematical expression giving the natural | 
frequency of the system under these conditions. It | 
is to be understood that, although these oscillations 
are set up by the impulsive wave-front of applied | 
pressure under very different and complex con- | 
ditions, the frequency at which they finally decay 
is a function of the mean pressure on which they | 
are superimposed, so long as the rate of decay of | 
the mean pressure is slow. In order to derive this | 
mathematical solution, we shall postulate a simple | 
extension pipe of length L and cross-sectional area a, | 
filled with an incompressible fluid of density pp. | 
We shall determine the natural frequency of the 
system for an air bubble trapped at the closed 
end of the pipe. The bubble may have any shape, 
but it will be necessary to assume that its volume 
is small compared with the volume of the extension 
pipe. We shall now obtain expressions for the 
strain-energy of an air bubble. 

Let p, be the mean static pressure about which 
oscillations take place and let v, be the volume 
of the bubble at pressure p,, where p and v are the 
instantaneous values of the pressure and volume 
of the air bubble. Then pv? = constant 





and 
wdp+pyvt-YVdv=0 

- Pee 

dv v 





Now, for small changes in p and v 





ip=-y Pos v, 

Up 
and the strain-energy of the bubble is 
E = —f ip.d(sv) 
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Since the total energy must be constant, 
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Vp is here the volume of the air bubble at pressure 
Po; at atmospheric pressure P its volume would 


have been, 
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Y 
Ve a n(®) , 
the transition being adiabatic since the pressure 
very rapidly changes from P to 7 ; 


and 
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For the 4-in. extension pipe used in the experimental 
work, the following values may be substituted : 





Po = (120 + p) g = 4,350 poundals per square inch 
| 
a = 5 (ie)? = 00275 sq. in. 


p = 0-036 lb. per cubic inch 
L = 4in, 


Taking y as 1-4, assuming an adiabatic process, 


2 
f= ¥, 


In Fig. 5 the oscillatory frequency is 500 cycles 
per second, so that if the bubble causing it were 
lodged at the end of the extension pipe its approxi- 
mate size would have been 5-8 x 10~ cub. in., 
or about 10 cub. mm. There is no experimental 
confirmation as to the actual position of the bubble 
or its volume, but the work is useful in that it gives 
results of the order one would expect, thereby 
rendering the air-bubble theory more plausible. 
Fig. 8 shows the distortion which was produced in 


|an extension pipe of length 2 ft. and bore ¥ in., 


filled with oil. In this case the probable volume of 
the air bubble would be about 0-36 cc., assuming 
again that it was trapped at the closed end of the 
extension pipe. 

Acknowledgments.—The authors’ thanks are due 
to Dr. A. P. M. Fleming, C.B.E., and to Messrs. 
The Metropolitan-Vickers Electrical Company, 
Limited, for permission to publish this paper. 
They would also like to record their appreciation 
of the encouragement afforded by Mr. B. G. 
Churcher and Dr. C. Dannatt. Finally, thanks are 
due to Mr. V. A. Brown, manager of Messrs. The 
Switchgear Testing Company, Limited, on whose 
premises the apparatus described is installed, for 


| the many facilities afforded. 


— Porgy 
2 ~ %) 


Considering now the kinetic energy of the fluid | 
column which is regarded as incompressible, and 
therefore in the nature of a piston : | 

Let V be the instantaneous volume of the column 
of fluid in the extension pipe and let u be its 
instantaneous velocity. Then V + v = constant, 








SURFACE ROUGHNESS MEASURING INSTRUMENT : ERRA- 


tTuM.—lIn describing the surface-roughness measuring 


instrument developed by Dr. Abbot, of the Physicists 
Research Company, Ann Arbor, on page 699 of the 
previous volume of ENGINEERING, it was stated that 
“a speed of trace of about 1 in. per second is suitable ; 


and the readings are, however, independent of the speed 
SV = — 8e of trace over wide limits. The probable explanation 

of this is that, in practice, the point will not enter 

= J uadt. every depression, but will acquire an average oscillation 

. . . m ut the amplitude of which is a function of the degree of 
Kinetic energy of column of fluid = - where m| roughness.” We are informed by Dr. Abbot that this 


statement is in error, the actual explanation of the 
fact that the reading is independent of the speed of 
trace being that the instrument measures the height of 
the irregularities, and these are independent of the speed 
of trace. Dr. Abbot further states that the diamond 


is the mass of the column of fluid 


= che [14 oa] 





| THE GOLDEN GATE BRIDGE, 
| SAN FRANCISCO. 
| 


By Currrorp E. Parnes. 
(Continued from page 35.) 
MarTERIALS. 


Structural Steel.—The principal grades of rolled 
steel used in the bridge are structural-carbon, 
structural-rivet and structural-silicon steels. In 
| addition to these three grades of rolled steel, carbon 
| steel carrying a minimum of 0-20 per cent. of copper 
|and a low-carbon steel with a copper content of 
|0-15 per cent. were also used. The specified 
chemical and physical properties of the three 
structural steels are given in Table I, below, 
and the results of tests on the carbon and silicon 
steels in Table II. 

Heat-Treated Eyebars.—A total of 2,520 tons of 
| heat-treated eyebars were used in the anchorages. 
|The minimum physical properties, as determined 


TABLE I.—Specified Properties of Structural Steels. 























marl Carbon | Rivet | Silicon 
Steel. Steel. Steel. 
Carbon (max.), percent. .. - _— 0-40 
Phosphorus (max.) — 
Acid process, per cent. .. ..| 0-06 0-04 0-06 
Basic process 9 os ..| 0-04 0-04 0-04 
Sulphur (max.) an big --| 0-05 0-045 0-05 
Silicon a R .-| 0-05 to 0-20 to 
0-45 
Manganese (max.) ,, ot o¢ — _ 1-20 
Tensile strength, tons per sq. in. .| 27 to 31 | 23 to 27/ 35 to 42 
Yield point (min.), tons per sq. in... 16 13 20 
Yield point (average of 10 melts), | 
tons per > ....0% oe o9 7 0; OCUc= 21 
Min. Reduction in area, per cent. . . 42 | 52 30 





The percentage minimum elongation was in each case specified 
500,000 





9S tensile stress in Ib. per 8q. in. 


by the average of 12 consecutive tests, were required 
| to be 38 tons per square inch for ultimate strength 
|and 24 tons per square inch for yield point. The 
corresponding minimum values for any one test 
were allowed to fall to 36 tons and 22 tons, respec- 
tively. The average of 19 full-size tests of bars 
made from the bottom of the ingot was 38-1 tons 
and 24-4 tons. The average of 20 full-size tests of 
bars made from the top of the ingot was about 
9 per cent. higher. 


TABLE II.—Average Results of Tests of Structural Steels. 








| 
| Carbon | Silicon 
eg | Steel. Steel. 

| | 
Carbon, per cent. os 0-19 0-30 
Phosphorus _,, ‘a 0-016 0-019 
Sulphur ae } 0-033 0-081 
Silicon jas _ ee | 0-09 0-25 
Manganese _,, - os “| 0-56 1-02 
Tensile strength, tons per sq. in. .. 29 38 
Yield point, ” ” oe 18 23 
Elongation on 10 in., per cent. 27-9 22-1 
Reduction of area, ” 54-6 47-9 
Number of tests sa | 2,483 1,278 








Wires and Ropes.—As a result of 22,816 tests, 
representing 19,253 tons of cable wire, an average 
ultimate tensile strength of 105 tons per square 
inch and an average yield point of 81 tons per 
square inch were found. The minimum require- 
ments were 98-2 tons per square inch for ultimate 
strength and 71-4 tons per square inch for yield. 
The 1,071 tons of 2}-in. suspender ropes were 
required to develop a total strength, in double- 
part tests, of 490 tons. Three tests gave a figure 
of 590 tons, with a loss of strength of 9 per cent. 
due to the bend over a sheave of the same diameter 
as the cable bands. Other tests were made on 
single parts of rope which were required to have an 
ultimate strength of 270 tons. The average of 
32 tests was 313 tons. In order to eliminate the 
slack in the ropes as manufactured, they were 
pre-stressed with a load of 110 tons for 14 hours 
before being cut to final length. The average 
stretch in 100 in., after pre-stressing, due to an 
increase in load from 9 tons to 85 tons, was 0-264 in. 
The wrapping wire for the cables was a soft annealed 
wire having an ultimate tensile strength of from 
38 tons to 44 tons per square inch and a minimum 
elongation of 10 per cent. on 10 in. 

Cast Steel.—In all, 1,404 tons of steel castings 








point actually penetrates to the bottom of each surface 
irregularity in turn, thus tracing over the actual profile. 


_ pL /d P 
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were used in the bridge, practically all of which were 
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represented by the cable saddles and cable bands. 
The heaviest castings are in the main cable saddles, 
each of which is made up of three castings, the 
largest weighing about 53 tons. The minimum 
ultimate tensile strength and the minimum yield 
point were limited to 29 tons and 15-6 tons per 
square inch, respectively. Difficulty was experi- 
enced in getting sound castings for the cable bands ; 
most of these, as originally cast, contained shrinkage 
voids, and were rejected. Corrections in the foundry 
practice, after some experimental work, eliminated 
the trouble. 

Forged Steel.—Forged steel is used for various 
items in the bridge. There are 3,978 heat-treated 
cable-band bolts and 704 heat-treated anchorage 
pins. These were required to have an ultimate 
tensile strength of 42 tons per square inch and a 
yield point of 27 tons per square inch. The stiffen- 
ing-truss rocker-link pins are made of quenched 
and drawn chrome-nickel steel having the same 
physical properties as the cable-band bolts and 
anchorage pins. The 136 rollers, 8 in. in diameter 
and 9 ft. 8}*in. long, for the cable saddles, are made 
of annealed carbon steel which was specified to 
have an ultimate strength of 35-7 tons per square 
inch and a yield point of half the ultimate strength. 
Minor fittings, such as the suspender-rope sockets 
and suspender-rope collars, are made from carbon 
steel with an ultimate strength of 27 tons per square 
inch. Numerous pins and special fittings are made 
of Allegheny metal, which is a type of stainless 
steel. Most of these are used in sliding connections 
of lateral and handrails of the towers. 


DESIGN OF THE MarIn TOWERS. 


The shafts of the towers are cellular in construc- 
tion. In general, the cells are 3 ft. 6 in. square 
and are built up of j-in. plates and 8-in. by 8-in. by 
f-in. angles. The number of cells varies from 103 
(counting multiple cells) at the base to 21 at the 
top of the tower. Diagrammatic arrangements 
showing the distribution of the cells at four quarter 
sections are given in Fig. 33, on this page. The 
shape and size of the shafts was determined by the 
loads, allowable unit stresses, architectural design 
and a limitation of the longitudinal radius of gyra- 
tion at mid-height to ,4, of the height of the tower. 
Reduction of section in the tower shafts was accom- 
plished progressively from bottom to top by 
omitting outer cells in a manner which, at the same 
time, gave the desired architectural effect. The 
bracing between the shafts below the bridge floor 
consists of two panels of diagonals. Above the floor 
architectural considerations led to the selection of 
portal struts for bracings. These proved entirely 
satisfactory from every point of view. The two 
types of bracing are well shown in the view of the 
Marin tower nearing completion, which is given in 
Fig. 42, on Plate V. The structural work of 
the portals is masked by covers made of low-carbon 
steel plates shaped to form an important feature 
of the architectural design. 

The unit working 
follows : 


stresses adopted were as 


Direct stress in shafts resulting from dead and live loads 
and temperature changes— 
Carbon steel 6-25 tons per square inch. 
Silicon steel ; » § - 
Combined direct and bending stresses in shafts 


Carbon steel 8 tons per square inch. 


Silicon steel j in. plates » & 
#4 in. plates 10 
maximum 10-7 


The towers were designed to withstand calculated 
effects of dead load, live loac, wind, temperature 
and secondary stresses. The dead-load concentra- 
tion from the cables at the saddles is 23,214 tons for 
each shaft, and the live load and temperature concen- 
tration for each shaft is 4,213 tons. The towers 
themselves weigh 9,937 tons per shaft. The live 
load was assumed to be 2,000 Ib. per foot per cable 
of any length or position. The transverse wind load 
was assumed to be 30 Ib. per square foot on twice 
the vertical projection of the suspended structure, 
cables and suspenders, and 50 lb. per square foot 
on the vertical projection of the tower. The longi- 
tudinal wind forces were assumed to be 30 Ib. per 
square foot on one-half the vertical projection of 
each web member of the stiffening trusses, and 
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every floor-beam and kneebrace, and 50 |b. per 
square foot on the vertical projection of the tower. 
The temperature range was 40 deg. up or down 
from a normal, temperature of 70 deg. F. The 
secondary stresses considered were those produced 
by changes in length of the members resulting from 
dead load, live load, and transverse wind. The 
effect of earthquakes on the towers was given careful 
consideration. 

On the assumptions referred to above, the trans- 
verse wind load per shaft amounted to 1,405 tons, 
of which 30 per cent. was from the cable, 26 per 
cent. from the laterals of the suspended spans, 
and 44 per cent. from wind on the tower itself. 
Determination of the superimposed loads, the longi- 
tudinal tower deflections, the maximum slender- 
ness ratio, the unit working stresses, and an out- 
line of the structure completed the preliminary 
steps. The direct from dead load and 
live load were then tabulated and a guess was made 
at the amount of unit bending stresses arising 
from longitudinal movements. Wind stresses were 
computed on the basis of a point of contraflexure 
at the centre of each unbraced panel. This informa- 


stresses 





tion sufficed to permit an approximate deter- 
mination of the various sections of the shafts, struts 
and other web members. Using the tentative sec- 
tions selected, the longitudinal bending moments 
were computed, and the sections revised to correct 
the errors made in guessing the amount of the unit 
stresses from longitudinal bending. 

To facilitate investigation of the tentative design | 
under transverse forces, the tower was cut at the 
floor and the upper part of the tower treated as an | 
independent structure, consisting of a multiple- | 
storey portal frame. The solution assumed iden- 
tical deflections and changes in slope for the two 
tower shafts. The fully-braced lower section of the 
tower was considered as a simple truss. This 
analysis gave results differing somewhat from those 
of the first determination, and the sections were 
revised accordingly. 

The methods so far used were very crude in their 
determination of the stresses. For a more accurate | 
analysis, conventional slope-deflectior® methods were 
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next employed. It was assumed that the direct 
wind stresses previously found were correct ; that 
the struts had no depth as indicated in the sketch 
at the left of Fig. 34, and that the base of the tower 
was free to rotate. A conventional Williot diagram 
was drawn and the usual slope-deflection equations 
were set up and solved to determine the moments 
in the towers. Direct wind stresses resulting from 
this solution were substituted for those assumed, 
and a new solution carried out. After several 
attempts, the calculated direct stresses agreed fairly 
well with those assumed. Sections were revised, 
longitudinal moments recalculated, sections again 
revised, and the transverse wind stresses again 
computed. This completed the preliminary design. 

At this stage, a critical study of the tower design 
was made. Some undesirable features were em- 
bodied in the preliminary design. For example, 


|webs in the longitudinal and transverse faces 


of the shafts varied from { in. to 3 in. in 
thickness. The splices for webs of 3-in. thickness 
were long and the riveting burdensome. The 
gussets for the web members below the floor were 
very long, and the bending stresses in the gussets 
became very large when the intersections of the 
working lines of the horizontal and diagonal web 
members were placed on the centre of the shaft. 
Some of the portal struts had short heavy members 
and the secondary stresses in these members would 
certainly be high. 

The basic assumptions used thus far in the stress 
determination were far from satisfactory. Obviously 
an assumption of fixity for the bases of the shafts 
was more nearly correct than the assumption of a 
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free base. The vertical dimensions of the regred 
would have a considerable effect and must be| 
considered. Also the shear carried by the shafts | 
would have to be taken into account to make an| 
accurate determination of the direct stresses in the | 
diagonals below the floor. 

A survey of the preliminary design indicated that 
if proper consideration were given to the depth of | 
the struts, the main web plates in the shafts could | 
be kept at j-in. thickness, although in certain places 
they would have to be made of silicon steel, and in 
a few places reinforcing plates and angles would 
have to be added. This would produce a much | 
cleaner design. There was no reason for the inter- | 
section of the working lines of the web members 
to be kept on the centre lines of the shafts if account 
were taken of the stresses arising from the eccen- 
tricity introduced. Also, the strut sections and 
their panel lengths were revised in an attempt to 
keep the anticipated combination of primary and 
secondary unit stresses within permissible limits. 

The errors of assumptions and analysis used in 
the determination of the stresses in the preliminary 
design were next to be eliminated. A correction of 
the previous calculations showed that the assump- 
tion of fixed bases gave moments of considerable 
magnitude in the shafts below the floor. The shears 
accompanying these moments were of such magni- 
tude as to affect considerably the stresses in the 
web members. Also the appreciable moments 
resulting from the eccentric connections of the web 
members below the floor had to be included in the 
calculations. Thus the part of the structure below 
the floor changed from a simple truss to a statically- 
indeterminate structure. 

In all the previous work with slope deflections, 
the primary stresses had been obtained first without 


regard to the bending stresses, and then a Williot | 
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diagram was drawn using the strains derived from 
the primary stresses to obtain the deflection angles 
of these web members. The Williot diagram 
actually gave the key to a satisfactory direct 
solution. Such a diagram was sketched without 
knowing the stresses, but from which it would be 
possible to evaluate the deflections in terms of the 
various unknown stresses. The unknown stresses 
could be readily expressed algebraically in terms of 
the known loads and the unknowns of the slope- 
deflection formule. This procedure dealt with 
the major difficulties. Placing the angle of rotation 
of the shaft at the base equal to zero, providing the 
necessary fixity of the base of the shaft, and the 
inclusion of the eccentric moment from the diagonals 
below the floor in the summation of moments at the 
various points, took care of the stray moments. 
Thus the lower part of the structure was adequately 
analysed, although the solution had to await the 











necessary equations for the portal-braced upper 
portion of the tower. 

The possibility of treating the upper part of the | 
tower in a manner similar to that developed for 
the part below the floor was next considered. It 
soon became evident, however, that the number of 
equations would become unwieldy; also, it was 
noted that the secondary moments in the strut 
members were far too small to affect the moments 
in theshafts by more than a fraction of 1 per cent., 
and it appeared that the effect of the secondary 
stresses in the struts could be handled adequately 
without combining this study with the stresses in 
the structure as a whole. This decision left the 
introduction of the strut depth into the analysis 
as the major remaining problem in this part of the 
structure. It was found that, by using a special 


|structure as a whole. 





equation for the deflection angle of the shaft between 
the chords of a strut, a satisfactory analysis could 
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be made. 
to be new. 

First, assume that the end parts of a strut—the 
shafts between the chords of the strut—are 
restrained so that their axes remain vertical while 
the leeward end of the strut is permitted to deflect 
upwards under the action of the upwards force equal 
to the shear in the strut, as indicated in Fig. 35. If 
now, the strut, including its end posts, is rotated 
until the leeward end is again at its initial elevation, 
the end posts will have rotated through an angle 
equal to the deflection of the strut divided by the 
distance between the posts. The deflection angle, 
due to the distortions within the strut as above 
determined, is increased by the change due to the 
shortening of the leeward post and the lengthening 
of the windward post. This added deflection angle is 
equal to the difference in elevation of the two ends 
of the struts divided by the distance between the 
posts. The shear in the struts was expressed in 
terms of the known loads and the unknown deflec- 
tion angles and rotation angles of the shafts. To 
eliminate the necessity for repeated solutions, the 
elongations and shortenings of the shafts from 
direct wind loads were also expressed in terms of the 
known loads and unknown angles. 

This method contains an approximation in the 
assumption that the end post of the strut does not 
change in length. It was assumed, in computing 
that part of the deflection angle of the shaft between 
the strut chords due to changes in length of the 
shafts, that the shaft changes in length were from 
the base of the shaft to the centre of the strut. 
This assumption produced only a small error in the 
Account was taken of the 
changes in length of the shaft between the chords 
when studying the secondary stresses in the struts. 

The analysis of the towers was finally concluded 
with a set of 33 simultaneous equations. Since 
most of these did not contain more than half-a- 
dozen unknowns, the solution was not difficult. 
Knowing the necessary distortion angles, it was 
possible to compute in the customary manner all 
the required stresses from transverse wind. 

The moments in the shafts were, of course, 
appreciably smaller than in the previous calcula- 
tions. This resulted in the anticipated savings in 
material, and, together with a few changes to 
silicon steel, permitted the web plates to be of 
uniform thickness, except in a few places where the 
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stresses were sufficiently high to require }§-in. 
plates as a precaution against web buckling. At 
the base of the shafts the plates were thickened to 
+f in. to resist corrosion. The transverse deflection 
of the tower by this analysis was shown to be 12} in., 
instead of 16 in., as obtained by the analysis used 
in the preliminary design. 

The development of the equations is outlined to 
illustrate the procedure. 
the “ bent ” type, such as :— 


Mot + Mig = — 380 W + D (380 Ry), 


where W is the external wind shear and D the 
direct load and live-load stress in the shaft. 

There are 13 equations of the usual kind equating 
the summation of the moments at a point to zero. 
The summation of the moments at points k, o and q 
of the diagram on the right-hand side of Fig. 34, 
page 130, includes the moments due to eccentric 
web connections. There are three equations for 
the strains in members kt, of, and gt. The de- 
velopment of these equations is outlined below. 

There are four equations for the deflection angles 


of shaft members between the chords of the four | ‘ 


These take the form : 
Aye , 0°000,000,724,034 T, 
540 | 1,080 


struts. 
Roe 


in which A,; is the change in length of the shaft 
from the centre of the strut 1 to the base of the 
tower; the factor 0-000,000,724,034 is the 
vertical deflection, from a unit load, of the strut as 
a beam fixed at each end; and T, is the vertical 
shear carried by the strut, as indicated in Fig. 35. 

There are eight equations for the deflection angles 
of the two shaft sections, the two effective horizontal 
struts, and the four diagonals in the fully-braced 
section below the floor. The development of these 
equations is the most interesting feature of the 
study. 

Williot diagrams were first drawn for the move- 
ment with respect to the base, of all points below 
the floor. A typical example of these diagrams is 
shown in Fig. 36, page 131. From these diagrams 
the deflection angles of the eight members were 
expressed in terms of the strains in the members and 
the angles of rotation at points k, o and q. 

A typical expression for the diagonals is 
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A typical expression for shaft members is 
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A typical expression for the horizontal strut is 


l 
Roo 540 Av 
This accounts for the 33 equations finally used, 
though equations for the stresses and strains in the 
members had to be developed and introduced in 
these equations before they cou'd be solved. 

The two horizontal struts at & and o were assumed 
to have no direct stress from wind. The typical 
expression for the stress in a diagonal is illustrated 
by the following equation : 


8-75 s 
13-2877 “*” 
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2,778,000 — 77,413,000 Ryo 


The expressions for the stresses in the shaft members | 
were first obtained in the form of the stress added | 


ateach point. The following is a typical expression 
for a point below the floor 


There are five equations of 
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Stress added at 0 = 


© 4. 8°75 (Mo’w + ser) 
13-2877 ©° * * 13-2877 648-439 
Moo W 8-75 /Mo’z + at) 
540 " 13-2877 ~°” 13-2877 \ 648-439 


The following equation shows a typical expression 
for the load added to the shaft at a portal strut 
above the floor or the reaction from the strut (say 
strut 2) : 

Reaction from strut 2 is 

—Mac—Mzy+ 1,104,000 x 264 — 64,365,000 » 


The summation of these expressions for the load 
added at various points gave the total wind stress 
in the shaft members. 

The strains were computed from these stresses 
and introduced into the 33 basic equations after 
the moments had been expressed in the terms of 
the slope-deflection unknowns and the rotation 

and deflection angles of the various members. The | 
33 unknowns consisted of 30 angles and the strains 
in the members ko, 0g and gt, which were kept as 
part of the final equations, since they entered into 
several of the equations. 

This method of analysis was so satisfactory that | 
the time spent in earlier approximations was 
regretted, and in any future design of this type 
this method would be used immediately after the 
first rough approximation by assuming a point of 
contraflexure midway between the struts. The 
transverse wind loads and moments on each shaft | 
as designed are shown in Fig. 37, page 131. The| 
calculations were carried out in inches and pounds, | 
but in this diagram the load and moments have been | 
converted to tons and foot-tons to correspond with | 
other figures in this article. 

Following the determination of the sections | 
from dead and live loads, wind loads and longitudinal 
bending stresses, the towers were investigated for 
other stresses. In addition to the effect of the 
changes in temperature on the distribution of the 
suspended loads between the cables and the stiffen- | 
ing trusses and on the longitudinal position of the | 
tower tops, consideration was given to the effect of | 
a difference in expansion or contraction between | 
the pier and the tower, corresponding to a difference | 
of 40 deg. F. in temperature. The method of | 
analysis was similar to that for the determination | 
of stresses from transverse wind. 

As a result of these studies, it was decided that | 
strut 7 (Fig. 34) should be made ineffective for carry- 
ing stress. The final stresses in the diagonals in the 
lower panel amounted to 580 tons. The maxi- 
mum bending moment in the tower shaft was found 
to be 27,901 ft.-tons at the base of the tower. 

The effect of the participation of the bracing | 
below the floor in carrying the direct dead and live 
loads on the shafts was determined in a manner 
similar to that used for the determination of the | 
temperature stresses, and the equations were nearly 
identical. The participation stresses in the diagonals 
averaged about 1,562 tons. The maximum bending 
moment in the tower shaft amounted to 26,971 
ft.-tons. 

A study was made to determine the effect of 
unequal longitudinal deflection resulting from live 
load on one-half of the roadway. The primary 
purpose of this study was to determine the effect of 
such a condition on the lacing of the chords of the | 
struts. The maximum difference in the deflection 
of the two shafts was found to be 8 in. Since 
there was uncertainty regarding the torsional resist- 
ance of the cellular shafts stiffened by horizontal dia- 
phragms, it was decided that the study should be | 
made on the assumption that the shaft was as| 
effective as a circular section of equal polar moment 
of inertia. Subsequent model studies indicated 
that the cellular shafts were about half as effective 
as was thus assumed. It was found that 12 simul- 
taneous equations could be written down, the 
solution of which would give the loads on the shaft 
from the web members and the cable directly. 
| The longitudinal tower deflection at each of the} 
12 panel points for an unknown load at each panel 
point was determined. From these deflections were | 
| written simple expressions in terms of the unknown | 
| loads, for the deflection angles of the web members ' 
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| excessive unit stresses in any member. 


'the various 
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acting as horizontal beams. The angles Senet 
which the shafts twisted at each panel point were 
found for a couple applied at each point. The 
couple at each point was equal to half the tower 
width multiplied by the unknown load, except at 
the top, where the couple was equal to the restraint 
of the cable or the horizontal component of the 
cable stress x the horizontal length of the effective 
part of the saddle x the unknown angle of twist. 
By equating this unknown angle to its value com- 
puted by applying the couples to the shaft, it was 
possible to eliminate this unknown angle of twist, 
leaving only the 12 loads as unknowns. These 
torsional angles are also the angles of rotation of the 
horizontal beams comprising the web members. 
From the expression for the deflection angles and 
rotation angles were written the expressions for the 
shears or end reactions of the horizontal beams 
which were equated to the unknown loads, giving 
11 of the 12 necessary simultaneous equations. The 
twelfth equation was found by equating the desired 
deflection at the top of the shaft, less the deflection 
|due to change in cable stress, to the expression 
previously found for the tower deflection, from 
loads at the panel points. A solution of these 12 
simultaneous equations gave the shears in the 
| struts due to the differences in the shaft deflections. 
Although the process of determining the stresses 
appears somewhat elaborate for those stresses 
which it was realised would be subject to a con- 
siderable, but probably fairly constant, percentage 
of error, the investigation seemed justified, since it 
revealed, quite accurately, the maximum possible 
stress and the distribution of the stresses. As a 
result of the investigation, the three top struts were 
| laced together in pairs, reducing the resistance to 
| torsion greatly. The lacing of the web members 
was increased as indicated by these calculations. 
It was realised that the secondary stresses in the 
members of the portal struts above the floor (Nos. 1, 
2, 3 and 4) were relatively high, and that the resist- 
ance of the individual members to bending would 
contribute appreciably to the stiffness of the struts ; 
that changes in length of the shaft between the 
chords of a strut would produce stresses in the 
| strut members; and that there were other small 
| stresses due to the change in slope of the deflected 
| shafts in the length between the chords of the struts. 
It was desirable to keep the same rigidity of the 
struts as had been assumed when the transverse 
| wind stresses were computed, so as to avoid a 
| recalculation of these stresses. At the same time 
it was not desired to waste material or permit of 
Previous 
approximate calculations had indicated the prob- 
able amount of these stresses, and the sections in 


| general were thought to be satisfactory. 


Starting with the assumed sections, the secondary 
stresses were computed by moment distribution in 
the conventional manner. The stresses due to 
changes in length of the shafts were found by the 
ratio of the shaft strains to the deflection of the 
strut from equal and opposite vertical loads applied 
to the strut at the tower connections. The effect of 
the angular changes in the shaft was computed, 
as also were the total unit stresses. The sum- 
mation of unit stresses indicated a few desirable 
changes in section and in the number of panels in 
the struts, and the calculations were revised. 

Following this part of the work, which resulted 
in sections stressed under these assumptions to a 
reasonably uniform unit stress, the effect of the 


| shears from secondary moments on the direct stress 


was determined. This study indicated that the 


| struts were slightly stiffer than had been assumed 
| when making the calculations for transverse wind, 


and the sections were slightly reduced to keep close 
to the original assumption for the rigidity of the 
struts. All previous strut calculations were then 
revised for the new sections and the procedure was 
continued until the assumed sections gave the 
proper rigidity. 

The effect of the gusset plates on the stiffness of 
members of the struts was included in the deter- 
mination of the moments of inertia and areas of 
members. Since their effect was 
appreciable, it was realised that the rigidity of the 
struts as a whole could not be determined exactly. 
The procedure adopted gave accurate results within 
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the limitations of the assumptions made. Previous 
studies indicated that a small variation in the stiff- 
ness of the struts had little influence on the stresses 
in the structure as a whole. 

The determination of stresses due to dead load, 
live load, wind and temperature presented a prob- 
lem subject to entirely satisfactory solution, but it 
must be admitted that stresses due to seismic forces 
could not be evaluated with equal certainty. The 
towers, homogeneous, flexible shafts of steel. are 
anchored to massive concrete piers which are 
founded on rock. Although no one can predict 
just how a flexible shaft of this character will 
respond to an earthquake, some conclusions can 
be drawn as to its stability under these forces. In 
the judgment of engineers who have investigated the 
destructive effects of earthquakes, these towers may 
be subjected to earthquake vibrations of very small 
amplitude (a fraction of an inch) and accelerating 
forces amounting possibly to 5 per cent. of gravity. 
In the completed structure, the transverse deflec- 
tion of the towers under the designed wind load is 
more than 10 times any expected movement of the 
pier tops, and the stresses from transverse wind 
will be more than double the stresses due to trans- 
verse earthquake forces. Due to the great flexibility 
of the towers in the longitudinal direction, stresses 
from longitudinal earthquake forces (5 per cent. 
gravity) will not exceed 50 per cent. of the longitu- 
dinal wind stresses. The influence of earthquake 
forces was a determining factor only in propor- 
tioning the anchorage to the piers so as to provide 
against earthquake shocks while the towers were 
standing alone on the piers without the stabilising 
effect of the cables and the suspended structure. 
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by forced longitudinal displacement of the tower 
tops. Normally, without live load, at a tempera- 
ture of 70 deg. F.. the centre line of the tower is 
6 in. shorewards from the centre line at the base 
of the tower. Various combinations of live load 
and temperature may cause the tower top to move 
anywhere within a range of 18 in. channelwards, or 
22 in. shorewards from a vertical line through the 
centre line of the base of the tower. The investiga- 
tion of temperature stresses showed that the strut 
just above the pier would, if effectively connected, 
greatly increase the moments at the base of the 
|tower. This member was accordingly provided 
with flexible connections to prevent it carrying load. 

it was realised that under certain loading condi- 
tions there might be a considerable difference in 
longitudinal deflection between the two shafts of 
|a tower. The tower bracing members are 10 ft. 6 in. 
| wide, with the main material distributed equally in 


|four planes, 3 ft. 6 in. apart, and coincident with | 
the four central planes of web plates of the shafts | 


|to which they are directly connected. These wide 
| bracing members will be forced to adjust them- 
| selves, by flexure, to the relative displacement of 
their end connections. Investigation of the possible 
| effects of this unequal deflection of the tower shafts 
| showed that. in the case of the three upper portal- 
| struts, the four plane members should be made 
more flexible by omitting all lacing between the 
|two inside planes. The effect of this has been to 
| give a pair of members, each 3 ft. 6 in. wide, instead 
!of a single member 10 ft. 6 in. wide. It was not 
|necessary to apply this treatment to the third 
| portal-strut from the top. 


Side and front elevations of one of the towers | 
A total wind load of 1,406 tons per shaft produces | and a partial sectional plan of one of the shafts | 


a maximum bending moment in the shaft of | are given in Figs. 38 to 40 on Plate V, two photo- 
5,937 ft.-tons and a vertical reaction at the base | graphs showing different stages in the construc- 
of each shaft amounting to 11,626 tons. Longitu-| tion of the San Francisco tower being reproduced 
dinal stresses are produced by longitudinal wind and in Figs. 43 and 44 on the same Plate. 
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the various cell groups, which are constructed of 
leither carbon or silicon steel, in section E, which 
|is indicated in Fig. 39. Diagrams showing the 
maximum stresses and bending moments in the 
prscre above the floor and in the diagonals and 





struts below the floor are given in Fig. 41. The 
| stresses in the diagonals and struts are simul- 
taneous. The stresses are expressed in tons, 
| + indicating tension and indicating compres- 
|sion. Moments are given in foot-tons and are 
indicated by curved arrows on the members. The 
moments given for the diagonals are for the inter- 
sections shown and the moments for the struts are 
at the centre line of the tower shaft. The direction 
of the moment as indicated by the arrow gives the 
direction of rotation of the point under the action 
of the moment. The lowest diagram in Fig. 41 
| shows the additional moments which occur in each 
| of the girders of strut No. 5 which carry floor loads. 








(To be continued.) 








VERTICAL-SHAFT LIME-KILNS. 


Tue old-fashioned stone lime-kiln, formerly a familiar 
sight in many parts of the country, has, like the bee-hive 
coke-oven, almost ceased to be built, the country 
mason, who usually constructed both, having given 
place to the engineer. The result of this transfer is 
not only greatly increased output but a more uniform 
and reliable product and, in terms of the fuel expended, 
la much higher efficiency. All three characteristics of 
|the modern kiln are of importance, particularly at 
| the present time, when the need to increase the produc- 
|tiveness of agricultural land is insistent, adequate 
supplies of good lime being one of the chief requirements 
| towards this end. Apart from this, lime is employed 
|in certain chemical processes and is thus connected 
| with industries related to the re-armament programme. 
| By the courtesy of Messrs. Ashmore, Benson, Pease and 








Fig. 40 shows ' Company, Limited, Parkfield Works, Stockton-on-Tees, 
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we are enabled to illustrate, in the accompanying 
Figs. 1 and 2, two of the types of present-day lime-kiln 
manufactured by them, and to describe briefly modern 
kiln practice. Both the kilns discussed handle lime- 
stone direct from the quarry though, of course, kilns 


for preparing fat lime, i.e., lime with no clay constituents, 


are also built. 

The kiln shown in Fig. 1 is representative of the most 
commonly-used type of plant, namely, the mixed-feed 
vertical shaft kiln. While two of these qualifying 
terms are self-explanatory, the expression “ mixed- 
feed’ calls for comment. It simply means that the 
stone and the fuel are mixed and charged to the kiln 
together as distinct from the kilns into which stone 
and fuel are charged separately. 
crushed at the quarry into pieces of approximately 


uniform size, and transported to the kiln either by | 


rail or conveyor, the means adopted depending on the 
situation of the kiln relative to the quarry. The size 
of the pieces depends, in the main, on the size of the 
kiln, thus, in small kilns it may range from 2 in. 


in certain types stones from 12 in. to 14 in, cube are 
being burnt. Coke, bituminous coal and anthracite 
all are used as fuel in mixed-feed kilns. In well- 
operated plants the fuel consumption, when using good 
quality coke, amounts to between 16 per cent. and 
i8 per cent. of the burnt lime produced, the ratio 
hetween lime and fuel being about 6 to 1. With 
bituminous the fuel consumption is between 
22 per cent. and 24 per cent. Under normal conditions 
the gases leaving the kiln contain about 35 per cent. 
to 38 per cent. of CO,. In the kiln illustrated in Fig. 1, 
which has a daily output of 35 tons of burnt product, 
the limestone is charged in pieces ranging from 6 in. 
to 8 in. cube, the fuel being coke having a grading of 
24 in. to 4 in. cube. Approximately 63 tons of stone 
are needed to produce the 35 tons referred to above. 
The body of the kiln follows modern practice in 


Le val 


employing a steel shell lined with refractory materials. | 


Here it may be noted that conerete is now sometimes 
employed as an outer casing, though a number of 
masonry kilns still exist, mainly as survivals. With a 
steel or concrete casing the refractory lining varies in 
thickness from 18 in, to 30 in., according to the height of 
the kiln which, in the vertical shaft type, may be any- 
thing between 30 ft. and 100 ft. The innermost layer of 
the lining consists of best quality firebrick with a 
bucking of ordinary firebrick and finally 2 in. to 3 in. of 
insulating brick next to the casing. Sight holes in the 
casing, in line with openings in the refractory, permit 
observations to be made of the temperature and 
general condition of the charge. The top of the kiln is 
usually closed and is provided with chimneys for the 
escape of the CO, generated. As the temperature of this 
yas is normally in the region of 250 deg. C. to 300 deg. C., 
depending on the height of the kiln, there is generally 
no advantage in installing a waste-gas boiler. It will 
be clear from Fig. 1 that the kiln shown in it has no 
such boiler and that there are two chimneys. The CO, 
gases are drawn off through the two chimneys by means 
of a centrifugal gas exhauster situated at ground level. 
If it desired to work on natural draught, the 
gas main to exhauster is sealed off and the CO, gases 
pass direct to atmosphere through the two chimneys. 
if working on natural draught, the output of the kiln 
is reduced to about 25tons. In kilnsin or near chemical 
works, the CO, is recovered for the manufacture of 
carbonate of ammonia, or to assist in the process of 
extracting phenol from coal-tar distillates. 

The mixed-feed vertical-shaft kiln may be operated 
under forced draught, induced draught or natural 
draught. The air for combustion is introduced by 
a pipe which through the foundations into 
the centre of the kiln, where it terminates in a conical 
distributing grating which ensures even conditions 
all round. The amount of draught is regulated by 
dampers on the chimneys. The stone and coal are 
charged by means of the skip hoist seen to the left 
of the illustration. This is automatic in action and 
discharges direct into the kiln without requiring manual 
aid. The smaller type of kiln, which has usually a 
single chimney, is charged through one or more doors 
in the side of the chimney, the stone and fuel being 
elevated in trucks by a hoist which trucks are then 
manually discharged. Larger types may have a bell- 
and-hopper device not unlike that used in the blast- 
furnace. Other methods of charging are also used 
and discharge may also be made by different methods. 
In the kiln illustrated manual discharge is employed, 
the burnt lime being raked out from four equally- 
spaced doors at the bottom of the furnace into “ Jubilee” 
trucks which are emptied into storage bunkers under 
the sheds seen to the right. These bunkers are above 
road and rail level and either road vehicles or railway 
trucks may be loaded from them as desired. 

The periodicity of discharge depends on the rate 
at which the kiln is being worked. It is understood 
that the burning is a continuous process the charge 
passing gradually downwards as the finished product 
is removed at the bottom, fresh stone and fuel being 


18 


Passes 


The stone is usually | 


to 
5 in. eube, in larger kilns from 4 in. to 8 in. cube, while 
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| added at the same time. In ordinary hand discharge 
| kilns the burden is moved every two or three hours 
and the time taken in discharging and charging usually 
|}amounts to anything between half-an-hour and one 
| hour, depending on the size of the kiln. The charge 
in descending first passes through a preheating zone 
at the top of the kiln into the firing zone at the centre, 
in which the temperature is normally between 1,000 deg. 
C. and 1,200 deg. C. The burnt charge then enters the 
cooling zone at the bottom of the kiln and is with- 
drawn ata temperature of about 60 deg. C. or 70 deg. C. 
Some large kilns are provided with a continuous 
discharge apparatus, the rate of flow being altered at 
will by means of motor-driven variable-speed gear. 
The kiln shown in Fig. 2 is a producer gas-fired 
kiln used for burning dolomite, i.e., magnesian lime- 
|stone. It has a separate producer of the static type, 
| gasifying coke having a grading of } in. to 1} in. cube. 
The producer is fitted with a manually-charged hopper 
and is water-sealed at the bottom. The gas generated 
enters a “ Vortex” dust catcher, which intercepts 
approximately 99 per cent. of the entrained dust, 
and then passes through firebrick-lined pipes to a gas 
main running round the kiln. Branches on this main 
| serve two rows of burners, each burner being fitted 
with a regulating gas valve and an air inlet connection. 
| A large central burner is also fitted and this, being at 
| the bottom of the kiln, is exposed to heat and is there- 
fore water-cooled. The mains serving both the cireum- 





| lating valves. A series of sight holes all round the 
| kiln and situated mainly in the vicinity of the firing 
| zone enables the condition of the kiln to be observed. 
| Operating platforms are arranged at suitable levels 
| to afford easy access to both the gas burners and sight- 
holes. 





on the top charging platform of the kiln and maintains, 
under normal working conditions, a suction of between 
5 in. and 6 in. water gauge. The main from the 
| top of the kiln to the exhauster is by-passed so that the 
| kiln can be put on natural draught in the event of 
| stoppage of the exhauster. The charging of this kiln 
| is carried out manually, * Jubilee” trucks, having a 
| capacity of 15 ewt. of stone each, being lifted to the 
| charging platform by a hoist. The charging equipment 
is hand-operated and is fitted with double doors. 
Charging takes place on an average about 6 times per 
hour, and the stone is distributed evenly by means of a 
| conical bell at the top of the kiln. Abrasion of the 
| lining in the neighbourhood of the edge of the bell is 
| prevented by a circular plate shield. The discharge 
gear is of the mechanical continuous variable output 
| type referred to above. 








LEAD-BRONZE BEARINGS. 


THE increased bearing pressures rendered necessary 
by the high performance of modern petrol and airless- 
injection engines have led to considerable investigation 
into bearing materials, and as a result, lead alloys have 
come into wide favour. At the present time, steel- 
backed copper-lead bearings are generally considered 
to be the most suitable type for withstanding exacting 


ferential and central burners have independent regu- | 


An electrically-driven gas exhauster is provided | 
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lubrication is seriously affected by alloying with other 
metals, necessary to obtain the requisite rigidity and 
structural strength. A very satisfactory material is, 
however, obtained by alloying lead with copper, since 
lead forms neither a solid solution nor intermediate 
compounds with copper in the solid state, but exists 
as a separate constituent in a more or less finely divided 
state. The presence of the lead involves some sacrifice 
of structural strength and therefore of load capacity, 
and for heavy loads this must be offset by special 
measures, such as casting in steel shells. Temperature 
hardness curves are reproduced in the booklet to 
demonstrate that both tin and lead-base white metals, 
at one time almost universal, suffer a very marked 
decrease in hardness as the temperature increases. 
This decrease is pronounced at even 50 deg. C., while 
at an average running temperature of about 100 deg. C. 
it amounts to from 60 per cent. to 66 per cent. The 
curves show that copper-lead alloys suffer only a very 
slight falling-off in hardness within the temperature 
range usually encountered. It is stated that steel- 
backed copper-lead bearings must be used for main and 
big-end bearings in place of white metals if the load 
exceeds 1,400 Ib. to 1,800 Ib. per square inch. The 
maximum possible load with steel-backed copper-lead 
bearings with a hardness of 30 to 38 is about 2,600 lb. 
to 2,850 lb. per square inch. It is further stated that 
it is now generally accepted that a fine structure is 
preferable for heavily-loaded bearings, particularly 
those subjected to fatigue stresses as in aircraft engines. 
The view sometimes expressed that a fine dendritic 
structure is preferable to the completely spheroidal or 
structureless type is said not to be substantiated by 
experience. Extreme grain refinement, such as is 
obtainable under controlled casting conditions, is 
known to increase hardness and fatigue strength, but 
its effect upon anti-friction properties has not yet been 
established. 

The influence of third elements is referred to, the 
effect being stated to vary according to the amount 
added, and the nature of reaction involved, and, there- 
fore, being somewhat difficult to explain. The elements 
added to increase mechanical strength are for the most 
part tin, nickel and manganese. Tin additions to 
copper-lead alloys should not exceed 5 per cent. to 
6 per cent. Where greater hardness is required, it may 
be obtained by the addition of nickel in amounts of 
1 per cent. to 4 per cent. This, however, is stated to 


}reduce considerably the running-in and emergency 


properties, so that the amount of hardener added 
should always be kept to a minimum. Where lea 
bronze is used for shells to support white-metal liners, 
nickel may be present up to about 6 per cent. Man- 
ganese can be used as an alternative to tin, since it is 
equally effective as a hardener and forms homogeneous 
solid solutions with both copper and nickel. It 
mentioned that the addition of these elements has 
an important bearing on melting practice, since they 
displace the miscibility gap. With 10 per cent. of 
tin the gap is moved to a point corresponding to about 
20 per cent. of lead, while nickel additions displace the 
gap in the opposite direction. The composition of all 
complex lead-bronzes in practical use, however, are 
said to lie to the left of the miscibility gap. It is 
emphasised that there is no connection between the 


Is 


|influence of third elements on miscibility and their 


load conditions, and a booklet dealing with this type of | 


bearing, published in November, 1938, is, therefore, of 
particular interest. This booklet, which was issued by 
the Deutsches Kupfer-Institut under the title of 
“ Bleibronzen als Lagerwerkstoffe,’ has now been 
translated into English under the title of ‘** Lead- Bronze 
Bearings,” and may be obtained by responsible persons 
free of charge from Messrs. Copper Development 
Association, Thames House, Millbank, London, 8.W.1. 
It may be mentioned that the original text has been 
followed as closely as possible in the translation. 
While copper-lead bearings have been in use in this 
country for a number of years, we believe this is the 
first occasion on which the data appertaining to them 
has been collected in a convenient and condensed form. 

After dealing with the theory of bearings, it is pointed 
out that metallic contact between the shaft and bearing 
must be regarded as inevitable when starting up. In 
addition, unavoidable surface imperfections, together 
with such secondary factors as deformation under load, 
low speeds, and impurities in the lubricating oil, render 
it necessary to design for a condition of mixed friction 
and imperfect lubrication, that is, a condition inter- 
mediate between dry and fluid friction. It is stated 
that mixed friction is the factor which actually deter- 
mines the wear of the shaft and bearing, and that it 
is therefore essential that the behaviour of the materials 
composing these two parts should be satisfactory under 
conditions of incomplete lubrication. In particular, 
excessive wear must be avoided, such as might lead 
to local overheating, damage of the bearing or shaft, 
or seizure. One of the two mating surfaces must, 
therefore, be made of a material which possesses some 
measure of self-lubrication. A number of soft metals, 


effect on lead distribution, and also that by appro- 
priate melting and casting methods it is possible to 
produce a fine lead distribution even in alloys falling 
within the miscibility gap. 

As regards the presence of unintentional additional 
elements, it is pointed out that all lead-bronzes contain 
in amounts of tenths of 1 per cent. or less, certain 
elements which may be classed as impurities, that is, 
residual products from reactions with deoxidants, 
covers and fluxes. These elements act as deoxidants, 
or react with impurities present other than oxygen or 
with the melt itself. The reaction products are either 
volatile or sufficiently light to rise to the surface, or 
else they remain in the liquid as a new constituent. 


| When the whole of the addition is not used up in the 


reaction, the excess either forms an alloy with the 
melt or remains in it unchanged. In addition, these 
elements have an inoculating effect on primary crystal- 
lisation, and therefore influence the grain size. It is 
stated that, contrary to earlier widespread views, the 
favourable influence of “small additions” in lead 
bronzes, particularly those of high lead content, is 
almost exclusively limited to their deoxidation effect. 
Excess of these additions almost always gives rise to 
irregular crystallisation, and consequently a coarse 
and uneven lead distribution. Sulphur, in amounts of 
several tenths per cent. appears to be the only element 
which produces grain improvement in the high-lead 
duplex bronzes. 

The remainder of the booklet is largely devoted to 
melting and casting technique, and to casting on shells, 
six methods being illustrated and described for carrying 
out the latter process. The booklet concludes with 
some suggestions regarding further developments. 


‘notably tin and lead, possess this property, but self-| It is stated that the booklet deals mainly with light- 
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ALL-ELECTRIC DRILLING MACHINE. 


CONSTRUCTED BY 
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engine construction, because this field is of outstanding 
engineering interest at the present time and has been 
the source of much of the existing fundamental know- 
ledge on bearings and lubrication. The principles 
which have been established for light engines, however, 
have lately been applied to heavy engineering. For 
example, in rolling-mill bearings a great decrease in 
wear, and consequently a large increase in life, have 
resulted from the replacement of the old brasses by 
totally-enclosed bearings designed with correct clear- 
ance and provided with modern pressure lubrication. 
The same principles apply to other heavy machinery 
in which the support of large-diameter shafts is involved. 
The demands for increased speed and improved 
performance of locomotives and rolling stock have 
also been successfully met in many cases by the appli- 
cation of similar principles. Special mention 
made of the economy in material made possible by the 
introduction of steel-backed copper-lead bearings on 
the German railways. 


1s 








Om.-MiILt KETTLES.—-Messrs. Kose, Downs and 
Thompson, Limited, Old Foundry, Hull, have recently 
issued a new section (List 33) of their general catalogue 
of oil-mill plant, dealing with the steel kettles, or cookers, 
employed in the operation of cooking and tempering the 
meal of oil-bearing seeds in the process of extracting the 
oil by pressure. The standard kettles are made in three 
types, namely, the open-type, arranged up to three-high, 
with open spaces between ; the close-type, in which the 
kettles, up to three in number, are bolted together ; and 
the totally-enclosed or continuous type, with compart- 
ments arranged up to five-high in a one-piece outer 
casing. The open-type and close-type may be steam- 
jacketed at the sides and bases, or at the bases only. 
The totally-enclosed kettles have a steam jacket at the 
base only. The kettle bottom in every case is designed 
to be readily detached from the body. Welding is 
employed throughout in the construction. The stan- 
dard designs are all-steel, but cast-iron kettles are aiso 
made if required. The normal drive to the forged- 
steel stirrers is from the top. An alternative drive from 
below can be arranged where the height available in 
the buildings is restricted. 
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Four-SPINDLE MACHINE WITH BacK-GEARED DRIVE. 


ALFRED HERBERT LIMITED, 





ALL-ELECTRIC MULTI-SPEED 
DRILLING MACHINE. 
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Tue type “V” all-electric ball-bearing drilling | 


machine, which was introduced by Messrs. Alfred 
Herbert Limited, Coventry, some years ago, and has 
been extensively adopted, has recently been redesigned 
and is shown in its latest form by the photographs 
reproduced in Figs. 1 and 2 on this page. 


COVENTRY. 





DetaIts or SELECTOR GEAR. 


of the fast and slow range of speeds is by a small lever 
mounted on the right-hand side of the gear box, as 
shown in Fig. 2. The spindle sleeve has been enlarged 
considerably, and the width of the rack teeth has been 
increased. Engagement of the automatic feed is now 


| by the sideways movement of the feed lever, also 


{shown in Fig. 2. 


The machine is available with one, two, three, four | 


or six spindles mounted on a common base, the 
spindles being plain or geared and with either hand or 
automatic feed. The drive is from an alternating- 
current motor mounted on the top of the column, 


driving direct on to the spindle on the ungeared | 
machines, and through the medium of a pair of back | 


gears giving an additional slow-speed range on the 
geared machines. Machines with plain spindles will 
drill up to ? in. in steel and 1 in. in cast iron, while 
the machines with geared spindles will drill up to 
1 in. in steel and 1} in. in cast iron. Maximum sizes 
of holes which can be tapped are } in. in steel and 1 in. 
in cast iron on the geared-spindle machines. Careful 
attention has been paid to the switch gear, which, in 
its latest and improved form, is shown in Fig. 2, which 
illustrates a back-geared model. Speeds are selected by 
means of the easily-rotatable star wheel shown, which 
operates a butt-contact switch mounted in a housing 
below and to the rear of the motor. 


switch, which is an exclusive feature of Herbert 


| removal of the top columns. 


This type of | 


drills, has the advantage that sparking between the | 


reduced to the minimum, thus 
wear and pitted contacts. 


contact fingers is 
ensuring freedom from 


Reversing is by a separate finger-operated lever shown | 


behind the change-speed wheel, and operation is such 
that the reverse may be used as an effective brake, 
arresting the spindle almost instantaneously. Provision 
has been made to allow the whole of the switch to be 
drawn out of its housing to the rear of the machine, 
thus facilitating inspection and maintenance. This 
operation occupies only a few minutes. 

Four speeds are provided on machines having a plain 
spindle ; these are increased to eight on the geared 
machines through the medium of the pair of back 
gears enclosed in a gearbox below the motor. Selection 


The feed can be arranged to trip 
either automatically or by hand. Another feature of 
the improved form of feed mechanism is the stop 
arrangement, which permits of a lengthened stroke, 
allowing for more than the usual single revolution of 
the feed pinion. The electrical control gear is mounted 
in a self-contained unit on the bottom column, and 
consists of an interlocked isolating switch having three 
fuses and a push-button operated contactor starter to 
provide “ no-volt ” protection. All wiring is arranged 
internally, and by the use of a special terminal plate 
inside the rear of the bottom column, the wiring may be 
easily disconnected, thus allowing of quick and easy 
A motor-driven pump is 
supplied as an extra, and, when fitted, is controlled by 
a rotary switch protected by magnetic overloads, all 
of which are incorporated in the main control panel. 








THE LATE Mr, T. H. BaiLey.—It is with regret that 
we note the death of Mr. Thomas Henry Bailey, which 
occurred on July 22 at Beckenham. Mr. Bailey, who 
had been ill for some time, entered the firm of Messrs. 
S. and J. Bailey, mining and chartered civil engineers, 
Birmingham, in 1876, and became senior partner in 
1899 on the death of his father, Mr. Samuel Bailey. 


ROCHESTER PRESERVATION ORDER.——Section 17 of the 
Town and Country Planning Act, 1932, provided for the 
preservation of buildings of special architectural or 
historic interest, and since it was passed, Orders have 
been made from time to time to enforce the preservation 
of buildings not later than the eighteenth century. The 
Minister of Health has now, for the first time, approved 
an Order made by the Rochester City Council in respect 
of modern buildings. Under this Order, preservation of 
the Foord’s Alms-houses, Priestfields, Rochester, designed 
by the late Sir Guy Dawber, R.A., and built in 1927 and 
1932, is to be made obligatory. 
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COMBINED SHELL-FORGING 
MACHINE AND DRAWING PRESS. 


Tue usual methods of shell forging and drawing 
involve the employment of different machines for the 
two operations, and, in addition, considerable care 
has to be exercised to ensure that the hole is concentric 
in the billet. A combined machine, embodying both 
the forging machine and the drawing press, has recently 
been built by Messrs. Coventry Machine Tool Works, 
Limited, St. George’s-road, Coventry, and is illustrated 
in Figs. | to 4 on this and the opposite page. In 
this machine, concentricity of the hole in the shell 
body is ensured automatically. The forgings are 
produced from square or gothic billets in two operations, 
the first consisting of piercing and forming the rough 
forging, and the second in drawing this forging to the 
required diameter and length, using one, two, three or 
four drawing dies as may be necessary. The forging 
and drawing operations are both effected with one 
stroke, and only one heat is required. The machine 
illustrated is in operation at the works of Messrs. 
Workington Iron and Steel Company. Before des- 
cribing it in detail, it should be explained that Fig. | 
is a photograph of the complete machine showing both 
the forging dies and the drawing press, but that the 
latter part of the machine is not visible in Fig. 2. 
Fig. 3 shows the machine without the driving gear. 

The billet is conveyed from the furnace by an 
overhead trolley or other means to the working position 
of the forging machine. An operator then guides it 
between the dies and presses the starting pedal, when 
the dies close and the piercing punch makes the forging 
in one stroke, the machine coming to rest in the back- 
ward position. The position of the dies is indicated in 
Fig. 3, and it will be seen that they are located below 
the two circular cross-ties which are visible in Figs. | 
and 2. There are two die centres, the one vertically 
above the other, and the two sets of dies are used 
alternatively, thus allowing one to cool to some extent 
while the other is in action. As the dies open during 
the return stroke, the forging slides down the inclined 
surface below them into a receptacle close to the 
drawing press. This receptacle is not shown in the 
figures. It is immediately conveyed, without reheating, 
by a second operator to the drawing punch. The posi- 
tion of the drawing dies is indicated in Fig. 3, four 
dies being shown in this illustration. They were not in 
position when the photograph reproduced in Fig. | 
was taken, but one of the drawing mandrels can be 
clearly seen in this figure. As in the case of the forging 
dies, the drawing dies are duplicated to allow one to 
cool while the other is in action. Ln operation, the billet 
is placed in the dies to be pierced and at the same time 
the previously pierced billet is placed on one of the 
drawing tools, so that piercing and drawing are done 
simultaneously, #.¢., a shell is pierced and another 
drawn at each revolution of the crank. An important 
feature of the machine is that the dies and piercing 
punches are so proportioned that the volume displaced 
by the punch balances the volume of the die; that 
is to say, the die is completely filled by the displaced 
metal, so that exact concentricity of the hole is assured. 

The drive is by a 120-h.p, motor through treble 
gearing on to the lay or pinion shaft, a heavy flywheel 
being mounted on the first-motion shaft to conserve 
the energy. The position of the motor is shown in 
Fig. 2, and it will be observed that it is mounted 
with the gearing on a strong bracket bolted to the 
end of the forging machine. The flywheel is covered 
by a casing in Fig.2. The flywheel drive is through 
a shearing pin to guard against general overload of 
the machine. The first-motion shaft is mounted in 
taper-roller bearings, the motor being directly coupled 
to this shaft by a Croft's flexible coupling of the link 
type. The second- and third-motion shafts are 
mounted in plain bearings with ring lubrication. The 
clutch is mounted on the near side of the third- 
motion shaft It is of the key type having six engag- 
ing positions, the engagement being effected by com- 
pressed air on depressing the starting pedal. When 
the clutch is engaged, the pinion on the far side of the 
third-motion shaft, visible in Fig. 2, rotates the large 
gear wheel keyed to the crankshaft, shown in Fig. 3, 
and thus moves the heading slide. The latter carries 
the piercing punches, and is extended underneath the 
crankshaft to give the maximum length of bearing 
surface on the slide, This is a point of great importance 
when making hollow forgings, as it assures that the 
alignment is preserved and concentricity is maintained, 
The slide is of the top-hung type, so that the supporting 
surfaces are clear of falling dirt and scale. Provision is 
made for taking up wear on the slide. The main con- 
necting rod has capped bearings at the big-end and a 
solid bearing at the small-end. It is made in two parts, 
so arranged that should the machine be overloaded by 
incorrect setting of the tools or for any other reason, 
a safety bolt is broken and the connecting rod collapses. 
This safety bolt can be seen a short distance behind the 
big-end in Fig. 3. 

During the first portion of the forward stroke of the 


ENGINEERING. 


COMBINED 


MESSRS. COVENTRY 





Fre. 1. 


SHELL-FORGING 


MACHINE TOOL WORKS, LIMITED. 





AUG. 4, 1939. 


AND DRAWING PRESS. 





ASSEMBLED Press, SHowrnc Drawine MANDRELS. 





heading slide, the piercing punch is moving idly and 
the left-hand die is closed on to the billet by a series of 
powerful toggle levers actuated by a connecting rod 
from a crank on the outer end of the crankshaft. 
The arrangement of the toggle levers is indicated in 
the plan, Fig. 3, and it will be noticed that the first 
bell-crank lever in the toggle system is again made 
in two parts held together with a safety bolt. This 
bolt will break, allowing the lever to collapse, if a 
billet is inserted which is too large to allow the dies 
to close, or if some foreign substance should fall be- 
tween the dies and again prevent them from closing. 
The safety bolts both on the connecting rod and toggle 
lever are made from 70-ton steel, and have a reduced 
portion fitting in a hardened steel gauge. A stronger 
bolt cannot, therefore, be used without taking out the 
gauge or using a material of higher tensile strength, 


both being practically impossible without calling the | 


attention of the foreman. After the dies have closed, 
the punch, in the continuation of its forward movement, 
strikes the billet, pierces the hole, and forms the circular 
exterior by extruding the metal into the die. The 
motions are reversed at the end of the forward stroke, 
the dies opening to allow the forging to fall clear, 
and the heading slide and punch returning to the back- 
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ward position, when the clutch is automatically dis- 
engaged and the machine comes to rest. As stated, 
the die slide is top-hung, and has long guiding surfaces 
to keep the dies square and to prevent tilting. The 
| sliding surfaces have adjustment for taking up wear. 
The tool holders at the front of the heading slide 
have a fine adjustment by means of a taper wedge. 
| A hand adjustment for setting the tools is provided by 
a cranked lever on a shaft carrying a pinion engaging 
| with a toothed gear on the flywheel. The pinion is 
withdrawn from gear after the adjustment has been 
|made. The hand lever can be seen in Fig. 2. It will 
be noticed that a lock is provided to prevent accidental 
engagement of the pinion when the machine is in 
|motion. An automatic brake is provided for bring- 
jing the crankshaft to rest on the backward dead 
| centre after the clutch has been disengaged. 

Turning now to the drawing-press = of the ma- 
| chine, it will be seen that the main body is cast in one 
| piece with the frame of the forging machine, and carries 
|a long slide, shown in Fig. 3, on which the drawing 
| punches are mounted. As shown in the same figure, 
| the slide is actuated by a connecting rod coupled to 

the large gear wheel on the crankshaft, so that the press 
is under the control of the clutch. Adjustment for 
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wear is provided to keep the punches in line with the 
dies. 
as shown in Fig. |, and the slides carrying the dies can 
be adjusted to suit different lengths of shell. 


sets of punches are in the backward position at the same | 


To facilitate loading, the mandrels on the 
drawing press can be elevated. For this purpose, 
they are hinged to the drawing slide. The elevation 
is effected by means of a compressed-air cylinder, which 
as shown in Fig. 3, is coupled to the mandrels by a 
link and lever mechanism. It is obviously of great 
importance that the mandrels should not be in the raised 
position while the machine is in operation, and to ensure 
that this cannot occur, the act of admitting air to the 
mandrel-elevating cylinder also cuts off the supply 
to the main clutch, so that the iatter cannot be closed. 
The air-supply pipe is shown at a in Fig. 4.the connec- 
tion to the clutch-operating cylinder being through 
the hand-operated valve 6 and the foot-operated valve e. 
The valve } is of the two-way type, and when it is 
turned, the air supply to the clutch cylinder is cut off 
and the air is delivered by the flexible pipe c to the 
mandrel-elevating cylinder. In these circumstances, 
the machine cannot be started, as the depression of 
the main control pedal e will no longer admit air 
to the clutch cylinder. The third valve f, shown in 
Fig. 4, is for controlling the air supply to the coolant 
rings, cooling being effected by a mixture of air and a 
suitable liquid. 

The general construction is substantial, as the illus- 
trations show. The body of the machine is a strong steel 
casting of box form, provided with heavy longitudinal 
and transverse tie bars to assist in resisting the severe 


time. 


stresses to which the machine is subjected. The 
crankshaft is of nickel-chrome-molybdenum steel 
and runs in hard phosphor-bronze bearings. All the 


toggles are bushed with hard phosphor-bronze at their 
connections, and the thrust, both for piercing and die 
closing, is taken by phosphor-bronze liners on the solid 
ends of the levers, so that the pins are used for actuating 
purposes only. All parts of the machine subject to 
high stresses, apart from the main body, such as the 
heading and die slides and the toggles, are of steel, 
cast iron being used only for unimportant parts, such 
as the covers and small brackets. The toggle pins 
and tie bars are made from 55-ton steel. All the gears 
in the driving motion are of steel with the teeth cut 
from the solid, and the shafts, with the exception of 
the first-motion shaft, run in phosphor-bronze bearings. 
The shafts themselves are made from _ high-tensile 
steel. The pinion-shaft bearings are of the capped 
type to facilitate erection and removal. Tecalemit 
forced mechanical lubrication, with sight feeds, is 
provided for all the working parts. All the gears are 
amply guarded, and a cover is provided on the top 


of the forging machine extending from the back to | shall be separate. 


The die bracket is bolted to the end of the press, | 


ENGINELRING 


THE GENERAL REGULATIONS 
FOR QUARRIES, 1938. 


| Untit the passing of the Factories Act in 1937, 
| quarries were in a somewhat ambiguous position. Those 
having a depth of 20 ft. or less came under the super- 
vision of the Factory Inspectors of the Home Office, 
while those of a greater depth came under the Mines 
| Department inspectors. The depth in this definition 
was the actual depth of the face from ground level, 
and not the depth, probably smaller, over which 
quarrying operations were actually taking place. 
Section 158 of the new Factories Act eliminated this 
| distinction, making quarries of whatever depth subject 
|to the Quarries Act, 1894, and so bringing them all 
| under the control of the Mines Department. At the 
| same time, the Mining Industry Act. 1920, and the 
| Metalliferous Mines Regulation Acts of 1872 and 1875 
(which previously covered mines not coming within 
the scope of the Coal Mines Act, 1911, ¢.e., metalliferous 
mines) were amended to include quarries in their 
ambit. New regulations were issued, but as this was 
| done by Statutory Rules and Orders (Nos. 632 and 
1233 of 1938) they escaped the publicity attendant on 
an Act of Parliament. ‘The various provisions are 
summarised below. 

Safety (General Provisions).—These require that the 
sides and top shall be worked so as to prevent falls of 
rock, and in particular that there shall be no overhang. 
Overburden should be cleared back if possible. Secure 
means of access are required. Ladders shall not be 
set at a steeper angle than 75 deg. from the horizontal 
jand shall have platforms at intervals not exceeding 
| 10 yards, with secure handrails or other holdfast. 

The owner (or an agent appointed in writing) is 
responsible for the enforcement of the regulations. 
A daily inspection is to be made of roads, ladders, 
working places, and tops, and external parts of plant 
}and machinery, including ropes and lifting appliances. 
| A report of this inspection is to be entered daily in 
la log book, kept at the quarry. Where less than six 
| persons are employed at the same time, however, and 
there is no mechanical power, the report may be 

dispensed with. Employees are required to exercise 


Both | 











due care, especially after blasting. or in disturbing rock | 


which might fall on to workers below. 

Health and Welfare.—This section requires efficient 
lighting, the provision of first-aid boxes and the 
removal of injurious dust. This last requirement will 
call for the exercise of considerable ingenuity if it is 
to be carried out in the spirit of the regulations. Messing 

| accommodation is required, with provision for changing 


}and drying clothes, and if the number of employees 


| exceeds 30, the accommodation for these two purposes 
In the latter case, facilities must 


the front of the dies. This protects the heading slide, | be provided for warming food and boiling water. 


connecting rod, and tool holders from falling dirt and | 


Women and Young Persons.—-The requirements 


scale, and is provided with smaller hinged covers to | of the Coal Mines Act, 1911, regarding the employment 


give access to these parts for inspection or removal. 
lhe driving shafts and pins are ground throughout, 


| of women and 


young persons above ground are applied 
to quarries. 


LIMITED, 
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months. Air receivers are to be cleaned and examined 
at intervals of not more than 26 months, except in the 
case of solid-drawn receivers, for which the period may 
be extended to 4 years. These regulations follow 
closely the requirements of the Factory Act for similar 
plant. 

Railway Lines and Sidings.—On any standard-gauge 
railway lines, adequate lighting must be provided 
for shunting operations ; and ample clearances must 
be allowed between the track and any obstructions. 
Shunting methods are to be controlled. Narrow-gauge 
lines are not affected by these requirements. 

Electricity Regulations.—These are the subject of a 
separate Order (No. 1233 of 1938), and in some respects 
are more stringent than anything previously required 
by either the Factories Act or Coal Mines Act. Overhead 
lines must comply with the regulations of the Elec- 
tricity Commissioners. Outside substations and switch 
stations must be surrounded by a fence 8 ft. high, 
unless all the apparatus is enclosed by metal casing. 
All conductors are to have a continuous metallic 
covering, having a conductance not less than 50 per 
cent. of the largest live conductor enclosed. This 
does not apply to flexible cables, or to lines on which 
the voltage is less than 125 volts alternating current 
or 250 volts direct current. With armoured cables, 
wire armouring must be used, as steel-tape armouring 
does not provide the necessary conductance. In the 
case of flexible cables, an earthing conductor equal in 
size and conductance to the largest live conductor, is 
called for, together with metallic protection, if the 
| voltage exceeds 125 alternating current or 250 direct 
|current. With pressures up to 650 volts, the metallic 
protection may be in the form of screens. Cables 
must be securely attached and the insulating material 
sealed, 

Leakage current (except from overhead lines) may not 
exceed one ten-thousandth part of the rated current 
of the circuit. In other words, the insulation resistance 

voltage of circuit 

rated current »< 100 
Should the leakage current exceed 15 per cent. or 
5 amperes, whichever is the greater, the circuit must 
be automatically disconnected. This applies to 
portable and transportable apparatus for voltages above 
125 and to other apparatus for voltages above 65%), 
and, of course, necessitates an earth-leakage trip. 
Portable hand lamps may not be used at pressures 
lexceeding 250 volts with direct current, or 64 volts 
with alternating current. Portable apparatus of 
| 4 h.p. or Jess may not be supplied for pressures exceeding 
250 volts direct current, or 110 volts alternating 
}current. This regulation is directed against tools, ete., 
| which may be held in the hands. Obviously, motors 
|of more than 4 h.p., or other gear taking more than 
|4 kVA, are not likely to be used in this manner. 

* System ” is defined as an individual system in which 
all the conductors are connected to a common source 
of voltage. In a_ three-phase alternating-current 
system, the voltage specified is that between two-phase 
wires. Therefore, a three-phase system, of 110 volts 
between phases, will give 64 volts between phase and 
neutral, so permitting the use of both portable plant 
and portable hand lamps from the sarhe circuit. If 
the supply is obtained from a transformer it must be 





in megohms may not be less than 














double wound, to comply with the requirements for a 
separate system. The same difficulties do not arise 
with a direct-current system and the dangers of shock 
are less, hence the higher voltage allowed in this case. 

All metallic coverings are to be earthed, and if the 
resistance through the earth exceeds 2 ohms between 
any pair of earth plates, they must be connected by an 
earth wire in addition. The neutral wire of a three- 
phase alternating-current system may not be used as 
'the earth wire. Examinations and tests are to be 


and the bearing surfaces of the slides are scraped to a | Machinery and Plant.—Machinery may not be 
surface plate. The total stroke of the forging machine cleaned while in motion and must be fenced. Fencing 
is 18 in. and the stroke after the dies are closed is | is also required round the tops of shafts, on platforms, 
ll in. The machine operates at 64 strokes per minute. | 9nd where practicable, round the top of the quarry 
The die opening is 8 in., the height of the dies is 254 in. | itself. Lifting machines must be examined by a com- 
and the length of the dies is 23} in. The flywheel is | petent person at intervals not exceeding 14 months, 
49 in. diameter by 8} in. wide. The length of the | and if the jib can be raised or lowered a safe-load 
drawing stroke is 60 in. The motor is of 120 h.p. | indicator, or a table of working loads must be provided. 
and runs at 975 r.p.m. The approximate weight of | Steam boilers must be thoroughly cleaned out every 
the machine is 90 tons. ' seven months and thoroughly examined every fourteen 











138 


made at intervals not exceeding 6 months, and the 
results entered in an official log book, and signed. The 
log books are to be kept at least 12 months after the 
‘late of the last entry 

The regulations regarding the construction of cables 


1945. 


and other apparatus come into force on July 1, 


for cables, ete., which were already in use on July | 
1938. For new installations, including extensions, 
these and the other regulations apply forthwith 


Processes which are not directly ancillary to the actual 
getting, dressing, or preparing for sale of the mineral 
remain subject to Factory law It should be noted, 
however, that in the case of a public authority, which 
is not engaged in manufacture for profit, such further 
(as, for instance, a tar-macadam plant) 
will be subject to the Quarry Regulations 


Processes 





BRITISH STANDARD 
SPECIFICATIONS. 


(MONG the specifications issued by the British Stan 
dards Institution, the following may be of interest to 
our readers. Copies are obtainable from the Publica 
tions Department of the Institution, 28, Victoria-street, 
London, S.W.1. and, unless otherwise stated, the 
is 2s. net, or 2x, 2d., post free 

Electric Fuses \ third Specification 
No. 88, which is concerned with electri of up 
to 800 amperes and 250 volts to earth, has been pub 
lished. The second revision, issued in July, 1937 
was published with the full knowledge that there were 
s few the technical data, owing to the fact 
that research still in progress. The present 
edition fills in certain of these gaps and includes also 
a number of modifications and additions. These 
relate to the rectification of slight ambiguities and the 
addition of cautionary notes, the necessity for which 
was not foreseen until the specification had come into 
veneral The test conditions 
specified more closely by the inclusion of power-factors 
and time-constants, and the values specified for these 
qualities represent the outcome of tests which have 
been carried out by the Electrical Research Association 
and independently by various manufacturers 


price 


revision of 
fuses 


gaps in 
was 


have now been 


use. 


Zine Roofing.-This specification, No. 849-1939, 
which concerns plain sheet-zine roofing, is of con 
siderable interest to the building industry in that it 


embodies, in one and the same publication, a specifica- 
tion for material and a code of practice relating to its 
method of use. The chemical composition of the ziac 
is specified, while a bend test is also laid down. Details 
then given and the 
laying of zine sheets on flat and on pitched roofs is 
dealt with in detail. The methods of fixing and joining 
are illustrated by diagrams, and a further 
devoted to roof fittings 

Rlectric Water Heaters The British Waterworks 
Association and the Metropolitan Water Board have 
co-operated closely with the British Standards Insti 
tution in the preparation of specification No. 843-1939, 
which deals with thermostatically-controlled thermal 
storage electric water heaters having copper containers 
of from 14 gallons to 100 gallons « ipacity Further 
more, the recommendations of the Electrical Develop 
ment Association were taken as a general basis in the 
drawing up of the specification. The performance tests 
yiven are very comprehensive and have been devised 
to ensure, as far as possible, that water heaters com 
plying the specification will satisfactory 
performance under all reasonable conditions of use ; 


of the construction of a roof are 


section 1s 


with give 


ENGINEERING TRAINING 
EDUCATION. 

Post--Graduat Award at th University of 
Leeds. A new leading to a post 
graduate diploma in Fuel and Refractory Materials. 
has been arranged by the University of Leeds to meet 
the demands for men with specia! training in Refractory 
Materials. The course, which is open to all graduates 
with degrees in Science or Technology, will commence 
in October will be in addition to the normal 
instruction in the subject received by all students read 
ing for degrees in Gas Engineering, and in Fuel and 
Metallurgy. Particulars of and other technical 
courses leading to diplomas, may be obtained from the 
University 


AND 


Db plom ‘ 
one-yeat 


course, 


and 


this, 


Registrar of the 





NEW STATION ON THE LONDON MIDLAND AND Scorrtsn 
KAILWAY.—To meet the needs of the growing population 


in an important area in Staffordshire, the London 
Midland and Scottish Railway Company is to build a 
new passenger station, which will be called Brindley 


Heath, adjacent to Moors Gorse level-crossing between 


Hednesford and Rugeley Town stations 


ENGINEERING. 


PERSONAL. 


Mr CUNINGHAM deputy chairman of 
Messrs. Scotts’ Shipbuilding and Engineering Company, 
Limited, Greenock, has been appointed chairman of the 
Company Mr. James HAMMOND HOARE-Scottr has 
been appointed a director of the Company. 

Mr. P. C. MicHELL has been appointed sales manager 
of Messrs. The Cooper Roller Bearings Company, Limited. 
and in order to take up his duties has transferred from 
the London office to the head office at King’s Lynn. 


COLIN ScoTr 


BEATON AND Son, Limirep, Beatonson 
House. Victoria-road, Willesden. London, N.W.10, are 
acquiring the controlling interest in Messrs. E-H. FUEL 
Limirep, Harlequin-avenue, Great West- 
Brentford, Middlesex. It is intended immediately 
to increase the manufacturing facilities of this latter 
company, but their principal activities will continue to 
be the development and production of fuel pumps, and 
hydraulic pumps and equipment. MR. 
and COLONEL LESLIE SADLER are 


Merasrs. G. 


INJECTION, 


road, 


high-pressure 
STvcART C. GOODWIN 
joining the board of the Company. 

Messrs. THt British Unir HEATER COMPANY, 
LIMITED, have now completed the removal of their offices 
S.W.1, St. Pancras-way 


from Victoria-street to 434-55, 


London, N.W.1 





BOOKS RECEIVED. 


Department of Scientific and Industrial Research. Fuel 
Physical and Chemical Survey of the National 
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Coalfield. West Yorkshire Area. 
House London: H.M. 
| Price 2s 
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mercial Conditions in Hungary. March, 1939. By 
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Suaw. Manchester: Emmott and Co., Ltd. [Price 
ls. net.| 
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Book, 1939-1940. Compiled from Official 
under the Direction of the Editor of “‘ The Railway 
(iazette.”” London The Directory Publishing Co., 
Ltd. [Price 20s. net.) 

The Institution of Mechanical Engineers. 
Vol. 140. October to December, 1938. London : 
of the Institution. 
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edition. Translated 
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Vhirty-First Annual Report of the Hydro-Electric Power 
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By 


Second edition. 
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D. Y. Hina. London Charles Griffin and Co., Ltd. 
Price 25s.| 

The Motor Industry of Creat Britain, 1939. London: 
The Statistical Department. The Society of Motor 
Manufacturers and Traders. Limited [Price 5s.] 

South Africa. Electricity Supply Commission. Sixteenth 
innual Report of the Electricity Supply Commission 
for the Vear Ended 31st December, 1938, with a Brief 
Review of its Activities up to 3ist March, 1939. 
Johannesburg : Offices of the Commission. 

Mines Department. Seventeenth Annual Report of the 


Safety in Mines Research Board. Including a Report 
of Matters Dealt with by the Health Advisory Committee. 


1938. London: H.M. Stationery Office. [Price 2s. 
net. | 

United States Department of Commerce Coast and 
(ieodetic Survey. Special Publication No. 214. First- 
and Second-Order Triangulation in Michigan. (1927 
Datum.) By G. L. FENTRESS Washington: Super- 


intendent of Documents. [Price 75 cents 
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CONTRACTS. 


Messrs. BRIGHTSIDE FOUNDRY AND ENGINEERING 
Company, Limrrep, Sheffield, have received an order 
for rolling mill plant for the new factory of Messrs. 


Aluminium Company of Canada, Montreal. The plant 
comprises a hot reversing breaking-down mill, and six 
stands of sheet finishing mill rolls, complete with reduction 
gear sects. 

Messrs. THE CoorpeER ROLLER BEARINGS COMPANY, 
LimireD, King’s Lynn, have supplied the 16 split roller 
bearings supporting the twin propeller shafts of the new 
Tay Ferry motorship Abercraig, built MESSRS. 
FLEMING AND FERGUSON, LIMITED, Paisley, and launched 
on July 5. The vessel has constructed for the 
carriage of 1,200 passengers and 46 motor vehicles across 
the Dundee Ferry. 


by 


been 


MESSRS. MARCONI'Ss WIRELESS TELEGRAPH COMPANY, 
LIMITED, Electra House, Victoria-embankment, London, 
W.C.2, have received an order from the Corporation of 
Trinity House for the installation of automatic marine 
wireless beacons, for the safeguarding of navigation, at 
Longstone Lighthouse in the Farne Islands and on the 


Outer Gabbard Light Vessel. 


MESSRS. CROSSLEY BROTHERS, LIMITED, Openshaw. 
Manchester, have in course of construction a 510-brake 
horse-power vertical Diesel engine for Tanganyika Central 
Gold Mines; two five-cylinder pressure-charged Diesel 
engines, aggregating 660 brake horse-power, for Downs 
Dairies, Australia; two five-cylinder vertical Diesel 
engines, aggregating 1,000 brake horse-power, for Kala- 
bagh Head Works, Punjab; and two four-cylinder 
scavenge-pump Diesel engines, aggregating 220 brake 
horse-power, direct-coupled to generators, for lighting 
purposes at Eastham Locks, Manchester Ship Canal. 


Messrs. AILSA CRAIG, LIMITED, Strand-on-the-Green, 
Chiswick, London, W.4, have 18/60 h.p. 
four-cylinder Diesel engine to Messrs. The Union-Castle 
Mail Steamship Company, Limited, for installation in a 
ship’s tender in New Zealand. Three other orders for 
Ailsa Craig engines of various types been 
received from New Zealand. 


supplied a 


have also 








TENDERS. 


We have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, particulars 
of the undermentioned tenders, the closing dates of 
which are stated. Details may be obtained on applica- 
tion to the Department at the above address, quoting 
the reference numbers given. 

Sewage Pumps and Motors, for screened sewage at Fort 
Beaufort Mental Hospital. Two units of 60 gallons per 
minute capacity, and two of 120 gallons per minute 
capacity. Union Tender and Supplies Board, Pretoria, 
South Africa; August 24. (T. 25,240/39.) 

Natal Provincial 
Africa ; August 


Graders, eight, and two runabouts. 
Administration, Pietermaritzburg, South 
16. (T.Y. 25,221 /39.) 


Pumping Sets, two, a.-c. motor-driven non-chokeable 
centrifugal-type and two plunger-type pumping 
capable of discharging 15,000 gallons per hour of muddy 
river water against a total working head of 185 ft. 
Indian Stores Department, Electrical Section, Simla ; 
August 19. (T. 25,346/39.) 


sets 


Boksburg automatic tele- 
Board, 


tir-Conditioning Plant for 
Union Tender and Supplies 
(T. 25,349/39.) 


exchange. 
August 31. 


phone 
Pretoria ; 

Sewage and Motors, complete with ejector 
bodies, valves, fittings and switchgear for the married 
officers’ quarters at Voortrekkerhoogte, Pretoria. Union 
Tender and Supplies Board, Pretoria; August 31. 
(T. 25,353/39.) 


Pumps 


Pumping Plants, two. low-lift for land-drainage, 
complete with metal suction and delivery pipes, bends, 
bellmouths and valves, electric motors and switchgear. 
Public Works Department, Wellington, N.Z.; Novem- 
ber 14. (T. 25,368/39.) 

Equipment The Manager, City 
Limited, Boundary-street, 
25,378 /39.) 


Coal Drag Scraper 
Electric Light Company, 
Brisbane ; September 14. (T. 


Machine Tools, Etc., including lathes, drilling machines, 
bend-sawing machines, shaping and milling machines, 
boring and turning mill, slotting machine, and shearing 
machine. Also cyanide bath for case-hardening. Com- 
missioner, Queensland State Railways, Anzac-square, 
Brisbane, B.8; August 22. (T. 25,379/39.) 

Steel Piping. 360,000 metres, comprising black-steel 
line piping, galvanised piping, and special-steel tubing 
for sea water. The Argentine State Oilfields Board, 


777, Avenida R. 8S, Pena, Buenos Aires ; September 12. 


(T. 25,296 39.) 
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NOTES FROM THE SOUTH-WEST. 


CARDIFF, Wednesday. 
for 
was 


The Coal Trade.—Some large business, 
360,000 alternatively. 480.000 metric tons. 
available from the Egyptian State Railways on the Welsh 
steam-coal market last week. These buyers, always 
large customers for local fuels, take Monmouthshire 
brands as a rule, and this year have bought larger quan- 
tities than usual owing to the numerous political crises 


Welsh 


that have been encountered in the past twelve months. | 


They have taken this step as a precaution against any 
interruption in their normal supplies which might occur 
in the event of an emergency. Egypt’s purchases of 
German coals, never very heavy, have shown a consider- 
able decline this year to date. In the same period of 
1938, German shippers supplied Egyptian importers 
with about 150,000 tons, but this year only about 100,000 
tons have been sent to this destination. The Lithuanian 
Railways were inquiring for prices for the supply of 
about 65,000 tons of large steam coals for delivery over 
Prices for this business had to be sub- 
mitted by early August. As a rule, part of this business 
is secured for South Wales. Apart from these two 
inquiries, however, the market presented a very quiet 
tone throughout the week. Foreign buyers, generally. 
were still following a cautious policy in regard to their 
forward requirements and were withholding much 
business as possible in the hope of some material fall in 
quotations before their needs became pressing. As yet, 
however, collieries were able to dispose of the biggest 
portion of their outputs, largely on account of existing 
contract bookings, and while sellers had sufficient coal 
on offer to meet the demand, supplies, as a rule, were not 
unduly heavy and were upheld. Best large 
descriptions came in for a fair attention, but offers were 
only quietly made and prices remained at full late levels. 
Dry large were plentiful and dull. Duffs and sized 
descriptions continued to present the strongest tone of the 
market. Stems for these sorts were almost impossible to 
secure over a very long period to come and the occasional 
odd lots, sellers had to offer, commanded high figures. 
Bituminous smalls were steady but the drys continued 
neglected and dull. Cokes were only in limited supply 
while patent fuel remained active. 

The Iron and Steel Trade.—A good activity was main- 
tained in the iron and steel and allied trades of South 
Wales and Monmouthshire last week. Most works were 
engaged to full capacity and with order books well 
tilled the prospect over a long time to come was favourable. 


nine months. 


as 


prices 








NOTES FROM THE NORTH. 
GLaAsGow, Wednesday. 
Now that the holidays in the 
area are much activity prevails at the 
steel works and the mills are running steadily as order 
books are very full. Bookings during the holiday period 
were very satisfactory and it is estimated that the amount 


Scottish 


Glasgow 


Steel Trade. 
over. 


of work on hand is almost sufficient to ensure full time | 


running for eight or nine months. The current demand 
is of a varied nature and although Government contracts 
represent an exceedingly large tonnage of steel material 
of all kinds, shipbuilders and general engineers are 


specifying freely as they have heavy commitments to | 
working at top | 


face. The black-steel sheet: makers are 
pressure and are in the happy position of having so 
much business booked that there will be no easing up 
for a number of months. That will depend to a large 


extent on a continuous supply of raw material, which is | 


fully assured for the present and the immediate future, 
wnd the prospect of forward supplies is fairly satisfactory. 
The following are to-day’s quotations :—Boiler plates, 
1. per ton; ship plates, 101. 10s. 6d. per ton: 
sections, 101. 88. per ton; medium plates, 121. 2s. 6d. 
black-steel sheets, No. 24 gauge, 141. 15s. per 


Rs. 


per ton: 


ton: and galvanised corrugated sheets, No. 24 gauge, 
17/. Lbs. per ton, all delivered at Glasgow stations. 


Valleable-Iron Trade. 


In the West of Scotland | 


ENGINEERING. 


accident. The following are the market quotations : 
Hematite, 51. 15s. 6d. per ton, and basic iron, 41. 128. 6d 
per ton, both delivered at the steel works; foundry 
iron, No. 1, 51. 3s. per ton, and No. 3, 5I. 0s. 6d. per ton, 
both on trucks at makers’ yards. 

Shipbuilding.—The shipbuilding industry in Scotland 
continues to be actively engaged and the tonnage on 
order is very large indeed. A considerable addition to 
the work already booked was made during the past 
month by the placing of orders for no fewer than 31 
vessels for the Admiralty. These consisted of six des- 
troyers, eight minesweepers, four boom-defence vessels, 
two patrol vessels, ten trawlers, and one dredger. Two 
of the trawlers are to be built at Leith and two at 
Aberdeen, but all the other vessels will be built on the 
Clyde, making a total of 70 Admiralty contracts now 
in hand in Clyde shipbuilding yards. As July is the 
regular holiday month, the number of launches was 
limited and only amounted to six, with a total of 13,780 
tons, made up as follows :—The Clyde, four vessels making | 
2.980 tons: the Forth, one vessel of 1,800 tons; and 
the Tay. one vessel of 9,000 tons. The Clyde output for 
the year to date is now 48 vessels making 154,254 tons. 
New mercantile work scarce, but there are a few 
inquiries in the market. the orders for which may be 


placed quite soon. 


is 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Holiday influences are affecting pro- 
gress in the local staple trades. This week 40,000 workers 
in the heavy trades are on holiday. They will resume 
work on Tuesday. Next week 60,000 workers in the 
lighter industries will have a week’s break. Conditions 
generally, however, are good. The latest statistics 
regarding unemployment show that the position is better 
at Sheffield, Rotherham, Doncaster, and Barnsley; at 
Sheffield the decline is 1,700. Inquiries at all the large 
works reveal that the influx of orders has been main- 
tained. Messrs. The Brightside Foundry and Engineering 
Company, Sheffield, have obtained a contract from the 
Aluminium Company of Canada, for aluminium rolling- 
mill plant. Every effort is being made to develop new | 
industries in South Yorkshire. At Rotherham special 
attention is being paid to the manufacture of high- ahd 
low-pressure gas burners, and castings for machines con- | 
nected with the pasteurising and bottling of milk, | 
Although steel production is at a low ebb this week, | 
some works which are not closed down for holidays are 
busily employed in producing colliery equipment. A 
concern at Barnsley is installing a complete screening 
plant at one of the pits of Messrs. The Hardwick Colliery 
Company, Chesterfield. Business is fairly brisk in 
underground equipment, such as coal-cutting machines, 
conveyors, picks, shovels, and steel tubs. Overseas 
orders for grinding and crushing machinery are on the 
increase : South Africa is relying more and more on 
Shefticld for its supplies. Steady progress is a feature 
of the medium branches. Though inland sales show a 
slight decline, Sheffield works producing agricultural 
machinery and parts maintain a high level of activity. 
Among the lines in demand are iron and malleable 
castings, chaff knives, cultivator points, lawn-mower 
| blades, machine knives, mower and binder parts and 
sections, plough parts, and whippletrees. Pump parts 
and accessories for all types of engines are also in strong 
| request. Stainless-steel makers are working at high 
pressure, and owing to the innumerable applications of 
this material, the output is continually on the increase ; 
heat- and acid-resisting materials are also in strong 
demand. Tool makers are operating at increased 
capacity. Inland buyers are placing. orders freely, 
though export requirements show little change as com- 
pared with three months ago. Engineers’ small tools, 
| such as drills, hacksaws and blades, fine measuring tools, 
and machine tools, are a progressive section, while 
business is good in road-making tools. 

South Yorkshire Coal.—The export position shows slight 
improvement. South Yorkshire hards are in demand, 


Tron and Steel. 


matleable-iron trade a fair amount of activity is general | while there is a better market for smalls and cobbles. 


as order books are tolerably well filled for the present. 


Inquiries are to hand from the Lithuanian State Railways 





The re-rollers of steel bars are exceedingly busy and will | for 65,000 tons of locomotive coal for delivery between 


be fully oceupied for the next few months provided the 


| September and April. The Finnish State Railways are 


supply of raw material is maintained. The current prices also in the market for 53,000 tons of best steams. Export 


are as follows: 
delivery or export ; re-rolled steel bars, 111. 15s. per ton 
for home delivery, and 111. per ton for export; No. 3 
bars, 121. per ton, and No. 4 bars, 121. 5s. per ton, both 
for home delivery. 

Scottish Pig-Iron Trade.—In the Scottish pig-iron 
trade normal conditions again prevail and quite a good 
tiemand exists for practically all grades of pig-iron. 
Basic iron and hematite are moving freely because of the 
activity at the local steel works and some improvement 
has taken place in the demand for foundry grades. The 
number of furnaces in blast has been increased to 13, as 
Messrs. Baird have blown in another furnace to replace 
the one which is temporarily out of action through an 


—Crown bars, 121. 5s. per ton for home | from the Humber ports last week totalled 83,000 tons, as 


| compared with 47,000 tons in the corresponding week 
| last year. Owing to the holidays, the demand for 
| industrial coal has developed slight weakness. A contract 
for 25.000 tons of best, South Yorkshire washed smalls 
has been placed by the Swedish State Power Board. 
House coal is in moderate demand. 








During June and July, the out- 
put per working day from the mines in the Ruhr. 
Germany, averaged 416,000 tons. The corresponding 
production of coke and briquettes was 90,400 and 13,700 


RuuKk COAL OUTPUT. 


tons respectively. 


— 


NOTES FROM CLEVELAND AND 


| advisable to hold for ordinary trading. 
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THE NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 


General Situation.—<A steady, firm, feeling runs through 
the market and though obstacles to ordinary transactions 
are still difficult to overcome, some little expansion of 
general trade can be reported. Usual customers are 
prepared to place rather considerable orders for several 
commodities if assured of reasonably early delivery. 
Government claims, however, continue to take up the 
bulk of the supply of commodities in most request an: 


| the volume of industrial trade passing is still light. 


of 
pig causes 


The Cleveland Iron Trade.-—Absence of prospect 
national increase of demand for Cleveland 
makers’ continued adherence to the policy of producing 
tonnage sufficient only for industrial needs as they 
arise. With foundry pig consumers taking large and 
increasing supplies from other iron-producing centres, 
there seems little likelihood of conditions inducing move- 
ment towards early enlargement of the intermittent 
make of Cleveland brands. Merchants would welcome 
opportunity to deal with more local iron than they are 
handling. Prices of Cleveland pig still prohibit efforts 
to recapture export trade. Fixed minimum values are 
ruled by No. 3 quality of iron at 99s. delivered within 
the Tees-side zone. 

Hematite. —FEast coast hematite tonnage accumulations 
at makers’ yards are still larger than producers consider 
Stocks, however, 
are slowly but steadily decreasing, and some acceleration 
of rate of reduction is considered not unlikely. Deliveries 
to buyers are on an appreciably improved scale and are 
expected to increase further, but the bulk of the supply 
is absorbed by needs of producers’ own consuming depart- 
ments. Merchants retain a moderate home business 
despite the growing practice of direct transaction between 
makers and user—and are distributing a fair amount 
of tonnage for domestic purposes, but their efforts to 
re-open extensive negotiations with Continental 
tomers are unsuccessful. Stabilised quotations remain 


cus- 


at the equivalent of No. 1 grade of hematite at 
115s. 6d. delivered to North of England areas. 
Basic Iron.—The whole of the enormous make of 


basic iron continues to pass promptly into direct use at 
producers’ adjoining steelworks. 

Foreign Ore.—Consumers of foreign ore are still too 
extensively bought to the return to market, but imports. 
under old contracts, are maintained at a level that is 
rapidly reducing heavy acceptance obligations. July 
unloadings on Tees-side totalled 169,046 tons. 

Blast-Furnace Coke.—Durham blast-furnace coke con- 
tinues in very ample supply. Local users are well covered 
and disinclined to discuss new business. Sellers are keen 


to book orders at recognised market values, which for 
good medium qualities are 24s. 3d. at the ovens. 
Manufactured Tron and Steel.—-Semi-finished = and 


finished iron and steel manufacturers continue to turn 


out exceptionally large tonnage, but make of some 
commodities still falls considerably short of urgent 
needs. Particularly is this the case as regards steel 


semies, and re-rollers are still compelled to use substantial 
quantities of imported material, Sheet makers have as 
much work in hand as they can deal with, and have sold 
this year’s output; while producers of structural steel 
are running plant at high pressure to cope with delivery 
demand ; and manufacturers of shipbuilding requisites 
have good order books. Principal market quotations for 


home trade stand :—Common iron bars, 12/. 5s. ; steel 
bars, 111.; soft steel billets, 7/1. 7s. 6d.; hard steel 
billets, 8/. 10s8.; steel ship, bridge and tank plates, 
101. 10s. 6d.; steel ship rivets, 14/.; iron ship rivets, 
15i.; steel constructional rivets, 151. 5s8.; steel boiler 
plates, 11/7. 8s.; steel angles, 101. 88.; steel joists, 
101. 88.; Tees, 11 8s.; fish plates, 137, 10s. ; black 


sheets, No. 24 gauge, 14/1. 15s. ; and galvanised corrugated 
sheets, No. 24 gauge, 171. 5s. 
[ron scrap is plentiful and in only moderute 
Clean light cast iron is quoted 59s.; heavy 
cast iron, 75s.; and machinery metal, 80s. Steel scrap 
is scarce and parcels readily realise control prices. 
Tees Iron and Steel Shipments.—Shipments of iron and 
steel from the Tees last month were the heaviest since 
August, 1937. Total clearances in July reached 48,621 
tons, compared with 42,321 tons in June and 34,558 tons 
in July last year. While overseas shipments of pig-iron, 
manufactured iron and steel were maintained, the 
improvement was due almost entirely to despatches to 
home centres. Pig-iron loadings of 6,435 tons were 
higher than in any month for six years, due to resumption 
of buying of East Coast hematite by Welsh customers to 
whom 4,480 tons were sent. Export of pig-iron amounted 
to 1,495 tons, almost the same tonnage as in June. 
Manufactured iron clearances were 4,129 tons, compared 
with 4,262 tons in June, export being 2,685 tons and 
coustwise shipments 1,444 tons. Finished steel loadings 
totalled 38,057 tons, against 36,162 tons, the increase 
being due to larger coastwise clearances at 1,349 tons, 
exports amounting to 24,566 tons. 
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ELECTRIC SUBSTATIONS 
AT ILFORD. 


Tue modernisation of the electrical distribution | 
avatem of the Ilford Corporation, which was begun 
some time ago, has been continued by carrying out the 
re-equipment of two large substations in Uphall-road 
and Grove-road, respectively. At the first of these the 
existing switchgear has been replaced by seventeen | 
truck-type units, which control eight feeders, four 
machines, one lighting circuit, two "“bus-bar section | 
switches, and two "bus-bar coupler units. Duplicate 
‘bus bars, fitted with off-load selector isolating switches. 
are provided and the board is divided into two sections, 
the trunking connections »etween which are controlled 
by the couplerswitches. At Grove-road the new switch 
board consists of fourteen units. The switchgear has 
been made by Messrs. Crompton Parkinson, Limited, 
Bush House, London, W.C.2, and is designed for aruptur 
ing capacity of 250,000 kVA at 6-6kV. Tests were made 
on it both at this pressure and at 11 kV without it 
being necessary to change the arcing contacts or the oil. 
Furthermore, at the end of the tests the oil level in 
the tank was about the same as at the beginning. | 
This behaviour indicated, it is claimed, that there is 
ample factor of safety at the rated capacity of the | 


breaker. The switches are remote controlled and 
for this purpose are fitted with solenoid closing 
gear which is actuated from a desk-type control 


| wh Tiare 
Gv Macy 


panel. The whole of the installation was carried out 
to the specification of Mr. G. F. Gregory, M.1.E.E.., 
A.M.1.Mech.E., the engineer and manager of the 
Ilford Corporation Electricity Department 





GROWTH OF WATER-POWER UTILISATION IN CANADA. 

The growth of water-power utilisation in Canada | CRUCIBLE -STEEI MAKERS’ 
from 1900 to 1939, shows very clearly how much use| Rollin, managing director of 
has been made of the country’s natural resources. The Sons, Limited, Sheffield, has 
total water-power installation, which was 143,156 h.p.| the Crucible-Steel Makers’ 
1. 1900, amounted to 8.190.772 h.p. on| Everitt, Sir R. W. Matthews. 


January 72 
1939 been elected vice-presidents 


on 
January I, 


ASSOCIATION.-Mr. J. 





COMMERCIAL AIR TRANSPORT IN CANADA.—-The greate! 


Messrs. John Vessey and | use of airtransport inCanada in recent years is emphasised 


been elected president of 
Association. Mr. C. K. 
and Mr, R. A, Neill have 


by the returns, now available for 1938, which show that 
26,387,719 lb. of freight and mails were carried during 
the year. This represents an increase of 50 per cent. on 
the total for 1934, 














Ki 


-3q-~< 
’ 
r 
* 
~~ 
9.8 
a 
2 
’ 
—+ 
——e 
—— as 


_------Pg Ww 





22S 





— IVs 


4 


l}} sees , quae * -opubong 
|| | Puxexesisgcixoe gr spicy) 


| N £°ON LNULS A 





| | 
| | 
LON LNYLS | | 
| | 
| | 


oan 
a | parma] 








ost 











oY pupNpuy 








“NOILAIMNO() ONIUVAN YUAMOT, NIUVIT ‘ZH “OLY } ri] 





oO: 





-------------- 9°86 --------- —" O'S1 >< ,0'L + O07 SI 








BOIP EE DT Drs 





| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
i 
| 
| 
| 
| 
T 

















va on | 
*s 


e 9 ’ 7 
poms |S 











SNOIUDITNUNG AY sI9SA1S 


——-—-—- >< ---~------—-~--~---—--g------—-—-—-- ---- Ht 


)-------< - ------------------------------ 


















































+ 4-4 
4 
2 
». 2 ____3 i —ara— § 
ry » | qa e qp- 3 
i : a o m i Z 
} | | ar ge \s , 
| ott g fk 
S| | 2 ZN a 
- | ' ie "4 cans Wi aah | 
¢ | i Sy a tw e 
| =r o* « 77 4 . : 
| &i % ° HxTE srooninn | | }-} PON LNULS \ 
| ~ % "* “ 9 x8~ * * spoucbyig | 
| | 24x99 $18 ZxX8E ‘db spP1wyy BL q | 
ZON LNULS A | o | > P 
2 2 ous F\s : | 
- t I + ” ~~ 
~ 2| 3 > 
i See * é | 
© = 2 
oo) 
ous pi Soe . 
2 owl + a ; 
7 OF : PAS iF 
N N v7 t & 3 ; \ 4 




































































: | 
2 | 
5 : | 
: | 
? | 
— | Ete XS ° STPINAM ne } 
M4 XIXDS1F ogiues %ldt spuoyy) fe 4 ; ; 
XN TON 1NULs y, “4 VON LNULS Ip Py | 
! | | 
! AT, ‘ 
=| | 
' >. i 
; i —_— ! i i | 
x — + ] — +m Y Y ' ee a : - 
1] } 
— VY, \A/ eSu 





(‘6z1 260g 998 ‘uoudssovaq” 40g) 


‘OOSIONVUA NVS ‘ADCINA ALVD NAGIOD AHL 
| eee aceeeencanmestnieiesiiiaemnicsninelnesaec Ae 


‘6S6L F ts292Y “ONIMAFANIONG ,° by, 


“A ALV'Id 











‘UdMO], OOSIONVUY NVG dO NOLLOGUY NI AOVLG UALW] ‘FH “OIA 























p'08---- ueediearens 





——- 

















TAX8X8 S18 
ZA XTOb db 























}+-+4--—}—- Lon LNgis—+} 


ae o fee oes o me 











9444 X88 ST9b 
te XGOL db 











—9°ON LNYLS - 


fs eee 
/ AKO’ NL ODE 

8/oX8X8 STP 
3 XZOl' 1d PMI 
WUT -sepny 



























‘NOLLOAUY ONIUAG YAMOT, OOSIONVET NVG AO NOWUOG AAMO'T 









































--—-—- $°ON LNULS -- 





iy * * NyXPs * sy 
ow " HEX ” « spouoboigy 
WXSXSS18 TXOES db = SPICY 


PON LNYLS 








E 
























































T x= =. -- ~~ .— ss... = 
; ! ! 1 i ' ' 
& ' 1 ' 
R Rit | 
o “ paguoomse 1 | | | 
; | S1aspgyw peppy!’ 4 | | | 
‘ 1 JORAWP] 11V : » | 
ee ee ee, le 
vA = :’ F 7 if 
+--— >t | -e- ¢ ' 
T | TT oe! | 
H : I ' - \ 
:.- 2 & 1 | 
¥ i] i & ! ! 
~ oss ; wm : 
| y % 1 § ' 
! ! 
Wood 6g BE tan 
a 1 oy oe © eA 
nan ae 
= a2 
| ' ! i | i i 
( t ' ' | I : 
S  Disencciemimnn oo 
| at oe ae 
! i i i | : 
| : ' i | « 
! | 1 ! b — 
}oof ig 
| | — 1 | 
| ‘ ' } i Ka 
} i | 
| f 4 S | E 
_ 
| ! z : i i 
1 ' (| -- 4 
i mo 7 4 
; £ %y 
' \ | ¢ 1 | 
1 
! : . 
, ie i 
' i ' i ! 
| ; | 28 
| itt f 
| i | 1 
ine | | 
ee + 
! { | | 
1 a ' | ! 
jor 8 pi | 
| | | ' ~~ : | 
| j B g : 
1 tf a, = 
} ! ' 
| bot ; en ee ae 
m= f f ) 
} ~ | ; - =. = iy 
| | m | | 
roa ee 8 i 
ian 
| ' i ot gee 4 
toy 4 = 
ee 
Adnous 
{ -, fA 
| a” 
' r. iad «4 : 4 
&! | ays fo-T F 
: ms UL L A L 
| 2| IF 4 i 
}}) of 7 et ae 4 
| 
| ‘ iu anouwo 1anoad 
| 
be | Ill dnowo 
f “yr TF ) (3 NOILD3S) 
— So $dnouwds 17149 . 
Al dNOwD JOWwvAoVIa Of hy 
! 
ty 
| ' | 
Yi 
i o 
+ i-] 
a a & 
1 | | % & 
44 Lat 
= | & 4 M22 @ 
| | ee 9 FA “3 
| + i_¥ 











AUG. _4 
ENGINEERING. 


Offices for Publication and Advertisements, 
35 — 36, Bedford Street, Strand, London, W.C.2. 


@ desire to call the attention of our readers, 
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| 

| cent. in the production of fertilisers. Of the remain- 

ing 20 per cent., an appreciable proportion was 

consumed in the manufacture of high-speed cutting 
127 | tools, so that it could be claimed that practically 
129 | |the whole consumption was absorbed in industries 
133 | that would be of particularly vital import in time of 

. 134| war ; yet no calcium carbide whatever was produced 
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THE SUPPLY OF CALCIUM 
CARBIDE. 


ALTHOUGH so much has been done in the organisa- 
tion of British industry to meet the possible demands | 
of what is euphemistically termed “a state of 
national emergency,” there are still a few weak 
spots in the home production of essential commodi- 
ties. Some of these commodities are 
that is not immediately recognisable as essential 
and can hardly be indicated specifically without 


|risk of disclosing details of production which it is 


10t desirable to particularise, but there are others, 
the significance of which must be obvious to any- 
one possessing even a moderate acquaintance with 
the intricacies of modern manufacturing processes. 
Attention was drawn to a number of them in the 
House of Lords a few weeks ago, when Lord 
Davies introduced a motion having, among other | 
objects, that of urging “the necessity of providing | 
employment and establishing industries in this 
country, which would be indispensable in the event 
of war.” Prominent among the industries to which 
Lord Davies referred was the manufacture of calcium 
carbide, which is not carried on at all in the British 
Isles, although the consumption of carbide has been | 
increasing steadily for many years, and is now well 
in excess of 60,000 tons per annum. 

As Lord Davies pointed out, Sir Thomas Inskip, 
when he occupied the position of Minister for the 
Co-ordination of Defence, commented on the fact 
that Great Britain was the only important nation 


of a nature | 


| other countries amounting to less than 7 tons. 
| Incidentally, the value per ton, by comparison with 
the figure for 1913, had increased approximately 
24 times. 

By 1920 the consumption had dropped to a mere 
17,500 tons, but thereafter it increased steadily to 
|rather more than 40,000 tons in 1925. The total 

| dropped again in 1926, but recovered rapidly to 
|more than 47,000 tons in 1929. The quantities 
| fluctuated somewhat in the next few years, but since 
when the figure was 42,000 tons, it has shown 
In 1934, for 


1932, 
an increase in each succeeding year. 
| the first time, it exceeded 50,000 tons. In 1935, 
the import was more than 55,000 tons ; in 1936 it 
was nearly 56,000 tons; and in 1937 and 1938, 
| respectiv ely, the totals were 61,500 tons and 65,500 
| tons. For the first five months of 1939 the official 
‘figures are about 35,000 tons, indicating a rate of 
more than 80,000 tons for the year if the present 
consumption is maintained. 

It was noted above that, of the total quantity 
| imported in 1919, 41 per cent. was obtained from 
|Canada. The actual figure was 10,150 tons, and it 
| might have been reasonably supposed that such 
a valuable inter-Imperial trade connection, once 
established, would have been maintained ; yet in 
the following year the supply from Canada shrank 
| to less than 1,300 tons, and in 1921 it ceased entirely. 
| There has been some revival since that date, but 
'even in 1938, which showed an advance of more 
than 50 per cent. over the previous year, it was only 
slightly in excess of 700 tons. 

The imports from Norway, on the other hand, 
have maintained a consistently high proportion of 
the total consumption, and in the past ten years 
they have developed steadily year by year, except 
| for a slight decline in 1936, from some 15,000 tons 
in 1928 to more than 42,000 tons in 1938. During 
that decade supplies have been obtained regularly 
from Belgium, France, Germany, Holland, Italy, 
Jugoslavia, Sweden, Switzerland and Norway, and 
| since 1932 Poland also has contributed an increasing 
amount, rising from only 20 tons in that year to 
nearly 3,200 tons in 1936. 

The present sources of supply may be classified 
in four groups. In the first are Poland, Germany, ° 
| Switzerland, Italy and Jugoslavia ; in the second, 
| the Scandinavian countries, which provided over 
65 per cent. of the total imported in 1938; in the 
third group are Holland, Belgium and all other 
| foreign countries not already mentioned ; and in 
‘the fourth, Canada and other British Empire 
sources. In the event of a European war it is clear 
‘that no further supplies could be expected from the 
first group, and it is to be expected that shipments 
from Scandinavia would suffer scrious interruption. 





»| Assuming that the supplies at present obtained 


from the third group can be maintained, the total is 
| still so small that it cannot go far to meet the 


in Europe which did not produce some, at least, | ‘increased demand that would certainly accompany 


of its requirements of calcium carbide. 


time—rather more than a year ago—about 50 per | 


cent. of the annual importation of carbide was used , 


At that | an outbreak of hostilities. 


There remains the fourth group. The experience 
of the last war showed that Canada has great 


for welding and cutting metal and about 30 per potentialities in this as in so many other directions ; 
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but the transport problem, which was serious enough 
then, is likely to be even more so in any future con- 
flict. Lord Templemore, replying in the House of 


Lords to the points raised by Lord Davies, said that 


the Government would welcome any well-conceived 
plan for the production of calcium carbide in this 
country ; but he had previously expressed the view 
that a continuance of supplies from Norway and 
Canada, in time of war, was a “reasonable cer- 
tainty,” and that, in such an emergency, it would 
also be possible to start production here without 
undue delay. Granted, however, that the stocks 
now held in this country are “ substantial,” as he 
stated them to be, it still appears as though official 
opinion savours of undue optimism in supposing 
that a factory of this kind can be erected and 
brought into full and efficient working in the space 
of a few months. Quite apart from this is the 
problem of training the necessary skilled operating 
personnel which does not exist at present, and might 
he difficult to organise in time of war. 

So far as concerns the practicability of carbide 
manufacture in Great Britain, there is no question 
at issue. The necessary supplies of limestone and 
anthracite are available in abundance, and the 
demand that would ensue for the black plates and 
terne plates from which the drums are made, for 
packing the finished material, should prove a useful 
market for the plate mills. This would not repre- 
sent, however, an entirely new market, as there is 
already a certain export trade in these materials, 
and also in anthracite, for the production of the 
carbide now imported from the Continent. Great 
Britain is at a disadvantage, to some extent, in 
competing on a price basis with many of the foreign 
factories, in the virtual absence of cheap water 
power; but it is not essential that water power 
should be available to make the production of 
carbide commercially feasible. As was pointed out 
by Professor R. 8. Hutton and Mr. O. W. Roskill, 
in their recent series of articles* on “The Electro- 
Metallurgical and Electro-Chemical Industries,”’ the 
consumption of electric current (3,000 kWh per ton) 
in carbide production represents only some 18 per 
cent. of the selling price, on the basis of the average 
value of carbide imports in 1937. The cost of 
electric current in large quantities is already down 
to a figure which, in conjunction with the advan- 
tages of ample raw materials and an assured 
market, should practically counterbalance the in- 
fluence of the cheap water power available to certain 
Continental producers. It should be remembered, 
in this connection, that by no means all of the 
present suppliers rely upon water power. 

It is possible, also, to combine the carbide manu- 
facture with others, such as certain of the ferro- 
illovs now in increasing demand, as a safeguard 
against market fluctuations. This was proposed 
in the case of the Corpach scheme, subsequently 
abandoned. Another proposal, put forward in 
connection with the carbide factory planned to be 
erected in North Wales was to incorporate in the 
plant a low-temperature carbonisation unit in which 
« certain proportion of the coal would be used to 
produce gas and oil. By the sale of the by-products, 
and by using the gas to burn the limestone required 
for the furnaces, it was considered, the power cost 
of the carbide plant could be reduced to about 


0-Ild. per kilowatt-hour. These are but two of 


several projects formulated in recent years for 
carbide production in Great Britain. Whether the 
question may involve diplomatic considerations 
arising out of international trade agreements it is 
not our business to discuss ; on the face of things, 
it would appear that the volume of the imports 
and the prospect of future expansion are such that 
the establishment of a British factory would not 
seriously affect the total volume of trade covered by 
any particular agreement. If this is the case, 
as we believe it to be, the questions raised by 
Lord Davies in the House of Lords, and earlier in 
the House of Commons by Mr. Arthur Salter, M.P. 
(who was a member of the Supreme Economic 
Commission during the war), regarding the main- 
tenance of adequate supplies of carbide by manu- 
facturing some portion of our annual consumption 
at home, might well be re-examined in somewhat 
closer detail. 


* See ENGINEERING, vol. 147, pages 521, ef seg (1939). 
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THE ECONOMICS OF LIGHTNING 
PROTECTION. 


THERE will probably be fairly general support 
for the statement that during the past few months 
the inhabitants of this country have been exposed 
to a war of nerves which, as time has passed, has 
increased rather than decreased in intensity. First 
and foremost, there is the political situation, the 
anxieties of which show little sign of diminution. 
The inevitable concomitants are a feverish prepara- 
tion for events which, it is sincerely to be hoped, will 
never occur, and a concern, hardly less deep, as 
to how these preparations are to be paid for without 
endangering our financial stability. Publicists, 
economists and other experts inform us both from 
their knowledge and their prejudices of the wrath to 
come ; and assure us that only by the adoption 
of this or that contradictory policy can these 
dangers be averted. So far, the nation, if not every 
individual, has stood the strain admirably. Cricket 
is still an anodyne, and there is little slackening in 
the interest taken in gardens, even though their 
primary object at the moment, according to one 
school of thought, should be to provide sites for 
air-raid shelters. This major anxiety has been 
accompanied by others of a minor, if none the less, 
a distressing character. Marine casualties have 
involved more than the average loss of life. Road 
accidents show little signs of reduction, so that 
the thoughtful engineer may wonder once more 
whether the “monster” he has launched upon 
the world is not destructive rather than, as he had 
hoped, beneficial. There has been the usual crop of 
fatal fires ; and we have also been exposed to a new 
danger to life and property by the action of certain 
misguided people whose enthusiasm for a particular 
dogma outruns their responsibility to their fellows. 
Meanwhile, we have suffered from climatic condi- 
tions which are conducive neither to health, comfort, 
holiday-making, nor agriculture, and which have 
brought considerable difficulties to one section of 
engineers in the performance of their duties. 

To particularise, the weather of the last few 
weeks, the scientific reasons for which we must leave 
it to the meteorologists to explain, have resulted in 
an inordinate number of failures to public electricity 
supply, owing to lightning striking the transmission 
lines. In several cases, this failure has been 
followed by more or less extensive damage to trans- 
formers and switchgear. On July 17, for instance, 
lightning struck an overhead line at Brighton, with 
the result that fire broke out on the works’ switch- 
board at Southwick power station and caused an 
interruption in the supply for about an hour and a 
half. The fire was fed by compound from the 
switchgear, which added greatly to the difficulties of 
those attempting to restore the supply. Two days 
later a violent thunderstorm cut off Valley-road 
station at Bradford from the grid, and shut down the 
generating plant, so that this area, which has 
suffered severely on another occasion, was again 
deprived of a supply of electricity for an hour. 
In this case, the protective apparatus seems to have 
worked rather too efficiently, with the result that 
though a fire was avoided, healthy plant was 
affected. As is not unusual, trouble was also 
experienced in linking up again with the network. 
Both at Brighton and at Bradford the difficulties of 
the staff were increased by changes-over in equip- 
ment that were taking place, a condition of things 
which, if we were superstitious, might lend point to 
the argument that the world is becoming bewitched 
in small things, as in great. In fact, it seems almost 
certain that had the permanent arrangements in 
connection with the switchgear been completed, the 
switch on the larger of the two generator sets then on 
the bars at Bradford would not have opened. 

To continue the story, a transformer on the mains 
of the Yorkshire Electric Power Company was set 
on fire at Airedale ; and in Lancashire there was a 
failure of supply which lasted about an hour in the 
Morecambe district and was also caused by lightning. 
On July 20, it was the turn of East Suffolk, where 
a 11-kV line between Claydon and Framlingham was 
struck. As a result, an insulator was damaged 
and a transformer burnt out, a failure of the supply 
being the natural result. Cambridge suffered on 


ithe same day. Similar instances of the action 


AUG. 4, 1939. 


| of lightning are reported from Cumberland and the 
North East coast, while at Droitwich, one of the 
700-ft. masts of the British Broadcasting Station 
was struck. As a result, one of the aerial wires 
was fused and the station was out of action for some 
time. This catalogue, both of lightning stroke 
and of resulting damage to plant and failure of 
supply, could be extended. Enough has, however, 
| been said to show that, in addition to protection 
from enemy action both within and without, the 
question of rendering the transmission lines of the 
country immune from the forces of Nature will 
have to be considered more closely than hitherto. 

The problem, of course, is not new; neither 
as Professor B. L. Goodlet has pointed out, is it a 
blight peculiar to overhead transmission lines, on 
which it appears simultaneously as a travelling 
wave. Moreover, during the last few years more 
knowledge of the phenomenon has been gained, 
than during any previous period, so that it may be 
said that now, at least, we are well aware of its 
nature. Briefly, lightning is initiated when the 
intensity of the electric field in the upper atmo- 
sphere becomes greater than the air can withstand. 
Flashes may then occur between the positively and 
negatively charged regions within the cloud, from 
the upper part of the cloud to the upper atmosphere 
and from the base of the cloud to earth. This effect 
occurs without the presence of electrodes, such 
as are familiar in the laboratory, the charges 
producing the electric field being distributed not 
over a surface but through a volume. In a thunder 
cloud the charge is carried entirely by water drops 
and large ions and the conductivity of the cloud is, 
consequently, smaller than that of the air outside 
it, so that it can only be discharged by a number of 
ionised spark channels penetrating through its 
whole volume. The visible lightning flash does not 
start or terminate at the cloud boundary, but con- 
tinues inside it in a maze of branching channels 
to which the water drops discharge by brush action. 
Each flash is initiated by a streamer which shoots 
rapidly downward from the cloud towards the 
ground, though it becomes extinguished before it 
has travelled more than a fraction of the total 
distance to earth. Some 50 microseconds or so 
later a second streamer follows in the path of 
the first and elongates the channel a little. A 
third streamer follows the second, the process, in 
Professor Goodlet’s phrase, continuing in a series of 
“spits” until an ionised channel has been blazed 
all the way from the cloud to earth, the velocity 
of growth being about 10’ cm. per second. Imme- 
diately this “ stepped leader” stroke reaches the 
earth the main or return stroke begins to travel 
up the channel from the earth to the cloud at a 
velocity equal to about one-tenth that of light. 
It is followed after an interval of a few hundredths 
of a second by a second leader and a main stroke of 
less intensity ; and this is followed by others number- 
ing usually from four to six, though a flash with 
27 separate strokes with a total duration of 0-5 sec. 
has been observed. The maximum stroke current 
is between 30,000 and 40,000 amperes, while the 
average rate of charge is about 20,000 amperes per 
microsecond, giving a wave front of at least 1} to 
2 microseconds. 

As regards the effect of these impressive pheno- 
mena on an electrical transmission system, there is 
authority for supposing that rather more than half 
the direct strokes to a line fall on the conductors 
in the span. The final potential of an insulated 
conductor so struck is probably never less than 
2,000,000 volts and may be ten times as great. 
This condition ensures that practically every direct 
stroke to a live wire will produce some kind of flash- 
over and this can only be prevented by eliminating 
direct strokes or by rendering flash-overs innocuous. 
The prevention of direct strokes to line conductors 
is the function of the overhead earth wire, but its 
effectiveness depends on a number of factors, 
especially on the resistance of the footing at the 
base of the tower and, as will have been gathered 
from the incidents referred to above, this does not 
always fulfil its duty. It was, however, stated by 
Mr. P. L. Ballaschi of the Westinghouse Company, 
at the recent High Tension Congress in Paris, that 
virtually lightning-proof transmission lines can now 
| be built. If so, this is a great advance. 
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The alternative to lightning-proof construction, 
if that cannot be secured, is to ensure that flash-overs 
on the line do not interrupt the supply. The best- 
known method of doing this is probably the Petersen 
coil. This equipment is widely used on the Continent, 
hut has not received general acceptance in this 
country, although the 33-kV line of the Central 
Electricity Board from Hartshead to Stockport has 
been so equipped. In any event, it cannot be 
regarded as being still in the experimental stage and 
it is probably for other than technical reasons that 
it has not been more widely adopted. The other 
method of protection is the expulsion tube with 
which certain 33-kV lines of the Board in South-East 
England have been fitted. Although they only 
operate satisfactorily between certain current limits, 
these tubes have given good service in practice. 

It is only fair to add that the Central Electricity 


Board, in common with the British Electrical and 
Allied Industries Association, is continuing its 
researches into this phenomena with a view to 


preventing occurrences which are not only incon- 
venient, but expensive. At the same time, there 


'the Authority. 


are psychological reasons why the problem is not | 


likely to be regarded as urgent. Until now, thundery 
weather of the type which we have recently been 
experiencing has been the exception rather than 
the rule, and there are good economic reasons both 
for not building lightning-proof lines and _ for 
parsimony in providing protection for those which 
cannot be so described. It can be argued with 


some justice that it would be undesirable to spend | 


money in guarding against incidents which meteoro- 
logicalists show occur but seldom, though that need 
not prevent close research into the results which 
arise from lightning strokes from being continued. 
A fortiori, economy debars the further suggestion 
that the trouble would be prevented if all overhead 
lines were put underground, much as that solution 
would commend itself to esthetic enthusiasts as well 
as to the engineers who have to keep lines in action 
in untoward circumstances. 








NOTES. 
A.R.P. 


OwNeRS and occupiers of industria] and com- 
mercial establishments, who are not fully conversant 
with their obligations under the Civil Defence Act, 
would do well to study a pamphlet entitled “ A.R.P. 
in Industry,” which was issued by the Lord Privy 
Seal’s Office last week. The Act imposes important 
duties on owners and occupiers of commercial 
establishments in the vulnerable areas specified in 
the Act, where more than 50 people are employed, 
and creates other obligations where more than 30 
people are employed in any part of the country. 
For instance, air-raid shelters of the approved 
standard must be provided for the persons working 
living in the factory premises or commercial 
building. The number of persons for whom such 
shelter must be provided is defined as being the 
greatest number of persons who are present in the 
building at any one time during a normal peace- 
time day. Temporary increases caused by changes 
of shift may, however, be disregarded, and only 
25 per cent. of the outdoor workers need be taken 
into account. The requirements as regards over- 
head and lateral protection in shelters, as well as 
of the details of the superimposed loads to be 
assumed as provision against the fall of debris, 
particulars of the space required for each person, 
limits to the numbers of persons to be accommo- 
dated and instructions as to the separation of 
shelters are laid down in a Code, a revised edition 
of which is in preparation. Occupiers of factory 
premises and owners of commercial buildings are 
advised to engage the services of competent engin- 
eers or architects forthwith and thus obtain advice 
as to the best methods of meeting these require- 
ments. 
relieves the occupier from restrictive covenants 
regarding building, provided the required notices 
have been served, and that in certain circumstances 
a portion of the cost may be recovered. The clauses 
in the Act relating to compensation, rent, grants and 
exemption are also summarised, while the steps that 
must be taken with regard to the training and 
equipment of employees are outlined. Finally, 


IN INDUSTRY. 


or 


years, motor omnibuses have been added. 


It is further pointed out that the Act | 
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attention is called to that portion of the Act which 
deals with lighting, glare and camouflage. Copies of 
the pamphlet may be obtained free on application 
to the Publicity Section, A.R.P. Department, 
Horseferry House, Thorney-street, London, S.W.1. 


PrRoposeD GENERATING STATION AT BARLASTON. 


It is announced that the proposal of the North 
West Midlands Joint Electricity Authority to erect 


a generating station at Barlaston, near Stoke-on- | 


Trent, has not received the approval of the Electri- 
city Commissioners. This decision has been reached | 
after a public inquiry, and is at least partly due to 
the objections that such a station would have a 


harmful effect on the amenities of the neighbour- | 


hood. On the other hand, the growth of electricity 
consumption in the Potteries is such that a new 
station will certainly be required in 1943, a date 
which is sufficiently close to cause some anxiety to 
Undoubtedly the search for a new 
site will be successful. 
are already mentioned, one at Fenton Manor and | 
the other close to the Michelin Works between | 
Stoke and Hanford. These are both nearer to the 
load centre of Stoke-on-Trent than Barlaston, which 
is an argument in their favour. On the other hand, 
like most of that part of the country, they suffer 
from an absence of cooling-water facilities, and a 


point in favour of the Barlaston site was that the | 
effluent from the Strongford sewage works of | 


Stoke-on-Trent could have been used to provide 
make-up water for the cooling towers 
is one of more than local interest, for, as has often 


been pointed out, the number of sites upon which it | 


is possible to erect generating stations of sufficient 
size to meet present-day requirements is becoming 
more and more limited. Though we are second 
to none in wishing to see the amenities of the 
countryside preserved, this argument was very much 


overstressed in the case of Barlaston, and we are a | 


little surprised that the Commissioners should have 
bowed to it. 


PASSENGER ‘TRANSPORT IN LIVERPOOL. 

The Corporation of Liverpool has long operated 
a successful tramway service to which, in recent 
Indeed, 
not only is there no talk of abandonment, thus 
distinguishing Liverpool from many other towns, 
but according to the report of the General Manager 
for the year ending March 31, 1939, just over 13} 


miles of track have been added, in accordance with | 


the five years’ programme of 1934. At the same 
time, the motor "bus service has been de sveloped to 
meet the needs of outlying districts and to provide | 
an alternative method of transport where required. | 
During the past five years twelve new ‘bus routes 
have been introduced and the route mileage has 
increased from 203 miles to 245 miles. During the 
year under review 257,233,948 passengers were 
carried on the tramcars, an increase of 5,581,979 
over the number in the previous year, while the 
mileage run rose from 20,871,464 to 21,203,346 
and the receipts from 1,423,590/. to 1,463,818/. 


On the motor omnibuses 33,736,332 passengers were | 


carried, compared with 30,393,807 in 1938, an 
increase of 3,342,525, while the mileage run rose 
from 3,748,600 to 4,579,389, and the receipts from 


233,5721. to 283,372/. The financial position is, 
generally speaking, satisfactory, though it is 


pointed out that the reserve fund is not yet adequate. 

This is partly due to the fact that this fund has been 
drawn up to meet the large sums required to cover 
maintenance and renewals ; though the larger part 
of this expenditure, which during the past five 


years has amounted to 1,268,251/. for maintenance | 


and 428,005/. for renewals, has been provided from 
revenue. Considerable activity has been displayed 
in connection with air-raid precautions. A special 
training room has been equipped at the Dingle 
depot and 
various classes. Arrangements have been made 
to place reinforced-concrete slabs over the inspection 
and repair pits at the depots and works to provide 
protection from falling masonry, incendiary bombs 
te., for the personnel. A motor lorry has been 
equipped for enabling the decontamination of the 


| Department’s vehicles to be carried out as and where 


required. 


Indeed, two alternatives | 


The position | 


767 employees have passed through the | 
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THE NATIONAL PHYSICAL 
LABORATORY. 


THE past year has been noteworthy for two 
changes of personnel of unusual interest to engineers. 
The first is the appointment of Dr. C. G. Darwin, 
M.C., F.R.S., lately master of Christ’s College, Cam- 
bridge, to succeed Dr. W. L. Bragg as Director of 
the Laboratory. Dr. Darwin is a grandson of the 
great Charles Darwin, and the son of Sir George 
Darwin, the astronomer. In the course of a distin- 
guished career, Dr. Darwin has been Reader in 
Physics at Manchester University, Lecturer in 
| Mathematics, at Christ’s College, and Tait Pro- 
fessor of Natural Philosophy at Edinburgh Univer- 
sity. The other appointment is that of Dr. S. 
| Livingstone Smith to be Superintendent of the 

Engineering Department, in succession to Dr. H. J. 
Gough, who went as Director of Scientific Research 
to the War Office rather more than a year ago. 
| Dr. Smith comes from the Imperial College of 
Science and Technology, where he was assistant 
| professor of Mechanical Engineering and Reader in 
Mechanical Engineering of the University of London. 

In other respects the Laboratory has evenly 
pursued its main purpose of assisting and advancing 
| the progress of technical industries by the conduct 
| of research and special investigations over a remark- 
| ably wide range of scientific activity. While there is 
no diminution in the number or quality of the papers 
communicated by the Laboratory staff to learned 
| societies and the technical and scientific journals, 
increasing effort is being made to ensure that the 
work actually performed, as well as the facilities 
available at the Laboratory for test work and in- 
vestigations on behalf of commercial bodies, shall 
have the widest possible publicity. With this object, 
a number of pamphlets describing the work con- 
ducted by individual departments, enumerating the 
types of test for which standard methods and equip- 
ment are available, and listing the fees charged for 
such work, have been distributed among industrial] 
firms and other interested bodies throughout the 
country. A convenient source of reference to the 
results achieved in the various branches of work 
upon which the Laboratory is engaged is further 
provided by the collection, in booklet form, pub- 
lished by H.M. Stationery Oftice at a price of 1s., of 
| abstracts of the papers published during the past 
| year. The annual issue of these abstracts will hence- 
|forth supersede the publication of the Collected 
Researches of the Laboratory. A volume of the 
Collected Researches was published in 1935, and 
| with the recent appearance of Volume 24, which 
| contains a number of papers relating to funda- 
mental standards not published elsewhere, this 
| series is now complete. 

Other means of publicity employed with valuable 

effect include lectures on various aspects of the 
Laboratory’s work, given in provincial towns by 
members of the staff. During the past year, 17 
| such lectures, mostly delivered in industrial centres, 
| bore covered an extensive range of engineering, 
physical and aeronautical subjects suited to the 
linterests of the local audiences. Contributions 
| were also made to the Empire Exhibition at Glasgow, 
the Building Trades Exhibition at Olympia, and 
|the annual exhibition of the Physical Society. 
Perhaps the most widely appreciated of such dis- 
| plays, however, is the annual visitation of the 
|General Board to Teddington, when the Laboratory 
| is thrown open to inspection by visitors. This yéar’s 
Show Day, on June 27, was the occasion for a large 
| gathering representative of technical and scientific 
‘inte rests, and was referred to on page 779 of our 
previous volume. Guests were received by Sir 
William Bragg, President of the Royal Society ; 
| Lord Rayleigh, the Vice-Chairman, Dr. Darwin, 
the Director of the Laboratory, and other members 
of the Board. 

As a whole, the experimental work displayed and 
demonstrated on this occasion conveys a very strik- 
| ing impression of the enormous variety and potential! 
service of scientific research having industrial appli- 
cations. In particular, the Laboratory may be 
| regarded as a reservoir of information, covering a 

broad expanse of experience, on matters of present, 
and in some cases future, concern to the engineering 
and associated professions. Such matters are by 
no means restricted to investigations having imme- 
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diate and direct applications in practice, but include 
an important proportion of the long-term and funda- 
mental research which the Laboratory must under- 
take in order to fulfil its main function. It is with 
this wide outlook, therefore, though always with 
special reference to the interests and requirements 
of engineers, that the following survey of current 
and recently-completed work at the Laboratory has 
been prepared. 


ENGINEERING DEPARTMENT. 


Fatigue Properties of Materials. Lifting Gear. 
The fundamentally important study of the changes 
in the crystalline structure of metals under stress 
and deformation, which for some years has been 
carried out with the co-operation of the Physics 
Department by specially developed methods of 
X-ray analysis, has been advanced in several direc- 
tions which are more particularly of interest in that 
they exhibit different phenomena from those dis- 
covered during the earlier work on ferrous materials. 
A distinctive feature of the latter, in the form of 
crystalline aggregates, was that failure by static 
or cyclic stressing was accompanied by a progressive 
deterioration of the crystalline structure having the 
same characteristics whatever the stressing system 
imposed. Fracture in all cases was associated with 
breakdown of the original crystal grains into ran- 
domly oriented crystallites having size limits 
between 10°* em. and 10-* em. 

Recent work, extending the same methods of 
examination to 70/30 alpha brass, have revealed 
that if this material be statically stressed, a marked 
formation of crystallites occurs at and just beyond 
the yield point. If, however, the material is cyclic- 
ally stressed, a fundamentally different result is 
obtained, inasmuch as the static yield point can be 
appreciably exceeded by the maximum values of a 
reversed cyclic stressing at high frequency without 
any breakdown whatever of the original grains into 
crystallites. Other new points have been brought 
to light by X-ray examination of metals of excep- 
tionally high purity subject to a greater degree of 
deformation than those encountered during the 
usual mechanical tests. In the case of pure copper, 
for example, originally annealed and then reduced in 
thickness to the extent of 80 per cent. by cold rolling, 
the effect of this drastic treatment is to break up the 
primary grains into crystallites, but to make the 
lattice size of the crystallites greater than that of the 
original grains. If, moreover, the deformation is 
continued to the degree of reducing the initial thick- 
ness of the copper by 90 per cent., X-ray analysis 
shows evidence of partial recovery in the internal 
deformation and overall size of the crystallites. 

Another significant result has emerged from an 
X-ray examination of the structural changes under- 
gone by two single-crystal specimens of aluminium, 
hoth of which were fatigue tested in pure torsion, 
one at a safe, the other at an unsafe, range of maxi- 
mum resolved shear stress. Hitherto, in tests of 
single crystals of aluminium, microscopical exam. 
ination has shown that the principal criterion of 
failure is the maximum resolved shear stress on the 
operative octahedral plane ; and in the present tests 
the microscope revealed that definite slip could 
occur in the specimen subjected to the safe stress 
range. The X-ray examination, however, revealed 
no crystallite formation for this specimen, the X-ray 
results for both specimens being in agreement with 
those obtained by studies of metal aggregates. The 
important conclusion, therefore, follows that the 
structural changes revealed by X-rays are distinct, 
and of a different type, from those revealed by the 
microscope. ; 

With regard to the more practical fatigue pro- 
perties of materials, attention has been mainly 
directed the behaviour of aero-engine crank- 
shafts under combined bending and torsional 
fatiguing stresses superimposed on static bending 
and tensile stresses. Four testing machines, taking 
}-in. diameter specimens, have been made for this 
purpose, and the investigation is in active progress. 
It is concerned, not only with the intrinsic fatigue 
strength of various materials, tested under the 
complex stress system in the form of plain, solid 
specimens, but also with the effects of stress-raising 
features of design, such as oil-holes, notches and 
fillets, on solid and hollow crankshafts. It has been 
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found, so far, that the static stresses actually super- 
imposed have relatively little quantitative effect on 
the ranges of alternating stress that may safely 
be applied within the elastic limit. 

Collaterally with this work upon the relation 
between fatigue strength and conditions imposed 
by the mechanical design, a systematic examination 
is taking place of the relative merits of different 
potential crankshaft materials under combined 
bending and torsional fatigue. The steels being 
studied include :—low and medium carbon steels 
in normalised condition; a medium carbon steel 
in spheroidised condition ; a 0-9 per cent. pearlitic 
carbon steel; representative hardened and tem- 
pered alloy steels covering the tensile strength 
range from 35 tons per square inch to 105 tons per 
square inch; and one alloy steel purposely heat- 
treated to produce an embrittled condition. In 
addition, three types of cast iron are undergoing 
test. As regards the ductile materials among those 
listed above, the very important “ ellipse quadrant ” 
relationship, between the strengths under combined 
and simple fatigue, has been found to hold generally, 
irrespective of the composition, tensile strength 
and structural state. This relation may be expressed 
by the equation :— 

Pip, + gig, =! 

where + f, and + gq, are the fatigue limits for plane 
bending and pure torsion, respectively, while 
+fand +@q are, respectively, the ranges of direct 
stress, due to hending. and shear stress at the 
fatigue limit under combined stress. The great 
value of this formula is that it enables the 
performance of ductile steels, under combined 
fatigue stress, to be predicted from the relatively 
simple, separate determinations of bending and 
torsional fatigue strength. For the brittle materials 
a similar, though less simple, relationship, having 
similar implications, has been formulated in the 
form : 

PF + PL Lift, + f2 —filadih ! 

In the present state of the work these are no more 
than convenient formule, and while they are 
empirically accurate, no closely defined physical 
meaning has been ascribed to them. They may, 
therefore, require to be modified as the outcome of 
more extensive research, and in this connection 
it is of interest to remark that the subject of com- 
bined stresses is being increasingly widely 
studied, the form of testing machine developed 
for this purpose at the Laboratory being used to a 
considerable extent both in this country and 
abroad. 

An immediately applicable investigation of fatigue 
properties may conveniently be mentioned here as 
the result of the conclusion, a short while ago, of 
a comprehensive investigation into the strength and 
causes of failure of chains and other components 
of lifting gear. The work was undertaken, several 
years ago, at the request of the Home Office, and a 
number of interim reports* have been published. 
One of the latest aspects of the subject to be investi- 
gated was the fatigue strength of lifting gear, which 
is a highly important consideration, first from its 
influence on the true factor of safety in the common 
cases of lifting gear subject to repeated loading ; 
and secondly from the fact that fatigue failure occurs 
without deforming the affected component and is 
consequently much more difficult to detect by 
routine visual inspection than a serious overstrain. 
Laboratory fatigue tests on various types of lifting 
gear components have, indeed, reveaied that the 
true factor of safety, defined as the safe loading 
range under fatigue conditions divided by the rated 
safe working load, is generally not much more than 
unity, although the nominal, commonly accepted, 
factor of safety, defined as the static breaking load 
divided by the rated safe working load, is usually 
more than four. 

Damping Capacity. Fretting Corrosion._-Among 
the most recently-started researches into the proper- 
ties of engineering materials is an examination of 
the damping capacities of representative metals. 
For a great many years it has been recognised that 
most structural metals do not exhibit perfect 
reversible elasticity, and that under cycles of quite 
moderate stress, within the working-stress range, 


now 


* See ENGINEERING, vol. 140, page 101 (1935). 
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the precise stress-strain relationship is represented 
by a hysteresis loop. As long as 30 years ago, work 
on this subject was carried out at the laboratory, 
and further investigations were made over the 
period from 1920 to 1926, but the results obtained 
do not appear to have been applied in practice to 
any great extent. Undoubtedly, however, damping 
capacity is an important property of metals intended 
for use under service conditions involving vibration, 
and it is largely with this practical objective in 
view, coupled with the interpretation of stress-strain 
hysteresis characteristics for design purposes, that 
the experiments now in progress are being prose- 
cuted. One other aspect of great interest, as the 
result of the well-known influence of stress concen- 
trating features upon the fatigue of components in 
high-speed machinery, is the relation between 
damping capacity and resistance to stress concen- 
tration. If it can be established that the higher 
the damping capacity of a material the greater is 
its resistance to fatigue originating at stress-raisers 
(many of which are unavoidable in economic 
mechanical designs), this property would obviously 
be a highly desirable one and warrants full investi- 
gation. The work at the Laboratory is, therefore. 
being directed towards a close study of this relation- 
ship, to the methods by which damping capacity 
can be ascertained, and finally, to the interpretation 
of the results obtained by tests of small specimens. 

The very interesting research into fretting- 
corrosion, which is being carried out jointly by 
members of the Engineering and Metrology Depart- 
ments’ staffs, was the subject of a paper, to the 
Institution of Mechanical Engineers, which was 
reproduced and commented upon on pages 281 and 
293 of our previous volume. The position reached at 
that stage, very briefly, was that fretting corrosion 
was found to occur almost universally between 
metal surfaces simultaneously held in contact and 
subject to vibration, and that no means had been 
discovered of preventing its occurrence. This 
latter aspect being, at present, the most important 
one from the practical engineering standpoint, work 
is now in progress to examine the effects, in prevent- 
ing or at least alleviating the degree of fretting 
corrosion, of a range of recently developed lubri- 
cants which have chemical constituents intended 
to serve as corrosion deterrents, or which have been 
proved to yield good results under conditions of 
high contact pressures. The effects of thin deposits 
of softer metal on steel surfaces are also being 
investigated. At the same time, since there are 
many fundamental aspects of the phenomenon still 
incompletely understood, fretting experiments are 
to be carried out on the noble metals, which are 
normally highly resistant to chemical corrosion ; 
and also upon the commoner metals in an oxygen- 
free atmosphere, in order to ascertain the influence 
of the ambient atmosphere in promoting fretting 
corrosion. 

In genera! connection with the properties of 
engineering materials, reference may be made to 
a number of minor investigations or routine tests 
which have been carried out for commercial bodies 
and are of interest, not only intrinsically because of 
the results obtained, but generally as illustrating 
the diversity of types of problem which the Labora- 
tory is competent to undertake on behalf of the 
engineering industry. Such investigations include 
fatigue tests on certain novel types of roller chain, 
a study of the fatigue strength of cadmium-copper 
trolley wire, corrosion-fatigue tests of alloys, and 
other mechanical tests on an immense variety of 
components ranging from tubes and welded cylinders 
to safety-glass and brake-linings. 


Calibration of Testing Machines and Extenso- 
meters. Creep. Pipe-Flanges Research.—I\t will be 
evident from the foregoing remarks upon the 


Laboratory's services to industry, that considerable 
importance attaches to the internal problems of 
ensuring. checking and maintaining the accuracy 
of testing machines and other apparatus. It 
follows that, the equipment of the Department 
being thus standardised, the methods and apparatus 
developed for such purposes can be themselves very 
usefully employed to calibrate similar equipment in 
use by the numerous engineering laboratories else- 
where. In particular, the question of portable 
calibrating devices for stress-testing machines has 





a a 745 


AUG. 4, 1939. 
| 

recently been under consideration, with the idea of | are held in contact, is removable, and by making | the relevant factors. These include, of course, the 
enabling the loading scales of commercially-owned | this part of different metals and alloys differing in | stress, strain, temperature and duration of the test 
machines to be simply and rapidly checked from | hardness, and by varying the pressures on the | at which creep has been proceeding, but the condi- 
time to time. With this object, the Engineering |rhombs, the effects of these factors upon the | tions at the beginning of recovery are also influential 
Department has now acquired four proving rings, | calibration can be investigated. |and they are therefore under examination along 
having maximum capacities, respectively, of | The complete calibration assembly is sketched | with, and in relation to, the conditions obtaining 
300,000 Ib. and 3,000 kg. (compression), and | in Fig. 2, where the two illuminated scales s of the | prior to the cessation of creep and the beginning of 
100,000 Ib. and 25,000 Ib. (compression and tension). | Martens mirror apparatus are viewed, through the| recovery. The four new, high-sensitivity creep 
These rings have been calibrated on a dead-weight | mirrors m attached to the rhombs of the extenso- | units that were projected a year ago to meet the 
machine installed in the Bureau of Standards at | meter, by means of the telescopes ¢. In the arrange- | increasing demand for research and industrial test 
Washington. At present, no such deadweight load- | ment as developed at the Laboratory, the distance | work in this subject have now been provided and 
ing machine is available at Teddington, but the| from the mirrors to the scales is of the order of| installed in a new two-storey building, where they 
need for one has been increasingly felt of late, | 12 ft., and in order to obtain a large scale image the | will be relatively free from vibration. The ground- 
especially for use as a fundamental standard for | telescopes are mounted close to, and on the same | floor rooms, containing the creep apparatus, are to 
calibration purposes, and the design of a 50-ton | stand as, the extensometer. This stand, and also| be air-conditioned, since increasing knowledge of 
capacity, deadweight loading machine is therefore | that carrying the scales, are strongly built of steel | creep phenomena has shown unmistakably that the 
under consideration at the present time. | sections and founded in separate concrete blocks, | completest possible control over ambient conditions 

In a similar connection, there has been, during | the foundations being isolated, by wood, to reduce | is essential to the satisfactory elucidation of creep 
the past year, an increasing demand for simple and | the transmission of vibrations through the remainder | details. The upper floor of the new building is to 
rapid, yet accurate, methods of calibrating the | of the concrete floor of the engineering laboratory. | accommodate apparatus for tests on various light- 
extensometers that are used for measuring elonga-| Provided reasonable precautions are taken, | weight types of industrial equipment. 
tions and strains in the course of testing materials. | especially against the effects of temperature changes,| Materials upon which routine tests of creep 
An important example of the need for such calibra- | the equipment has been found sensitive and accurate | properties have been conducted include a number 
tions as a matter of routine during protracted tests | to within a few millionths of an inch. A number|of new and proprietary alloys. Greater interest 
oceurs with the well-known Martens mirror type of | of observers, each using a different assembly, have | centres round the extensive research, now completed, 
extensometer which, on account of its high accuracy, | been able to measure the calibration constant of the | into the design and performance of pipe flanges, 


ENGINEERING. , 








‘.1. APPARATUS FOR CALIBRATION 
eB $7 Pc ter yes 


Fig.2. 





























CALIBRATING ASSEMBLY 


























is often employed for investigations of the creep of | 
materials maintained for long periods under stress | 
at high temperature. The essential features of this | 
instrument are two rods, each carrying a mirror at | 
one end, and each of rhomboidal section for part of | 
the length. The rhombs are gripped between 
Vee-grooves in the side clips and the gauge-length 
of the specimen under test, to which the clips are 
held by springs. Hence the calibration constant 
of the extensometer depends directly upon the 
effective length of the diagonal between the two 
opposite contact edges of the rhombs, this length 
being indeterminate by direct measurement, since 
it depends upon the points of contact of the rhomb, 
the clip and the specimen, and hence upon the 
small radii of the rhomb edges, the shapes of the 
Vee-grooves, and the degree of indentation of the 
test piece. 

The calibrating apparatus developed by the 
Engineering Department, shown diagrammatically 
in Fig. 1, comprises means for operating the extenso- | 
meter positively through distances accurately con- 
trolled by slip gauges. The extensometer a is 
assembled upon a divided rod, of which the upper 
part 6 is rigidly attached to a massive frame ce, | 
while the lower portion d can move relative to 6 in | 
an axial direction, and is screwed into a larger 
diameter rod or plunger p, which is a lapped fit in 
the base of the frame. The lower end of the plunger 
terminates in a ball ¢, between which and a hori- 
zontal three-ball support f, fixed to the frame, can 
be inserted slip gauges g of precise thickness. A light 
spring A in the gap dividing the rods 6 and d main- 
tains the balls in contact with the slip gauge. A 
micrometer-type head k, and a lever / provide | 
rough adjustment prior to the insertion of the slip | 
gauges, and minimise disturbance of the extenso- | 
meter while the gauges are being changed. The | 
rod d, against which the rhombs of the extensometer 








same extensometer in agreement to within one part 


in 1,000. 

As regards actual investigations of the behaviour 
of engineering components and materials under 
sustained high temperatures, particular attention 
is being directed to the effects of the initial condi- 
tions of metals and alloys, resulting from detailed 
or minor modifications of heat treatment, for 
example, on creep properties. Such factors have 
been studied in the case of a low-carbon steel and 
a molybdenum alloy steel, the latter being found 
very sensitive to heat-treatment temperature. For 
the most part, creep tests are carried out upon 
tensile specimens, but work of a fundamental 
character is also in hand upon a series of tubular 
specimens of low-carbon steel which are being 
subject to various combinations of tensile and 
torsional stresses, ranging from pure tension to 
pure torsion. Different theories have been advanced 
to explain the phenomena of creep under combined 
stress and the results of these tests are intended 
to settle whether any of the present theories is 


adequate to represent the actual performance of 


the steel under the imposed conditions. 

Low-carbon steel is also the material with which 
the phenomena of creep recovery are being studied. 
In a great many engineering applications, where 
intermittent rather than continued stress or high 
temperature is the condition under which machines 


which has been carried out in co-operation with the 
Institution of Mechanical Engineers, and which is 
now complete. A detailed account of the Second 
Report of the Pipe Flanges Research Committee, 
presented to the Institution of Mechanical Engineers 
last March, has already been published,* so that no 
reference need be made here beyond the general 
comments that the research has provided valuable 
|information regarding the limiting conditions of 
temperature and pressure under which normal 
| standard flanges can be used ; has indicated means 
of estimating the life of flanges and has supplied 
data with respect to the effects of re-tightening on 
| the further performance in service of a joint which 
| has been allowed to cool. 
(T'o be continued.) 
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OF PIPES. 


To THE Eprror oF ENGINEERING. 

Sir,—Dr. Olsansky is certainly right in saying, on 
page 787 of your issue of June 30, that experiments on 
machined specimens, taken by themselves, can give no 
accurate information regarding the corrosion behaviour 
of scale-covered pipes. But readers of his interesting 
paper, before concluding that mill-scale will increase 
| the resistance of steel, should reflect that his experi- 
ments were carried out in 5 per cent. nitric acid, and, 
taken by themselves, will give no information regarding 
behaviour to natural waters or soils. 

The mill-scale covering upon steel is rarely complete. 
Consequently, when a pipe contains water (or is laid 
in wet soil), the cell scale/water/metal is set up at each 
discontinuity. This may not always increase the total 
corrosion, but, since the attack will be concentrated 
on the anodic areas (the metal exposed at the breaks 
in the scale), the intensity of attack is generally 
increased, especially if the breaks in the scale are 
small. Thus removal of mill-scale, even if it exposes 
more steel to attack, may often diminish pitting ; some 
comparative tests at Harvard University? indicated 
that descaling reduced the pitting-rate by a half. 
The situation is complicated, and sometimes other 
cells may produce more current than that due to the 
cell scale/water/metal, thus masking the effect of the 
| mill-scale; but, taking the available evidence as a 
| whole, it would be untrue to regard the presence of 
| mill-seale on steel as a favourable factor in corrosion 
by an ordinary water. 
| The effect of contact elements on corrosion by nitric 
| acid has long been known to be the reverse of their 
| effect on corrosion by non-oxidising acids or waters, 


| PITTING CORROSION 





and stressed components are required to work, the | Contact with platinum will usually stimulate the corro- 
recovery which occurs when the stress or tempera- | sion of iron by hydrochloric acid or a chloride solution, 
ture, previously causing creep, is reduced, and the | while contact with zine will usually diminish it. In 
influence of time and other factors on the extent of | Ditric acid, especially at concentrations on the border- 
such recovery and the subsequent creep behaviour |line of those which naturally produce passivity, the 

; staingl eendiel aed | reverse is usually the case; contact with platinum 
when the origina — itions are restored, are | will raise the initial anodic current density above the 
questions of much interest now that the major); 
effects of creep are fairly well understood. Compre-| + Exogmezrta, vol. 147, pages 409 and 418 (1939). 
hensive experiments are accordingly in hand to/| 








+ M. C. Whipple, Jl. New England Waterworks Assoc., 
reveal the detailed effects, on creep recovery, of all | vol. 34, page 33 (1920). 
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passivating value and so bring the attack almost to a 
standstill, whereas contact with zinc will render the 
iron cathodic and thus dispel passivity. The effect 
of contact with oxide scale, such as is produced on 
iron by heating in air, is analogous to that of contact 
with platinum ; it will tend to render iron passive in 
nitric acid of a concentration which otherwise would 
attack it violently—a fact by 
Schoenbein* of Basle 103 years ago, in a famous letter 
to Michael Faraday 
nitric acid may cause the layers of iron just below the 
to appear to be more resistant than the 
interior of the metal, thus explaining Dr. OlSansky’s 
The correctness of his measurements is 


described Professor 


This immunisation of iron towards 


oxide seale 
observations. 
not in question, but they refer to nitric acid, and not toa 
typical liquid 
Yours faithfully, 
Unick R. Evans. 
lhe Metallurgical Laboratories, 
Cambridge University 
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BUFFET-RESTAURANT CAR FOR 
YORK-SWINDON SERVICE. 

wo new known as buffet-restaurant cars, 
have been specially built for the through-carriage ser- 
operated by the London and North-Eastern 
Railway Company between Aberdeen and Penzance. 

« train leaves Aberdeen at 10.20 a.m. each week-day, 
ind by way of Edinburgh, York, Sheffield and Swindon, 
runs on to the Great Western line. The restaurant car 
service is provided by the London and North-Eastern 
Company, and offers facilities for either substantial 
meals or light refreshments. The new cars, one of 
illustrated in Figs. | to 5, page 140, were 
the Doncaster and Dukinfield works 
of the London and North-Eastern Company to the 
designs of Sir H. Nigel Gresley, the chief mechanical 
They combine the facilities of a restaurant 
with those of a buffet car. As shown in the plan, 
Fig. 3, there are two saloons in each vehicle, one, shown 
on the left, being arranged for driving purposes and 
ilso having accommodation for 12 passengers. The seats 
ind tables in this saloon are of the usual restaurant 
rhe double seats on the one side are 4 ft. Of in. 
and the single seats on the other are 2 ft. 7} in. 


vehi les, 
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wide. The passage is 1 ft. 11} in. wide between the 
im rests. The second saloon, shown in the middle 
of the coach in the plan, is arranged on similar lines 


to a buffet car and is fitted with fixed seats of special 
design. These seats, which can be clearly seen in 
are upholstered in green leather. The outer 
seat of the double seats is of the tip-up type to facilitate 
to the There is accommodation for 
IS seated passengers, while standing room is available 
in addition at a small bar, visible at the end of the 
couch in Fig. 5. The dimensions of the seating accom- 
this compartment are practically the 
same as those in the dining saloon. Both saloons have an 
inside width of 8 ft. 4} in., a width over the pillars of 
8 ft. 11} in., and a width over the mouldings of 9 ft. 
There is a 1Lj-in, partition between the two 
saloons, provided with ‘* Perspex "’ panels, so that the 
staff may have a clear view of the car. The floor of the 
buffet is covered with * cork tiles. 

\ large combined kitchen and pantry, shown on 
the right in Fig. 3, is provided for the service of both 
the cooking being carried out entirely by 
electricity. The Stone-Wilson cooking stove a provided 
in the kitchen comprises a roasting oven, three boiling 
plates, and two grills. A separate fish frier b is provided, 
together with a Still’s automatic boiler ¢ for making 
tea and coffee, and a large electric refrigerator d. 
rhe equipment includes two lift-up tables e, two table 
tops f with cupboards below, a table top g with drawers 
below, and a table top A with cupboards both above 
and below. There are also two sinks /, and a wardrobe j. 
The power is derived from two 10-kW axle-driven 
generators suspended beneath the vehicle, and an 
Exide-Ironclad battery of 210 ampere-hours capacity 
provides current while the train is standing at stations 
rhe are of the Londcn and North-Eastern 
Railway standard teak construction, with steel under- 
frames, and are fitted with Buckeye couplers and Pull 
man vestibules, They are mounted on the company's 
standard compound bolster bogies, with 10 in. by 
5 in, journals, Non-storage steam heating is provided. 
The capacity of the cold-water tanks in the roof is 
84 gallons, The distance between the wheel centres of 
the bogies is 8 ft. 6 in., and the bogies are spaced 43 ft. 
between centres. The coach is 60 ft. over the head- 
stocks, 61 ft. 6 in. over the body, and 63 ft. 6 in. over 


Vig. 5, 
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modation in 


glass 


Gesco ” 


saloons, 


vehicles 


the buffers. The total weight is 41 tons 11 ewt. 3 qr.. 
of which 21 tons 17 ewt. are on the bogie under the 
kitchen 


* CC. T. Schoenbein, Phil. Mag., vol. 9, pagwe 53 (1836) 
(sic). 
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THE LATE SIR ROBERT B. DIXON, 
K.C.B. 

Ir is with a deep and personal regret that we record 
the death of Engineer Vice-Admiral Sir Robert Bland 
Dixon, K.C.B., which took place on Friday last, 
July 28, at Sydney, New South Wales, whither he 
had gone on a business visit. He was 72 years of age 
and had been in retirement since 1928, after holding 
for six years the position of Engineer-in-Chief of the 
Fleet. which he was the first student of the Engineering 
College at Keyham to attain. 

Robert Bland Dixon was a native of Darlington and 
received his early education at Queen Elizabeth's 
Grammar School in that town. In 1882 he was entered 
as an engineering student at the Naval Engineering 
College, which had been opened three years before to 
supplement, and eventually to supersede, the similar 
college established in H.M.S. Marlborough, a con- 
verted three-decker, at Portsmouth. After a successful 
six -years’ course at Keyham, he was given the rank 
of acting Assistant Engineer in 1888, and was selected 
to take a three years’ advanced course at the Royal 
Naval College, Greenwich. Leaving Greenwich in 
1891, at the head of the list, he was appointed to 
H.M.S. Hecla, in which he served for a year before 
transferring to Trafalgar with the rank of 


H.M.S 
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Tue Late Sir Rospert B. Drxon, K.C.B. 


Engineer. A year later he returned to the Royal 
Naval College as assistant to the late Professor J. H. 
Cotterill, and lectured on applied mechanics until 
September, 1896. His next appointment was on the 


China station, where he served in the battleships 
Victorious and Centurion, but at the end of 1898 he 
was recalled for duty at the Admiralty under Sir John 


Durston 

In the following vear Dixon received his first Dock- 
yard appointment, that of assistant to the Chief Engin- 
eer at Chatham, the actual duty being the charge of the 
engineers’ drawing office. While there he was pro- 
moted to the rank of Chief Engineer. Rather less than 
transferred 


two years later—in April, 1902—he was 
to Portsmouth Dockyard as First Assistant to the 
Chief Engineer, Rear-Admiral John T. Corner; and 


after a further two years to the Admiralty, on the 
staff of the Director of Dockyards, a position then held 
by the late Sir James B. Marshall. By this time the 
old designations of rank had been abandoned in the 
Engineering Branch of the Royal Navy, and in July, 
1904, Lieut. Dixon received his promotion to Engineer- 
Commander, After three years at the Admiralty he 
went to sea again as chief engineer of the battleship 
Dominion, but this appointment—his last at sea 

continued only until March, 1909, when he was sent 
to Haulbowline Dockyard as Chief Engineer, remaining 
for three years. In 1912 he served on the Admiralty 
Committee to organise the training of naval officers 
under Lord Fisher's scheme, and in the same year 
went to Portsmouth Dockyard as Manager of the 
Engineering Department. Promotion to Engineer- 
Captain came in 1916, and, a year later, the appoint- 
ment of Engineering Assistant to the Director of 
Early in 1919, Engineer-Captain Dixon 
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was transferred to the Engineer-in-Chief’s Department, 
and in 1920, having by then become Engineer Rear- 
Admiral, he was made Deputy Engineer-in-Chief under 
Sir George G. Goodwin, K.C.B., whom he succeeded as 
Engineer-in-Chief in 1922. He was made a Commander 
of the Bath in 1918, and in 1924 was advanced 
to K.C.B. 

Sir Robert Dixon was an active supporter of the 
principal engineering institutions, and was a_ vice- 
president of the Institution of Naval Architects and 
also of the Institution of Mechanical Engineers. In 
1926 the University of Sheffield conferred upon him 
the honorary degree of Doctor of Engineering. Late 
in the same year he took office as president of the Junior 
Institution of Engineers. In 1929 he was inducted as 
president of the Institute of Marine Engineers. After 
his retirement in 1928 he joined the board of directors 
of Messrs. Babcock and Wilcox, Limited, and at the 
time of his death was chairman of their associated 
companies, The Clarkson Thimble-Tube Boiler Com 


pany, Limited, and Edwin Danks and Company, 
Limited. He was also a director of Balkis, Limited, 
Bromilow and Edwards, Limited, G. D. Peters and 
Company, Limited, H. W. Kearns and Company, 


Limited, J. A. Weir, Limited, and the Lydenburg 
(Transvaal) Gold Exploration Company, Limited. 








66-FT. MOTOR TORPEDO BOAT. 


A NEw type of twin-screw motor torpedo boat, No. 
40 K, constructed by Messrs. Aero-Marine Engines, 
Limited, 28, Pall Mall, London, 8.W.1, was demon- 
strated to Admiralty representatives on Thursday, 
July 27, and on the following day we were able 
to inspect the boat and make a trial run in her in 
Southampton Water. Following the successful trials 
of a prototype boat, Messrs. Aero-Marine Engines, 
Limited, obtained a foreign order for twelve boats of 
the type 40 K, eleven of which are being constructed 
in France by their associated company. The boat, 
a photograph of which is reproduced on the opposite 
page, was constructed at Looe, Cornwall, and has 
achieved a speed of 45-25 knots in recent trials, with 
2,760 shaft horse-power. Her displacement is 30 tons 
and the leading dimensions are : Length, 66 ft. ; beam. 
15 ft. ; moulded depth amidships, 8 ft.; and draught. 
3 ft. 11 in. 

The hull, built throughout of timber, is vee-bottomed 
with closely-spaced oak frames, and is subdivided 
nto seven compartments, five of which are watertight 
Triple and double skin construction is employed for 
the bottom and top-sides, respectively, and laminated 
engine beds are provided to give the necessary elasticity 
in rough weather. The wheel-house, completely 
enclosed, is fitted with a Kent clear-view screen for 
forward visibility in bad weather, and contains the 
torpedo and depth-charge release controls, in addition 
to all the mechanical and electrical control levers. The 
throttles are hydraulically operated, and the engine 
clutches, of the electromagnetic type, are operated by 
push-button switches from the steering position. 
Accommodation is provided for two officers and four 
men in quarters forward of the engine room, there 
being, in addition, a galley and a sound-proof wireless 
room. 

The main propelling machinery consists of four 
690-brake horse-power Lorraine aero-type engines, 
converted for marine work, two being connected in 
tandem to drive each propeller shaft through a gearbox 
to which a Lycoming 100-brake horse-power auxiliary 
engine is attached. This arrangement allows each 
screw to be driven either by its own auxiliary engine. 
incorporating an integral reverse gear, or by one or both 
of its main engines. The coupling of each engine to 
the gearbox is effected by an electromagnetic clutch. 
Cooling is by circulation of fresh water to the main 
engines and direct sea-water circulation for the auxiliary 


engines. The electric generators, bilge pumps and 
air compressors are driven from the engine gearboxes ; 


hence they can be operated by the auxiliary engines 
alone. Electric starting is provided for the auxiliary 
engines, and “ Viet ’’ compressed-air starting for the 
main engines. The latter may alternatively be started 
through the gearboxes by the auxiliary engines. The 
fuel cocks and filters for all the main engines are 
mounted on the aft bulkhead of the engine room, and 
the fuel, which is contained in copper tanks, is suffi- 
cient for 176 sea miles when all four main engines 
are in operation. If only two main engines are used. 
the cruising speed is 27 knots and the radius of action 
is increased to 325 miles. The cruising speed, on the 
auxiliary engines only, is 10 knots with a radius of 
action of 650 miles. The boat, for foreign orders, is 
equipped with armament which includes two 21]-in. 
torpedoes, side dropping gear, one 37-mm. automatic 
cannon, one 0-5-in. machine gun, six depth charges, 
7,000 rounds of ammunition and a _ smoke-screen 
installation. 
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Tue Ministry of Labour provisionally estimates 


NOTES. 


| the railway general managers. 


that at July 10, the number of insured persons, between | 


the ages of 16 and 64, in employment in Great Britain, 
was approximately 12,912,000. This was 102,000 more 
than the total for June 12, and 656,000 more than the 
total for July 18, 1938. The improvement in employ- 
ment between June 12 and July 10 was most marked 
in the distributive trades, the principal textile industries, 
engineering, shipbuilding and repairing, the iron and 
steel industries and metal-goods manufacture, hotel 
and boarding-house service, the transport industries, 


printing and bookbinding, bread, biscuit, cake, etc., | 
making, and certain other food industries, agriculture | 


and horticulture, and furniture manufacture. On the 
other hand, employment declined in the tailoring and 
dressmaking and millinery industries. 


At July 10, the numbers of unemployed persons on 
the registers of employment exchanges in Great Britain 
were 1,013,636 wholly unemployed, 190,364 temporarily 
stopped, and 52,424 normally in casual employment, 
making a total of 1,256,424. This was 93,155 less than 
the number on the registers at June 12, and 516,692 
less than at July 18, 1938. The total on July 10 com- 
prised 953,859 men, 27,151 boys, 245,930 women and 
29,484 girls. 


At a meeting in London last week, the general 
managers of the four main-line railways informed the 
representatives of the three railway trade unions that 
in response to the representations submitted by the 
unions on June 30, the railway companies had decided 
to increase the minimum rate of pay for adult male 
conciliation staff to 45s. per week as from the beginning 
of the first full pay period following July 29. This will 
have the effect of raising the lowest current rate from 
43s. to 45s. per week and the lowest base rate from 
41s. to 45s. per week. In taking this course, it was 
added, the railway companies had been influenced 
by the opinions expressed by the Railway Staff National 
Tribunal in their decision issued in February, 1939. 
In that decision the Tribunal expressed regret that 
“a general improvement, involving necessarily a 
great extra annual cost, cannot be properly recom- 
mended at a time when traffic receipts and still more 
net earnings had fallen so greatly and when the move- 
ment is still downwards,” but they expressed the view 
that “a strong case had been presented for making 
an increase upon the lowest rates a first claim as soon 
:as the financial position made any substantial concession 
possible.” 


A delegate conference of the National Union of 
Railwaymen has been called in order to consider 
the offer of the companies. The position of the 
Associated Society of Locomotive Engineers and Fire- 
men is, at the time of writing, less clear. When the 
proposal of the companies was made known, the 
following statement was circulated :—‘‘ After carefully 
reviewing the position which now obtains, the executive 
note that no substantial part of the claims submitted 
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by this society has been conceded either by the National | a representative committee elected from all the unions 


Tribunal or, subsequently, by direct negotiations with 
In the circumstances, 
and recognising the deep resentment of our members 





| 


against the intolerable position, we decided to instruct | 


the general secretary to inform the companies that 
we have no alternative but to resort to other methods to 
compel them to recognise the justice of our claims.” 
Mr. Squance, the general secretary of the organisation, 
who gave out the statement, added that the executive 
realised the extreme gravity of the position, and 


| wanted to get the correct angle before making a final 


decision, 


Representatives of the Shipbuilding Employers’ 
Federation and of the Confederation of Shipbuilding 
and Engineering Unions met in a preliminary conference 
at Edinburgh on Thursday last week, to review the 
state of the industry in relation to the desire of the 
unions for consideration of the question of an increase 
in wages. Mr. J. W. Stephenson, president of the 
Confederation, who was spokesman for the trade 
unions, referred to the improvement which had taken 
place recently in all branches of the shipbuilding 
industry—particularly to the large amount of warship 
work in hand—and also to the improvement which had 
taken place in ship-repairing. The prospects, he 
claimed, justified an advance of wages. Mr. A. M. 
Stephen, the president of the Employers’ Federation, 
in reply, said that the case of the unions would receive 
careful consideration, and the whole position be reported 
to the Central Board of the Federation, which was meet- 
ing on the following day. The preliminary conference 
then adjourned. At its close, the trade-union repre- 
sentatives, following the procedure prescribed in the 
industry’s conciliation machinery, submitted a formal 
claim for an early meeting to discuss an application for 
an increase of 6s. per week of 47 hours upon the base 
rate of plain time workers, and of 15 per cent. to piece- 
workers. 

The general conference mentioned in the preceding 
note—and another held under the procedure to consider 
a question which was not national—were presided over 
by Mr. J. Gordon McIntyre, K.C., who recently accepted 
a unanimous invitation by the Shipbuilding Employers’ 
Federation and the Confederation of Shipbuilding 
and Engineering Unions to act as Independent Chairman 
under the industry’s conciliation machinery in succes- 
sion to Lord Patrick, recently appointed a Judge of the 
Court of Session. The position of the Independent 
Chairman under the shipbuilding industry’s conciliation 
machinery is somewhat unusual. The Independent 
Chairman does not act in any way as an arbitrator 
between the two sides. A clause in the agreement 
between the two sides provides that he shall conduct 
the business of the conference, but shall have neither 
a determining voice nor a vote in the proceedings. 
Actually, his task is to assist the parties to reach, if 
possible, an agreed settlement between themselves. 
Another interesting feature of these general conferences 
is that even when only one of the unions whose members 
are employed in the shipbuilding industry is affected, 








takes part in the proceedings. That is also true, of 
course, when a general question affecting all the unions 
is under discussion. 


Addressing the annual conference of the Amalga- 
mated Union of Building Trade Workers at Whitley 
Bay last week, Mr. Luke Fawcett, the president, said 
that the time was coming when the question of an 
increase in wages must be put to the issue. The 
technical progress of the industry and the intense 
methods of working justified, he claimed, an increase 
in the rates of pay. In the circumstances which 
prevailed, large numbers of employers, he went on to 
say, were reaping exceptionally big profits. The 
cost of living was rising and our arms expenditure 
was reflected in budgets which made the necessities 
of the people dearer. The economy of the country 
was being thrown more and more out of balance. It 
was estimated that 2,000,000 workers were now wholly 
engaged in making weapons and engines of war and 
in works of civil defence. The building industry 
was busy principally on A.R.P. work. ‘ When the 
rearmaments’ race collapses,” Mr. Fawcett declared, 
‘* we shall have an unemployed army of unprecedented 
dimensions. Upon the Government now rests the grave 
responsibility and bounden duty of preparing, and 
having the plans and machinery ready, to provide 
useful work when the wild extravagance of war work 
comes to an end.” 


The conference unanimously adopted a resolution 
recommending the executive to prepare a scheme 
pressing forward negotiations for payment to all 
building-trade workers of statutory holidays, recognised 
as such in the industry, including Christmas Day and 
one clear week’s annual holiday. These, or similar 
demands, the resolution added, should be embodied 
in a national wages agreement. 


The membership of the union, it was reported, had 
increased by 3,633 during the past year, and was now 
67,143. The financial position was also strong, the 
General Fund now amounting to 146.7621. A number of 
new national agreements had been negotiated since 
the previous annual conference—one with the Furnace 
Builders, and one with the National Federation of 
Terrazzo-Mosaic Specialists. Agreements had also 
been made with certain sections of the granite industry. 


A local authority, having considered the case of a 
registrar of births, deaths and marriages first appointed 
as such since April 1, 1930, who is also employed as 
Relieving Officer and, as such, has remained subject 
to the Act of 1896, issued a notification under Article 5 
of the Local Government Superannuation (Administra- 
tion) Regulations, 1938, which indicated that in respect 
of his employment as Registration Officer, he would, 
as from April 1, 1939, be required to contribute to the 
appropriate superannuation fund at the rate of 6 per 
cent, The person affected appealed to the Minister 
of Health. The Minister, in the course of his reply, 
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states that he has carefully considered the representa- 
tions submitted, and has reached the conclusion that 
the Council’s contention cannot be supported 


The Minister goes on to say that he is advised that a 
transferred officer who was appointed as a registration 
officer after April 1, 1930, and who, by virtue of the 
Act of 1929 had remained subject to the Act of 1896, 
became, in respect of his appointment as registration 
ofticer, subject to the provisions of that Act consequent 
upon the provisions of paragraph | of the Tenth 
Schedule to the Act of 1929, which substituted county 
council for board of guardians in the definition of 

officer’ contained in Section 19 of the Act of 1896. 

Having regard to this conclusion,’ the Minister 
continues, “ paragraph 2 (a) of Part 1 of the Second 
Schedule to the Act of 1937 applies in your case, and 
consequently the rate of contribution payable by you 
in respect of your office Registration Officer 
governed by paragraph 3 (c) (ii) thereof. It is accord 
ingly determined that the percentage of your remunera 
tion as Registration Officer, which is payable by way 
of contribution to the appropriate superannuation 
fund is 3 per cent.” 


as Is 


The weekly organ of the International Labour 
Office at Geneva states that the French Salaried Em 
ployees’ Federation recently submitted to Parliament 
a Bill for the introduction of a system of retiring 
pensions for salaried employees who are not covered 
by the Social Insurance Act of April 5, 1928, or by the 
other insurance legislation. For the purposes of the Bill. 
a salaried employee is deemed to be any person in 
the service of a private individual, an administrative 
service, an industrial, commercial or agricultural 
undertaking, or an undertaking connected with the 
legal, liberal or assimilated professions, who is usually 
employed in managerial or supervisory work, or in 
connection with inquiries or claims, or in administra- 
tive, accountancy, commercial, technical 
services, or in the guarding and maintenance of premises, 


or sales 
equipment and goods, irrespective of the way in which 
he is paid or of any contradictory provisions prescribed 
hefore or after the adoption of the Bill. 


Every employer is bound to contribute towards a 
pension insurance scheme covering the risks of old 
we, death and total or partial permanent incapacity 
in respect of all salaried employees in his service who 
ire not covered by the Social Insurance Act of April 5, 
1928. The cost of retiring pensions will be met from 
the proceeds of contributions payable by the employers 
and deductions from the earnings of the salaried 
employees. The employer's contribution will be used 
to cover the cost of retiring, survivors’ and permanent 
invalidity The employee's contribution 
will be reserved to meet the cost of retiring pensions. 
lhe salaried employee will decide whether the capital 
constituted by his payments and those made by his 
employer towards retiring pensions is to be devoted 
solely to the acquisition of a life annuity for himself 
or whether, in addition, it will provide a benefit for 
his dependents in case of his premature death. The 
retiring pension may revert either to the wife or children 
under age. The contribution will be 
deducted from the wages by the employer 


pensions. 


employee's 


Employers who fail to observe the insurance regula 
tions will be liable to the penalties laid down by social 
insurance legislation. A pension will be paid to men 
at 60 years of age and to women at 55 years. Lnsured 
persons will be allowed to claim a retiring pension five 
years earlier or five years later chan the ages mentioned 
above. Payments made by the employer towards 
salaried employees’ retiring pensions may on no account 
be deducted from any sums due as dismissal allowances 
or be taken into account in calculating com pensation 


for a radius clause. Any clauses contrary to the 
provisions of the Bill which may be included in 
individual contracts of employment or = collective 


agreements will be null and void 








Resse IN CHEMICAL ENGINERRING The British 
Rubber Publicity Association, 19. Fenchurch-street, 
London, E.C.3, has just published a second impression 


of their handbook entitled “ Rubber in Chemical Engin- 
eering.”” The handbook, which contains some fifty odd 
pages of technical information on the of rubber 
for engineering purposes, is well illustrated, and four 
pages are devoted to tables showing the resistance of 
rubber compounds to corrosive substances, both organic 
inorganic. A chapter on the properties of rubber 
explains the main differences the raw and 
vulcanised product, and gives figures for the 
mechanical and physical properties of the latter. Copies 
of the handbook may be obtained post free, on application 
of the 


tLses 


and 
bet ween 
typical 
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MOTOR PASSENGER LINER 





TRIALS OF THE PASSENGER 
LINER ‘* ORANJE.”’ 


Tae official trials of the Dutch motor passenger 
liner Oranje, shown in the accompanying illustration, 
took place from June 27 to 29. The tests proved to 
be highly successful not only for the builders of the 
vessel, 
machinery. The Oranje is a triple-screw vessel of 
19,850 net tonnage, built by Messrs. Nederlandsche 
Scheepsbouw Mij, Amsterdam, for Messrs. Nederland 
N.V. Stoomvaart Mij, also of Amsterdam. She has a 
length of 605-7 ft., a breadth of 83-5 ft., and a depth 
of 47-3 ft. according to Lloyd’s Register. The vessel 
was run 20 times over the measured mile off St. Abb’s 
Head, south of the Firth of Forth, and r ached a mean 
maximum speed of 26-3 knots, which is stated to be 
the record for motor passenger liners. 
service speed was 21 knots. The main and auxiliary 
Diesel-engine plant has a total of 46,500 h.p. The 
Oranje intended for to the Dutch East 
Indies, and will reduce the duration of the voyage 
from Genoa to Batavia by four days. 

The propelling engines, built by Messrs. Sulzer 
Brothers, Limited, of Winterthur, are of the Sulzer 
single-acting two-cycle type, with cylinders of 760-mm. 
bore and 1,250-mm. stroke ; 
12.500 brake horse-power at 145 r.p.m. The engines 
are controlled by means of three hand levers : a starting 
lever for setting the engine in motion, a fuel lever that 
can be adjusted between no-load and maximum load, 
and a telegraph lever with which the engineer in charge 
confirms the orders received from the bridge and sets 
the controls of the engines. Various indicating devices 
inform the engineer whether the control operations 
directed by him have been properly carried out. In 
addition to the three main engines, there are also five 
Sulzer two-cycle auxiliary engines each of 1,800 brake 
horse-power, driving electric generators, the current 
being used for operating the scavenging-air blowers 


is service 


for the main engines, and for various auxiliary services, | 


as well as for the ship’s requirements. It is noteworthy 
that two of the main engines were installed in the 
vessel without undergoing any preliminary trials. 
Only the centre main engine and the five auxiliary 
engines were tested at Winterthur. On the official 
trials, the fuel consumption of the main engines 
amounted to 151-5 grams per brake horse-power- 
hour. A Sulzer refrigerating plant is provided for 
cooling the rooms, and is of sufficient capacity to 
enable the interior of the ship to be kept as cool as 
desired with the maximum atmospheric temperature. 
By operating a hand lever, a passenger can allow as 
much cooled air to enter his cabin as he wishes. The 
rooms are heated partly by warmed air and partly 
by electric heaters. 
and fans have been installed for handling water and 
for the various ventilating installations. 
will leave on September 6 for her maiden voyage to 
the Dutch East Indies. 





GOLD PRODUCTION IN CANADA. 
in Canada, which has been steadily increasing recently, 
reached 432,359 oz. in the month of May, an increase of 
25.564 oz. on the previous month. The production in 
May, 1938, was 381,089 oz., and the total production 
for the first five months of 1939 showed an increase of 
228,187 oz. over the corresponding output in 1938. 
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STANDARD DIAL GAUGES. 


A pRaFT specification for standard dial gauges has 
just been issued by the British Standards Institution 
for technical comment before it is included in the list 
of British Standard Specifications. Considered criticism 


| is invited, but until this has been received and examined 


by the Committee concerned the draft specification, 
which entitled ‘ CF (ME) 3436, Draft British 
Standards for Dial Gauges’ should not be considered 
as authoritative. Copies may be obtained, by manu- 


Is 


facturers and others interested, from the British 
Standards Institution, 28, Victoria-street, London. 


S.W.1, and any comments upon it should be sent to 
that address before Wednesday, September 27, 1939. 
The main purpose of the Specification is to set up a 
standard of accuracy for the commoner types of dial 
gauges now in use. I[t applies to gauges with dial 
diameters from 1} in. to 2 in., and having ranges of 
movement of the plunger up to $ in., or 12 mm., and 
measuring by steps of 0-001 in., 0-0005 in., 0-O00L in.. 
and0-0lmm. ‘Two grades of dial gauges are proposed, 


| the requirements to be met for both being laid down. 
| Sketches and tables giving the dimensions recommended 


for all new gauges are included, and it is suggested. 
moreover, that existing designs should be amended in 
accordance with them. 

The draft specification covers all details very fully, 
including the method of graduation of the dial, con- 
struction of the pointer, plunger and contact points, etc.. 
while the important subject, from the point of view of 
standardisation, namely, the tolerances allowable, is 
comprehensively discussed. Further, as the value of a 
dial gauge depends on consistent performance, a con- 
siderable amount of space is devoted to the methods of 
testing the gauges for repeatability of reading, for 
freedom from backlash, and to the procedure of calibra- 
The care and use of dial gauges has also been 
given prominence, as well as the choice of an appro- 
priate type of gauge. The draft specification is well 
worth careful study by all directly concerned in the 
manufacture of these gauges, while users of large 
quantities may find that they are able to contribute 
useful suggestions from their experience. In view of 
the growing use of the dial gauge on precision machine 
tools, the issue of a British Standard Specification for 
them forms an important and timely piece of work. 








PETER BROTHERHOOD, LIMITED.—-We have 
Messrs. Peter Brotherhood, Limited, 
an interesting brochure describing the 
development of their business from the small works 
founded in Compton-street, London, in 1867, to the 
larger works in Belvedere-road, Lambeth, to which the 
firm moved in 1882, and the present 16-acre establish- 
ment at Peterborough. The transfer to Peterborough, 
it will be recalled, was due to the acquisition of the 
Belvedere-road premises by the London County Council 
as part of the site for the County Hall. The brochure 
also contains an illustrated survey of the various types 
of machinery manufactured by the firm at the present 
time, including high-pressure and low-pressure compres- 
sors for air and various inflammable and other gases ; 
high-speed steam engines ; the well-known three-cylinder 
radial engine invented by Mr. Peter Brotherhood ; steam 
turbines, geared and direct-drive; the Brotherhood- 
Ricardo heavy-oil engine ; pumps, cooling towers, filters, 
and special machines for cleaning and filling bottles at 
rates up to 10,000 per hour. 


MESSRS. 
received from 
Peterborough, 
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SOME RECENT DEVELOPMENTS 
IN BRITISH SURVEYING 
INSTRUMENTS.* 

By Mayor-GENERAL — N. Mactgop, D.S.0., M.C., 
A.D, 


Tue subject I have chosen for the Thomas Young 
Oration is a meeting ground of the sciences of optics 
and of surveying. As it is not possible in the time 
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novelty, or of their importance to the surveyor; and 
I must also limit my description to optical as opposed 
to mechanical features. Much of what I have to say 
is concerned with aerial surveying, for this is an 
important recent development which has led to the 
construction of surveying instruments of an entirely 
new kind, some of them veritable robot surveyors and 
really wonderful products of optical ingenuity and 
mechanical workmanship. Before embarking on the 
subject of air photographic-surveying instruments, 
however, I would like to refer to some recent develop- 
ments of the ground surveyor’s principal instrument, 
the theodolite, which has not been, and is never likely 
to be, superseded by the aerial camera. 
Theodolites.—Thirty years ago it seemed that finality 





PHOTOGRAPHS TAKEN WITH SEVEN-LENS 
CAMERA. 


Fia. 2. 





Fie. 3. 


RECTIFIED SURVEY PHOTOGRAPH. 





upon glass instead of upon metal, and in which the 
reading of the arc was effected in a novel manner, so 
effective and yet so beautifully simple that one wonders 
why no one had ever employed it before. An answer 
from the country of Ramsden and Sisson to this 
challenge was eminently desirable; and the gauntlet 
thus thrown down by Herr Wild was taken up by 
Brigadier Winterbotham then Chief of the Geograph- 
ical Section of the General Staff who arranged, in 
1926, for a meeting to be held at Tavistock at which 
the principal manufacturers of British surveying 
instruments, and a number of other persons interested 
in surveying, were invited to examine and discuss both 
the new instruments and the question of theodolite 
design generally. The result of the Tavistock meeting 
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has been the manufacture by Messrs. Cooke, Troughton 
and Simms, of the so-called Tavistock theodolite, which 
uses the new method of reading in another and, I think, 
even better way. 

The new method of reading may be explained as 
follows: Suppose Fig. 1 (a) to represent a graduated 
circle. Imagine a line AB ruled right across through 
the centre; the reading of one end of A on the are 
would be, say, X deg. anda fraction, and of the other end 
B, Y deg. and a slightly different fraction, where Y = 
180 + X. The final reading will be X, plus the mean 
of the two intercepts AX and BY, i.e., } (AX + BY), 
Fig. 1(c). This mean reading is measured directly 
by an optical micrometer, which moves the images 
of the graduations X and Y by equal amounts in 
opposite directions. In both the Wild and Zeiss 
instruments, the images of X and Y are brought to- 
gether by optical systems so that they appear as in 
Fig. 1 (b) or Fig. 1 (c). If each of two adjacent opposite 
graduations is displaced optically by equal amounts 
towards the imaginary line AB, Fig. 1 (c), until they 
are exactly in line with one another, each will ‘have 
travelled exactly one-half the distance XY in Fig. 1 (c), 
that is to say, a distance equal to (AX + BY). The 
micrometer scale and the two sections of the are are 
brought into the same field of view, so that both can 
be read without moving from the observing position. 

In the Tavistock instrument, the optical system 
brings two opposite parts of the arc, i.e., the ends of 
the line AB, together in such a manner that the two 
ends A and B can be imagined as being superimposed 
upon one another to form a single line represented by 
the central line in Fig. 1 (d). If the graduation and 
centring of the arc were quite perfect, the optical 
system would superimpose any two adjacent pairs of 
graduations 180 deg. apart so that they would appear 





in the field of view as a second line parallel to the line 
representing AB. The reading could be effected by an 
optical micrometer which shifted the combined image 
of the graduations, e.g., X and Y, until it was super- 
imposed on the line AB. If, however, there were any 
error in centring or graduation of the arc, the gradua- 


in the design of theodolites had been reached, and that 
further improvements would be in matters of minor 
detail only. However, in 1921 or thereabouts, Herr 
Heinrich Wild (now of Heerbrugg, Switzerland, but 
delivered before the|then a member of the Zeiss firm) introduced a new 
instrument in which the graduated arc was engraved 


available to cover the whole ground, I must confine 
my descriptions to developments which seem to me 
to be of special interest, by reason either of their 
* Thomas Young Oration, 
Physical Society, March 24, 1939. 
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tions X and Y would appear not as a single line, but as 
two lines side by side, and the mean reading would be 
obtained when these two lines had been made to straddle 
the centre line AB as in Fig. 1 (d). This arrangement, | 
as it stands, would not be satisfactory, for the X and Y 
lines might not be clear of, or might be too far from, | 
the central line; a tilting block of glass is, therefore, 
interposed in the path of one of the rays, to enable the 
images of the graduations to separated. The 
reading is then obtained by bringing the images of X 
and Y symmetrically on each side of a broad black line, 
as in Fig. 1 (e), the separation of X and Y being variable 
to suit the taste of the observer. Before leaving the 
subject of theodolites, | would like to mention two 
other useful British developments. One is the magneto- | 
theodolite, and the other is Dr. Hunter’s shutter eye- 
piece. 

The magneto-theodolite is 
for the observation of accurate magnetic bearings. 


be 


an instrument designed 


It 


| looking down from above. 


ENGINEERING. 
If the ground were flat, 
if there were no distortion in the photograph due to 


| the lens or shutter, and if the camera could be held 


exactly vertical, an air photograph would appear to 


surveyor on the ground many days, and perhaps weeks, 
to collect. Unfortunately, the above theoretical condi- 
tions can very seldom be realised exactly. It is con- 
sequently exceptional to be able to use an air photo- 
graph for systematic mapping by mere enlargement 
or reduction. The photograph must be regarded only 
as a picture with certain definite geometrical pro- 
perties, from which the surveyor can extract the infor- 
mation he requires. Moreover, it is a picture on a 
much reduced scale, and though this may be an advant- 
age, in making the features to be mapped more easily 
accessible, it postulates a greater refinement of measure- 


AuG. 4, 1939. _ 


|}moved into position. The negative is put into a 


| obtain, in an instant, information which might take a | 


special rectifier in which all seven pictures are printed 
simultaneously, the six oblique pictures being rectified 
during printing to the scale of the central picture, 
which is magnified about 1} times. The design of 
this rectifier is exceedingly skilful and compact. Simul- 
taneous printing of all the photographs involves a 


|certain complication, not only in the number and 


arrangement of the projection lenses but also in the 
lighting arrangements, since the amount of light 
required for the side pictures is many times that 
required for the projection of the central picture ; but 
it is bound to save a great deal of time. The seven 
photographs taken with a 7-lens camera at 10.000 ft. 
during the aerial survey of Egypt in 1937, are repro- 
duced in Fig. 2, page 149, and Fig. 3 shows the print, 





covering 42 sq. miles, obtained after rectification. 


ment than would be required at the full scale on the | The enormous saving in photography and flying which 


The first consideration in aerial photo- 


Fig. 7. 


ground itself. 








| 
Fic. 6. THompson PLOTTER. 
is a combination of theodolite and magnetometer in 
which the change-over from angle-measurement of 





terrestrial objects to measurement of magnetic bearings 


can be made in a few seconds. The instrument makes 
use of Sir Frank Smith's principle of thuid suspension, in 
that the magnet, consisting of two strips of cobalt steel, 


is attached to an annular brass float immersed in a 
liquid. The magnet system is placed centrally over 
the horizontal are while the telescope is mounted 


eccentrically, the change-over from magnetic to direct 
(ordinary) observations being made simply by turning 
a milled head. The instrument constructed for 
the Ordnance Survey by Mess°s. Cambridge Instrument 
Company to the design of Mr. H. L. P. Jolly, M.A. 
It is the first of its kind, and it is hoped that it will 
prove useful for mining, as well as for magnetic surveys ; 
indeed, for any type of survey in which accurate and 
quickly obtained magnetic bearings are required. The 
object of Dr. Hunter's shutter eye-piece is to improve 
the of time-determination by 
tions, by eliminating personal and systematic errors. 
An illuminated scale against which the stat position is 
estimated, and a shutter, controlled by clock or 
chronometer, which alternately occults and exposes 
the star under observation at known times, are provided 
in the eye-piec The the 
appearance has only to be interpolated between the 


Was 


precision star-observa 


a 


position of star at each 
lines of the eyepiece scale, and by the time a large 
number, say 24, of star flashes have been thus posi 
tioned, the personal error has been largely eliminated. 
Tests of the shutter eye-piece indicate that with its 
aid it is possible to make observations for longitude 
equal in accuracy to those for latitude, #.e., equivalent 
approximately to an error in absolute position of about 
30 ft. to 40 ft. 

ler Photograph v. 
of air surveys and air survey instruments, 
one knows, a map shows the features of the 
surface much as they would appear to an ol 


I will now pass on to the subject 
As every- 
sarth’s 








| air camera is known as the F. 24. 


can be effected by the use of wide-angle and multi-lens 


Setting Movements 
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cameras is shown by the following data. At 15,000 ft. 
the area covered by each photograph taken with an 
F. 24 camera is 8-4 square miles, and 460 miles must 


hour or more of flying | be flown to survey 1,000 square miles ; while with the 


to carry the camera to 
the point at which work 


commences, the camera | 
should allow the greatest possible area to be photo- | 


graphed before the aircraft has to return to its base. 


Practically, then, the camera should make use of film | 


The standard British service 


and not glass plates. 
It is a film camera 


| taking a 5-in. by 5-in. picture, capable of being fitted 


with lenses of 6 in. and 4 in. focal length. Other British 


air cameras are the Eagle film cameras made by the | 


Williamson Manufacturing Company in several sizes. 
I'he Eagle IV takes a picture 18 em., by 24 cm., and 
the Eagle VI takes a 5-in. by 5-in. picture, being 
specially designed to provide an optical system which, 


after calibration, can be operated, serviced, and mech- | 
anically adjusted, without disturbance of the lens or | 


the pressure plate. 

In 1933, the Air Survey Committee decided to try 
to evolve a camera with a slightly less angular field 
(120 deg.), but with fewer lenses. The original design 
was due to Lieutenant J. S. A. Salt, R.E., with 
the assistance of Mr. Booth and Mr. Stringer of the 
Royal Aircraft Establishment, and the camera was 
constructed by Messrs. Barr and Stroud. It consists 
of a cluster of seven lenses, one at the centre and six 
at the corners of a regular hexagon. The focal length 


is a little under 2 in., and the rays entering the six | 


outer lenses are deflected by prisms, fixed immediately 
in the front of the lenses, which have the effect of 
bending the rays entering the side lenses through an 
angle of 45 deg. In front of the prisms is a yellow 
light-filter which also forms a circular glass cover for 
the whole assembly. The lens cone is designed to fit 
the film-holder and magazine of the standard F. 24 
camera. The glass pressure plate is replaced by a 
metal mask, which divides up the exposed portion 
of the film in such a manner that the seven separate 
pictures project, after rectification, into an exact square. 


During exposure the film is pressed against the mask 
by a pad, which is automatically released when the | 


exposure is complete and the next section of film is 


| 7-lens camera as many as 96 square miles are covered 
| by each exposure, and only 140 miles need be flown 
| to survey 1,000 square miles. 

It is not possible to get a good stereoscopic impres- 
sion of an object of such a height that the angle sub- 
tended at either eye much exceeds 1 deg.; hence the 
greater the range of relief, the more nearly parallel 
| must the visual rays be. A simple stereoscope, known 
jas the * Z.D. 15,” designed for the stereoscopic ex- 
amination of vertical photographs, is manufactured 
by Messrs. Barr and Stroud. The prints, or positives, 
of the photographs are carried on two turntables 
placed at a convenient distance apart, and the two 
| images are reflected into the eyes, without magnifica- 
tion, by a system of parallel sloping mirrors. The 
principal points of the photographs are fixed at the 
centres of the turntables, the setting in correspondence 
being effected simply by rotating the turntables 
until the line joining the two principal points on each 
photograph of the pair is parallel to the eye base. 
Multiple marks are provided in the form of a grid, 
engraved on a glass plate placed over each photo- 
graph, having the lines run at 45 deg. to the eye (or 
air) base. When the photographs are in correspondence 
the paired lines of this grid fuse, giving the impression 
of a horizontal network, the height of which can be 
varied by altering the separation of the grids; this 
movement being given by a screw with a graduated 
micrometer head at the right-hand side of the instru- 
ment. With the aid of gyroscopic aircraft stabilisers 
it is now quite practicable to take air photographs 
in straight strips with the correct overlaps (which should 
be between 50 per cent. and 60 per cent.) in the fore- 
and-aft direction, and with no deviations from the 
vertical exceeding half a degree. A skilled aircraft 
crew can ensure that the whole of any given area 
shall be covered in this manner with a minimum of 
wasted flying time ; and since flying time is expensive, 
| this is an important consideration. With good photo- 
graphy, small random tilts are probably not the chief 
sources of error in the control plots ; errors in identify- 
ing the points, stretching or shrinking of the film after 
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exposure, and limitations of draughtsmanship, are 
the chief sources of inaccuracy. In order to eliminate 
errors of these three classes a special comparator, 
designed by Captain E. H. Thompson, R.E., has 
recently been constructed for the Ordnance Survey 
by Messrs. Cambridge Instrument Company. 

The Thompson Comparator.—The instrument is a 
combination of a measuring stereoscope and an accurate 
co-ordinate measuring machine. The photographs are 
placed on two rotating turntables each mounted 
separately on a carriage, called the ‘“ X carriage,” 
movable in a direction parallel to the stereoscopic 
eye base. The stereoscope is mounted on another 
carriage, called the ‘‘ Y carriage,’ moving in a direc- 
tion exactly perpendicular to the former. The two 
X carriages can be locked together, but each can be 
given an independent movement, so that a differential 
movement of the turntables can be made in the X 
direction. The mechanical features of the instrument 
will not be described in detail, though they are in some 
respects the most interesting and the most characteristic 
points in the design. It has been explained above that, 
if the photographs are taken with suitable overlaps, 
each will show, near its right and left margins, the 
principal points of the adjoining photographs on the 
strip on each side, and a narrow strip of the ground 
will appear on each of three consecutive photographs. | 
By intersecting selected photograph points on this | 


symmetrical to right and left about the central axis, | 
so that after removing one photograph it is only 
necessary to rotate the photographs left in the stereo- | 


| scope through 180 deg. and place the next on the vacant | 


turntable. This is equivalent to measuring up the next | 
stereoscopic pair upside down; see Fig. 4 (6) and (c). 
The optical markers, Fig. 5, which can be clamped 
to the turntable, consist of a fine cross engraved 
on a glass plate a, which is carried in a short movable 
tube b. This tube can be rotated so as to set the mark | 
at an angle with the cross formed by the stereoscope | 
graticule. Approximately central in the tube and | 
fixed in position is a lens c, and at the end of the tube is 
a 45 deg. prism d. The effect of the optical system | 
of the marker is to form a real image of the cross at m, 
and a virtual image at m’. The tube can be adjusted | 
so that this virtual image lies in the plane of the paper. 
This optical method of bringing the mark into exact 
coincidence with the selected point without touching | 
or marking the photograph ensures a high degree of | 
accuracy in the identification of points. 
Automatic Plotting Machines.—I will now describe | 
apparatus for plotting from tilted photographs. The | 
idea of automatic plotting from photographs was | 
originated by Major F. V. Thompson, R.E., in 1907, 
while the pioneer of steroscopic methods of measuring 
seems to have been Dr. H. G. Fourcade, a South African, | 
who read a paper in 1901 to the South African Philo- | 


mirror placed a short distance from the upper joint, 
the object of this deflection being to bring the two 
views together into a stereoscopic eye-piece situated 
conveniently for the operator. The lower part of the 
rod is always in prolongation of the collimating: axis 
of the telescope. Raising the base carriage (the Z 
movement) causes convergence of the rods, which are 
coplanar with the air base in all positions, and makes 
the floating mark appear to rise. The X and Y move- 
ments of the base carriage move the mark from side 
to side and up and down in the view. These three 
movements enable the mark to be brought into, and 
kept in coincidence with, any point in the view. Suitable 
gearing transmits the movements of the base carriage 
to a pencil moving over a plotting table in such a manner 
that the pencil records the apparent horizontal move- 
ments of the mark. 








IDENTIFICATION OF THE SOURCE 
OF DEPOSITED MATTER.* 


By J. S. Owens, M.D., B.Ch., B.A., M.I.Mech.E. 
(Continued from page 115.) 
Physical Nature of Flue Dust.—Another entirely 


strip from the two ends of the air base common to | sophical Society, describing a stereocomparator of his | different method by which the source can sometimes 


each pair of photographs, an aerial triangulation can 
be carried out on the photographs, and the| 
relative positions and lengths of the several bases can | 
be computed. If, however, the basal angles of this | 
triangulation were measured directly, errors would | 
be introduced by irregular distortion of the film base, or | 
of the prints. The angles are not, therefore, measured | 
directly, but, in accordance with the practice of precise | 
astronomical photography, are calculated from rect- 
angular co-ordinates measured with the aid of an 
accurate non-distorting réseau, inscribed on the pressure 
plate of the air camera, and recorded photographically 
on each negative at exposure. Errors arising from 
film distortion are therefore limited to the expansion 
or contraction within a single square of the réseau. 

As the use of a réseau is a characteristic feature of 
this instrument, it is worth noting, in passing, that 
most continental air-survey cameras do not allow the 
use of a réseau, as they do not employ a glass pressure 
plate. Other features are the method of ensuring 
exact identification of the same points on all three 
photographs, and the method of changing over from 
one stereoscopic pair to the next. These are best 
explained by describing the method of use. A pair 
of photographs are placed on the turntables and 
centred; the tables are then rotated to bring the 


own invention which enabled the distance of a point 
to be determined from two photographs taken at 
the ends of a short measured base. In 1926, or there- 
abouts, Fourcade, whose work on this subject has 
not received the recognition it deserves, produced a 
novel design for a stereogoniometer* in which the 
setting of two photographs in exact correspondence 
could be done without any knowledge of the positions 
of the air cameras and without the aid of ground points. 
His instrument held out such possibilities for improve- 
ment in all kinds of air survey that the Air Survey 
Committee arranged for two experimental stereo- 
goniometers based on Fourcade’s design to be made 
for the War Office by Messrs. Barr and Stroud, and 
later ordered from the same firm, also for the War Office, 
an automatic plotting machine, shown in Fig. 6, 
designed by Captain E. H. Thompson, R.E. This 
plotter, based on Fourcade’s principle, is stereoscopic 
and uses the Porro-Koppé viewing system ; that is to 
say, the photographs are carried in holders which 
are scale replicas of the aerial camera and are viewed 
from the front through the lens. Bundles of rays from 
any point in the focal plane emerge from the lens as 
parallel rays and the point appears in the view as if 
situated at infinity, as in nature. The apparatus 
consists of three distinct parts: (1) the photograph 








base lines on both photographs into coincidence with 
the line of the X movement, and their separation is | 
varied until the floating mark in the stereoscope, centred 
over each principal point in turn, appears as though 
resting on the ground. The setting can be made with 


carriers, or goniometers, representing the air camera at 
| the two ends of the air base; (2) the stereoscopic | 
| viewing system by which the two pictures are combined | 
| stereoscopically and examined under magnification ; | 
and (3) the plotting mechanism. The goniometers are | 





greater precision in this way than by attempting to 
identify a particular point of detail under the mark, 
since it depends not only on the centring of the mark, 
but on the stereoscopic impression received from all 
the surrounding detail. The floating mark is formed 
by the junction of two dissimilar T-shaped marks, one 
in each eye-piece. 
exactly in correspondence and each half of the mark is 
centred correctly over its respective photo point, 
both horizontal and vertical lines will appear collinear, 
and the mark will appear as a cross resting on the 
ground. 

The base lines having been set in correspondence, 
the next step is to select the intersected points. It is 
sufficient to place the floating mark in a suitable position 
on one photograph and identify stereoscopically the 
point indicated by the mark on the other, by bringing 
the floating mark down on to the ground in the view. 


Where slight tilts exist, there may be some lack of | 


correspondence at the edges of the photographs, even 
when the base setting is correct. This will be revealed 
by the splitting of the floating mark and must be 
eliminated without alteration of the setting. This is 
done by means of parallel plate micrometers which 
enable the image of either of the photographs to be 
shifted in the Y direction. After each setting has been 
completed, the distances of each point from the nearest 
lines of the réseau, the co-ordinates of a suitably placed 
corner of the réseau, and the micrometer reading, are 
read off on the scales provided for the purpose, and 
booked. From these measures, and the known dimen- 
sions of the réseau, the basal angles can be obtained 
and the triangles solved. Some short cuts in the 
computation may be taken, and most of it can be done 
by machine. The next step is to record the position 
of the selected points so that when one photograph 
of the pair is removed and the next inserted, the same | 
points will be correctly identified on the latter. This 


is done by means of specially designed optical markers. | - 


In order to introduce the next photograph in the strip 


When the two photographs are | 


mounted on the ends of a rigid bar representing the air | 
| base and have five degrees of freedom. Each plate can | 
| be rotated in its own plane about the principal point. | 
| This is called the “ position movement,” and represents | 
| two degrees of freedom. Each goniometer can be re- | 
volved in the plane of the bar about axes perpendicular | 
to this plane which pass through the front node of the 
camera lens. These are called the “ declination | 
movements,” and represent a further two degrees of | 
|freedom. Finally, one goniometer can be rotated | 
relatively to the other round the bar in a plane perpen- 
dicular thereto. This is called the “ differential rota- | 
tion” and represents the fifth degree of freedom. 
These five movements are sufficient for the corre- 
spondence, or internal, setting. In addition, the bar 
representing the air base can be rotated so that both 
goniometers revolve together in planes perpendicular 
to the bar, this movement being required for the 
external setting, or adjustment to ground control. | 
A simplified diagram of the Thompson plotter is 
reproduced in Fig. 7. 

The plotting system consists of a base carriage | 
which controls the movement of the plotting pencil 
and on which the base length is set out to scale; this 
carriage is movable on rails in the X and Y directions, 
and is also capable of being raised or lowered in the Z 
direction. The base carriage is thus movable in the | 
three directions of the co-ordinate axes. To the base | 
carriage are attached, by slides, the ends of guide rods 
which represent, or materialise, the rays from any 
given point seen in the view to its two constituent | 
images on the photographs. At their upper ends the | 
guide rods are attached to the air base by gimbal | 
joints which enable them to pivot in all directions 
round the front node of the camera lens. The upper | 
part of each rod carries a telescope arranged to look | 
into the camera through the lens, and of which the | 
collimating axis is deflected into the stereoscope by a | 











* The word “ goniometer” is used to denote a pro-| 


be identified is based upon some peculiarity known to 
exist in the dust emitted from the suspected source. 
A case in point is the dust emitted from pulverised- 
coal furnaces. The spherical bodies already referred 
to are formed by the solidification of fused particles 
while in suspension in the air or flue gases. In every 
furnace or fire there is of necessity a draught of air, 
and with a solid fuel bed this draught, passing between 
the particles of fuel, is capable of tearing away fine ash 
particles from the surface or of picking them up when 
set free by the movements of the fuel during combus- 
tion. If they are fusible enough, the particles thus 
carried away may be melted, and in that case will form 
the spheres referred to. Of course, in the ordinary 
solid-fuel furnace a large proportion of the ash is not 
at a sufficiently high temperature to fuse at the moment 
of being carried away; but a certain proportion is 
practically always raised to the melting point, giving 
rise to the spherical bodies upon which the previous 
method of detecting the source of deposit is based. 

In the pulverised-coal furnace the conditions of 
combustion are entirely different. The air, instead 
of flowing over the surface of incandescent lumps of 
fuel, is supplied to the furnace mixed with finely 
divided coal; the latter is usually so fine that about 
80 per cent. will pass through a sieve of 200 meshes 
to the inch. Under these conditions there is a much 
better opportunity for the ash particles derived from 
the burnt-out coal to fuse, since they are, or should be, 
suspended in the gases of the furnace for the whole 
of the combustion period. It would be expected, 
therefore, that in such a furnace the proportion of 
spherical particles would be very high; and in fact, 
this is the case. The author has found as much as 
70 per cent. of the total ash emitted to be formed of 
such spherical bodies. The percentage will naturally 
depend to a great extent upon the fusibility of the ash ; 
a very fusible ash will be prolific in the formation of the 
spheres while a less fusible one will not be so. The 
melting point of coal ash varies from about 1,040 deg. 
to 1,700 deg. C., and depends on its composition ; 
ash consisting mainly of alumina and silica has a high 
melting point, while alkali oxides tend to lower it, 
as do also iron compounds. 

Here then is a characteristic of the flue dust which 
will sometimes enable its origin to be identified. 
If, for example, complaints are made of a deposit 
in the neighbourhood of a power station consuming 


| large quantities of coal in the powdered form, and if 


in the same neighbourhood another industrial furnace 
consumes large quantities of coal in mechanical stoker- 


| fed furnaces, then on examining the deposit it may 


be found that it is composed very largely of spherical 


| bodies, in which case it may be safely traced back to 


the station burning pulverised coal, and will exclude 


| to a great extent the other factory burning fuel in a 


solid bed. This distinction is of vital importance 
whenever a complaint of a heavy deposit is made, as 
it is very usual for the owners of the chimneys which 
are blamed to deny all responsibility and to assert 
that the deposit is derived from some other source, 
possibly from domestic chimneys. The actual details 
of the examination of the deposit for spherical bodies 
are comparatively simple. The deposit is examined 
in a thinly spread layer under a microscope ; using 4 
square-ruled micrometer eyepiece, it is possible to 
count the number of dust particles which are spherical 
and the number which are not, and thus to obtain a 
ratio between the numbers. Reliance should not be 





* Paper presented for written discussion to the 


with the minimum of trouble, the stereoscope is made | jector which is a dimensional replica of the air camera. ' Institution of Mechanical Engineers. 
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placed upon the count of one field only ; it should be 
repeated a few times and the average taken. 

Much may be learnt from a microscopic examination 
of the deposited dust ; for example, if, in this, particles 
of incompletely burnt coal or partially coked coal— 
the so-called cenospheres—are found, it can be assumed 
with fair certainty that they are derived from the 
chimney of some factory, since the velocity of draught 
and facility for picking up particles in domestic fires 
do not lend themselves to the carrying up the chimney 
stack of comparatively large particles of unburnt fuel. 
Again, as already mentioned, the presence of spherical 
particles indicates at least that the dust is a residue 
of burning coal, as these spheres are characteristic. 
There are other spherical bodies, for example, those 
emitted from the chimneys of Portland-cement works ; 
these are hollow globes, and are very small, perhaps 
0-1 mm. in diameter, and thin-walled. These globes 
are white or yellowish white in colour; and the walls 
are not transparent, but opalescent. Their presence 
in the deposit might be taken to indicate that the 
dust is derived, in part at least, from cement works. 
Ash particles are characteristic of all flue dusts ; 
they often appear in deposits as irregular greyish 
particles which are sometimes partially fused and are | 
easily recognised under the microscope where they 
appear very much like lumps of slag, with rounded | 
and fused edges. | 

Percentage of Tar.—Another characteristic which | 
sometimes serves to distinguish deposits from different | 
sources is the amount of the tar content. Boiler or 
other furnaces with reasonably well-designed combus- 
tion chambers do not emit much tar in the soot; in| 
fact it will usually be a fraction of 1 per cent. The} 
soot derived from domestic open grates is entirely | 
different, and contains from 30 per cent. to 40 per cent. | 
of tar. If, therefore, a deposit containing little or 
no tar is claimed to be derived from domestic chimneys, | 
that claim may be safely refuted. Alternatively, if| 
the deposit contains 15 per cent. or 20 per cent. of 
tar and is stated to be derived from some power- 
station chimney, it may be concluded that this is also | 
incorrect. 

Chemical Composition of Deposit.—Information may | 
sometimes be obtained if the characteristics of the 
dust emitted from a suspected source are known. | 
For example, chemical analysis of the dust actually | 
emitted from a certain source may show its composition 
to be quite different from the deposit which is suspected | 
to come from that source. Again, the spherical bodies 
which have already, provided so much information 
may themselves differ in appearance according to the 
nature of the coal. For example, in the ash of some 
coals the spherical bodies are highly coloured red or 
yellow, whereas in others they are only faintly coloured | 
or white, and thus they may give a definite indication 
of the chimney from which they are derived. It 
frequently happens that when a screen analysis of 
the ash is made, it is found that the spherical bodies 
tend to collect in one fraction, say, between 90-mesh | 
and 60-mesh. The author has found cases in which | 
a sample of such a fraction was composed almost 
entirely of these spherical bodies, so brilliantly coloured | 
that under the microscope the specimen resembled a | 
— of tropical fruit rather than flue dust. It will 

» seen that the problem of detecting the source of | 
pollution is not very simple, but is by no means always | 
insoluble, since the methods already outlined may 
each give a reasonably good indication; but if they 
could be all pressed into service their cumulative 
value would be such as to produce a satisfactory 
feeling of certainty in any disinterested person consi- 
dering the matter. 

Identification by Adding to the Flue Gases an Identifi- 
able Dust.—When the flue dust has no special distin- 
guishing features, the suggestion has been made that 
some other dust might be added to the flue gases and 
that the addition should be something which could be 
easily identified in the deposit. There are obvious 
difficulties in this method, as it implies access to the 
chimney and some means of inserting the special 
dust into the current of flue gases. Apart from these 
difficulties the correct choice of the dust to be added | 
is not very obvious, but it might possibly take the 
form of finely powdered iron oxide, a dust which would 
not be costly to obtain and which one might expect 
to be identifiable in the deposit. So far as the author 
is aware, this method has not been applied in practice. | 

Particle Size.—The size of the particles is also impor- 
tant, as it affords another clue to their origin. The | 
dust, for example, of pulverised-coal furnaces tends 
to consist of particles of small size. The original coal 
particles are mostly under 200-mesh size, that is, the | 
diameter of the particles is about 64 microns. When 
these are burnt away, the pieces of ash left behind are 
still smaller. For example, assuming that 10 per cent. 
of the volume of the particle is ash, and that its density 
is the same as the original coal, a 200-mesh coal particle 
burnt to ash would leave a particle about 30 microns 
in diameter. The presence of large numbers of such | 
small-sized particles thus points towards a pulverised- 


coal furnace as the source. In the ordinary furnace 
with a solid-fuel bed the only restriction to size of 
particle is the maximum which the flue gas can carry 
up through the chimney. Here again the rate of settle- 
ment is the governing factor; the large particle 
which settles rapidly requires a higher velocity of 
flue gas to lift it than the smaller one. Broadly 
speaking, the flue gas must have a velocity greater 
than the terminal velocity of fall of a particle before 
it can carry it up the chimney. 

Coal Handling.—A source of dust which is not un- 
common in the neighbourhood of large consumers of 
fuel arises from the handling of the coal on its way to the 
furnaces. The coal has to be transferred from wagons 
or barges to the coal bunkers, and in the process much 
dust is often set free. Dust of this kind is very easy 
to recognise as, however fine it may be, it presents, 
when examined under the microscope, the appearance 
of freshly-broken lumps of coal with unrounded angles 
and without any indication of having passed through a 
furnace. When such particles are found in the deposit 
it is known at once that they are not the product of 
combustion but are probably derived from the process 
of coal handling. 

Directional Deposit Gauges.—Another possible method 
of identifying the source of deposit, or at least the 
direction from which heavy deposits are brought to 
any particular place, has been tried in the form of 
directional deposit gauges ; but these so far have not 
proved very satisfactory. The fundamental idea is 
to provide a deposit gauge which will separate the 
deposits from different directions. This has been} 
tried in the form of a revolving circular cover with an | 
opening which exposes one of a group of receptacles | 
beneath, and which is carried round by the wind by | 
means of a vane attached to the revolving cover. | 
Another method which has been used is to expose a 
group of three deposit gauges in the same place. Calling 
these gauges A, B, and C, gauge C is exposed con- | 
tinuously over the whole period, say for a month; | 
gauges A and B have removable covers, and one of these | 
gauges, say A, is exposed by the removal of the cover | 
when the wind is blowing from the direction of the | 
suspected source of the deposit; the other gauge B, 
is exposed for whatever period gauge A is covered. 
The purpose here is that gauge A will give a measure 
of the deposit brought from the direction of the sus- | 
pected source and gauge B a measure of that from all | 
other directions ; the function of the third gauge C is| 
to act as a check on the other two. Thus at the end| 
of, say, a month’s exposure the sum of the deposits | 
caught in gauges A and B should be equal to that found | 
in gauge C. 

It was found, however, that there were many diffi- | 
culties which could hardly be anticipated and it was 
very difficult to get any correspondence between the | 
sum of the deposits in gauges A and B and that in C, | 
In experiments made by the author, the covers for | 
gauges A and B were simple lids which fitted loosely | 
over the gauges, but in seeking some reason for the | 
discrepancy referred to, it was suspected that the | 
fact that the covers were not air-tight might account | 
for it. If the covers are not air-tight the air enclosed | 
in the gauges beneath them can be changed and, as the | 
suspended matter in the air is so excessively fine that | 
it can penetrate practically wherever the air can, it | 
was believed that it obtained access to the gauge and | 
added to the deposit, even when the cover was in| 
position. These gauges had each an outlet terminating | 
below in a bottle to receive the rain water and deposit, ; 
and this bottle had an opening to the air so that as the 
rain water entered, the air in the bottle could be 
displaced. It was found, however, that the air carrying | 
impurities could gain access to the gauge through the 
bottles unless the entry tube from the gauge was sealed 
at the bottom. Precautions were then taken to seal 
the lids, when in position on the gauges, by means | 
of a spongy rubber ring cemented on the under side 
of the lids, using clamps to fasten them in position and 
to make an airtight joint. Similarly, the tube giving 
entry to the bottle was sealed by putting a little distilled 
water in the bottle in the first instance, and by arranging 
a long tube to reach nearly to the bottom with its end 
immersed in the water. Thus the whole of the inside 
of the gauge was cut off from the outer air, and after 
these precautions had been taken it was found possible 
to obtain a reasonable correspondence between the sum 
of the deposits caught in gauges A and B and that 
caught in gauge C. 

The method is rather cumbersome since it requires 
an attendant to be on the watch to change the covers 
when a change in the wind makes it necessary for this 
to be done. The best that can be said is that this is a 
method which can be used, and that it may be adopted 
in such cases where the importance of locating the 
source of the deposit is sufficient to justify the operation 
of the group of three gauges and the services of an 





| attendant for the whole period of exposure. Although 


a month has been mentioned as the period of exposure, 
a shorter period can be used whenever the deposit is | 
sufficiently heavy to give a reasonably accurate result. 





PROGRESS OF CANADA. 


An interesting review of Canadian technical and 
industrial progress was given by Mr. Victor G. Bartram 
in his presidential address delivered at the annual 
meeting of the Society of Chemical Industry in Exeter 
on Tuesday, July 11. Since 1900, he said, Canada’s 
population had more than doubled, and sixfold advances 
had been made in the gross value of manufactures, in 
mineral production, in wheat output, and in external 
trade. Turning first to Canadian agriculture, he 
recalled that it was not until 1905 that Canada’s wheat 
crop reached as much as 100 million bushels, but by 
1915 it had increased to 393 millions, and in 1928 
attained the record figure of 566 millions. Since 1932, 
he stated, unfavourable moisture conditions had 
drastically affected the Western harvests, and the 
output of 350 million bushels for the year just closed 
was the best since 1932. In recent years Canada had 
ranked fourth among the wheat-producing countries 
of the world, being surpassed by the United States, 
Russia and India. Among Empire countries she had 
been a close second to India, and had averaged about 
one-third of the total Empire output. 

Discussing recent progress in the conquest of rust 
disease, he stated that heavy losses had come from 
this disease, the worst being in 1935, when the loss 
was estimated at approximately 85 million bushels ; 
yet in that year certain experimental plots were fresh 
and green in striking contrast with the surrounding 
destruction. These plots had been sown with new 
species developed through an organised scientific effort 
to conquer this disease. Last year, some 34 million 
acres were sown with rust-resistant wheats, and it was 
not without significance that it was the first year that 
the West had been spared a major catastrophe on 
account of rust. Meanwhile, the chemists had done 
outstanding work on soils, on animal nutrition, on the 
baking and milling qualities of wheat, and in other 
related fields. Canada’s production of foodstuffs, Mr. 
Bartram said, might be measured by adding the value 
of primary agricultural output, the value of fisheries, 
and the net value of manufactured goods. In 1937 
this total amounted to 1,250 million dols., of which 300 
million dols., or one-quarter, was exported to the 
United Kingdom, and 21 million dols. to other Empire 
countries. 

Passing to mineral developments, Mr. Bartram 
stated that, of the gold produced in the world in 1937, 
Canada supplied 11 per cent.; she had a virtual 
monopoly of nickel, her mines yielding 90 per cent. of 
the world’s total; she supplied more than half of the 
platinum metals, 12 per cent. of the copper and lead. 
and 10 per cent. of the zinc. Among all countries she 
stood first in the production of nickel and of platinum, 
second in radium, third in gold, copper and zinc, and 
fourth in lead. The output of gold in 1938 reached 
the value of 166 million dols., and the quantity, viz., 
4-71 million oz. was more than double the corresponding 
figure for 1930 and four times that reported in 1920. 
In 1938 alone 30 new gold mills were put into operation. 
A very considerable proportion of the gold output 
came at present from ores mined essentially for their 
copper or nickel content, the gold being recovered 
chiefly in the electrolytic refining of anode or blister 
copper. Gold obtained from blister copper now 
made up nearly 12 per cent. of the total output. 

Alberta’s progress in oil production had been no less 
remarkable. Deep drilling to the limestone in 1936 
had resulted in a great increase in production, and 
further deep drilling last autumn had extended the 
proved oil field by at least 17 miles. The extent of 
recent developments, Mr. Bartram stated, was indicated 
by the increase in Canadian crude output from 
1,500,374 barrels in 1936, to 6,956,229 barrels in 1938. 
In view of the present world situation, Alberta’s per- 


| formance was the principal and perhaps the most 


encouraging item of information regarding the oil 
situation within the Empire. In 1937, Canada’s 
percentage of Empire production was 7-1; in 1938, it 
had risen to 13-8. Official figures for the latter year 
put Trinidad first in the Empire, followed by Bahrein, 
Burma, and Canada. Had it not been for the drastic 
proration of output put into force in Turner Valley 
during the last three months of the year, it was probable 
that Canada would have advanced to second position. 

In iron ore, the recent discoveries were most import- 
ant. Much significance was attached to the announce- 
ment of recent drilling operations at Steep Rock Lake in 
Northern Ontario. Though exploration was in its early 
stages, it was now estimated that this deposit carried 
a large tonnage of high-grade and really accessible 
hematite ore. Outstanding in Canada’s natural 
resources were her water powers. The potential power 
of the Niagara and the St. Lawrence were probably not 
equalled by any other water system in the world, 
while throughout the great highland areas were 
innumerable hydro-power sites widely distributed 
from coast to coast in close strategic proximity to 
resources of mine and forest and to the centres of 
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population and industry. Officially it was estimated 
that the power rivers of Canada would permit a turbine 
installation of 44 million h.p., of which less than one- 
fifth, or about 8 millions, was now installed. Of special 
significance was the fact that 60 per cent. of the available 
power and 81 per cent. of the developed power were 
found in the highly industrialised provinces of Ontario 
and Quebec, both of which were without known coal 
deposits. Only one other country—Norway—had a 
greater output per capita, and only one other country— 
the United States—had a greater total output. 

Canada, Mr. Bartram concluded, was fast becoming 
an important factor in the world’s chemical industry. 


With her basicnatural resources and cheap hydro-electric | 


power, it was expected that she would, as time went on, 
further develop as a producer of chemical products. 
At the present time there was produced in Canada a 
large range of chemicals used domestically and a con- 
siderable volume of chemicals for export. Among the 
principal chemicals being produced in Canada to-day 
were sulphuric acid and by-products, caustic soda, 
chlorine, synthetic ammonia, hydrogen, nitrogen, nitric 
acid, sodium sulphate which occurred in abundance 
in the lakes of Western Canada, acetic acid, acetone, 
acetic anhydride, acetylene black, and vinyl acetate, 
resins, and cyanamide. Many of these products were 
first developed in America by Canadian chemists. 


THE “VORTEX’’ DOUGH- 
KNEADING MACHINE. 


Tue age-old operation of mixing and kneading 
dough for bread has always yielded very variable 
results when manually performed. The engineer has, 
however, ensured a more reliable as well as a much 
more hygienic product by the introduction of the 
kneading machine, one of the latest examples of which 
is shown in the accompanying illustrations, Figs. 1 to 3. 
This machine, which is manufactured by Messrs. 
James Cruickshank, Limited, Duff-street, Edinburgh, 11, 
differs in a number of ways from more conventional 
| types, particularly in the design of the rotating mixing 
|arm. It is made in four sizes with a capacity range of 
| from $ sack to 2} sacks of flour, the machine shown in 
Fig. 3 being of the 2-sack size, each sack containing 
280 lb. The essential parts are a mixing bowl rotating 
round a vertical spindle and a mixing arm of elliptical 
contour which rotates on an axis inclined to the hori- 
zontal and dipping into the bowl on one side of the 
| central spindle of the latter. The bowl is supported on 
| wheels, so that it can be transported readily to any 
| part of the bakery, while the mixing arm can be 
| swivelled out of the way to allow for this removal. 
|The machine is electrically-driven by a motor housed 
in the pedestal, both the bowl and the mixing arm 
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being rotated through worm gear and multiple Vee- 
belts. The smallest machine requires a 2-h.p. motor 
and the largest a motor of 5 h.p. 

The construction of the machine is shown in Figs. 
1 and 2. The cross-section of Fig. 1 shows the contour 
of the bowl, the housing of the central spindle being 
formed in an easy curve to the height of the bowl top. 
The material is a close-grained cast-iron and the 
internal surface is machined and polished to a glass-like 
finish, which acts as a deterrent to the dough adhering. 
At the same time, two knife-edge scrapers are fitted, 
one on the outer wall of the bowl and one on the spindle 
housing, as shown in order to avoid the use of a hand- 
scraper, the employment of these automatic scrapers, 
it is claimed, saving about 12 hours per week of a 
labourer’s time. The spindle is of high-tensile steel 
anchored securely to the bowl carriage, the bowl 
rotating round the spindle on two sets of Timken taper- 
roller bearings. The drive is effected by a worm-wheel 
rim bolted to the underside of the bowl. The carriage 
has three-point support and runs on a single castor 
at the front and two larger wheels at the rear, all being 
fitted with ball bearings. The castor and wheels rest 
on the base-plate of the machine when this is in use, 
the paths being tapered as shown to enable the assem- 
bly to be run easily on to and off the baseplate. The 
adjustable stop, seen near the rear wheels in Fig. 1, 
determines the working position of the carriage in 
relation to the base, so that the worm wheel and worm 
will mesh correctly, the worm being carried in fixed 
bearings which are bracketed out from the base- 
plate. 

The shape and arrangement of the mixing arm will 
be clear from Fig. 1. It is of polished steel and both 
the contour and the cross-section have been evolved as 
the result of repeated experiment. It is attached to a 
driving shaft, of 60-ton tensile steel, by a fine-threaded 
nut. The shaft runs in long plain bearings of phosphor- 
bronze with facings for the driving worm wheel. The 
worm shaft runs in Timken taper-roller bearings and 
the whole assembly is housed in an oil-tight and dust- 
tight box pivoted on the axis of the worm. The box 
can thus be tilted as required to move the arm into 
or out of the bowl. The tilting gear is not shown in 
Fig. 1, but can be identified in Fig. 3, the handwheel 
here seen to the left actuating, by means of a worm, 
a toothed quadrant attached to the box. The parti- 
cular machine shown in this illustration is fitted with a 
disc balance-weight on the tilting box, but this is not 
an invariable accessory. The arm is rotated at a speed 
of about 20 r.p.m., the bowl being rotated at 5 r.p.m. 
As the arm has two forks, something like 300 kneading 
strokes are delivered to the dough in a normal kneading 
period of seven minutes, there being always one fork 
in the dough and both forks being in it for more than 
a half-revolution of the arm. 

The main drives are shown in Fig. 2. A multiple- 
belt drive is taken from the motor pulley to a pulley 
on the worm shaft of the arm. From the smaller 
pulley on this shaft is taken a similar belt drive down 
to the worm shaft of the bowl. All the belts are pro- 
tected by cast-iron guards. This is the standard 
arrangement, but the machine can be arranged, if 
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desired, for belt drive from a countershaft with the 
usual striking gear, the bowl being driven from the 
arm shaft by Vee-ropes as before. The worm seen in 
Fig. 2 at the right of the pedestal and just below the 
arm-assembly box is that of the tilting gear previously 
referred to. It will be clear from Fig. 2 that, as pre- 
viously mentioned, the arm dips into the bowl at 
one side of the spindle housing. This half of the 
bowl is protected by the guard visible in Fig. 3, the 
other half being open so that, if necessary, dough 
can be removed from the bowl with safety when the 
machine is running. The mass of dough, when kneading 
is completed, forms a continuous ring so that removal is 
readily effected. Various kinds of dough can be 
produced, the machine dealing equally well with 
doughs having a low water content, e.g., 12 gallons of 
water per 280 lb. of flour, and with those having a 
full water content. The water capacity of the 2-sack 
machine is 125 gallons. A high standard has been 
observed in the constructional details, the several 
parts being machined and fitted within close limits, 
and the shafts finished by grinding. The gears are of 
nickel-chrome steel with machine-cut teeth. 





AMERICAN SOCIETY FOR 
TESTING MATERIALS. 


At the forty-seventh annual meeting of the Amer- 
ican Society for Testing Materials, which was held 
at Atlantic City from June 26 to 30, some 110 papers 
and reports were presented. There were 225 meetings 
of committees and 22 general sessions, in the course 
of which much attention was paid to the question of 
standards, In all, some 116 existing tentative specifica- 
tions were recommended for adoption as standards 
and in the case of 101 other standards, which had been 
previously published for consideration, final adoption 
is to be determined by a letter ballot. New specifica- 
tions recommended for publication in a tentative form 
amounted to 62. In addition to this work on standards, 
a large number of papers were presented and discussed 
dealing with the effect of low temperatures on metals, 
spectro-chemical analysis, paint testing, shear tests 
on soils, ete. We give below a résumé of some of the 
papers presented in the various sections. 

Ferrous Metals,—Under this heading reference may 
made to a paper entitled “A Work-Brittleness Test 
for Steel,’ by Messrs. Graham and Work, which led 
to considerable discussion. The test which had been 
used for a number of years consisted essentially of 
drawing a tapered specimen through a die, notching 
it at points representing various increments of cold 
work, and breaking it in an Izod impact machine. The 
resultant work-embrittlement curve was characteristic 
of a given heat of steel. The paper pointed out that 
the test was devised for fully killed or deoxidised steels, 
and it was indicated that the test was not applicable 
to steel in the form of small-diameter wire, or sheet. 
A large number of specifications for steel for various 
purposes were put forward, and standards were 
recommended for various ferro-alloys. Revisions 
proposed in the standards for spiegeleisen and ferro 
chromium were accepted for publication as tentative. 
Progress was reported in the preparation of stan 
dards for ferro-boron, ferro-titanium and _silicon- 
manganese, which the committee hopes to have ready 
for presentation next year. A discussion on the 
advisability of preparing a standard for molybdenum 
compounds other than calcium-molybdate was of 
interest. While calcium-molybdate had been the chief 
medium of molybdenum addition, new developments 
in the use of molybdenum briquets and molybdenum 
oxides, as additive agents had already caused a shift 
of calcium molybdate from first to third place in 
volume. The committee felt that, while the tendency 
away from calcium salt was pronounced, many con- 
sumers whose practice was based on molybdate might 
continue its use. Therefore the committee would 
follow the trend during next year and be prepared to 
submit at the meeting in 1940 either new specifications 
for these products or to modify the present standard 

molybdenum salts and compounds” to include 
briquets and oxides. 

In this session also the Joint american Society for 
Testing Materials and American Seciety of Mechanical 
Engineers Research Committee on Effect of Tempera- 
ture on the Properties of Metals presented its report, 
which included data on torsion creep tests for com- 
parison with tension creep tests, on a carbon-molyb- 
denum steel and a report on further experiments with 
a proposed acceptance test, the effect of grain size. The 
latter indicated that the 500-hour creep tests and the 
15-hour stress-rupture tests showed the coarse-grained 
austenitic steels to possess superior high-temperature 
strength at the temperatures considered. The stress- 
rupture test showed the influence of the grain size 
effect to be relatively constant in all four steels and at 
each of the temperatures considered. This test likewise 
yielded information with respect to the influence of 
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grain size on the high-temperature ductility and showed 
the fine-grained steels to possess the greater ductility, 
especially under the longer fracture-time periods. The 
Joint Committee announced that it was planning im- 
mediately to develop recommendations clarifying ter- 
minology with respect to grain size and to attempt to 


eliminate some of the confusion apparent in work 
in this field. The third session, devoted to iron, 
included two papers on malleable iron, which were 


the basis of theses for degrees, presented by students 
at the Case School of Applied Science working under 
Dr. H. A. Schwartz. With respect to resistance of 
high-silicon iron to drilling, the authors concluded that 
both carbon and silicon improved the machinability 
of malleable iron as measured by the rate of penetra- 
tion of a standard drill or as measured by the torque 
on a drill running with a predetermined advance per 
revolution. Silicon was about twice as effective as 
carbon in reducing the torque, and carbon was almost 
as effective as silicon in reducing the number of revolu- 
tions required to penetrate | in. at standard load. The 
results with regard to torque were less affected by 
unknown variables existing between different heats 
than the results regarding penetration. The study of 
relation of carbon-nodule size and tensile properties 
indicated that the nodule size of the temper carbon 
had little effect on either the yield strength or tensile 
strength of malleable iron as determined on machined 
specimens. A decrease in nodule number from about 
28,000 to about 135 per cubic millimetre was accom- 
panied by an important improvement in ductility. 
No sufficient theory existed with regard to the physical 
properties of heterogeneous mixtures to permit a 
rational explanation. 

A further paper in this session, by Messrs. Draffin 
and Collins, of the University of Illinois, dealt with the 
mechanical properties of a high-strength cast iron. 
The tests dealt with included tension on both solid and 
hollow specimens, compression, torsion (both solid and 
hollow) repeated stress, bending. Among the several 
conclusions were the following :—(1) In tension and 
torsion, high-strength cast iron is quite similar in general 
action to low-strength cast iron; (2) the modulus of 
elasticity of the high-strength iron is nearly the same 
in compression and bending and slightly less in tension ; 
(3) the modulus of elasticity in shear is about four- 
tenths the value in tension and compression; (4) the 
hole has relatively little effect on the endurance limit 
in completely reversed torsion; (5) the modulus of 
rupture in bending is less for H-sections than for solid 
rectangular sections. 

Fatigue and Corrosion.—The voluminous report of 
the Committee dealing with the Corrosion of Iron and 
Steel included the report on the original characteristics 
of the wire and wire products involved in the extensive 


field exposure tests, the work in characterising the | 


test materials having been carried out at the National 
Bureau of Standards. 
the atmospheric-corrosion tests after exposure for 
about two years, at each of eleven locations. Two 
new tentative standards were approved covering zinc- 
coated steel-wire strand and tests for local thickness 
of electro-deposited coatings on steel. Revisions o 
three existing tentative specifications for electro- 
deposited coatings of zinc, cadmium and nickel, and 
chromium on steel were approved. A microscopic 
method for determining thickness was recommended 
for certain coatings but the hydrochloric-acid spot 
test was suggested for determining the thickness of 
chromium coatings. The report of the 
on Corrosion of Non-Ferrous Metals and Alloys included 
results ofatmospheric-corrosion tests on galvanic couples 
over a seven-year period, results of preliminary tests 
of galvanic couples exposed in sea water and some 
preliminary tests of stainless steel coupled with non- 
ferrous metals exposed to salt spray. A proposed 
method of salt-spray testing of non-ferrous metals was 
accepted as tentative. The report on galvanic and 
electrolytic corrosion covered latest data after seven 
years of test at nine exposures. 

There were three papers devoted to fatigue, one by 
Messrs. Wampler and Alleman covering fatigue tests 
of wire and giving a method for testing straight wire 
with the original surface intact. The authors concluded 
that the surface condition of the wire tested had a 
pronounced influence in reducing the fatigue strength 
below that found by testing specimens which had a 
carefully machined and polished surface. Straightening 


of the brass and soft-steel rod by giving the rod a per- | 


manent elongation of 0-10 per cent. had no appreciable 
effect upon the fatigue strength of the materials and 
showed that these materials could be straightened for 
test in the rotating-strut machine without measurably 
influencing the results obtained. The paper by Messrs. 
Horger and Neifert on “ Fatigue Strength of Machined 
Forgings 6 in. to 7 in. in Diameter,” described part 
of the work carried out by the Association of American 
Railroads and its work on full-size passenger-car axles. 
The authors pointed out that, while exceptionally few 
fatigue fractures occurred in actual railroad service 
in the plain body sections of car axles, when pressed 


The report gave the results of | 


Committee | 


or clamped-on members were not applied, it was 
important to note from these tests that only 17,500 psi. 
was the endurance limit of the full-size axle as compared 
to 33,000 psi. for that of the usual 0-3-in. diameter 
specimens machined from the surface of the full-size 
axle. Various explanations were discussed as to the 
probable reasons for this large decrease in strength of 
the full-size axle, but it was important that the designer 
should take cognisance of this reduction when using an 
untreated and forged material in the machined condition 
discussed. 

Materials at Low Temperatures.—An_ interesting 

feature of the meeting was the discussion on effect of 
sub-atmospheric temperatures on the properties of 
metals, arranged by the Joint Committee on Effect of 
Temperature. Two papers were included, one covering 
factors affecting notched-bar impact tests on steel at 
low-temperatures, by Messrs. Walter Crafts and John J. 
Egan, the other covering sub-size Charpy relationships 
at sub-zero temperatures, by Messrs. H. Habart and 
W. J. Herge. The authors of the first paper surveyed 
some of the variables that might produce differences 
between different makes of Charpy and Izod-type 
impact machines and a number of tests were made at 
low temperatures. The authors concluded: 1. That 
in both Charpy and Izod types the machines of different 
manufacturers could be calibrated or the data adjusted 
to give comparable values. 2. That the simple beam 
(Charpy) results were affected by the initial energy 
jand velocity so that correction of the results would 
be necessary for comparison of the data from machines 
in which these factors differ. 3. That the cantilever 
beam (Izod) results were unaffected by initial energy 
and velocity but were influenced strongly by length 
of the cantilever arm. The results are also relatively 
sensitive to notch depth and radius. The paper 
dealing with sub-size Charpy relationships described 
tests made on eight steels at 70 deg. F. and sub-zero 
temperatures down to — 150 deg. F. Standard and 
various sub-size specimens were broken at each testing 
temperature. In general, ferritic steels lost impact 
resistance, as measured on standard and two-thirds size 
specimens, when the testing temperature was decreased. 
One-half size specimens also lost impact resistance, 
but not to the marked degree of larger size specimens. 
Smaller specimens had practically constant impact 
resistance throughout the temperature range used. 
An austenitic 18 per cent. chromium, 8 per cent. nickel 
alloy had increasing impact resistance with decreasing 
temperature. 

One of the sessions of this meeting was devoted to 
the general subject of testing, including the report of 
the Committee on Methods of Testing and a number of 
| papers on this subject. Messrs. Anderegg, Weller, and 
| Fried discussing tension specimen shape and apparent 
strength, pointed out that the true maximum stress in 

K x load 
area 
| tion due to the non-uniformity of stress over the failure 
| section. When the points of load application were 
well removed from the failure section, K was approxi- 





a tension specimen was where K is a correc- 


l1+d 
mately ———e where d was the width of the section at 


the neck, and r was the radius of curvature. Fairly 
long, slender test specimens were thus indicated. When 
it seemed desirable to use a figure 8-shaped specimen, 
as in testing cement, very large values of K were found 
unless the point of load application was made some 
distance from the centre of the specimen. When that 
was done, a more nearly uniform distribution of stress 
across the section was secured. Professor Glenn Murphy, 
Iowa State College, described a method for presenting 
on a single diagram the stress-strain relationships for 
varying rates of loading, the strain-time relationships 
for varying stresses, and the stress-time relationships 
for varying strain, thus giving an indication of the 
behaviour of a material under any combination of 
stress, strain or time. Properties of a material, such 
as elastic strength, ultimate strength, resistance to 
impact loading, and creep limit for various amounts of 
total deformation, also might be evaluated from the 
characteristic of the diagram which was the surface 
developed by plotting along the three co-ordinate axes 
values of stress, strain, and time from loading tests on 
the material. 

Radiography and Metallography.—In the radiography 
session an interesting paper by D. M. McCutcheon of 
the Ford Motor Company dealt with the use of radio- 
graphy in the development of castings for mass pro- 
duction. It was essential that such castings should be 
sound, especially in stressed sections, in order to com- 
pete with the steel forgings which they replaced. An 
X-ray sensitivity of 0-5 per cent. was maintained on 
crankshaft bearings 2} in. thick, by the use of lead 
filters in conjunction with two high-speed intensifying 
screens. It was found better, rather than to assign 
dimensions of minimum perceptible size of defects, to 
maintain a control on the sensitivity of the radio- 
graphic process which experience had shown to be 
adequate. In discussing this paper, Doctor Lester, of 
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Gaskets.—A price list of gaskets, giving full dimensions 
of the various patterns, has reached us from Messrs. J. 
Payen, Limited, Church-street, Chiswick, London, W.4. 
JULY Woodworking Machinery.—Messrs. Wadkin, Limited, 
| Green-lane Works, Leicester, have sent us a catalogue of 
machines made by them for the wood-working industry. 
| Smoke Indicators.—Messrs. Radiovisor Parent, Limited, 
| Darnoc House, 36, Alfred-place, London, W.C.1, have 
; sent us a leaflet describing the ‘“ Radiovisor ’’ smoke 
indicator for industrial use. 

Water Softeners.—A \eafiet received from Messrs. John 
Thompson (Kennicott Water Softeners), Limited, 
| Wolverhampton, describes the domestic types of water 
| softener manufactured by this firm. 

Oil-Filled Rollers.—Messrs. Hugh Wood and Company, 
Limited, Team Valley Trading Estate, Gateshead-on- 
Tyne, 11, have sent us a leaflet describing their oil-filled 

rollers for mining and other conveyors. 

Constructional Work and Conveying Plant.—From 
Messrs. Robert Boby, Limited, Bury St. Edmunds, we 
have received a folder illustrating, by reference to actual 
| contracts, the various applications of their materials- 

handling machinery. 

Wire Ropes.—A convenient pocket catalogue, sent to 
us by Messrs. The Whitecross Company, Limited, 
Warrington, contains in compact form the essential data 
on wire ropes for mining, shipping and general engineering 
purposes. 

Overhead Line <Accessories.—Messrs. W. T. Henley’s 
Telegraph Works Company, Limited, Holborn Viaduct, 

| London, E.C.1, have sent us a catalogue of aerial fuses, 
line taps, insulating shrouds, and holders for overhead 
| services. 


| 


Free Cutting Steels.—We have received from Messrs. 
| Exors. of James Mills, Limited, Bredbury, near Stock- 
port, particulars of G.K.N. Ledloy plain carbon steels, 
in which 25 per cent. of lead is added to improve the 
machinability. 
| Open Steel Flooring.—Messrs. Estler-Irving, Limited, 


Oxford Avenue Trading Estate, Slough, Bucks, have 
sent us a catalogue illustrating the open steel flooring 
In the above diagrams the figures plotted for tin and copper are the official closing cash quotations | ™anufactured by them for engine-room and general 


of the London Metal Exchange, for “ fine foreign” and “ standard” metal, respectively. The prices shown | industrial purposes. 
for lead are for English metal, while those for spelter are for virgin metal. Middlesbrough prices are plotted | Oil-Fired Furnaces.—We have received from Messrs. 
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for steel plates and rails, and also for hematite and Cleveland pig-iron. The prices given in the case of | The Incandescent Heat Company, Limited, Cornwall- 
steel plates are for ship, bridge and tank qualities, and those for steel rails are for heavy sections. The | 
pig-iron prices are for East Coast hematite and Cleveland iron, both of No. 1 quality. The price att 
quicksilver is per bottle, the contents of which vary from 70 lb. to 80 lb., and the price of tin-plates is per 
standard box, but in all other cases the prices are per ton. Each vertical line in the diagrams represents 
a market day, and the horizontal lines represent ll. each, except in the case of the diagram relating to 
tin-plates, in which they represent 1s. each. 





Fortunately, however, bars of different analysis or 
containing flaws generally possessed sufficient varia- 
tions in strain to ensure their successful elimination by 
magnetic-analysis inspection methods. W. B. Mechling 
and 8. 8. Jack, of the U.S. Navy and Marine Corps, 
respectively, gave results of some mechanical tests on 
aluminium alloys 14S-T and 248-T, which are exten- 
sively used in the aircraft industry. It was found that 
the results obtained compared favourably with the 
generally accepted mechanical properties of these alloys. 
Considerable variation of the mechanical properties 
with grain direction was found. Whereas the results 
obtained compared favourably with the generally 
accepted physical properties of these alloys, these tests 


Watertown Arsenal, pointed out that it illustrated 
very well the role of radiographic testing in the field 
of castings and that he had contended for some time 
that these test procedures should be used to develop 
good castings rather than to condemn poor ones. 
Messrs. Doan and Vordahl, of Lehigh University, in 
their paper on “Fine Focus Radiography-Gamma 
Rays,” showed that with a radiant source of very small 
diameter (a radiant bulb approximately yy in. in dia- 
meter was used), cracks 0-001 in. wide in blocks of steel 
1 in. thick gave distinct registry; in 2-in., 3-in., and 
4-in. blocks, the limits of crack width were 0-002, 
0 -003, 0-003, to 0-004 in. respectively. Cracks of this 


road, Smethwick, Birmingham, a leaflet describing their 
incandescent oil-fired Bogie Hearth furnace for annealing, 
normalising and tempering. 

Diesel Rail Cars and Locomotives.—We have received 
from Messrs. The Drewry Car Company, Limited, River 
Plate House, Finsbury Circus, London, E.C.2, two 
brochures, one dealing with rail cars and bogies, and the 
other with Diesel and petrol locomotives. 

Presses, Shears and Punches.—Messrs. Henry Pels and 
Company, Limited, 32-38, Osnaburgh-street, London, 
N.W.1, have forwarded to us a copy of their manufac- 
turing programme covering the various metal-working 
machines produced at their works in Germany. 


Boilers.—Messrs. Balmforth and Company, Limited, 
River Lea Boiler Works, Luton, have sent us a catalogue 
describing various types of boilers for industrial and 
domestic use, made by them in association with Messrs. 
Kitson and Company, Limited, Airedale Foundry, Leeds. 

Lightning Protectors.—To provide efficient earthing 
against intermittent leakage of current and also against 
lightning, Messrs. Croydon Engineering Company, 





fineness would probably escape detection with sources 
of the usual dimensions. Very narrow artificial cracks 
were provided on the faces of steel blocks (the faces 
farthest from the film), the blocks being of thickness 
from } in. up to 4 in. The cracks were made amply 
deep in all cases, so that full attention could be given 
to the effect of width. The usual distances from 
source to specimen—18 in. to 36 in.—were reduced to 
2 in. to 8 in. (and as low as | in. in some cases), without 
sacrificing the detectability of these fine cracks, and 
with only slight loss in shadow sharpness. The neces- 
sary exposure time was thus greatly shortened. Another 
paper in this field, by T. A. Triplett and W. L. Howland. 
described ‘“‘ Correlation of Some Mechanical Tests of 
Aluminum Alloys with X-Ray Tests.” Material judged 
good or poor from radiographic tests showed a greater 


presented quantitatively the variation of these pro- 
perties with grain direction. 


(To be continued,) 











CATALOGUES. 


Air Compressors.—A catalogue sent to us by Messrs. 
Holman Brothers, Limited, Camborne, deals with two- 
stage stationary compressors. 

Electric Fans.—Messrs. Marelli and Company, Limited, 
Artillery House, Artillery-row, London, 8.W.1, have sent 
us priced leaflets relating to the various types of fans 
they supply. 





difference when compared by dynamic tests than when | Chain Blocks and Lifting Tackle.—Mesers. Felco Hoists, 
compared by static tests. 


Theodor Zuschlag discussed “ Magnetic Analysis | i m. pag er tor gl b ease —— 
Applied to the Inspection of Bar Stock and Pipe,” | 7.4; ‘Quint to cumaty eth a aan oe Any po 
showing that magnetic analysis is not a direct method ron stucueie sind 
of investigating mechanical properties, but an indirect . ag 
method based upon the fact that most, if not all,| <4-#-P. Standby Plant.—Messrs. R. A. Lister and Com- 
physical, chemical and metallurgical changes cause pany, Limited, Imperial House, 15-19, Kingsway, 
variations in strains and stresses. ‘To show a magnetic | London, W.C.2, have set up a special department to 
variation a test specimen had to possess a strain condi- | 4¢@l with enquiries for A.R.P. plant and have sent us a 
tion different from that of the original standard. If | brochure describing emergency generating plant. 
this condition was not present, then the equipment Motor-Car Pistons.—We have received a price list of 
might pass the test specimen as satisfactory despite the | pistons of the “ Welflex,” “C.V.” and “ Solid Skirt ” 
fact that the specimen was of different analysis or con- | types from Messrs. Wellworthy Piston Rings, Limited, 
tained a serious flaw. This theory explained many dis- | Lymington, Hants. Included in the list are some useful 
appointments encountered with magnetic analysis. | general notes. 


Limited, Commerce-way, Purley-way, Croydon, have 
| developed the Paragon earth cone, which is the subject 
| of a leaflet recently sent to us. 

| Aircraft Wireless Equipment.—We have received from 
| Messrs. Marconi’s Wireless Telegraph Company, Limited, 
| Marconi Offices, Electra House, Victoria-embankment, 
London, W.C.2, a leaflet describing and illustrating 
| equipment for use in aircraft, in conjunction with the 
ultra short-wave approach beacon transmitters. 

| Electrical Accessories.—Messrs. British Insulated 
| Cables, Limited, Prescot, Lancs, have sent us a set of 
| leaflets relating to energy meters, rising-main junction 
| boxes, condensers for vapour electric-discharge lamps, 
| terminal and mining boxes, tramway and trolley-bus 
| line fittings, flux cored solder and paper pinions. 


Pyrometers.—Messrs. Elliott Brothers (London), 
| Limited, Century Works, Lewisham, London, 8.E.13, 
have published a catalogue dealing with high-temperature 
| measuring instruments covering a range from 600 deg. 
| to 2,000 deg. C., and including the “‘ Siemens ”’ total- 
| radiation pyrometer, which may be used with automatic 
regulators for automatic temperature control. 


| Electric Motors and Dynamos.—We have received from 
| Messrs. Ransomes, Sims and Jefferies, Limited, Orwell 
| Works, Ipswich, England, a catalogue giving particulars 
of electric motors for industrial purposes. These 
comprise squirrel-cage motors up to 60 brake horse-power, 

and wound-rotor motors to 50 brake horse-power. 
Direct-current motors are made up to 80 brake horse- 
| power, and dynamos to 50 kW. 
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“ENGINEERING ” ILLUSTRATED 
PATENT RECORD. 


ABSTRACTS OF RECENT PUBLISHED SPECIFI- 
CATIONS UNDER THE ACTS OF 1907 TO 1938. 
The number of views given in the Specification Drawings 

is stated in each case; where none is mentioned, the 
Specification is not illustrated. 
Where inventions are communicated from abroad, the 
Names, etc., of the Communicators are given tn italics. 
necifications may be obtained al the Patent 


“opies S Pa 
. “bance sale Branch, 25, Southampton Buildings, 
Chancery-lane, London, W.C.2, price 18. each. 


The date of the advertisement of the acceptance of a 
Complete Specification is, in each case, given after the 
ract, unless the Patent has been sealed, when the 
word “ Sealed’ is appended. 
n raon may, alt any time within two months from the 
« dake of the advertisement of the acceptance of a Complete 
Specification, give notice at the Patent Office of 
opposition to the grant of a Patent on any of the 
grounds mentioned in the Acts. 


AERONAUTICS. 


504,843. Moulded Airscrew. The De Havilland Air- 
craft Company, Limited, of Hatfield Aerodrome, and E. P. 
King, of Hatfield. (5 Figs.) November 16, 1937.—The 
airserew is so constructed that it is stronger in longi- 
tudinal tension and transverse shear than in previous 
forms of manufacture, and its method of connection to 
the ferrule allows heavier loads to be transmitted from 


one to the other. Non-metallic lamine 10 of resin- 
impregnated wood are interleaved with reinforcing 


sheets of likewise impregnated fabric 11. At the root 
end 12 the sheets are bent back upon themselves so that 
the reinforcement is doubled for the distance of the 
ferrule by which the blade is secured to the hub. The 
lengths of the laminw are graduated so that when 
moulded in a hydraulic press the density of the material 
is uniform at least up to the point of increased reinforce- 
ment in the vicinity of the root. The laming are placed 
one upon another in the mould, and then pressed under 
heat to form a tapered blank, the narrow end of which 
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is of rectangular section. The warp of the reinforcement 
fabric Mes longitudinally and the weft transversely of 
the blade. The spacing of the weft is considerably 
greater than that of the warp so that a greater longi- 
tudinal tensile strength is obtained, accompanied by 
increased resistance to shear in transverse sections of the 
A suitable ratio of warp to weft is about 8 or 


blade. 
% to 1. The wood laminmw are approximately two milli- 
metres in thickness, while the woven reinforcement is 


about 0-5 to 1 millimetre thick. The blank after mould- 
ing is shaped to the required blade sections along its 
length. The metal ferrule is provided with a sleeve 
which has an internal buttress thread, and the root of 
the blade is initially turned to a cylindrical form and 
threaded so that under conditions of equal temperature of 
the ferrule and blade, there is no such clearance as would 
allow the ferrule to be readily screwed to the blade. 
Where the blade root is of high density the method of 
securing the ferrule is to cool the root end of the blade 
by immersion in, say, liquid air, during which stage a non- 
porous covering is put over the blade so as to avoid 
moisture absorption or condensation after removal from 
the cooling bath. Meanwhile the ferrule is heated in a 
water or brine bath, and when hot and dry is internally 
coated with a synthetic resin cement which will be solid 
at normal temperatures. With the clearance afforded 
by difference of temperature, the ferrule is screwed to the 
blade root, and when the temperature equalises, tight 
binding occurs, while the cement solidifies to make the 
joint secure. (Accepted May 2, 1939.) 

505,094. De-Icing System. Dunlop Rubber Com- 
pany, Limited, of London, J. Wright, and H. Trevaskis, of 
Birmingham. (5 Figs.) November 3, 1937.—-The system 
is of the kind using a liquid compotnd which is fed to the 
surfaces which it is required to keep clear of ice. The 
rate of flow of liquid, to each given part, is under the 
pilot’s control and is shown by a gauge The liquid is 
stored in cylinders which are connected in series by a 
pipe. The first cylinder is also provided with a pipe 
which supplies compressed air from an air bottle through 
The air pressure forces the liquid into 
the second container, from which it flows via a trap 
valve to a flooding unit (Fig. 1) which incorporates a 
pressure gauge for indicating the pressure of liquid in 
the whole system. The trap valve prevents air flowing 
through the system when the supply of liquid is ex- 
hausted. The flooding unit and a series of flow regulators 
(Fig. 2) are bolted together side by side by two tubular 
bolts which pass through a pair of horizontal conduits 


a control vaive 


9 and 10 in the flooding unit, and through similar con- 
duits 11 and 12 in each of the regulators, the ends of the 
axial conduits through the bolts being sealed. Each 
bolt has a circumferential recess at intervals to register 
with a feed or outlet aperture in the regulator or flooding 
unit, and each recess communicates with the bore of the 
bolt. A feed pipe runs from each regulator to the 
surface to be protected from ice. The liquid is fed 
under pressure into the bore of the lower bolt in the 
flooding unit and normally flows through holes into a 
vertical passage 13 and the pressure gauge 7. It also 
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flows along the conduit in the lower bolt to each of the 
regulators and through an adjustable needle valve into 
a comparatively large chamber 16 
registering gauge. From here it passes through a 
compartment containing a flexible diaphragm which 
operates the gauge and thence to the feed pipe 29 leading 
to the surface. The flow to any particular part of the 
surface is regulated by the setting of the needle valve of 
the corresponding regulator, and is indicated by the 
gauge. When fiying through ice-storm regions, it is 
desirable that all the parts of the surface to be protected 


which houses a/| 


5 deg. to 10 deg. Thus the attitude of the aircraft 
relative to the landing surface S is suitable for landing 
and taxi-ing, while that relative to the line S’ is suitable 
for take-off. The main landing wheels 12, each mounted 
upon a shock-absorbing support, are also retractable with- 
in the engine nacelles in the usual manner. The control 
mechanisms for retracting and extending the nose and 
main wheels are independent of each other so that 
the aircraft can take up an attitude on the ground as 
shown in Fig. 2, where the nose wheel 11 is partially 
retracted and the main wheels 12 fully extended. In 
this attitude the wings are in a position of considerable 
negative incidence, increasing the loading on the under- 
carriage and improving the braking of the aircraft. 
The struts carrying the landing wheels are telescopic, 
the hydraulic pressure being under separate control 
from that of the retracting jacks, so that the wheels can 


be adjusted independently of the retracting gear. 
(Accepted May 4, 1939.) 
STEAM ENGINES, BOILERS, ETC. 
504,746. Exhaust-Gas Heated Boiler. The Bristol 
Aeroplane Company, Limited, of Bristol, and L. G. 
Frise, of Bristol. (8 Figs.) October 30, 1937. The 


invention is a flash-boiler for heating an aircraft cabin. 
The boiler is mounted in the tail-pipe 10 and generates 
steam for heating the cabin of the aircraft. It consists 
of two flat plates 12, 13, of stainless steel, the top and 
bottom edges being curved towards one another and 
welded. At the front end the plates are rounded off 
and similarly welded, while at the rear end they are 
welded to a short pipe 18. At a point on the lower edge 
of the boiler, bossed brackets are welded to it and bolts 
22 are screwed into the bosses through the tail-pipe. 
Near its forward end at the upper edge, the two plates 
are bulged to form a circular recess into which a nipple 24 
is welded (Fig. 2). The nipple is threaded to receive 
a connector 25, the part of which immediately above the 


against ice accretion shall simultaneously receive an| nipple is conical and engages the rounded edge of the 


unrestricted flow of liquid. This is effected by the 
flooding unit which by-passes the needle valve of each 
regulator. The unit has a chamber 30 in the base 
communicating with the conduit 10 through the vertical 
passage 13, which is normally closed by a ball valve 31, 
seating in the top of the chamber 30. The base of the 
chamber is closed by a cap in which a plunger 34 slides 
vertically. The upper end of the plunger has an up- 
standing pin which unseats the ball valve when the 
plunger is raised by the hand lever 35. A torsion spring 
on the lever normally holds the plunger down. When 
the hand lever 35 is depressed, the liquid in the lower 
bolt flows into the lower chamber 30, which communi- 
eates with the conduit 464 in the upper bolt. Thence 
it flows at full pressure through the bolt to each regulator 
and via the inclined conduit 43 in each regulator into the 
chamber 16. From there it passes into the feed pipes, as 


before, and floods all the surfaces.—( Accepted May 3, 
1939.) 


505,263. Landing Gear. General Aircraft, Limited, of 
Feltham, D. L. H. Williams and F. F. Crocombe, both of 
Feltham. (4 Figs.) November 4, 1937.—The invention 
is an undercarriage which consists of and main 
landing wheels mounted respectively forward and rear- 
ward of the centre of gravity of the aircraft, the nose 
landing wheel being further from the centre of gravity than 
the main landing wheels. This arrangement is known 
as a “ tricycle "’ undercarriage, the tail being supported 
clear of the ground when the aircraft is at rest. A tricycle 
undercarriage has a nose landing wheel 11 and main 


nose 











landing wheels 12, the nose wheel being mounted on a 
telescopic shock-absorbing strut, the length of which can 
be varied. The strut 13 is pivoted to the aircraft structure 
so as to swing upward until the nose wheel just projects 
below the of the fuselage. The retracting gear 
is of the usual “ breakable joint *’ type and is controlled 
by a hydraulic retracting jack. The fuselage structure 
is suitably reinforced to take the loads should the aircraft 
land with the wheel retracted asin Fig. 2. The variable 
length strut 13 can be used by the pilot to vary the 
of the wings by fairly €.0., 


nose 


incidence small amounts, 


Fig.1. 











nipple bore. A washer 28 lies loosely on the nipple 
and surrounds the connector, while the tubular portion 
of a dished washer 29 is tightened on to the washer 28 
by a nut on the connector. The flange portion of the 
washer 29 is separated from the tail-pipe by a washer 50 
of asbestos. Thus the connector is firmly secured to the 
boiler, but the wall of the tail-pipe is merely clamped 
frictionally between the metal washer 28 and the 
asbestos washer 50. The hole in the tail-pipe surrounding 
the connector 25 is slightly elongated so that the boiler 
and tail-pipe can have relative movement. At its 
rear end the boiler communicates with a T-shaped 
passage in the pipe 18. One limb of this passage forms 
a drain-hole closed by a bolt 33, and the other limb 
communicates with a second connector 34, similar to 
that shown in Fig. 2, and similarly provided with a dished 
washer and an asbestos washer. The exhaust gases from 
the engine flow along the tail-pipe from the left to the 
right of Fig. 1, and water is led to the connector 34. 
Steam issues from the connector 25, from which it is 
fed to radiators within the cabin of the aircraft. From 
thence the condensed steam is led back to the water 
tank which supplies the connector 34. The boiler is 
subjected to considerable variations temperature 
between the times when it is in use and not in use, and 
its temperature also varies considerably with respect 
to the tail-pipe. The hole in the tail-pipe through 
which the connector 34 passes is elongated similarly to 
that for the connector 25 to allow for the resultant 
endwise movement, the part of the boiler at the bolts 
22 being the only part which is fixed in relation to the 
tail-pipe. The cross-section of the boiler is of very much 
leas area than that of the tail-pipe, the plates being of 
the order of } in. apart in an approximately circular 
section of 5 in. average diameter. The boiler is about 
21 in. long. It has been found that such a boiler offers 
no appreciable resistance to the exhaust gases, and is 
efficient in generating steam onthe “ flash ” principle. 
Locating the boiler within the exhaust-pipe also protects 
it from damage. (Accepted May 1, 1939.) 
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THE PROTECTIVE ACTION OF 
LUBRICANTS FOR WIRE ROPES. 


By J. E. O. Mayne. 


One of the most important methods of preventing | in chucks and the other ends in plain bearings. 
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| Fig. 1, on this page, was evolved. Two hard- 


| drawn steel wires (110 tons to 120 tons per square | weight of each wire. 


| inch) 0-064 in. in diameter and about 14 in. long, 


the values plotted represent the average loss in 
It can be seen that the average 
loss in weight was proportional to the number of 


| were twisted together, one pair of ends being held | revolutions. On the other hand, it was found that 


By 


the corrosion of a colliery winding rope during} means of suitable gearing the chucks were rotated 
service is the application of an external lubricant.|in opposite directions, one at 30 r.p.m. and the 


An examination of the different types of lubricant | other at 
used for this purpose has been made, but owing to | about its 
the variations in the working conditions of each| This can 
rope, no comparison could be made of the relative! has been 


57 r.p.m., so that each wire rotated 
own axis while twisted with the other. 
be seen more clearly in Fig. 2, which 
reproduced from a photograph of the 
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protective nature of the various lubricants employed. 
The examination has shown, however, that very 
little is known of the physical properties which 
the lubricant should possess, since it has been found 
that fish oils, spindle oils, cylinder oils, fuel oils, 
heavy asphaltic oils and petrolatum (i.e., crude 
vaseline or petroleum jelly) have all been used. 
Information is available with regard to the 
protective nature of various lubricants when used 
for the protection of steel surfaces during storage. 
Thus Jakeman* has shown that lanoline is superior 
to petrolatum in these circumstances. In a wire 
rope the wires are continually moving against each 
other and the oil films are being broken and repaired. 
tain and shaft water may fall on the rope, while 
on the pulley considerable rubbing takes place. It 
seems clear, therefore, that the conditions under 
which the external lubricant functions in a winding 
rope are very different from those obtaining in a 
static test. In order to obtain some information 
regarding the relative values of different lubricants, 
when there is a tendency for the oil film to be 
broken, an empirical test has been developed. After 
considerable experiment the apparatus shown in 


* Engineering Research, Special Report No. 12, 1934. 





WIRES UNDER TwisTInG TEsT. 


twisted wires, one of which has been blackened. 
A revolution counter was fixed on the end of 
the shaft carrying the slower rotating chuck ; this 
can be seen on the right in Fig. 1. The wires 
press heavily against each other where they come 
together at each end of the twisted portion and 
the wear, if any, is concentrated at these points. 

Various arrangements with different numbers of 
twists and different angles between the ends of the 
wires were tried with the idea of rendering the 
wear more uniform, but in all cases it remained 
concentrated at the ends of the twisted portion. 
When two carefully straightened wires were rotated 
in the apparatus, failure of the faster rotating wire 
took place after about 30,000 revolutions. The 
amount of wear which had taken place, as measured 
by the loss in weight of each wire, was about 
0-0060 gramme, both wires wearing at about the 
same rate. 

In order to investigate the reproducibility of this 
wear, a pair of wires were rotated for a definite 
number of revolutions and the wear was measured 
by the loss in weight, care being taken to clean the 
wires before weighing. The results obtained are 
plotted in curve a, Fig. 3, on page 158. A pair of 


|if a pair of wires were run for 5,000 revolutions, 
cleaned, weighed, replaced in the machine and run 
| for another 5,000 revolutions, repeating the cleaning 
and weighing after every 5,000 revolutions, the 
|amount of wear was not so great as in the uninter- 
rupted experiments. The results obtained with a 
single wire tested in this way are plotted in curve b, 
Fig. 3. This decrease in the amount of wear observed 
in the second experiment is to be attributed to the 
periodic removal of the abrasive products of wear. 
In one case where an experiment was allowed to 
stand over the week-end with the wire in the 
machine and was then resumed, the wear was 
found to be much greater after the stoppage. This 
increase in the amount of wear may have been due 
to oxidation of the surfaces of the wires, thus 
rendering them more susceptible to wear, or to the 
fact that oxidation of the products of wear might 
render them more abrasive. 
In order that the wires might be subjected in 
_ certain tests to an intermittent spray of a corrosive 
solution, the apparatus was modified in the following 
way: A sprocket wheel was connected to the shaft 
bearing the slower rotating chuck; this can be 
|seen in the right-hand bottom corner of Fig. 1, 
to the left of the counter-mechanism. This sprocket 
| was connected by means of a chain to a reduction 
'gear of such a ratio that the final shaft rotated 
| once per hour. One end of this shaft was connected 
by means of a V-block to the handle of the tap a 
| in Fig. 4, page 158, thus causing the tap to revolve 
once per hour. 

To prevent the tap from seizing at this slow 
speed, it was greased with a mixture of equal parts 
| of vaseline and paraffin wax, and a screw was 
fixed as shown in Fig. 4, to prevent the tap from 
| working too deeply into its seating. A commutator 
| was fixed at the other end of the shaft, as shown 
| at b in Fig. 4, and was connected by means of spring 
| contacts to a four-volt accumulator and a relay in 
such a way that the relay was open for half-hour 
periods every hour. 

The apparatus therefore functioned as follows :— 
| At the beginning of the hour the tap a connected 
the Mariotte bottle e, containing water or the 
| corrosive solution, to the tube c, which filled up 
with the corrosive solution to the same level as the 
lower end of the tube in the Mariotte bottle. The 
level of this tube was adjusted so that c contained 
20 c.c. of solution. During the next half-hour the 
tap a rotated through 180 deg. and delivered 20 c.c. 
of solution into the small glass trough d. Five 
minutes later the commutator b closed the relay 
circuit, which started an electric blower. The 
blower was connected to a spray placed in the 
| trough d and the 20 c.c. of solution were sprayed 
‘into the rotating wires; this took about half a 
minute. The blower continued to blow into the 
wires for the next half-hour, during which time the 
tap a had rotated through a further 180 deg. 
and again filled the tube c from the bottle «. 
In this way the rotating wires were automatically 
subjected to a spray of half a minute followed by an 
air blast of half an hour, and were then allowed to 
rotate normally for half an hour. This cycle of 
operations was automatically repeated. 

The following lubricants were selected for testing 
in the apparatus since, with the exception of lanoline, 
they are representative of the types of lubricants 
used in service. Lanoline was included on account 
of the work of Jakeman, previously mentioned. 


(1) A viscous dark yellow cylinder oil having « 
viscosity of 2,973 seconds Redwood No. 2 at 
25 deg. C. 

(2) Oil No. 1 plus 2 per cent. oleic acid. 

(3) Lanoline. 

(4) Petrolatum. 

(5) An asphaltic oil of the fuel-oil type which had 
a Redwood viscosity of 2,176 seconds Red- 
wood No. 2 at 25 deg. C. during the 
experiment. 

(6) A heavy asphaltic oil having a viscosity ot 
614 seconds Redwood No. | at 100 deg. C. 

Oils Nos. 1, 4, 5, and 6 were free from animal or 


wires were used for each point on the curve, and , vegetable oils. 
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The first step in the investigation was to develop 
a method for coating the wire specimens with an 
oil film of definite but reproducible thickness. After 
considerable experiment the method adopted con- 
sisted in dipping the degreased wire for ten minutes 
in the oil contained in a long glass tube heated in 
a water bath and then allowing the surplus oil 
to drain off for two hours in an air oven maintained 
at a constant temperature. The temperature of 
the oven had to be determined by experiment for 
each oil. The quantity of oil on the coated wire 
was determined by cutting a length from the centre, 
weighing it, cleaning it, and re-weighing it. In 
this way it was found that if the draining tempera- 
tures shown in Table I, below, were used the 
weight of oil per centimetre on the wire was 





00-0004 + 0-0001 gramme. 
TABLE I.—Properties of Lubricants Examined. 
Percentage Loss in 
Draining Weight on Heating - 
oo Temperature.| Oil for Two Hours a. 
. Deg. C at the Draining 
Temperature. 
l 85 Nil Nil 
2 85 Nil Nil 
; 85 | 0-1 | 0-04 
4 50 0-5 | 0-04 
110 Sl Nil 
6 150 0-2 0-30 


Samples of 1 gramme to 2 grammes of oil were 
heated for two hours at the draining temperatures, 
and the percentage loss in weight determined. The 
results obtained are recorded in column 3 of Table I, 
above, and they show that only oil No. 5 was 
affected by the treatment. A quantity of oil No. 5 
was therefore heated at 100 deg. C. until it had 
lost 8 per cent. in weight and its viscosity was 
determined. The heated oil had a viscosity of 
2,176 seconds Redwood No. 2, and this value was 
taken to be the viscosity of the oil during the 
experiment. The original viscosity of the oil was 
636 seconds Redwood No. 2. Weighed samples of 
the oils were also ignited and the percentage of ash 
which remained was determined; the results 
obtained are recorded in column 4 of Table I. 


With the exception of oil No. 6, the percentage | 


ash was negligible, thus indicating that the oils 
were free from soap or filler. The value obtained 
with oil No. 6 is not abnormal for a heavy asphaltic 
oil. 

When wires coated with films of the above oils 
were tested in the apparatus it was found that 
wear was reduced and the endurance greatly 
increased. After 60,000 revolutions the wires had 
not broken, so the wear was not determined above 
this limit. In the case of oil No. 6 no measurable 
wear had occurred after 60,000 revolutions, but 
in the case of the oils Nos. 1 to 5 the wear was 
0-0006 gramme. The effects of the lubricant can 
be seen in curve c, Fig. 3, where the results for 
wires lubricated with oils Nos. 1 to 5 are plotted. 
Curve c should be compared with curve a, which 
represents the results obtained with unlubricated 
wires. The wear of an unlubricated wire could not 
be measured for more than about 30,000 revolutions, 
as at this point the wire broke. 

Lubricated wires were next subjected to an 
automatic intermittent spray of a corrosive solution 
containing 5 grammes of sodium chloride ‘per litre 
by means of the apparatus already described, 20 c.c. 
of this solution being sprayed on to the wires each 
hour. The slower shaft of the apparatus rotated 
at 27 r.p.m., and the wires were rotated for 40,000 
revolutions. The wires were then degreased with 
carbon tetrachloride, the corrosion product removed 
by electrolysis in potassium.cyanide solution,* and 
the loss in weight determined. The results shown 
m Table II were obtained, each representing the 
average loss in weight of both wires. All the 
experiments were performed in triplicate. 

Oils Nos. 5 and 6 were also tested with a solution 
containing 0-5 per cent. of mixed salt,t  i.e., 
ammonium sulphate and sodium chloride in the 
ratio of 4:1, which is a more corrosive solution 


* First Report of the Corrosion Committee of the 
Iron and Steel Institute, page 185. 

* Second Report of the Corrosion Committee of the 
Iron and Steel Institute, page 265. 


than 0-5 per cent. sodium chloride. The results 


obtained are shown in Table ITI, below. 


IIl.—Loss in Weight of Wires Sprayed with 
Sodium-Chloride Solution. 


TABLE 





Oil No Loss in Weight of Wires. Average 
— Grammes. Value. 
1 0-0109 0-0207 0-0157 0-0158 
2 0-0017 0-0016 | 06-0023 0-0019 
: 0-0037 0-0021 | 0-0042 0-0033 
4 0-0065 0-0073 0-0065 0-0068 
5 0-0013 0-0011 0-0014 0-0013 
6 0-0011 0-0005 0-0006 0-0007 





The results show that under the conditions of 
the experiment the addition of 2 per cent. oleic 
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acid to a cylinder oil improves its protective action. 
The best results, however, were obtained with an 


TABLE III.—Loss in Weight of Wires Sprayed with 
Mixred-Salt Solution. 


Loss in Weight of Wires. Average 
Oil No . 7 
Grammes Value 
5 0-O176 0-0280 00-0153 0-0176 
ti 0-0035 0-0031 0-0022 0- 0029 


asphaltic oil. The results obtained with oil No. 6 
are not strictly comparable with the others, because 
in the absence of the spray no wear occurred. This 
was probably due to the fact that the oil was so 
thick that it acted as a cushion between the wires, 
thus decreasing the amount of wear. The rotation 
of the wire would also influence this effect. It is 
realised that in a wire rope the relative movement of 
the wires is reciprocating and not rotational, but 
as wear took place to the same extent with oils 
Nos. 1 to 5 in the absence of a spray, it is considered 
that these results are comparable. 


Experiments have been performed on lubricated 
wires rotating in an atmosphere of coal dust, and 
also on the effects of loading the lubricant with 
zinc dust, zinc oxide and graphite, but, owing to 
| the “cushion effect” brought about by the solid 
particles, the results obtained were not capable of 
translation. 

The experiments described above show that the 
most protective type of lubricant for the lubrication 
of colliery wire ropes in service is one containing 
asphalt. The thicker the lubricant the greater the 
protection against corrosion ; the thickest type of 
| sephaltic lubricant which can conveniently be 
applied by the existing apparatus should therefore 
| be used. 

The author wishes to thank the Safety in Mines 
Research Board for permission to publish this 
paper. He is also indebted to the chairman of the 
Wire Ropes Committee, Sir Harold Carpenter, in 
whose ‘laboratories the work was carried out, and 
to Dr. M. A. Hogan, for their interest and advice. 
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Electric Lifls. By R. 8. Purmurs. London: Sir Isaac 
Pitman and Sons, Limited. [Price 20s. net.] 
THE comment in the preface to this book, that there 
is a lack of published information on electric lifts, is 
true enough if the reference is to books published 
in England and dealing primarily with this subject. 
| If, however, consideration is given to articles in the 
| technical press and in works of an encyclopedic 
nature, and to American publications, the state- 
'ment is not entirely correct. To that extent, the 
| present work does not add materially to the sum 
_total of published knowledge, but it is well illus- 
| trated and generally well arranged, covering the 
subject fully and describing the different types of 
lifts, lift machines with their brakes, motors and 
gearing, roping systems and ropes, controllers, 
methods of operation, safety devices, etc. 
In certain respects, however, Mr. Phillips’s book is 
open to criticism. Much of the material has been 
| taken from the Code of Practice for the Installation 
| of Lifts and Escalators, and from appropriate British 
Standard Specifications; but both the Code of 
| Practice and B.S.S. No. 329 (Steel Wire Ropes) are 
at present under revision, and it is possible, there- 
fore, that some of the references may shortly require 
modification. There is difficulty in reconciling 
some of the author’s statements. For instance, 
early in the book certain limiting dimensions are 
given for the spacing of guide fixtures, and in the 
middle of the book it is stated that the deflection of 
the guides must not exceed } in. If, however, the 
limiting factor is the deflection, the spacing of the 
guide fixings must vary with the section modulus of 
the guide, the size and weight of the loaded car, and 
the type of safety gear. On page 163 it is observed 
that the safety gear is always fitted under the car, 
yet on page 167 a gear is illustrated which is designed 
to be fitted on top of the car. In the chapter on 
“ Variable- Voltage Equipment ” a point is made of 
the advantage afforded by such equipment in the 
simplicity of the controller, the contactors of which 
have to deal with currents of only a few amperes ; 
but on the following page is the statement that the 
controller for a certain variable-voltage scheme is 
rather complicated and must be capable of carrying 
heavy currents. 
The only attempt at mathematical analysis in the 
book arises in connection with the well-known 


es — — 
equation, —, = e®, for the limiting friction of a 


rope drive. There follows a worked example, for 
determining », which is based, among other data, 
on the tendency of the ropes to slip during accelera- 
tion. In point of fact, however, the tendency to 
slip is usually greatest during retardation, for the 
reason that the human body can tolerate a higher 
rate of retardation than of acceleration. In 
Chapter IV the various roping systems and their 
effects on the loading of the lift machine and the 
| building are dealt with in such detail that it is 
| surprising to find no mention made of the increased 
| loading of the sheave shaft when double-wrap drive 
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is employed. The reader might be led to believe, | 
too, from the description and illustration, that the 
use of an independent counterweight with a traction 
machine is common practice. Unfortunately, the 
loss of traction with such an arrangement is such 
that it can seldom be used. As a concluding com- | 
ment, it may be suggested that sufficient care has | 
not always been taken in the selection of words to | 
impart particular meanings ; an example is the use | 
of “spiral” when “ helical” is intended. A device | 
is described for the automatic dispatching of 
cars, but examination discloses that it does not 
dispatch the cars at all, being no more than an 
ingenious signalling system to advise the lift atten- 
dants automatically when to start their cars from 
certain floors. This section would have been better 
included with the other signal systems in the chapter 
on “ Indicators.” 

Attention has been drawn to these shortcomings, 





close of the last century. Meanwhile, electrical 
science, more particularly that branch of it con- 
cerned with telephone transmission problems, had 
made rapid strides in response to practical demands, 
and had conferred on engineers and physicists facility 
in the manipulation of the underlying theoretical 
concepts. The realisation that the differential 
equations pertaining to mechanical, acoustical and 
electrical systems are formally identical, only 
differing in respect of the interpretation to be 
attached to the symbols figuring in them, opened a 
wide field for profitable research, as the modus 
operandi of a complex electrical network can often 
be more readily visualised than that of its mechanical 
or acoustical counterpart. This aspect has been 
so intensively investigated that, within the last 
ten years, journals devoted exclusively to acoustical 
matters have been founded in the United States, 
in France and in Germany ; though not, so far, in 


processes vary in uniformity and therefore may not 
afford equal protection on a basis of average weight. 
The salt content of sea air has a mildly accelerating 
effect on the corrosion of zinc coatings, yet research 
has shown that their life is appreciably longer in 
tropical marine locations than in temperate districts 
of similar type. Recent tests have demonstrated 
the marked inferiority of cadmium coatings in 
industrial atmospheres and that, as with zinc, the 
protection afforded to steel by cadmium coatings is 
| proportional to the thickness of the layer. 

Nickel is extensively used as an undercoating for 
chromium plating, but there is a limit to its use as 
a coating metal in that it is electro-positive to iron 
in many environments. Probably the outstanding 
applications of chromium plating are to plumbing 
and household fixtures and automobile parts where 
a lustrous finish is desired. Polished chromium has 
less reflecting power than polished silver, yet the 
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because many of them might not be detected at once | this country. reflectivity of chromium is sufficient to warrant its 
by readers in search of information, who are likely} Many points of interest that have arisen in the | use on reflectors for motor-car headlights, although 
to be more numerous in the aggregate than those to | course of this work are lucidly discussed by Professor | treated aluminium surfaces are now competing in 
whom the ground covered is already familiar. After | Meyer, including the production and properties of| this field. The practical value of lead coatings for 
making due allowance for them, however, Mr. | aerial vibrations, both sonic and supersonic; the|the protection of iron and steel underground is 
Phillips’s work may be commended as a useful| use of the microphone to translate these aerial | important to engineers. From data quoted by Dr. 
collection of data from a wide range of sources, vibrations into equivalent electrical variations ;| Burns, it is evidert ‘hat in certain soils lead coatings 
many of which are not readily accessible to the | the amplification of the latter and their subsequent | are advantageous, but experience has scarcely 
ordinary inquirer. |reconversion and rediffusion by loud speakers ;| encouraged their general use for protection against 
(the revolutionary advances in the technique of| soil corrosion. The use of aluminium in preventing 
Two Centuries of Industrial Welfare : The London (Quaker)| sound recording; the development of electrical | the oxidation of ferrous metals at elevated tempera- 
Lead Company, 1692-1905. By Dr. ArTauR Rats-| instruments of music; and recent progress in archi-| tures receives attention. Anodic oxidation of 
TRICK. London: Friends’ Historical Society. [Price | tectural acoustics. Of particular interest is the| aluminium in a suitable solution, which effects a 
o am elegant application of supersonic waves to the marked increase in the protective quality of the 
THE many activities, some voluntary and others| location of flaws in solid rods, and the grating | surface film, is also dealt with in detail. 
now obligatory, which are comprised in the general | method of sound analysis, for which the author! Dr. Schuh shows a close acquaintanceship with 
term “industrial welfare’ are popularly regarded | is responsible. A few misprints are to be noted. | the problems of the paint industry when discussing 
as a post-war development, and, so far as their| The denominator of the expression at the foot of| the composition and durability of organic coatings 
extended application is concerned, this is true ;| page 7 should read y* + (1 + «*)*, and on page 91,| for purposes of metal protection. The basic 
but for the establishment of the principle it is| “ spring’ should read “ string.”” The unorthodox | mechanism involved in the degradation of paint 
necessary to look much farther back in industrial| character of the trigonometrical transformation films is largely a complex electro-chemical pheno- 
history. Dr. Raistrick, in his exhaustive study of implied in the equation on page 38 is sufficiently menon, and although a paint coating may not fail 
that extensive association, “The Governor and | obvious to attract the reader’s attention. Obviously, | from a single cause, but only due to the combined 
Company for Smelting down Lead with Pit Coal | the presentation of so extensive a subject in the | action of several factors, progress in paint technology 
and Sea Coal,” does not suggest that there was no| form of a short course of lectures precludes entry | cannot be ensured without a clear understanding o! 
welfare before the company introduced it, but he|into much detail. Professor Meyer, apparently | the inter-related mechanisms which operate. In 
does show that there was in existence a compre- | decided against the expansion of his lecture material | general, the volume gives evidence of technical know - 
hensive organisation for ameliorating the lot of | to any appreciable extent, when putting it into | ledge and judgment, and is of particular interest as 
the workpeople, based on the highest of principles, book form; but it is permissible, perhaps, to | showing the trend of modern developments in this 
which were consistently maintained even when the | hope that he may eventually deal with the subject | branch of applied science. 
fortunes of the Company were by no means flourish- | at greater length. 
ing, at the very dawn of the so-called “ industrial | 
revolution.” 











Of — t f th Protective Coatings for Metals. By Dr. R. M. BURNS and 
even greater interest from the engineeri Dr. A. E. Scuun. New York: The Reinhold Publish- 
point of view, however, is the account of ener ing Corporation. London: Chapman and Hall, ALDGATE EAST STATION. 
tions of the Company in the commercial field. At| Limited. (Price 32s. 6d. net.| (Concluded from page 101.) 
aa ‘oa it — Page as far apart as Cornwall, | Tae authors of this book state that their design) Arrer the work under the business premises 
in the ps age | N org Naw psa — It was | has been to cater for those who have to deal with (at Aldgate East station had been completed, 
the social activities oe s felee @ +e that | problems of protection, and to provide information | as was described in the first part of this article, 
one an ee were er 3 = eveloped. The on the production of protective coatings. The | preparations were made for the erection of the 
miles, formin ie 2 tri “A ut Bsa Square widest aspects of the subject are outlined, to afford | new girders. The old station wall and south part 
angles wane me y Pe pens of P which the ready grasp of fundamentals and as a guide to|of the roof were demolished in short lengths and 
ham and Darlington y This rote f enrith, Hex- further study, which is facilitated by numerous|a chase was cut through the old underpinning 
last stronghold = io te ra ‘pt untry, the| references conveniently placed throughout the|of the buildings to correspond with the girder 
began to he devingel & 1753 ee Company, volume. A feature is made of the illustrations, chases in the new wall. The girders were 68 ft. 
is Chea aa te fo was here that | which are accompanied by descriptive notes. The long and weighed 30 tons, and only 6 hours: on 
. treme ag = neh -— ms _ {0 necessity) upon | historical side is also dealt with, on the principle | Sunday nights were available for their erection. 
establish modteal onent ae Sorin ~~ went on to ‘that a knowledge of past achievement and the | Owing to the many obstructions, it was decided 
accident benefit fund pane | t ie ° f cooke and @0 | various stages of development is necessary to an that these girders must be erected from the railway 
tained supplies of food Th pot roy main- | adequate understanding of scientific progress. Two | itself and must be delivered in two pieces, which 
which pre teateenh onl nt be -— bh insight | short introductory chapters deal briefly with the | could be site-jointed roughly at mid-span. It was 
by intendin, on ieee = we profitably studied | mechanism of corrosion and with surface prepara- arranged that each half girder should travel from 
operative pr egg Aagmee— — of C0-/ tion for the application of coatings, after which|the steel sub-contractor’s works on @ specially- 
services, and it is no a f ing Pod or social | detailed studies are given of the types and methods adapted “crocodile ’' truck, shown in Fig. 24 on the 
name of the defunct “Q . ag ern er that the| of applying coatings of the base, noble and rare | next page. An illustration also appeared in Fig. 21, 
held in respectful seine vad a N is still metals. The scope of the volume can best be on page 101 of our issue of July 28. As will be seen, 
Seantem = ry among the Northern | jndicated by reference to the various metals con- a circular ball race consisting of two old rails with 
sidered, these including zinc, cadmium, tin, nickel, | balls between them was placed on the truck and on 
Electro-Acousti ‘ hs . chromium, gold and platinum. The sections | this was laid a cross slide of rails and balls on which 
Lenden : . fo u By PRoressoR ERWIN MEYER. | devoted to painting practice and the mechanism of | the half girder was carried. Just below the timber 
- Maine oo and Sons, Limited. (Price 10s. net-]| fim formation are highly practical and wide inj platform and leading into the chase which had 
Tuts book contains the substance of a course of their outlook, but deal principally with American | been formed in the walls, was a track consisting of 
five lectures, given by Professor Meyer at the | conditions. steel joists on which a small turnable truck ran. 
Institution of Electrical Engineers in 1937, in The factors inherent in the coating and prevalent During the actual process of erection the south half 
response to an invitation from the University of|in the surrounding environment, which largely | of the girder was brought up on the south railway 
London, and provides a stimulating outline of the | determine the corrosion behaviour of zinc coatings track opposite the erecting position and was then 
recent developments which have resulted from the | in outdoor atmospheres, are discussed. In general, | turned on the crocodile truck, travelled out on the 
application of electrical methods of analysis and the life of a zinc coating depends much upon its | cross slide and led into its correct position in the 
measurement to the science of acoustics. The | thickness, irrespective of the method of depositing chase in the new retaining wall, its end being sup- 
latter had become more or less static towards the | the metal ; although coatings fabricated by different | ported on the small platform truck. As the halt 
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girder was turned and travelled, the crocodile truck 
was pushed along the railway track until it was in 
the correct position. The north half-girder was 
dealt with in a similar manner. Then, still resting 
on the crocodile trucks, the ends were jacked up 
into line and the joint cover plates bolted, as shown 
in Fig. 30, on Plate VI. The site joints having been 
made, the girder was hoisted into position, the 
south end being lifted by a winch and A-frame 
straddling over the girder position. The north end 
was lifted by a winch, the bond of which was led 
over a pulley fixed to the old longitudinal girder of 
the roof and through a guide which was clipped to 
the top flange of the new girder. It was then led 
under pulleys fixed to the bottom flange of the new 
half girder and back up to an eye-bolt which was 
fixed to the old girder. Any tendency for the 
yvirder to topple over was thus obviated. As the 
completed girder was raised to its final position, the 
spreader joists were inserted under the bearings 
across the chase and the girder landed. Subse- 
quently, it was lined up, the chases filled and the 
needling girders erected. As soon as two girders 
were completed, the wedges on the needle girders 
were driven home to give a pre-determined deflection 
and the old columns were removed. 

Before this work was carried out on the site, a 
rehearsal of the erection of one of the girders was 
held at the maker’s works at Chepstow. The deflec- 
tions were also tested and found to correspond very 
closely with the calculated figures. The residual 
deflection due to the site joints was found to be 
practically nil. It was desirable to deflect the 
girders to their dead-load strain before taking out 
the old roof columns and transferring the existing 
building frontages to the southern ends of the 
girders. Steel joists were inserted for this purpose 
on either side of the front walls, the ends resting on 
stools built on top of the new girders. Steel needles, 
built into the walls and wedged up to these joists, 
then transmitted the building loads to the new 
girders. Finally, the old underpinning was cut 
away, and the new roof constructed on the south 
side. The road was then refilled and surfaced, 
while the party walls were reinstated inside the 
buildings, and the service joists and needles re- 
moved. 

The next major operation was the demolition of 
the old invert and the construction of a new one 
at a lower level. The extent of this work is indi- 
cated in Figs. 10, 12, 13 and 14, Plate IV, of our 
issue of July 28, and in more detail in Figs. 25 and 26, 
on this page. In order to carry about 1,200 ft. of 
double track at its original level while the new 
invert was being excavated, a system of trestling 
was constructed. For this purpose, two 8-in. by 
6-in. rolled-steel joists were inserted under each 
running rail and bolted to the sleepers. The 
joists were in 16-ft. lengths, and the joints in each 
pair were staggered 8 ft. and fish-plated, so that 
there was one joint in each pair of joists on the top 
of each trestle. These trestles consisted of 10-in. 
by 10-in. pitch pine head trees extending trans- 
versely under the 8-in. by 6-in. joists of both tracks. 
Four 10-in. by 10-in. timber posts, one below each 
running rail, supported the head tree off the new 
invert, concrete boxes being used for this purpose. 
These boxes were filled with fine, dry, clean sand, 
to give a good bearing and to facilitate the with- 
drawal of the posts when the trestles were de- 
molished. The trestles were completed by 11-in. 
by 4-in. timber cross bracings and longitudinal 
bracings. Particular care was taken in the construc- 
tion of this part of the work in order that a rigid 
track might be maintained and the trestles easily 
and quickly removed. A view of the east ticket 
hall, showing the rails at their old level and between 
them the travelling longitudinal service joists, 
used while the invert was being lowered and the 
trestles built, appears in Fig. 27, opposite. The four 
bolt hangers, which support the transverse joists 
below the tracks, can be seen in the centre of the 
joists. Fig. 31, on Plate VI, is a view below the 
tracks, showing the transverse supporting joints and 
the steel joists under each rail, while Fig. 28, on 
the opposite page, is an illustration of the trestling 

As regards erection, the longitudinal 8-in. by 6-in. 
rolled-steel joists were first supported temporarily 
on timber sills under the track sleepers, a 60-ft. 
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length of new sleepers complete with chairs being | = the concrete roof slab. The wagon was then 
assembled and bolted to its quota of joists in the | moved away and the existing length of track below 
Board’s permanent-way yard. This length was | dismantled, enough ballast being removed to make 
brought to the site on a flat wagon from which it | room for the joists under the sleepers and for the 
was lifted clear and left suspended by hook bars, | timber sill pieces mentioned above to be inserted. 
chain blocks and slings, supported from eye bolts | The suspended length was then lowered into position 





edhe BARS 











Se Rg 








AUG. II, 1939. ENGINEERING. ms 





_ n and the running and current rails replaced. The 
RECON STRUCTION OF ALDGATE EAST STATION. provetegee joists having been inaultel under the 
sles eal at i ais pnt ; sleepers, the old invert was removed by driving a 
MR. J. H. HARLEY-MASON, M.INST.C.E.. ENGINEER FOR NEW WORKS. | narrow heading across it from the partly Mroviter Be 
| invert on each side, and from a chase cut through 
the old invert just alongside a trestle position. 
A long joist was then inserted in the chase under 
the 8-in. by 6-in. joists, the outer ends of which were 
| Supported by the sides of the already completed 
|invert. This joist was supported by means of a 
| Stirrup with adjustable hanging bolts from the pre- 
viously-mentioned joist longitudinally overhead 
| between the tracks. The length of the joist was 
| sufficient to span two trestle bays. After one end of 
the trestle had been erected, the rear end of the joist 
| was supported off the trestle head tree, while the 
| front end was supported on the old invert more 
| than two trestle positions ahead. The old invert 
| was then broken out, the ground excavated, and a 
| length of new invert concrete and a complete trestle 
|erected, enough sand being inserted in the foot 
| blocks to ensure the trestle being tight up to the 
| tracks. Subsequently, the centre joist was moved 
forward to the next position and the transverse 
joists were moved up to behind the next sill. The 
next 8-ft. length of old invert was cut away and the 
|new invert put in. During the following night the 
cross joists were removed just beyond the next 
trestle position, and a further trestle erected, the 
series of operations being continued until the whole 
of the new invert was complete and the whole of 
the tracks were mounted on trestles. As this work 
progressed, a beginning was made with the con- 
struction of the platforms, staircases and entrance 
hall, the positions of which are shown in Fig. 6, 
| Plate IV, of our issue of July 28. 


As already mentioned, the remainder of the work 

consisted of the construction of a new south curve 
tunnel, thus enabling the trains to and from Liver- 
pool-street and Mark-lane respectively to run over 
separate sets of tracks from the east end of the new 
station. The north side wall of this tunnel was 
constructed from a wide heading driven under the 
roadway on the finished line and from this side 
headings were broached out at intervals to the back 
of the old tunnel. Pits were sunk from the bottom 
of these headings and a length of new wall integral 
with a mass-concrete buttress against the old tunnel! 
wall was constructed in them to take the thrust of 
the old tunnel arch. The intervening spaces were 
then excavated and concreted, and the wall com- 
| pleted. During this part of the work the Aldgate 
sewer of the City Corporation had to be diverted 
to a position between the old and new tunnels, 
necessitating the underpinning of the old tunnel 
wall in short lengths. The south wall of the new 
tunnel was constructed in a similar way, special 
care having to be taken owing to presence of pro- 
perty on the south side of Aldgate High-street. To 
avoid interference, excavation was first effected along 
{the front of the buildings down to basement level 
and from this level a continuous row of concrete 
bore-hole piles was inserted along the front of the 
old building foundations below the level of the 
bottom of the new retaining wall. This avoided the 
risk of underpinning the old foundations of the 
buildings in bad ground. As soon as the piles were 
in position a series of pits was sunk from the 
bottom of the heading in front of the piles. A length 
of concrete wall was then cast in each pit and sinking 
for the intervening lengths of wall was subsequently 
carried out. : 

As the western end of the south wall was situated 
wholly under property, the foundations of which 
were unsatisfactory and on poor ground, the main 
steel girders of the tunnel roof were positioned to 
come immediately alongside the party walls and 
were kept high enough in the basements to be wholly 
above the old wall foundations. The girders were 
designed to take such future building loads as 
modern practice would require if the site were deve- 
loped and were made extra long at their southern 
ends, so that the weight of the existing buildings 
could be transferred to them before any extensive 
excavation was made under the party wall. Before 
these girders were actually placed in position the 

‘new north wall had been completed in the road 
headings and a pit 4 ft. wide had been taken out 
‘under each party wall adjacent to the back of the 
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new south wall. This pit, which extended 4 ft.) new station was brought into use, although the trains volved, this was very satisfactory, and, although 
on either side of the foundations of the party wall, will still run through the old station site and south nearly 900 men were employed, there was no 
was taken down to below the final wall foundation curve tunnel. The work involved comprised the confusion. Four weeks later the new tracks in 
level and filled in with concrete, the party wall being | lowering of some 1,400 ft. of track to its final level, | the south curve covered way were brought into use, 
pinned up in new brick work off this concrete. The | the completion of the central portion of the west | the track connections west of the new station and 
party walls were also underpinned behind the con- ticket hall and the demolition of the old platforms |at Minories Junction being inserted and the tracks 
crete in 45-deg. steps and bearings were prepared | and stairways. This was effected between 1 a.m. |in the old station site being slewed between 1 a.m. 
on the first block for the projecting ends of the|on Sunday morning and 5 a.m. on the following | and 5 a.m. ou a Sunday morning. A view of the 
main girders. These girders were erected at night | Monday morning, according to a well thought-out | new station looking westwards from the east ticket 
by taking out part of the ground floor of the shops | and carefully rehearsed programme. To begin with, | hall appears in Fig. 37, Plate VI. ; 4 : 

and breaking out a heading to meet the north wall | the tracks were split up into five sections, each com- | Mr. J. H. Harley-Mason, M.Inst.C.E., New- Works 
heading. The girders were then drawn into position | prising 240 ft. length of double track. In addition, | Engineer of the London Passenger Transport Board, 
at the side of the party walls, one end bearing on the | a short length at the east end of the new station | was responsible for the design and execution of the 
north retaining wall and the other on the under- | where the new and old tracks joined was dealt with | works described, under the Chief Engineer of the 
pinning piers. The short steel-joist cross needles | separately. Two of these sections, through the old Board, and the information given in the above 
were next inserted and wedged up to carry the party | station, were dealt with by thirty-two sets of lifting |article is largely based on a paper describing the 





walls, as shown in Fig. 23, on page 160. 

When several of the party walls had been ex- | 
cavated in this way, pits for sections of the south | 
wall proper were excavated and the walls cast. 


tackle and the remaining three eastwards by another | work, which he read before the Institution of Civil 


thirty-two sets of similar tackle. As shown in Figs. | 
25 and 26, on page 160, and Figs. 29 and 33, Plate VI, | 
this tackle consisted of 1}-in. diameter bars, hooked 





Engineers on March 21, 1939. The Resident 
Engineer was Mr. J. W. Carswell, A.M.1.Struct.E. 
Messrs. J. Cochrane and Sons, Limited, 39, Victoria- 


Reinforced-concrete bore-hole piles were inserted | into eye-bolts in the roof. Each of these bars carried | street, London, S.W.1, were the contractors for the 


at the bottom of the walls to allow for future building 
loads. The girders were then wedged tight and 
grouted up on their proper bearings on the south 
wall. During this process the road surface above | 
their north ends was packed up from the new girders | 
and the intervening portions of dumpling taken out 
to just below the new tunnel roof, the road surface | 


a 2-ton chain block and chain sling, which was just | 
long enough to pass under the rails and back to the | 
block. The tackles, together with the other plant | 
and apparatus required, were placed in position 
alongside the lines during the day before the change- 

over. Directly after the current had been cut off, | 
the first two 240-ft. lengths of new track were dealt | 


|mew station and the works immediately east and 


west thereof, while Messrs. Mitchell Brothers, Sons 
and Company, Limited, 167, Victoria-street, London, 
S.W.1, dealt with the existing station tunnel, south- 
curve covered way and work at Minories Junction. 
Messrs. Fairfield Shipbuilding and Engineering 
Company, Limited, 9, Victoria-street, London, S.W.1, 


being propped off the ground temporarily. The| with. The lifting tackles were hung from the roof, | supplied and erected the steelwork for both con- 
intervening panels of filler joists were inserted and | and at the same time the bonds on the current and | tracts. 


the roof completed, the road surface being finally 
supported off the new roof by brick piers with weak 
concrete filling in the spaces. The new sewers were | 
then built and the house connections, which had 
been temporarily carried through the new wall to! 
the old sewer, were transferred to the new sewer | 
and the wall made good. Within the buildings the | 
roof of the new tunnel was constructed of filler | 
joists and concrete resting on the lower flanges of | 
the main girders, thus providing a basement floor. 
On the completion of the new tunnel roof the dump- 
ling was excavated from the west end by means of | 
a mechanical excavator. This excavation was 
carried down to the invert formation level, the con- 
struction of the invert closely following the move- 
ment of the excavator. As the excavation pro- 
ceeded the disused sewer and old building founda- 
tions within the new tunnel were also demolished. 

As will be seen from Figs. 6 and 22, the corner of 
i large brick building projected over the extreme 
west end of the new covered way. This building 
imposed a load of about 1,000 tons on the new 
tunnel wall. Here the roof girders, which were at 
t-ft. centres, were introduced as needles through 
the foundations of the buildings and the holes were 
made good in concrete and brickwork. As each 
girder was introduced it was wedged up from its 
bearing on the wall to a predetermined dead load 
deflection. The wall supporting the ends of the 
girders was cast in one piece 75 ft. long to distribute | 
the load longitudinally, a trench of this length 
having been opened up by breaking through the 
existing foundations on each side of the building. 
Twenty-nine reinforced-concrete bore-hole _ piles 
were placed below the wall to carry the load, and 
steel reinforcement was introduced in the bottom of 
the wall to ensure that it acted as a beam trans- 
mitting the load evenly to all the piles. Fig. 22 also 
shows the steel and concrete deck that was adopted 
for covering the large area over Minories junction 
so that it could be used as an omnibus, trolley-bus | 
and motor-coach stations. As will be seen, steel 
stanchions were erected at points where the old and 
new track lay-outs were not interfered with and on | 
these plate girders were laid. The deck itself was 
laid on the girders and was constructed of steel 
joists placed 5 ft. apart, supporting the pre-cast 
concrete jack-arch centres mentioned above. The 
concrete deck was cast on these centres and covered | 
with a bitumenised felt damp course and blue brick | 
paviors on which the road surfacing was laid. A view 
of this portion of the work, looking east from the old | 
station, and showing the widened structure and the | 
retaining wall, appears in Fig. 32, Plate VI. 

While the work described above was in progress, | 
the trains were run over the original tracks and the | 
old station at Aldgate East was still being utilised. | 
lhe change-over from the old station to the new was | 
effected in two stages, during the first of which the | 


running rails were cut and the fish-plates removed | 
at the end of the two 240-ft. sections. All signal | 
wires, air pipes and other track equipment was also | 
disconnected, as well as the bolts connecting the | 
sleepers to the temporary joints and the bracings | 
of the trestles. To save time, free use was made of | 
pneumatic tools for this purpose. Next, the whole | 
length of each section of outer current rail was lifted | 
into the centre of the track by means of the hanging | 
tackle and the slings were thus refixed to the| 
running rails. As soon as all the sleeper bolts were | 
out, men at the blocks, working in concert, lifted | 
the 240-ft. section of double track complete with | 
sleepers, about 1 ft. clear of the trestles. An| 
illustration of the work at this stage is given in| 
Figs. 34 and 35, Plate VI, which show the last 
trestle being demolished, the track bed below ready | 
prepared to the right level, and the ticket-hall | 
steelwork completed. 

The longitudinal joists were then slid out from 
under the tracks and the trestles dismantled, after 
which the tracks were lowered on to the new ballast 
bed, which had been roughly spread to the level of 
the underside of the sleepers, and the outer current 
rails lifted back on to their insulators. Before 
raising the first length of track, the platelayers’ 
trucks, which had been used for erecting the lifting | 
tackle, had been pushed on to the next section, and | 
so soon as the first section of track had been laid in 
the new position, other trucks were placed on it. 
These trucks were equipped with a specially-made 
ladder platform to bring them level with the higher 
tracks, as illustrated in Fig. 36, Plate VI, which 
also shows the first section of new track in position. 
From these the lifting tackle over the lowered section 
was unhooked and transferred to the next lifting 
position over the higher section. Owing to the 
varying heights of roof, different lengths of hook 
bars were supplied, each type being coloured 
differently in accordance with a key plan, so that 
one man could direct the particular bar to its correct 
position. As soon as the two adjacent sections of 
track had been laid, the rails were connected up, 
current bonds replaced, and the new signal appa- 
ratus placed in position. Ballast trains were run 
over the sections to complete the ballasting and 
levelling up the tracks. While the tracks were being 
lowered, other squads were dismantling the tem- 
porary timber platforms and staircases at the old 
station, while at the west end of the new station 
the floor steelwork members for the ticket hall were 
erected and temporarily covered with timber. The 
ticket booth, control barriers, ticket machines and 
lighting were also assembled. The tracks were 
scheduled to be laid by midnight on Sunday, but 
were actually completed six hours earlier, so that 
ample time was available for making good, testing, 
signalling and clearing away the old material Con- 
sidering the enormous quantities of material in- 








ELECTRICITY SUPPLY IN A 
SUGAR-BEET FACTORY. 


Tue growing demand for the sugar and cattle foods 
which can be extracted from beet has recently led 
the British Sugar Corporation to carry out a number 
of modifications and extensions to their plant at 
Bury St. Edmunds. This plant includes ten Babcock 
and Wilcox boilers, which are fired by chain-grate 
stokers and generate steam at a pressure of 285 Ib. per 
square inch. The steam is supplied to four turbines, 
which were manufactured by Messrs. W. H. Allen, 
Sons and Company, Limited, Bedford. The output 
of one of these sets is 700 kW, while that of the 
others is 500 kW each, the speed being 6,000 r.p.m. 
They are connected through gearing to alternators 
which run at 1,000 r.p.m. and generate three-phase 
current at 220 volts and a frequency of 50 cycles. 
The alternators were constructed by Messrs. Crompton 
Parkinson, Limited, Bush House, London, W.C.2, and 
are of the open type with sleeve pedestal bearings, and 
ventilated from the outside atmosphere through air 
ducts. They are directly connected to a flat-backed 
enamel-slate switchboard, which was also manufactured 
by Messrs. Crompton Parkinson and controls the power 
supplied through various feeders to the whole factory. 
The alternator panels are equipped not only with 
switches but with ammeters, power factor indicators, 
kilowatt hour meters and protective relays, while the 
feeder panels are fitted with oil switches and ammeters 
only. Owing to the heavy current and long length 
of the board, expansion joints are provided in the "bus 
bars. The exhaust steam from the turbines, which is 
at a pressure of 28 lb. per square inch, is used in the 
evaporating plant, while a supply for process work is 
given from the main boilers through a reducing valve 
at a pressure of 60 lb. per square inch. 

As regards the production process, the beets are 
delivered in lorries which are unloaded by high-pressure 
water jets, delivery being made either direct to the 
factory or to storage silos from which the night-time 
supply of raw material is drawn. In either case 
they are conveyed into the factory by water ducts 
in which they float, and are raised by a bucket wheel 
or air-lift pump to the washing plant. After washing 
they are taken by elevators to the slicing machines, 
which are situated on the top floor of the factory. 
They are next conveyed in the form of very fine chips 
to the diffusion batteries, where the sugar is extracted 
in a solution known as raw juice. The beets are then 
separated from the surplus water in a screen press, 
after which they are taken through the pulp-drying 
house by a rake conveyor. Here the pressed chips, 
which are now practically free from sugar, are sprayed 
with molasses and dried to produce the molasses pulp, 
which is largely used as cattle food. Part of the 
drying is effected by flue gases from the boiler house, 
which are drawn through the drying drum by a fan 
driven by a 280-brake horse-power motor. 

The raw sugar juice is pre-limed and heated to a 
temperature of 80 deg.C. The main amount of lime is 
then added and the whole is carbonised with carbon 
dioxide and passed on to the filter plant. After a second 
process of carbonisation and filtration, the juice is 
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boiled and filtered a third time and is passed to the | where, before eutectic cooling occurred, the first 
evaporators, where it is concentrated from 12 per cent. | modification had already taken place; in which 
to 60 per cent. solid. The first crop of sugar is obtained | instance, he suggested, there was no direct effect. on 
by boiling this concentrated syrup in vacuum pans.|the structure of the metal. In reply, Professor 
It comes out in the form of a syrup and crystals which | Piwowarsky (Germany) said that, where there was a 
are termed massecuite. The discharge from the| break in the curve of the eutectic crystallisation, it 


vacuum pans goes to the centrifugal machines and the | was always possible to distinguish a change in the | 


sugar crystals are separated out as damp sugar. This} metal structure. One part of the curve was definitely 
goes through a granulator and falls to the floor below | to be correlated with the existence of a coarse structure, 
ready for packing. The syrup from the centrifugal and the other part with a fine structure in the metal. 
machines is brought back to the vacuum pans and | It was possible to draw that distinction between the 
re-boiled, the process being repeated until no more sugar | two parts of the curve—the eutectic and the primary 
can be extracted. The syrup left, which in this form | crystals. 
is known as molasses, is mainly used in the pulp drying} The next paper, on ** The Compounding of Alloys,” 
house for conversion to molassed pulp, the remainder | was presented by Professor J. Leonard, past-president 
being disposed of to yeast and alcohol producers. ‘The | of the Association Technique de Fonderie de Belgique, 
accompanying illustration shows the four geared | on behalf of that association. This paper discussed, 
turbines and generators in the power station of the | within the framework of foundry practice, certain 
Bury St. Edmunds factory. | general aspects of the compounding of alloys and 
' : attempted to elucidate a theory of melting and to draw 
up general rules which would be applicable to a specific 
jcase, according to prevailing conditions and the 














THE INTERNATIONAL FOUNDRY 
CONGRESS. 


(Concluded from page 105.) 


Professor Leonard pointed out that it was a work of 
| collation of daily workshop practice and its object 
: meee was to bring some sort of order into the inference which 
Unper the chairmanship of Major R. Miles, session B| might be drawn from that daily practice. There 
of the Congress opened on Friday, June 16, with a was no discussion. 
paper by Dipl.-Ing. W. Patterson, entitled ‘ Process Professor Albert Portevin, on behalf of the Associa- 
of Crystallisation in Commercial Alloys.” This was a | tion Technique de Fonderie de France, presented a 
communication from the Foundry Institute of the|long paper on “ General Principles Applicable to the 
Technical High School, Aachen, the Director of which Compounding of Alloys by Melting,” in which he 
is Professor Dr.-Ing. E. Piwowarsky. The processes | entered into the details of the many factors influencing 
accompanying the solidification of molten metals, | the properties of alloys in the as-cast condition. The 
it was stated, might be examined in a number of ways | study embraced, inter alia, the raw materials, the 
and the purpose of the paper was to examine whether | melting medium, furnace linings, the atmosphere, the 
direct thermal analysis was suitable for studying solidifi- | fluxes, chemical reactions, superheat, rate of heating, 
eation at the rates of cooling obtaining during the | conditions of melting, and thermal properties. 
casting of alloys. Theoretically, deductions might| Professor Piwowarsky (Germany) said that Professor 
be drawn from thermal analysis regarding such main | Portevin’s was an exceedingly valuable report. Control 
points as the facts that (1) the degree of purity can be | must be exercised by someone who combined industrial 
indicated by the curves; (2) new types of crystals| knowledge of practical conditions with a scientific 
are revealed by the time-temperature curves; and} background such as he had supplied. Mons. Chavy 
(3) thermocouples situated at different points of a/ (France) observed that alloys of high nickel content 
casting enable the sequence and velocity of crystallisa-| absorbed sulphur gases very easily and difficulties 
tion to be predicted. In this investigation it was | had been encountered in France, some of the castings 
observed that eutectic zones of different degrees of | being rendered very brittle. This was overcome by 
fineness were reproduced in the curves by a graduation | adding silicon at the beginning of the melting in order 
of the eutectic critical points. to protect the bath against the atmosphere. Professor 
In the discussion, Professor A. Portevin (France) | Portevin pointed out that the addition could also be 
remarked on the perfection of the curves produced | made at the end of the reaction with good results. 
by the author, which represented a further step| A paper upon “ The Progress of Inverse Segregation 
towards the completion of the work performed by | during Solidification,” by Dr. Joseph Alexander Vero 
Tammann and Piwowarsky. Regarding the double | (Hungary) was presented by Mr. R. Erdos, who recorded 
super-cooling effect he raised the question whether a| experiments carried out on the 95/5 aluminium-tin 
possible distinction should be drawn between cases’ alloy to establish how the inverse segregation took 





features of the particular problem under consideration. | 





| place in chill-cast ingots. The solidification of ingots 

produced under similar conditions was interrupted by 
| bleeding at different stages. Segregation, of the 
| inverse type, was present at the very early stages of 
| solidification. but a considerable part took place just 
| during the solidification of the last third of the ingot. 
The segregation concerned only that part of the ingot 
where the solidification has already begun, the per- 
fectly liquid part not being affected. There was no 
discussion on this paper. 

A paper intended to be presented by Mr. N. Chvorinov, 
Met. Eng., of Czecho-Slovakia, was not read owing 
to the author’s absence. It was entitled ‘* Control of 
the Solidification of Castings by Calculation.” The 
soundness of castings, according to the paper, depended 
mainly upon freezing conditions, adequate feeding 
being the chief requirement. The mechanical pro- 
perties of a sound cast steel were practically as good 
|ss those of a forged steel. To attain good feeding, 
controlled directional solidification should be sought, 
and this required a knowledge of the laws of solidifi- 
cation. The author formulated the relationships 
| which could be used to calculate the solidification 
periods of practically any casting. The relationship 
between the solidification period and the thermal 
properties of a moulding material were given, the 
formula being capable of application to calculate the 
periods of any metal cast in moulds of any thermal 
properties. A means of quantitative calculation was 
thus given which, it was contended, made the controlled 
directional solidification subject to mathematical 
control. Written discussion of this paper was invited. 

Mr. H. J. Miller than read his paper on ** Copper 
and Copper-Alloy Castings for Electrical and Thermal 
Conductivity Applications.” This paper, which was 
divided into five parts, reviewed the copper and copper- 
alloy castings employed for these applications. Part | 
described the gaseous reactions involved in the produc- 
tion of tough pitch copper and explained why such 
copper was unsuitable for general sand castings ; 
| Part 2 considered the deoxidised types of copper 
}and the influence of deoxidants upon conductivity ; 
| Part 3 dealt with the properties of bronzes and brasses ; 
Part 4 reviewed the modern high-conductivity high- 
strength alloys of a precipitation-hardening type, the 
| copper-chromium, copper-nickel-silicon, copper-cobalt- 
| beryllium and other alloys being outlined; and, 
finally, Part 5 considered some of the founding aspects of 
copper, indicating the pronounced shrinkage and the 
weakness at temperatures just below the freezing point 
as two points demanding special precautions. In 
presenting his paper, Mr. Miller deprecated the use of a 
| multiplicity of cast bronzes and brasses and hoped 
| that fewer and simpler materials would be used in the 
future. He pointed out also that copper content alone 
| was not indicative of the conductivity. 
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In opening the discussion, Mr. T. Krogvig (Norway} 
said that the author did not mention the one alloy 
used in Norway for light electrode holders for electric 
furnaces. This contained about 15 per cent. to 17 per 
cent. of zine, the remainder being copper. He asked 
whether the author thought it a better alloy than those 
containing 25 per cent. of zinc, which were easier to 
cast. Professor Portevin said he was aware of only 
one process for removing hydrogen from these alloys 
and that depended upon the use of oxygen. Moreover, 
he expressed the opinion that it was difficult to de- 
oxidise satisfactorily by the use of aluminium, which 
tended to form a film over the surface of the metal 
which had to be vigorously stirred. In reply to the 
discussion, Mr. Miller said that there would be little 
difference between the electrical conductivity of the 
15 per cent. and 25 per cent. zinc alloys, but the former 
would be slightly weaker and softer. In answer to 
Professor Portevin, he stated that oxygen-free copper 
had been produced successfully by a patented method 
by which the cathode copper was melted in an open- 
hearth furnace completely sealed from the ordinary 
atmosphere, and carbon monoxide and nitrogen gases 
introduced. The molten metal became gas-free and 
was led by closed launders to the moulds, which also 
were filled with these gases. Regarding the use of 
aluminium, he had deprecated it in previous papers 
and had no actual experience of its use except in very 
small quantities. 

On the afternoon of June 16, the final meeting of the 
Congress was held, under the chairmanship of Mr. J. P. 
Lake, and Mr. W. J. Dawson’s paper on “ Development 
and Organisation of Steel Foundry Research" was 
presented. In this paper, a brief outline was given 
of research activities relating to steel founding. The 
importance of educational facilities for training of 
foundry personnel was stressed. The work in Great 
Britain of the Steel Castings Research Committee and 
its sub-committees was described in some detail, and a 
summary given of the three Reports. In conclusion, 
the nature of the problem involved was discussed and 
the lines on which further work might be pursued were 
indicated, 

Mr. Pollard said that those concerned in the various 
works were doing their utmost to carry on the investi- 
gations enumerated in the paper. Mr. Lloyd, referring 
to the Foundry Practice Sub-Committee, mentioned 
in the paper, said that it was formed with the idea 
of correlating foundry practice in various works. They 
had been working on the production of steel castings 
under different heads and under closely controlled 
conditions of casting, and hoped to report upon that 
matter within a short time. The work was being done 
by people actively engaged in the foundry industry. 

Mr. F. W. Rowe, B.Se., then read his paper on 
“ Radiography in Iron and Steel Founding,” in which 
he traced the history of the development of radiology 
from its inception. The principles of X-ray generation 
were dealt with and full details given of visual inspec 
tion by fluoroscopy and radiographic inspection by 
both X-rays and gamma-rays. 

The President, opening the discussion, said that steel 
foundrymen wondered how the results of radiography 
would be interpreted by some inspectors, and viewed 
the matter with some misgiving in consequence. Dr. 
Guido Vanzetti (President, International Committee of 
Foundry Technical Associations) feared that inspectors 
might not apply new instruments of control sufficiently 
carefully ; if they did not know how to use X-ray 
apparatus and results properly, such methods might 
prove dangerous. He asked for opinions regarding 
the use of gamma rays as compared with X-rays. 
Mr. J. H. Cooper said that he had seen steel and other 
castings in Germany inspected by X-rays. The 
apparatus could not be put into the hands of any 
inspector who had not had the advantage of special 
training. The problem of interpretation was a matter 
calling for the greatest care. By radioscopic methods 
it was possible to examine small castings on a fluores- 
cent screen with great rapidity and to locate a defect 
before a large number of castings were produced. 
Mr. Belsimon referred to the direct examination of 
castings by the use of an apparatus which did not 
require a great number of photographic exposures. 
Mr. C. H. Kain said that the use of X-rays was some- 
thing which all steel founders woul! have to face sooner 
or later, and asked what degree of experience was 
necessary in order to interpret correctly either X-ray 
photographs or visual examinations. Mr. T. H. Turner 
said that it seemed there would be little chance of 
inspectors using X-rays on railway castings. The sort 
of defect it would show, such as porosity, say, in a 
wheel centre for a locomotive, was not really of very 
great importance. In steel castings he thought there 
was generally more fear of cracks than of blowholes. 
Unfortunately, the X-ray method was particularly 
weak in regard to small cracks. These rays, however, 
were useful for the examination of light alloys and 
welding, as in the latter case the sections were nearly 
always thin, while in the former the penetration of the 
rays was greater. 
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were contemplating the use of X-rays as an acceptance 
test. Mr. G. Lutoslawski (Warsaw) emphasised the | 
value of constant inspection by means of X-rays 
in the course of production of a series of important | 
castings. In Poland, small castings were so inspected 
with success. Of course, such work must be only 
in the hands of the higher inspection staff and not in 
those of the ordinary inspecting operator. Mr. Pollard 
considered that the industry should begin to educate 
inspectors in the use of X-rays, and inquired whether | 
the author had been approached by. the inspecting 
authorities. The President suggested that, before 
X-rays could be applied to any extent, it was necessary 
to know more about them. More knowledge was 
needed on which defects really affected the castings 
adversely and which were either of no importance 
or only of minor importance. 

Replying to the discussion, Mr. Rowe said that many 
steel founders in Great Britain and abroad feared that 
X-rays might lead to more arduous conditions and | 
more rigid inspection. His own firm had not had this 
experience and he would almost go as far as to say 
that they had had more castings accepted, due to | 
putting forward X-ray photographs, than they had | 
had rejected. As to the relative merits of gamma 
rays and X-rays, he could not say that one method | 
was better than the other or likely to go farther: | 
both were excellent. Mr. Cooper would appreciate | 
how largely X-ray examination was entering into the | 
production of steel castings in Germany and was 
quite right in his warning that the interpretation 
needed considerable experience and was attended by 
some difficulty. In reply to Mr. Belsimon and Mr. 
Kain, he said that almost a lifetime’s experience was 
needed before one could be dogmatic about radiographs. 
For some time it had been obligatory to use X-rays 
for examining certain aircraft castings in light alloys. 
He was at variance with Mr. Turner regarding the 
cost of X-ray testing; cutting up a casting would 
not cost less than 30s. or 2/., while a number of X-ray 
photographs could be taken more quickly. He 
endorsed wholeheartedly all that Mr. Lutoslawski 
had said. The education of the inspecting authorities, 
mentioned by Mr. Pollard, was largely in the hands of 
the steel founders. He urged that the iron and steel 
founding industry in the United Kingdom should do 
more than they were doing to contribute to the progress 
of research on iron and steel castings. 

A paper entitled “ Notes on Dry-Sand Practice for 
Steel Castings,” by Dr. C. J. Dadswell and Mr. T. R. 
Walker was then read. It described the materials 
for dried moulds, and compared the practice in different 
countries, using dry sand and foundry compo. The 
drying and painting of these moulds was described 
and discussed. 

Mr. V. C. Faulkner asked whether steel founders 
had made experiments with the spraying of cores 
or mould surfaces with aluminium. Dr. J. A. G. 
Skerl said that the authors’ diagrams confirmed his 
own experiments. It was necessary to choose sands 
to suit the particular job. For general purposes, the 
Belgian type was preferable because it lost strength 
at high temperatures, and it was only for heavy 
castings that materials such as “ compo” had to be | 
used, which retained or increased strength at high 
temperatures. He was of opinion that the stoves 
referred to in the paper as core stoves were merely 
annealing stoves. Regarding moulding paints, he 
asked if they were applied before or after the drying 
of the moulds. Mr. M. Brown said that the drying | 
of moulds and cores was essentially a low-temperature 
furnace process, and inquired whether the authors had | 
considered the problem from the aspect of obtaining | 
steady circulation of the gases within the stove and of | 
eliminating the moisture. Mr. J. E. O. Little asked | 
what was meant by the “calcined” bauxite clay | 
obtainable in Ayrshire. From various suppliers he | 
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had obtained varying replies concerning * chamotte.” | 
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was received from one supplier. A calcined clay, such 
as that was, of from 40 per cent. to 45 per cent. 
alumina, might not be sufficiently refractory to be 
used as a bonding material, or would need to be used 
in too great quantity. The virtue of such a material 
as Bentonite was that it could be used effectively in 
small amounts. ‘“ Chamotte”’ was really grog, and 
was the coarse material which formed the basis of the 
refractory material. They used the chamotte clay 
as an ingredient in the ordinary compound in place 
of the old crucibles used previously. The type and 
time of milling made a difference both in “ compo” 
and synthetic sand. A heavier milling had to be used 
with * compo ” than with core sands. Oil-sand moulds 
should not be cast warm; this should only be done 
with clay-bonded sands, and the whole of the paper 
Mr. Walker, also replying 
to the discussion, said that he knew of one foundry 
which had tried aluminium spraying of cores, the 
purpose being to use it as an extra “ killer’ to the 
steel. He did not think a recorder existed for estimat- 
ing the moisture-content of the exhaust gases from 
core stoves. The temperature of 700 deg. C. was the 
temperature used at Skoda and also in their own 
foundry as the best for drying chamotte. He believed 
that it was best to leave oil-sand cores to strengthen 
for 24 hours, but dry sand would deteriorate in strength 
if similarly treated. 

Mr. C. H. Kain introduced the paper on * The 
Renaissance of the Steel Casting and the Réle of the 
Metallurgist,”” the author, Mr. F. A. Melmoth, not 
being present. The paper had been prepared on behall 
of the American Foundrymen’s Association, and opened 
with a consideration of the effect of new applications 
for castings in countering the losses to the industry 
due to competitive developments. The increasing use 
of alloy steels in the form of castings was remarked 
upon, and prominence given to the metallurgical 
nature of this development. It was noted that there 
was. less reliance upon simple annealing, modern 
practice tending towards the more complex heat 
treatments. In discussing problems of technique. 
the author suggested the abandonment of the term 
“mass production,” which suggested inferior quality. 
and the substitution of “ planned production,” which 
was more truly indicative of American industrial 
procedure. The design of castings was a * two-phase ” 
problem, metallurgical and engineering, and hitherto 
only one had exerted any influence. Metallurgical 
influence on design would give rise to new shapes, 
easier and cheaper to produce with certainty and 
control. 

Mr. T. H. Turner opened the discussion, observing 
that the outstanding feature of steel casting in America 
was the size of the castings; for instance, in the 
case of a locomotive, the side members, cross members, 
three or two cylinders, with the piston-valve cylinders 
as well, were made in a colossal monobloc, and often 
in alloy steel. The word “ renaissance ’’ in the title 
of the paper was surprising; it suggested that other 
methods had been replacing steel castings in the 
United States, whereas, he thought, steel castings were 
displacing other methods of construction in some 
fields. Mr. Chavy (France), who spoke next, observed 
that the composition of some of the special steels 
used for cast crankshafts was very different from that 
of steel for forgings, fatigue strength being more 
important than tensile strength or elongation Mr. J. 
Deschamps would have liked to ask the author, had 
he been present, whether it was really necessary to 
resort to alloying steel to improve it, instead of taking 
the necessary care and improving the plain carbon 
steel. The test results given for a fully heat-treated 
steel casting could have been obtained with plain carbon 
steel, properly controlled. Specifications should not 
be too easy to meet ; making them more difficult would 
ultimately benefit the steel-casting industry. Mr. A. 
Tipper commented on the similarity between some of 








He did not think that the railways | and while still hot. The “ 


Mr. J. Deschamps also asked for further information | the author's statements, particularly on moulding 
as to the theory concerning the use of “ chamotte,” | materials, and those given in other papers; notably 
which was said to be a calcined bauxite or siliceous | in that of Mr. J. J. Sheehan on core-shop control. 
clay. He thought the figure of about 700 deg. C.,| The concluding paper of the Congress was that of 
given in the paper for the drying of “ chamotte,” | Dr.-Ing. P. Bardenheuer on “ Relationship Between 
was very high. Mr. Riley asked whether the authors | the Quality of Iron and Steel Castings and the Nature 
had found that the type of milling and the milling | of the Materials of the Melt.’ In it, Dr. Bardenheuer 
time made any appreciable difference to the results| stressed the importance of satisfactory materials as 
in the case of their sands. well as their correct metallurgical treatment. For 
Dr. Dadswell, in reply, said that they had not| instance, the gases present in molten metal were 
attempted to spray their cores and moulds with| already partly present in the materials composing 
aluminium, and he did not think it was applicable to| the melt. The various remelting processes could 
steel moulding. Regarding drying stoves, those | influence the gas and oxide contents of the materials 
mentioned in the paper had been in use for some years|in different ways; in steel melting, considerable 
and were modernised by installing new fireboxes and | importance attached to the boiling process for purifying 
air-mixing chambers. The results were included in| the charge. The quality of castings might suffer by 
the paper in order to show the necessity for studying | the addition of alloying materials of high gas content 
stoves and improving the conditions of drying, which | just before pouring ; such materials should be degasified 
was such an important operation. Paints were not | before being added. 
applied to green moulds but to oil sand cores when warm Mr. T. R. Walker asked whether, as the author had 
and dry. Certain “ compo” moulds and cores had a| claimed that the presence of hydrogen was always 
further coat of paint after coming from the stove, | deleterious, it was now established that it was the real 
chamotte ” from Ayrshire | cause of hair cracks ; and also whether any relationship 
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had been traced between the proportion of gases in | 
pig iron, and either the country of origin or the process. 
It was commonly assumed that Swedish pig was 
better than English pig for some types of steel: was 
that attributable to gas content? With regard to 
ferro-chromium, the author had given the oxygen 
and hydrogen contents, but had not mentioned the 
nitrogen content. A high nitrogen content was | 
particularly important in ferro-chromium. 

Dr. Bardenheuer said that researches in Germany 
had shown that hydrogen was one of the causes— 
probably the most important cause—but certainly 
not the only cause of hair-cracking. There had been 
much controversy regarding the different pig-irons 
and their gas contents, and no definite conclusions 
had been reached; but the iron from small blast- 
furnaces, in which the blast was relatively cold, was 
certainly more free from gas than iron from larger 
furnaces, and that applied particularly to irons used 
on the English east coast. The superiority of Swedish 
pig was of different origin ; the Swedish pig was purer. 
Nitrogen was not mentioned in the paper because 
it was usually of comparatively minor importance ; 
but in the manufacture of carbon steel and alloys, he 
agreed, it was important. 

Mr. Bensimon, referring to the statement that 
hydrogen was not the only cause of hair cracks, asked 
whether it was possible to distinguish between the 
causes of the different kinds of defects. Did they all 
operate together, or singly, each producing a particular 
defect ? Dr. Bardenheuer, in reply, confined his 
remarks to the causation of hair cracks, which, he 
said, could occur wherever forces arose between 
crystals, The presence of hydrogen caused very 
great pressures between the crystal boundaries; up 
to 300 atmospheres had been measured. 

This concluded the business of the Congress, and in 
declaring it closed, the chairman, Mr. F. J. Cook, 
expressed the hope that all the delegates would be 
able to attend the 1940 Congress, which would be 
held in Italy. 








WHITWORTH SociETY SUMMER MEETING.—The Whit- 
worth Society held their Summer Meeting at Matlock 
and Derby on Tuesday and Wednesday, July 4 and 5. 
The meeting began with dinner at Smedley’s Hydro, 
Matlock, on Tuesday evening. On Wednesday, the 
members left Matlock by motor-coach, and inspected the 
Ladybower Reservoir Works of the Sheffield, Nottingham, | 
Leicester and Derby Waterworks. To form this reservoir 
the largest earth dam yet built in this country is being 
constructed across the Derwent, near Bamford, Derby- 
shire. It will have a length of 1,250 ft., a maximum 
height of 140 ft., and a width across the base of approxi- 
mately 840 ft. On returning to Matlock for lunch, the 
retiring President, Mr. W. Price Abell, installed the new | 
President, Mr. E. Bruce Ball, who recalled that he was | 
the fourth President of the Whitworth Society to be | 
simultaneously holding office as President of the Insti- | 
tution of Mechanical Engineers, his predecessors in this 
dual office being Dr. H. S. Hele-Shaw, the late Sir Henry 
Fowler, and Mr. Chas. Day. After lunch the members 
continued by motor-coach to Derby for a visit to the | 
Rolls Royce Company, where the organisation of pro- 
duction of aircraft engines, in particular, was seen. They 
finally went on to Elvaston Castle. where they were | 
entertained to tea by Mrs. Lillingstone. 














MESSRS. LEYLAND MOTORS’ 
DAY CONTINUATION SCHOOL. 


ALTHOUGH there is nothing novel in the idea of an 
industrial firm providing educational and training 
facilities for their trade apprentices, probably few deal 
with the matter in so thorough a manner as Messrs. 


Leyland Motors, Limited, of Leyland. For many 


| years the firm has owned and operated a day con- 


tinuation school which has been carried on in a number 
of Army huts. The place of these has now been taken 
by an attractive brick building constructed specially 
for the purpose at a cost of some 12,0001., and adjoining 
the firm’s South Works. The school is run in connec- 
tion with the local educational authority, and the 
headmaster, Mr. H. Darnell, B.Sc., and his four 
assistants are appointed and remunerated by the 
County Educational Committee. Mr. Darnell has 
been in charge of the school for nearly nineteen years. 
Each individual apprentice attends the school for one 
full day a week, during which time he is paid at the 
recognised apprenticeship rate for his trade. In 
addition, during winter time he is expected to attend 
evening classes, either at the Leyland school or his 
local night school, up to three nights a week, and in 
summer he attends organised physical training one 
night a week. For his first two years at the Leyland 
school, the apprentice continues his ordinary general 
education, taking such subjects as mathematics and 
literature. In his third and last year at the school the 
training has a definite engineering bias, and in fact 
counts as the first year of the course towards the 
National Certificate in Engineering. Boys of proved 
ability proceed to the Preston Technical College, where 
they train progressively for the National Certificate and 
the Higher National Certificate. 

The new school is attractively laid out round a 
central quadrangle. The premises include two class 
rooms, a drawing office, a science laboratory, handi- 
crafts room, and a gymnasium, 70 ft. long by 40 ft. 
wide. There is also a large recreation room, in addition 
to the usual stores and offices. The handicrafts room 
is equipped with lathes and other tools, and while no 
attempt is made to teach the boys their trade in the 
school, they make tools and other articles with the 
object of training hand and eye. The central quad- 
rangle will be used for outdoor classes in summer, and 
it will also be used for physical training classes, con- 
siderable importance being attached to the latter by 
the company. The school is attended by some 350 
apprentices, who become fully-qualified tradesmen 
when they are out of their time. The majority are 
absorbed in the Leyland shops in that capacity, but 
those showing exceptional ability may become charge- 
hands, foremen, or superintendents, or attain to staff 
appointments. 

The firm, we understand, has a considerable waiting 
list of boys anxious to become apprentices, and can 
therefore afford to choose the most promising. The 
usual age of joining is 14 to 16. Two engineering 
apprentice scholarships are available each year giving 
admission to the Leyland engineering apprentice 
scheme of training, this being a separate system designed 





|} COMPLETION OF H.M.S. “‘BELFAST."’ 


| H.M. Crutser Bevrast, which was laid down at 
| the Queen’s Island Shipyard, Belfast, of Messrs. 
Harland and Wolff, Limited, under the Admiralty 
Programme for the year 1936, has now sailed for 
Portsmouth, where she will be commissioned prior to 
joining the Second Cruiser Squadron in the fleet exer- 
cises. The Belfast, which, we are informed, is the 
first ship of His Majesty’s Navy to bear this name, was 
launched by Mrs. Neville Chamberlain on March 17, 
1938, and, during the past two months, has undergone 
a series of exhaustive trials, culminating in the success- 
ful completion of the acceptance trials. The vessel, a 
view of which, while undergoing her trials, is given 
in the accompanying illustration, is a cruiser of the 
improved Southampton type, her sister ship in this 
class being H.M.S. Edinburgh, built at the Wallsend- 
on-Tyne Shipyard of Messrs. Swan, Hunter and 
Wigham Richardson, Limited. The acceptance trials 
of the latter were carried out on July 6. H.M.S. Belfast 
has a standard displacement of 10,000 tons, a length 
of 579 ft., and a beam of 63 ft. 4 in. Her propelling 
machinery consists of geared turbines, developing a total 
shaft horse-power of 80,000, and driving four screws. 
steam being supplied by oil-fired water-tube boilers. 
The estimated speed of the vessel, on full-power trial, 
was 32-5 knots. The armament of the Belfast includes 
twelve 6-in. guns, twelve 4-in. high-angle guns, four 
three-pounder guns, and six torpedo tubes, together 
with the usual complement of smaller guns and machine 
guns. It is anticipated that the cruiser, which is 
commanded by Captain G. A. Scott, D.S.C., R.N., will 
return to Belfast in September when a silver bell, 
whicheis to be presented to the vessel by the citizens 
of Belfast, will be formally handed over. It may be of 
interest to note, in conclusion, that H.M.S. Southamp- 
ton, from which type the Belfast has been derived, was 
laid down in 1934 and completed in 1937. She has a 
displacement of 9,100 tons, and her engines have a 
designed shaft horse-power of 75,000, giving her a speed 
of 32 knots. 








CANADIAN CopPpER PRODUCTION.—The production of 
copper in Canada during May amounted to 55,364,021 Ihb., 
compared with 48,429,331 lb. in May, 1938. Production 
during the first five months of 1939 totalled 246;654,672 
lb., an increase of 3,095,713 lb. over the corresponding 
period for last year. 


STRUCTURAL BRICK SHELTERS FOR AIR’ Raip 
PRECAUTIONS.—The Clay Products Technical Bureau of 
Great Britain, 90, Ebury-street, London, 8.W.1, have 
issued a bulletin, No. A.R.P.2, which sets out in 50 pages 
a series of designs for air-raid shelters to conform with 
the recent recommendations of the Home Office. The 
shelters, which are constructed of brick, mortar and 
concrete, are shown in many types, both above and 
below ground, to suit different numbers of persons, and 
the general specification, dimensioned drawings, and 
costs of materials and labour are included. The costing 








to produce men capable of holding high positions. The | is presented fm great detail, and includes such items as 


engineering apprentices are given a general training 
which takes them through all departments of the works, 
and through the drawing and general offices. They 
live at a hostel maintained by the company. 





manholes, drains, and entrance ladders. A third A.R.P. 
bulletin, in course of preparation, will deal with the 


| construction of evacuation camps that will need little 


| maintenance for many years. 
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TOTTENHAM 
KEITH 
LIMITED. 


AuTHOUG the building of complete new factories by 
old-established firms instead of piecemeal extension 
of old premises is not unusual nowadays, the new works 
of Messrs. Keith Blackman, Limited, at Mill Mead- 
road, Tottenham, London, N.17, is an outstanding 
example in various ways. Apart from its very prac 
tical layout, the works has an interesting generating 
station, which not only renders it independent of all 
outside power supplies, but provides the wide range 
of current characteristics which are required for testing 
the varied products of the firm. 
not impossible, is at least difficult to arrange for with 
a public supply. Noticeable also is the very extensive 
employment of air-conditioning, both in the generating 
station, offices, workshops and canteens, the latter 
buildings, incidentally, being on a scale and providing 
amenities not jonly encountered even to-day. The 
lighting throughout, both natural and artificial, is 
excellent ; although in the latter case this is not, 
perhaps, surprising in view of the fact that the firm 
manufactures, in addition to their well-known volume 
and pressure fans, blowers, etc., both high-pressure 
and low-pressure gas-lighting equipment. The new 
works occupies a site of ~ acres alongside the London 
and North Eastern main line to the eastern counties 
und is adjacent to Tottenham Hale station. It has a 
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railway siding running along one wall, and good 
access by road, The total number of employees is 
1.200 


Our description of the new factory is perhaps best 
commenced by some notes on the generating plant. 
\ view of the power house is given in Fig. 1, here 
with. In the background are six Diesel-engined 
generating sets. The four to the right have six 
cylinder engines and there is space between them and 
the outer wall for two others. The two sets to the 
left have three-cylinder engines. All the engines are 
of the two-stroke cycle scavenge-pump type built by 
Messrs. Crossley Brothers, Limited, Openshaw, Man- 
chester 11. They have cylinders 7 in. bore by 9 in. 
stroke and a piston speed of 750 ft. per minute, at the 
normal operating speed of 500 r.p.m. The rating is 
27-5 brake horse-power per cylinder with a b.m.e.p. 
of 63-1 Ib. per square inch. The six-cylinder engines 
develop 165 brake horse-power and the three-cylinder 
engines 82 brake horse-power. They are direct- 
coupled to alternators with exciters in tandem, the 
current generated being 3-phase, 50 cycles, 380 volts 
to 500 volts, and the power factor being 0-8. The 
large machines are rated at 138 kVA and the smaller 
ones at 67-5 kVA. The load is, however, of a variable 
character. The ordinary factory load is fairly con 
stant, but current is also required for office light 
ing, heating water in the shops and operating the 
impregnating and drying-oven plant. These latter 
demands are not likely to be particularly troublesome, 
but that from the test shop fluctuates very consider 
ably. Moreover, as the conditions imposed by cus 
tomers vary greatly as regards the motor drives, not 
only is direct as well as alternating current needed, 
but the latter may have to be single-phase, two-phase 
or three-phase, with cycles varying from 25 to 100, 
and pressure from 50 volts to 500 volts 

This motor 
generator sets in the foreground of Fig. 1, and for an 
array of switchboards and panels in the electrical test 


variable demand accounts for the 


shop. There are, of course, the usual switchboards in 
the power house, and two seta of *bus-bars are prov ided 
One set of these carries the shop load, but they can be 
drawn upon for part of the test requirements. The 
other set of ‘bus-bars is for the test shop only and 
supplies current at different 
cycles as may be required, these supplies being larger 
than the other set of "bus-bars can cope with when the 
test shop is particularly busy. It is, of course, im 
perative to have this great degree of flexibility and the 
lay-out is impressive from its comprehensive nature 
and practicability. Each generator has automatic 
voltage regulation, while illuminated indicators on 
the voltage-regulator cubicle, in which is also the power 
factor meter, advise the engineer what current altera 
tions are required by the test shop so that he can 
operate voltage regulators and exciter shunt rheostats 
to suit. Push-buttons on the switch. 
boards actuate indicators for the information of the 
engineer when paralleling. A swinging panel carrying a 
synchroscope is fitted on the main switchboard. The 
main generating panel have extensions 
serving a number of main power feeder panels. The 
motor-generator sets in the station are supplemented 
by other converters in the shops ; tor example, there 
large three-phase single-phase set with auto 
synchronous motor, which provides the heavy single 
phase current for the numerous spot-welding machines. 
lhe excitation of this set is used to assist the increase 
of the main supply Adjacent to 


such voltages or 


generator 


bus- bars 


ins hf 


of the power factor 


Such flexibility, if 
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the station is a battery of Exide accumulators with a 
capacity of 180 ampere-hours at 100 volts and charged 
by a three phase rectifier, the control panel being in 
the engine room. The battery provides emergency 
current, and is used for such purposes as lighting the 
offices and caretaker’s flat when the works is shut 
down. The elaborate telephone system is energised 
from batteries charged by a small motor-generator set. 
Current is also used for the clock system throughout 
the factory,which incorporates mechanism for automatic 
starting and stopping horns. 

Dealing more particularly with the engine accessories, 
the starting bottles will be noticed at the left of Fig. 1. 
Behind them are two compressor sets for charging, 
these consisting of Crossley-Ricardo 6-brake horse- 
power single-cylinder Diesel engines with cylinders 
4 in, bore by 44 in. stroke. 
and are direct-coupled to Hamworthy compressors 
having a capacity of 15 cub. ft. of free air per minute 
at a pressure of 350 lb. per square inch. The sets are 
cooled from the large cylindrical tank visible behind 
the bottles, the two smaller tanks containing the fuel. 
The large rectangular tanks, one on each side of the 
door, belong to the lubricating-oil system. That to 
the left contains fresh oil and is charged by a hand 
pump direct from barrels. The other tank, divided 
by a vertical partition, contains both dirty oil and 
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lating water to be precisely controlled, and adequate 
safeguards against overflow are provided. The level 
in the cold-water tank is indicated by a device visible 
from one of the windows of the engine room, the depth 
of water in the hot-well being also indicated there, the 
object being to render it unnecessary for the engineer 
to divert his attention from the switchboards by leaving 
the engine room. The 3-cylinder engines have alter- 


| native cooling-tower and thermo-syphon circulation, 


purified oil, purification being effected by the Streamline | 


filter seen below it, which is electrically heated. The 
dirty oil is withdrawn from the engine sumps by a 
motor-driven gear pump and can be delivered direct 


to the filter or stored in the tank as may be desired. | 


The supply to the engines may be either of new oil, 
purified oil, or a combination of both at will. The 
lay-out enables the sump contents of any engine to 


be very rapidly changed and a hand pump is provided | 


on the delivery pipes for emergency use. The tanks 
seen in the vicinity of the engines are the service fuel 


tanks, and are charged by a hand pump from the 5,000- | 


gallon storage tank in a separate room. The white 
discs show the oil level, gauge glasses being also fitted. 


The delivery main from the storage tank has a Kent | 
flow meter which gives the total fuel consumption, | 


the consumption of the individual engines 
obtained from the readings of the kilowatt-hour meters 
on the generators. 

The engine cooling system has been carefully worked 
out. The four 6-cylinder engines have visible tundish 
outlets which discharge into a large hot-well in the 
floor at the oil storage-tank room. 
well are withdrawn by three motor-driven Mirrlees- 
Watson centrifugal pumps, controlled either manually 
or by float-actuated switches, which deliver the water 
to a Premier slatted cooling tower situated above 
a cold-water tank on the roof of the building. The 
cold water gravitates to the individual engine circulating 
pumps. Should the weather be too cold to make the 
use of the tower desirable, it is by-passed and the 
cireulating water is drawn from the hotwell with 
such admixture of cold water as may be necessary. 
The pipe system enables the temperature of the circu- 


The contents of the | 


being | 


the latter being used for light running at nights when 
less skilled attendance is available. 

The air supply to the engines, apart from intake 
silencers, is automatically safeguarded by the fact 
that the whole air supply for the engine room is con- 
ditioned. The air is filtered and its temperature is 
regulated by four Keith-Blackman “W” type vil- 


These run at 1,000 r.p.m. | film filter units, with copper-gilled electrical heaters, 


each of which has a streamline fan delivering the 
purified air to the engine room. A slight pressure is 
thus maintained, the doors being normally kept closed 
so that unpurified air is not admitted. The vitiated 
air is removed by two large exhaust fans in one of the 
walls of the engine room. The air may be completely 
changed 15 times per hour if desired. The engine 
exhaust arrangements are very effective. The mani- 
folds are water-cooled, the water temperature being 
indicated by thermometers. Other thermometers 
show the temperature of the exhaust gases, these gases 
being led to separate vertical chambers with tangential 
swirl situated at the base of a brick chimney, the 
degree of silencing being complete. 

Che engine room is not the only place in which 
conditioned air is used ; the office block, for example, 
has a balanced system of inlet and exhaust, six air 
changes per hour being provided in the summer and four 
changes per hour in the winter, the temperature 
maintained throughout the offices in winter being 
65 deg. F. with an outside temperature of 30 deg. F. 
Exposure losses are dealt with by direct radiator 
warming. A view of the office air-conditioning plant 
is given in Fig. 2, opposite. There are two units, 
enclosed in a room with air-lock approaches. The 
units are arranged parallel to one another but with 
their fans at opposite ends, in consequence of which 
the inlet end of one unit is seen at the left of the illus- 
tration and the outlet end of the other at the right 
hand. The air enters the room through large openings 
at each end directly opposite the inlet ends of the units 
and screened by Keith-Blackman “ throw-away ” 
pad filters. It is then drawn through the units, by 
“ Keith ” multivane fans of the latest pattern. These 
are motor-driven through multiple Vee-belts, two 
sets of pulleys giving variation in the speed according 
to the season. The units comprise first, a preheater 
with copper-gilled tubes; secondly, a spray-type 
double-bank washer chamber ; and, finally, a regulating 
heater of the same type as the preheater. The pipes 
are heated by hot water. The plant is automatically 
controlled, for winter conditions only, by means of 
thermostats and magnetic solenoid valves so arranged 
is to control the dew point and final condition of the 
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Fic. 3. 
The heating system is controlled by a master 
which operates magnetically-controlled 
ture, the air being conveyed to the several floors by | valves at the boilers. The private offices and the 
way of ducts formed in the stanchion casings in the | board-room have individual thermostatic control. Hot 
external walls, and entering the rooms through grilles at | water for the use of the staff is supplied by a sectional | 
a high level. The exhaust ventilation generally, through- | automatic-stoker fired boiler, the water being passed | 
out the offices, is by means of ducts formed over the | through a softening plant. The heating of the works | 
central corridors. whence it is taken up through two|is done entirely by Keith-Blackman unit heaters | 
main ducts to ‘ Keith ’’ multi-vane fans situated in | using hot water as the air-heating medium. The units | 
chambers on the roof of the building. An unusual, but | are slung from the roof trusses and have fresh air and | 
commendable, feature of the exhaust system is that an | re-circulating ducts, discharge being through an adjust- 
entirely separate installation having duplicate exhaust | able nozzle to ensure the air reaching the desired work- | 
fans is provided for the lavatory accommodation, | ing level. The number of units is proportioned to give | 
this being arranged to give 15 air changes per hour in| two air changes per hour. The heating-water system | 
all lavatories and cloakrooms. to the units is of the accelerated-circulation type, 

The office heating system is an accelerated hot-water | the water, supplied by the two Super-Economic boilers | 
type with cast-iron sectional boilers having underfeed | shown in Fig. 3, above, being pumped through the 
stokers. Radiators of several different types, according | pipes. The boilers are made by Messrs. Danks of 
to the room concerned, deal with the building exposure | Netherton, Limited, and, as will be seen, are fitted 


air entering the building. The fans discharge the , losses. 


conditioned air into ducts formed in the building struc- | thermometer 


| 
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with mechanical stokers, the hoppers of which are 
| gravity-fed from an overhead bunker. This bunker is 
| constructed of reinforced concrete and has a capacity 
of 250 tons. It is filled from railway trucks on the 
siding outside the house by means of a conveyor. The 
| boiler flues have a by-pass system, fitted with an 
| induced-draught fan. A small vertical boiler supplies 
| steam at 200 lb. per square inch for testing heater ele- 
ments. The elements are also tested hydraulically to 
100 lb. per square inch. 

The heating and ventilation system described above 
applies to the works with the exception of the power 
house, already dealt with, and the electrical test 
shop, which is protected in a similar manner to the 
| power house so that the entering air shall not be 
dust-laden ; the filters in this instance, however, are of 
the firm’s standard vertical oil-film fixing type. The 
lavatories, which are internal to the shops, have a sepa- 
| rate ventilating system giving 20 air changes per hour 
by means of streamline-type fans. Hot water is 
supplied to them from electrically-heated storage 
| cylinders. The extensive staff restaurant and works 
canteen are supplied with filtered and warmed air at 
the rate of four changes per hour in the winter and 
six changes per hour in the summer, the air being distri- 

buted through grilles and exhausted by “ Blackman ”’ 
volume fans at the ends of the lantern lights. Building 
| exposure losses are dealt with by radiators connected 
to the main works-heating installation. The main 
kitchen and wash-up exhaust ventilation has its own 
| system, which gives from 20 to 25 air changes per hour. 
| The whole of the water supply to the kitchen is passed 
| through a water-softening plant. The hot-water supply 
| to the canteen is derived from two four-section Keith- 
| Blackman gas-fired boilers having a total heating 
capacity of 320 gallons per hour at 140 deg. F. The 
| canteen is in a separate building to the offices and 
accommodates 650 persons at one sitting. A waitress 
| service is provided for the executive staff and a cafeteria 
service for the other employees. A directors’ dining 
room adjoins the main restaurant. All these rooms are 
on the first floor of the building, the ground floor of 
| which also contains an ambulance room, where a 
trained nurse is in attendance, and a large garage for 
the use of the staff. 

The factory, apart from the canteen building, 
| consists of two main sections on a single floor, each 

505 ft. long by 200 ft. wide. The office building, of three 
storeys, is recessed into one of them, and there are two 
smaller single-floor buildings with space for extension 
behind. All these buildings have steel-trussed saw-tooth 
roofs with north lights. Internal artificial lighting is 
provided by ‘“ Keith” high-pressure gas lamps for 
general illumination, but electric lamps are used for 
individual machine lighting. Outside lighting is 
divided between the high-pressure gas lamps suspended 
from bracket arms on the walls and a newly-developed 
low-pressure gas lamp, with raising and lowering gear, 
suspended from columns and bracket arms. The 
several shops are divided among the buildings in 
such a way as to facilitate orderly flow of work, the 
painting and despatch shops abutting on a courtyard 
to which access is obtained for road-borne traffic 
through the main gates. Material coming by rail 
is handled by a 10-ton overhead travelling crane, 
which can transport it direct from the trucks on the 
railway siding on to the works’ roundabout trucks, or 
vice versa, when despatching is being done. It is not 
proposed to describe all the shops in the new factory, 
but it may be mentioned that there is no foundry, all 
the castings coming from the firm’s works at Arbroath, 
in which some of the heaviest fans, etc., are also built. 

This connection with Arbroath is due to the fact 
that the great-grandfather of the present chairman and 
managing director of Messrs: Keith Blackman Limited 
established a small engineering business in that town 
in the year 1823, which business took a marked step 
forward when Mr. James Keith took over in 1868, and 
contributed a number of inventions, originating, for 
one thing, the modern type of sectional boiler for hot- 
water heating. In 1900 the firm amalgamated with 
Messrs. The Blackman Ventilating Company, Limited, 
London, the pioneer firm for the propeller type of 
ventilating fan, and the present style of Messrs. Keith 
Blackman Limited was eventually assumed. The field 
of the new firm has received considerable enlargement 
from time to time; thus high-pressure gas lighting 
equipment was developed by Mr. George Keith, the 
present chairman, and high-pressure blowers, gas 
boosters and so forth commenced to be manufactured. 
Later the “‘ Keith” centrifugal fan was added to the 
list. This continued growth involved repeated exten- 
sions to the Arbroath works, but the Holloway works 
was not capable of the same expansion and the situation 
of the offices in Farringdon-street proved inconvenient, 
hence the erection of the present new factory and 
offices at Tottenham. 

Selecting some of the shops for particular comment : 
the illustration of Fig. 4, page 170, gives a view of part 
of the electrical-test shop. As already indicated, the 
provision for current of different characteristics is 
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unusually complete, and it is possible to test 200 
machines at one time in the shop. The firm makes 
over 20,000 electric motors a year for direct coupling 
to their fans, blowers, compressors, etc., and the equip 
ment is designed with adjustable testing jigs, etc., to 
enable the different sizes to be handled rapidly. These 
jigs do not appear in Fig. 4, but two of the small test 
benches, fitted with control boxes and leads at close 
intervals are seen in the right foreground. As some fans 
and their motors are required to run very silently, a 
room is provided inside the test shop in which all exter- 
nal noises are screened off, so that any slight sound from 
the part running under test can be detected. Another 
teat room is shown in Fig. 5, on page 170. It contains 
four dynamic balancing machines, on which multi-vane 
fan runners, motor armatures and rotors, etc., from 1 oz. 
to 2 tons in weight can be accurately balanced, and six 
tables for balancing streamline runners of any size 
from 6 in. to 96 in. in diameter. The dynamic machines 
are stated to have proved very satisfactory in use. 
The illustration is interesting also as showing some of 
the different types of fan manufactured. 

To illustrate the extent of motor production, we 
reproduce, in Fig. 6, page 170, a view of the girl 
winders’ room; this view shows among other 
features the excellent natural lighting conditions. 
Finished wound parts are impregnated either by 
ordinary vacuum impregnation, or by the hot dipping 
and baking method, according to the type. The impreg- 
nation room contains 8 electrically-heated ovens, with 
the firm's own heating units. The heating is thermo- 
statically-controlled and permanent temperature re- 
cords are automatically made. The baking ovens are 
also automatically controlled by synchronous time 
clocks. Another aspect of the factory's activities is 
illustrated in the view of the lighting and industrial gas 
heating equipment shop given in Fig. 7, page 170, some 
of the new low-pressure gas lamps being visible in the 
middie distance. A dark room with photometers is 
provided. Apart from the shops and rooms specifically 
referred to above, the factory has separate shops for 


fitting, machining and fan-case making, a _ paint | 


shop for ductwork, a smithy, carpenter's shop, etc. A 
special shop houses apparatus for testing fan and 
blower outputs for the volume and pressure, current 
consumption, ete. The belts of belt-driven fans are 
alao tested. A noticeable feature in the fan-casing 
shop is the extent to which spot-welding is employed, 
there being some 35 spot-welding machines. Some 
of the fans themselves are put together by this method, 
and will run with complete safety at 3,000 r.p.m. The 
paint-epraying shop is notable for the cleanliness of the 
cubicles, the sprayed-cellulose paint fumes being 
exhausted by “ Blackman” streamline fans, drawing 
through wood-wool filters. The incoming air to the 
cubicles is warmed, when required, by copper-gilled 
tube radiators, temperature playing an important 
part in securing a good finish. 

Although this account is necessarily incomplete, 
from considerations of space, some mention should be 
made of the design of the office buildings. These, of 
red brick with stone facings, present a facade of con- 
siderable dignity, while embodying modern ideas 
regarding window space. The interior lay-out has 
the same characteristics of combined utility and beauty. 
a combination not always attained in present-day 
factory buildings. The architects were Messrs, 8. 
Clifford Tee and Gale, 153, Moorgate. London, E.C.2. 
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Technical College, Bradford._-The prospectus, for 
the session 1939-40, of the diploma and special day 
courses available at the Technical College, Bradford, 
in textile industries, chemistry, dyeing, mechanical 
and automobile engineering, civil engineering, architec- 
ture and building, physics, mathematics, and other 
technical subjects, has been recently issued. Detailed 
xvilabuses and time-tables of all the courses are given, 
and the prospectus also contains descriptions and 
illustrations of the laboratories and equipment in each 
department. Particulars of College regulations and 
fees, scholarships, College awards, and of the various 
student activities are also given. The Michaelmas 
term of the forthcoming session begins on September 26, 
and new students should present themselves on that 
day or on September 27, and, if possible, they should 
communicate with the Principal before these dates. 








ALUMINIUM MANUFACTURE IN CaNnapa.—The Alumi- 
nium Company of Canada proposes to spend 7,000,000 
dols. during the next twelve months on the expansion 
of their plants at Arvida and Shawinigan Falls, Quebec, 
and at Kingston, Ontario. New plant for the production 
of hard alloy will be installed, and it is hoped that the 
ingot capacity of the Quebec smelters will be increased 


from 150 million Ib, to more than 175 million Ib. annually. 
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THE LATE MR. C. M. BURLS. 


We note with regret the death of Mr. Charles Martin 
Burls, which occurred at a nursing home in London 
on August 1. Mr. Burls, who was in his seventy-first 
year, was senior partner in the firm of Messrs. Burls, 
Gordon and Whiteford, consulting marine engineers 
and naval architects, 4, Lloyd’s-avenue, London, E.C.3, 
and it may be recalled that, only six weeks ago, we 
had to record the death, on June 22, of Mr. D. 8. 
Whiteford, the junior partner in the firm. Mr. Burls 
served his engineering apprenticeship in the Lambeth 
Works, London, of Messrs. Maudslay, Sons and Field, 
and subsequently worked in various shipyards on the | 
erection of the propelling machinery for warships and | 
other vessels. After gaining an extensive variety 
of shore experience, he became a sea-going engineer, | 
serving first in the ships of the Great Western Railway 
Company. and afterwards in the vessels of Messrs. | 
John Holman and Sons. He obtained his extra | 
first-class Board of Trade Engineer’s Certificate in | 
1895, and two years later left the sea to enter the | 
consulting-engineering practice of Messrs. E. J. Caiger | 
and Company. Upwards of thirty years ago Mr. Burls | 
entered into partnership with Mr. Gordon and founded 
the firm of Messrs. C. M. Burls, Gordon and Partners, | 
the name of which was changed to that of C. M. 
Burls, Gordon and Whiteford when the late Mr. | 
Whiteford became a partner in 1929. Mr. Burls was 
elected a member of the Institution of Naval Architects 
in 1901, of the North-East Coast Institution of Engineers 
and Shipbuilders in January, 1920, and of the Institu- | 
tion of Civil Engineers on December 14, 1920. He | 
was also a founder member and trustee of the Society of | 
Consulting Marine Engineers and Ship Surveyors, and | 
served as President in 1927-1928. 
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PERSONAL. 


Mr. F. Le NEVE-FoOsTER has been appointed a director 
of Messrs. Crompton Parkinson, Limited, Bush House. 
Aldwych, London, W.C.2. He is also on the board of 
Messrs. The Stanton Ironworks Company, Limited. 








CONTRACTS. 


Messrs. THE PARSONS ENGINEERING COMPANY, 
LIMITED, Town Quay Works, Southampton, are to 
supply their M-type reverse gears with pump lubrication 
for inclusion in 22 of the propelling-machinery sets for 
the 54-ft. 6-in. harbour-service launches, orders for 38 
of which have been placed by the Admiralty. Some of 
the gears are to be self-contained, while others will be 
built in unit fashion. 

MESSRS. STEWARTS AND LLOYDS, LIMITED, Winchester 
House, Old Broad-street, London, E.C.2, have received 
a contract from the Crown Agents for the Colonies for 
the supply of the pipe lines required in connection 
with the Ceylon hydro-electric schemes. The value of 
this contract is 91,9501., and we understand . that 
the whole of the equipment required for the scheme 


| will be ordered in Great Britain. 


MESSRS. MERRYWEATHER AND Sons, Limirep, Green- 
wich-road, London, 8.E.10, have received an order from 
the Corporation of Leyton for a motor turn-table fire 
ladder and pump. The engine will have an all-steel 
ladder for extension to a height of 85 ft.. and will be fitted 
with life-saving apparatus, a monitor nozzle. and a loud- 
speaker telephone apparatus. The pump will be capable 
of delivering 550 gallons per minute. The machine will 
also carry a 40-gallon first-aid outfit and a powerful 
electric searchlight, arranged to be portable. A similar 
engine is in hand for the Dagenham Fire Brigade. 








TENDERS. 

We have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, 8.W.1, particulars 
of the undermentioned tenders, the closing dates of 
which are stated. Details may be obtained on applica- 


| tion to the Department at the above address, quoting 


the reference numbers given. 
Steel Bridgework, 9 tons, together with bolts and rivets. 
South African Railways and Harbours, Johannesburg ; 


| September 7. (T. 25,525/39.) 


Steam Boiler. Union Tender and Supplies Board, 
Pretoria ; September 7. (T.Y. 25,650/39.) 

Air-Compressing Installation, comprising reciprocating 
air compressors driven by solid-injection Diesel engines 
or steam turbo-blowers, each unit to discharge about 
6,000 cub. ft. per minute at a gauge pressure of 23 Ib. 
per square inch. Also 65 kW Diesel-engine driven 
electricity generators, and air pipes, air receiver, fuel-oil 
tanks and foundation and building works. Ministry of 
Public Works, Main Drainage Department, Cairo, Egypt ; 
October 25. (T. 25,709/39.) 

Diesel Marine Engines, three. Ministry of Public 
Works, Mechanical and Electrical Department, Cairo. 
Egypt ; September 25. (T. 25,718/39.) 








GENERATION OF ELECTRICITY IN INDIA.——The progress 
statement of the Calcutta Electric Supply Corporation. 
Limited, for the first half of 1939, shows a substantial 
increase in the number of units sold in comparison with 
the same period of last year, the figure for 1939 being 
184,162,555 kWh, an increase of 1,184,488 kWh. 

THe WorKs OF MEessRs. THOS. FIRTH AND JOHN 
Brown, Limirep.—The Cutlers’ Company of Hallamshire, 
which has been in existence since the reign of Queen Eliza- 
beth, holds each year a Forfeit Feast, which is an out- 
standing event in the Master Cutler's term of office. 
This year the Feast was held on July 4, and, as is 
customary, the guests visited an important works in the 
City of Sheffield on the following day. As already 
recorded on page 45 ante, the works selected on this 
occasion were the Atlas and Norfolk Works of Messrs. 
Thos. Firth and John Brown, Limited, of which firm 


| the Master Cutler, Mr. A. J. Grant, J.P., is managing 


director. To mark the occasion, Messrs. Thos. Firth and 
John Brown have issued a souvenir handbook, a copy 


|of which has recently been addressed to us. This 


contains a series of admirable full-page views of the 
firm’s steel-melting. forging, casting and rolling depart- 
ments, and of their segmental-saw, precision-tool, file- 
cutting and other shops. Pilates illustrating the work 
carried on in the firm’s several laboratories and the 
products of its associated companies are also given. 
Under each plate appear brief particulars concerning the 
plant or installation illustrated, while a list of important 
events in the history of the Company is included. The 
book is bound in stiff covers and affords an excellent 
insight into the activities of a firm which has now had 
a continuous existence of 102 years. 
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THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


(ieneral Situation.—A fair number of ordinary com- 
mercial inquiries are circulating, but international unrest 
still confines general industrial transactions to narrow 
limits. Usual customers are not disposed to negotiate 
for forward supplies and little tonnage of commodities 


is available except for delivery over periods ahead. | 


The Cleveland Iron Trade.—Conditions in the Cleveland 
pig branch of trade continue unsatisfactory and outlook 
cannot be described as other than discouraging. Though 
stocks are at a very low ebb, makers adhere to a policy of 
making only sufficient iron for current needs and output 
is still intermittent and light. There is little prospect 
of early material enlargement of demand as foundry iron 
users, who at one time relied entirely on Tees-side for 
supplies are now taking extensive quantities from other 
producing districts. Merchants are handling moderate 
tonnage but make no effort to regain lost export trade, 
realising the futility of such effort with Continental iron 
prices much below recognised values of Cleveland 
qualities. Fixed minimum figures for Cleveland brands 
are based on No. 3 description at 99s., delivered within 
the Tees-side zone. 

Hematite.—The statistical position in the East Coast 
hematite department is gradually changing in favour of 
sellers. As yet, tonnage accumulations at the blast- 
furnaces remain at a higher level than makers consider 
necessary for ordinary trading, but withdrawals are 
steadily increasing and early appreciable acceleration 
of reduction seems not unlikely. Distribution of tonnage 
is on a much improved scale and while makers’ own 
consuming works are taking the bulk of the supply. 
deliveries to home buyers are larger than recently and 
promise to expand further. Overseas business is still 
confined to sale of odd parcels of special-quality iron. 
Recognised market values for No. 1 grade of hematite 
remain at 115s. 6d., delivered to North of England areas, 

Basic Iron.—Basic iron output is maintained at a 
high level, but provides no tonnage for the market, the 
huge needs of makers’ adjoining steelworks absorbing 
production as it becomes deliverable. 


Foreign Ore.—¥oreign-ore consumers have still heavy 
tonnage to accept under old contracts and are off the 
market, but imports continue heavy. To date this 
month, unloadings total 44,928 tons, compared with 
32,049 tons for the corresponding part of July. 

Blast-Furnace Coke.—Blast-furnace coke is quite 
plentiful. Local users are regularly receiving ample 
deliveries and could make extensive new contracts at 
fixed prices, which are ruled by Durham good medium 
qualities at 24s. 3d. at the ovens. 

Manufactured Iron and Steel.—Aggregate tonnage 
production of semi-finished and finished iron and steel 
continues exceptionally heavy, but supply of some 
descriptions of material is still far from adequate for 
customers’ requirements. Shortage of home-made steel 
semies compels re-rollers to continue extensive use of 
material imported from overseas. Delivery demand for 
tinished steel is severely taxing productive capacity of 
plant in operation. Sheet makers are too fully employed 
to be able to accept orders for delivery this year, pro- 
ducers of structural steel keep very busy, and manufac- 
turers of shipbuilding requisites have quite a lot of work 
to execute. Among the principal market quotations 
for home trade are:—Common iron bars, 12l. 5s. ; 
steel bars, 111. ; soft steel billets, 7/. 7s. 6d.; hard steel 
billets, 87. 10s.; steel ship, bridge and tank plates, 
101. 10s. 6d.; steel ship rivets, 141.; iron ship rivets, 
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GLasGow, Wednesday. 
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| reasonable conditions return in the export market we 
| shall obtain our fair share of this business. The demand 
for raw and semi-finished materials has been maintained. 


Scottish Steel Trade.—In the Scottish steel trade, active | Large batteries of furnaces have been overhauled, and 


conditions are general, and buyers are well to the fore 
with their requirements. The production of steel is on 
a very large scale, and makers are taxed to the utmost 
to meet all the demands of their customers who are 
pressing for supplies. Government orders claim first 
attention, and every endeavour is being made to keep 
abreast of the requirements of regular users who have, in 
most cases, many orders of an urgent nature on hand. 
Shipbuilders are again specifying freely, and the latest 
Admiralty orders will mean that a very considerable 


addition to the quantity already booked. 
of contracts now on shipbuilders’ order books ensures a 
steady run in the yards for many months, and there is the 
prospect of additional work for the mercantile service 


unknown for many years. Raw material is much more 


arrivals of foreign scrap lately, and as further consign- 


now much healthier. In the black-steel sheet trade the 
demand is very strong, and as consumers are pressing 
for deliveries, all plant is working to capacity. The 
following are the current quotations :—Boiler plates, 


sections, 101. 8s. per ton ; medium plates, 121. 2s. 6d. per 
ton; black-steel sheets, No. 24 gauge, 14/1. 15s. per ton ; 
and galvanised corrugated sheets, No. 24 gauge, 171. 15s. 
per ton, all delivered at Glasgow stations. 


falls short of the possible output. The re-rollers of steel 


New business is coming 
Prices are firm, 


capacity running is general. 
in steadily, and the outlook is very good. 


delivery or export ; re-rolled steel bars, 111. 15s. per ton 
for home delivery, and 11/. per ton for export; No. 3 


for home delivery. 


in the state of the Scottish pig-iron trade over the week, 
but quite a fair demand prevails. Good stocks are held 
and makers are in the position of being able to meet a 
larger demand should that materialise. Deliveries to 
the steel works are very satisfactory, but the demand for 
foundry iron is only moderate. The following are 
to-day’s market quotations :—Hematite, 51. lis. 6d. 
per ton, and basic iron, 41. 12s. 6d. per ton, both delivered 
at the steel works ; foundry iron, No. 1, 5l. 3s. per ton, 
and No. 3, 5l. 0s. 6d. per ton, both on trucks at makers’ 
yards. 

Admiralty Orders for Aberdeen.—Among recently- 
placed orders by the Admiralty, it is interesting to note 
that Aberdeen shipbuilders have not been neglected, and 
that five new vessels have lately been ordered. Messrs. 
Hall, Russell and Company, Limited, have received 
orders to build two mine-sweeping trawlers, and Messrs. 
John Lewis and Sons, Limited, are to build three whale- 
catching vessels. At present these firms are busily 
engaged converting Hull trawlers into mine-sweepers. 


} 


are ready for a sustained run of activity. Sheffield’s 
importations of pig-iron and hematites are on the increase, 
and this is considered a good sign. Scrap dealers are 
handling heavy tonnages. The demand for steel-making 
alloys is more brisk. Inquiries at all the large steel and 
engineering firms reveal a highly encouraging state of 
affairs. While the demand is active in products for the 
Government's Defence Programme, business in ordinary 
commerical business reaches a satisfactory level. Progress 





tonnage of steel will be required in the near future, in | 
The number | 


being*placed in the near future, with the net result that 
the demand for ship plates, etc., is likely to be on a scale 


plentiful at the moment, as there have been heavy | 


ments have been booked, the manufacturing outlook is | 


is reported by makers of railway rolling stock, ship- 
building requisites, grinding and crushing plant, elec- 
trical plant, and mining equipment. Special-steel makers 
have attractive order books. The tool-making branches 
are operating to capacity. 

South Yorkshire Coal Trade.—There is a better demand 
on export account. Nuts are scarce; bunker coal is 
only a moderate section. Small coal is moving in larger 
quantities. The inland position has been affected by 
the holidays. The demand for industrial fuel is expected 
to show improvement during the next few days. Business 
in house coal is of seasonal dimensions. The coke 
position shows little change. 








lll. 88. per ton; ship plates, 101. 10s. 6d. per ton ; | NOTES FROM THE SOUTH-WEST. 


CARDIFF, Wednesday. 
The Welsh Coal Trade.— Although holiday conditions 


| have been paramount on the Welsh steam-coal market 


_Malleable-Iron Trade.—The malleable-iron trade in the | throughout the past week and little business has been 
West of Scotland has not shown much improvement of | concluded, a steady tone was upheld in practically 
late, and the amount of work on hand at the moment | every section. 


A number of collieries, including most 


| of those situated in the anthracite area, closed for the 


bars, 127. per ton, and No. 4 bars, 121. 5s. per ton, both | were fully upheld. 


bars have an exceedingly heavy tonnage on order, and | week for the miners’ holiday with pay, while at the docks 


coal shipments were suspended completely on Monday 
and were restricted to vessels that could be completed 


and are as follows :—Crown bars, 121. 5s. per ton for home | hy mid-day on Tuesday, when work terminated. Due 


to the suspension of operations at several of the mines, 
salesmen had only limited quantities to offer and prices 
As heavy deliveries have yet to be 


| made under existing contract commitments, offers over 











NOTES FROM SOUTH YORKSHIRE. 





15l.; steel constructional rivets, 151. 5s.; steel boiler 
plates, 117. 88.; steel angles, 101. 8s.; steel joists, 
101. 8s.; tees, 111. 8s.; fishplates, 137. 10s.; black 
sheets, No. 24 gauge, 141. 15s. ; and galvanised corrugated 
sheets, No. 24 gauge, 171. 5s. 

Scrap.—Prices of iron and steel scrap are unchanged. 
All available supplies of steel are promptly purchased 
at control quotations. 

Imports of Iron and Steel.—Imports of iron and steel 
to the Tees last month from foreign ports and coastwise 
were the largest for several years, totalling 21,796 tons, 
compared with 14,838 tons in June and only 1,122 tons 
in July last year. Of the July arrivals, 756 tons were 
pig-iron, 20,886 tons crude sheet bars, billets, blooms and 
slabs, and 154 tons plates, bars, angles, rails, sheets and 
joists. June unloadings were composed of 374 tons of 
pig-iron, 14,336 tons of crude sheet, bars, etc., and 128 
tons of plates, bars, angles, etc., and imports in July a 
year ago comprised 1,034 tons of crude sheet, bars, etc., 
and 88 tons of plates, bars, angles, etc. 








PRODUCTION OF STEEL IN SWEDEN,—During the first 
six months of the present year, 312,800 tons of com- 
mercial-quality steel ingots and 375,300 tons of high- 
grade steel ingots were produced in Sweden against 
233,600 tons and 211,100 tons, respectively, in the 





corresponding period of 1938. 


|}man of the Neepsend Steel and Tool Corporation, 


SHEFFIELD, Wednesday. 


Tron and Steel.—After a nine days’ holiday, the heavy 
industries resumed work yesterday. Employees in the | 
lighter trades, however, are not working this week. 
Next week will see the local staple trades operating to 


Scottish Pig-Iron Trade.—There has been little change | some while ahead were only quietly made, while, in view 


of the fact that the next month or so should witness 
the usual seasonal activity in demand, the likelihood of 
any easing in current conditions seemed as remote as 
ever. The Egyptian State Railways, who recently 
invited offers for the supply of very substantial quan- 
tities of Monmouthshire coals over twelve months, have 
now called for prices to be submitted by November 4 
for the supply of about 40,000 metric tons of sized coals 
to meet their power-house requirements. Best large 
coals remained only in quiet supply for early loading 
positions and sellers were holding for full late prices. 
No difficulty was encountered by buyers in covering 
their immediate needs of the dry large coals, but quota- 
tions failed to show any material variation. A strong 
tone ruled for the duff grades, outputs of which were 
almost entirely disposed of over the remainder of the 
year. Only occasional small lots of these kinds were on 
offer and for these sellers could command very high 
figures. Sized descriptions, both dry and bituminous, 
were also well placed with orders and firm. A steady 
movement was maintained by bituminous small classes 
but the drys still lacked support and remained dull. 
Owing to the heavy inland sales recently concluded, 
supplies of cokes for export were extremely limited. 
Patent fuel again displayed a good activity. 

The Iron and Steel Trade.—Although affected by the 
holidays, a good activity was again evident in the iron 
and steel and allied trades of South Wales and Monmouth- 
shire last week. Most works remained engaged almost 
to full capacity, while order books were sufficiently well 


capacity, and without a break until the end of the year. | filled to ensure regular working over a long while ahead. 


Prospects generally are bright. Orders are coming to 
hand in increasing numbers, and outputs at many works 
are in excess of those of a year ago. A Sheffield firm | 
specialising in the manufacture of crushing plant has | 
booked a contract from New Zealand for a 110-h.p. | 
jaw breaker capable of reducing 100 tons per hour of | 
hard white limestone to 6-in. size, or 75 tons per hour 
to 4-in. size. India has also ordered a kiln, a lime 
hydrator, and a tube mill, while jaw crushers and spares 
are on order for Turkey. Sheffield manufacturers are 
paying increased attention to the development of export 
business, and every effort is being made to meet the 
requirements of customers. Mr. 8. C. Goodwin, Chair- 


Sheffield, told the shareholders this week: “‘ Although | 
the export trade is extremely difficult at the present 
time, due to the quotas, permits, currency restrictions, 
etc., obtaining in so many countries, we are, nevertheless, 
constantly in close touch with our agencies and repre- 
sentatives in Europe, in the Colonies, and other overseas 
countries. New contacts have been established 





in | Co. 








LAUNCHES AND TRIAL TRIPS. 


“ ToRINIA.”’—Single-screw oil-tank motorship; 10- 
cylinder, four-cycle, solid-injection, single-acting, super- 
charged Werkspoor engine built by Messrs. R. and W. 
Hawthorn, Leslie and Company, Limited. Trial trip, 
July 27. Main dimensions: 500 ft., by 64 ft. 3 in., by 
37 ft. Built by Messrs. Swan, Hunter, and Wigham 
Richardson, Limited, Wallsend-on-Tyne, to the order of 
Messrs. The Anglo-Saxon Petroleum Company, Limited, 
London. 

“ AFRICAN PRINCE.’’—Single-screw cargo motorship ; 
three-cylinder opposed-piston Diesel engine supplied by 
Messrs. W. Doxford and Son, Limited, Sunderland. 
Launch, July 31. Main dimensions : 415 ft., by 56 ft. 6 in. 
by 36 ft. 9 in. Built by Messrs. Furness Shipbuilding 
Company, Limited, Haverton Hill-on-Tees, Billingham, 
Durham, for Messrs. The Prince Line, Limited, 


various countries, and we are confident that when! London. 
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AERONAUTICAL RESEARCH. 


THE range and diversity of the scientific activities 
which contribute towards the successful production 
and performance of a modern aeroplane are features 


| well worth emphasising from time to time, not only | 
on account of the advantages that follow from all | 


| the 


research workers concerned being at least 
broadly familiar with the current discoveries and 


immediate objectives in other fields than their own, | 


but also as indicating the importance, when several 
lines of research are focused upon one application, 
of advances being achieved at a fairly even rate 
along the whole front. Without some such guiding 
principles, there is risk of overlapping and inefficient 
effort, of spasmodic progress and of unbalanced 
practical achievement. From this standpoint the 
work of the Aeronautical Research Committee in 
co-ordinating and publishing the results of a great 
volume of research has a value comparable with 
their primary task of inaugurating and directing 
the investigations to be pursued, and it is amply 
evident from their exercise of these functions that 


the Committee fully appreciate the value of balanced | 


progress along all the lines of inquiry under their 
control. If, therefore, the present state of aero- 
nautics exhibits a certain degree of uneven develop- 
ment, the most likely cause is to be found in 
the fact that some branches of science are more 
elusive than others; or perhaps, more strictly, are 
inherently harder for human observers to under- 
stand as far as the stage when they can be confi-. 
dently applied in engineering. 

As exemplifying this point, it is significant of 
the extreme complexity of aerodynamic phenomena 
that the reduction of aircraft resistance and the 
improvement of stability and control are in the 
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forefront of the Committee’s recent annual report.* 
None the less, it is remarkable that two aspects of 
the subject, essential to safe and efficient flight, both 
studied in relatively great detail long before the 
first aeroplane was flown, and both since then under 
continuous investigation for over thirty years, 
should still predominate among to-day’s research 
problems. In both cases, the need for particular 
attention at this time can no doubt be associated 
with the relatively rapid rate at which progress 
has been possible with aero-engines and aircraft 
structures. The high-powered, fast monoplane has 
become an actual achievement before aerodynamics 
has been able to take complete care of its efficiency 
and security in flight. The need for more intensive 
aerodynamic research, however, arises partly from 
the research itself and from the applications of 
its own findings. Thus, the embodiment of a 
sound aerodynamic principle has already, in the 
modern monoplane, produced substantial increases 
of speed and efficiency by reductions in the drag of 
all external surfaces which do not contribute 
towards lift. As a direct consequence, the wing 
surface comprises a larger proportion of the total 
surface and increased importance attaches to the 
reduction of its drag. 

The present approach to this problem follows 
| from the recognition of regimes of flow, in the 
direction of the wing chord, characterised by a 
laminar boundary layer of relatively low resistance 
near the leading edge and a more highly resistant, 
| turbulent boundary layer over the rearward portion. 
Valuable reductions of drag will result if the transi- 
| tion region between laminar and turbulent flow can 
be moved towards the trailing edge. Investigation 
| has shown that the shape, regularity and surface 
| smoothness of a wing and the turbulence present 
in the approaching air are among the factors which 
cause the change from laminar to turbulent boun- 
dary flow, but neither experiment nor theory has 
yet advanced far enough to enable the transition 
| position to be predicted for a given aerofoil section. 
| Flight tests on a Fairey Battle machine, provided 
with a prepared area of surface on each wing, have, 
| nevertheless, demonstrated that the transition 
| takes place farther forward on riveted or camouflage- 
painted surfaces than on smooth ones, and that, in 
| general, a distributed roughness within one thou- 
sandth of an inch, especially over the nose of the 
wing, is necessary for minimum air resistance at 
high values of Reynolds number. Within the 
turbulent layer on the other hand, excrescences 
as large as shallow snap-headed rivets cause little 
extra drag, although hemispherical rivet heads are 
more detrimental. In the newer types of aircraft 
| steady improvement of surface condition are being 
| achieved, but structural difficulties associated with 
interruptions of the wing and waviness of the surface 
are still not wholly surmounted. While these 
trends are in the right direction, the influence of 
large Reynolds number acts oppositely in moving 
| the transition point forward, and the Committee 


| has been led to the opinion that at very high speeds 

there may possibly be no way of inducing laminar 
flow to persist over a substantial proportion of a 
|large wing. The disturbed slipstream behind a 
tractor airscrew also promotes turbulent flow, 
however smooth the wing may be ; whereby appre- 
ciable loss of performance may occur, particularly 
in machines carrying several wing-mounted engines, 
as compared with what might be achieved with 
pusher airscrews. Any such departure from almost 
universal practice would, of course, involve many 
serious difficulties; but the matter is regarded 
with such concern that work is already in hand to 
determine what improvement could be expected 
from the change, and to examine the benefits to 
be obtained from the use of thick wing sections in 
combination with pusher screws. 

This rather unexpected development may, 
perhaps, have been encouraged by the trouble which 
is being experienced from the destabilising influence 
of the slipstream from a tractor screw. For some 
time it has been known that the stability of many 
types of aircraft is impaired, both by the nacelles 
and by the slipstream. It has now been established 
yas for the 
Office. 
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that, in multi-engine machines, the concentration 
of the high-velocity slipstream into a relatively thin, 
horizontal band produces marked variations in 
stability depending on the vertical disposition 
of the tailplane, and that the region of downwash 
affected by the slipstream is considerably greater 
than the section of increased air velocity comprising 
the slipstream. There is no question, of course, of 
postponing the issues here raised on the bare 
possibility of a reversion to pusher screws. 

The new stability problems are being actively 
studied, both with models of a twin-engined mono- 
plane characteristic of modern design, as well as 
by the aid of a full-sized “* Anson” aeroplane the 
stability and control of which are being modified so 
as to be variable, for experimental purposes, while 
the machine is actually in flight. Another form 
of test, recently introduced with success in the 
development of the Short “ Empire” flying boat, 
and having, despite some difficulties, much to 
recommend it as a means of investigating in advance 
the stability and control behaviour of any new 
type of large aeroplane, consists in the construction 
of a flying model, of something like half full size, 
in which these characteristics may be studied by 
pilots. Such large-scale experiments derive added 
value from the fact that the determination of 
stability data by wind-tunnel tests on small models 
is a long and arduous business; so much so as to 
account very largely for the fact that the general 
change from biplane to monoplane construction 
during the last few years has been made upon a 
rather insecure foundation of knowledge relating 
to the stability of even a few typical monoplane 
machines. 

The troublesome consequences of uneven progress 
in research, again ascribable in part to the inherent 
difficulty of aerodynamics, are thus exemplified 
even more impressively than in the case of wing drag. 
Defective longitudinal stability in particular has | 
been a most potent cause of delay in developing 
new types of craft to a condition fit for service, 
often entailing costly modifications since defects 
are made apparent only by the first test flight. The 
predicament in which the designer thus finds himself 
has not, unfortunately, been greatly relieved by the 
replies to a questionnaire circulated to the industry 
and to a number of Service stations a short while 
ago, asking pilots to state what they considered 
to be the desirable features of stability and control, 
for, while there was unanimous agreement on certain 
points, a wide divergence of opinion was apparent | 
on others. 

Indeed, the most unstable of a number of new 
tvpes of machine subjected to trial at Martle- 
sham Heath was flown for six hours without any 
adverse comment from the test pilot. Hence it is 
evident that no generally acceptable objective at 
which designers should aim when considering stabi- 
lity and control can yet formulated. Pilots 
seem to be unanimously agreed, however, that every 
aeroplane, and especially the larger sizes, should | 
be capable of flying without the pilot's help. The 
Committee go so far as to state their belief that 
the right policy is to make aeroplanes stable under 
all conditions of flight, but they realise how difficult 
of attainment this may prove to be, if only because 
stability is affected by every new type of control 
fitting. Researches are accordingly being planned 
to embrace the effects of increased speed range, 
landing flaps, quickly-operable balanced control 
surfaces, wing stalling, and ground effect in the 
alighting and take-off manceuvres. In all these 
directions useful preliminary work can be carried 
out in the laboratory, but the fundamental, 
urgently needed, advance of stability knowledge 
can be consolidated only by measurements made in 
flight, and for this reason the close co-operation 
that for some time has been in force between the 
Air Ministry and the aircraft firms should be of 
increasing value in the future. 

Meantime the pressing demand for research in 
werodynamics is to be relieved by a substantial 
increase in experimental equipment. At the 
National Physical Laboratory, five new wind 
tunnels are under construction, one of which has 
been specifically designed for researches into the 
effects of atmospheric turbulence, while one is a 
small high-speed tunnel intended primarily for 





be 


ENGINEERING. 


photographic studies of compressibility effects. 
Two are intended for general aerodynamics, while 
the largest, with a working section 13 ft. wide, will 
be available for performance tests of complete 
aeroplane models in an air stream of exceptionally 
low turbulence. A new whirling arm is also being 
built at the Laboratory, sufficiently strong and 
rigid for stability problems associated with turning 
flight to be investigated on models fitted with 
internally-driven airscrews. At the Royal Aircraft 
Establishment a 10-ft. by 7-ft. tunnel is to be built 
for the study 6f phenomena at wind speeds up to 
600 m.p.h. Much attention is also being given to 
rapid methods of appraising overall stability charac- 
teristics, as is evident from the formation last year 
of a new Free Flight Panel of the Committee. The 
free-flight tunnel* now being developed for such 
purposes in the United States understood to 
present a good deal of experimental difficulty, and 
before steps are taken to adopt that method here 
a more comprehensive trial is being given to a 
promising technique in which a model undergoing 
wind-tunnel test is supported with a restricted 
number of degrees of freedom. 


is 


In most of the other branches of aeronautical 
research the Report is rather a record of good work 
accomplished, interesting new developments 
than of difficulties persisting. With regard to aero 
engines, for example, excellent results have been 
obtained from experiments on compression-ignition 
engines. ‘The Committee are of the opinion that the 
two-stroke engine of this type offers greater scope 
than the four-stroke for aeronautical use, and pro- 
poses to construct for comprehensive trial a complete 
two-stroke engine on the lines indicated by single- 
cylinder experiments. For all types of aero engine 
the improvement of superchargers is a pressing 
problem, while ducted cooling, coil ignition and the 
use of liquefied gases as fuel are only a few of the 
many subjects under investigation. In connection 
with aircraft construction, progress has been made 
with the stress analysis of stiffened, thin-sheet 
structures and with the design of diffusing systems 
for transmitting loads to monocoque bodies, while 
the related field of structural materials has seen 
valuable developments in magnesium alloys, one of 
which, containing 0-5 per cent. manganese and 12 per 
cent. aluminium has exhibited a noteworthy resist- 
ance to corrosion in se 1-water spray. The corrosion- 
resisting properties of chromate pigments in protec- 
tive enamels for magnesium alloys are, nevertheless, 
being stringently tested, since the protection of light 
alloys in aircraft service remains far from perfeetly 
solved. Partly, no doubt, though not by any means 
only, for this reason the Committee is following with 
great interest the improvement of compressed woods 
and synthetic-resin materials, and the evolution of 
new methods of design and fabrication appropriate 
to their use in aircraft. 

Mention may be made, in conclusion, of work 
which is in a sense incidental, yet which is most 
valuable, to successful aviation. It includes tests 
upon the water resistance of seaplane hulls, with 
special reference to the effect of rivets, carried out 
by the Marine Aircraft Experimental Establishment, 
which leads to the conclusion that careful attention 
to the hull surface can, by reducing resistance, 
materially improve the time required for a long 
take-off. In a similar category are trials of distri- 
buted heaters for fog dispersal to facilitate landing 
at aerodromes, and the development of apparatus 
to be fixed to the cable of a kite balloon for recording 
the characteristics of atmospheric gusts at greater 
altitudes and in more perfectly exposed situations 
than are possible with gust recorders mounted on 
towers. These examples cover only a small propor- 
tion of the work supervised by the Aeronautical 
Research Committee, but they suffice to illustrate 
the breadth of scientific inquiry nowadays bearing 
upon the aeroplane. The general trend, the out- 
standing features and the implications of the work 
as a whole deserve widespread attention, and it is 
especially for this reason that the survey given in 
the Report has a value, not merely for those in and 
associated with aircraft industry, but for the 
majority of research workers and engineers elsewhere. 
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THE ENGLISH LANGUAGE IN 
ENGINEERING USAGE. 


Mr. A. P. Herpert has fired another shot 
in his campaign for greater accuracy and better 
grammar in the use of the English language. If 
Nelson had to repeat his famous signal to-day, he 
suggests, it would probably run: ‘ England antici- 
pates that as regards the current emergency per- 
sonnel will face up to the issues and exercise 
appropriately the functions allocated to their 
respective age-groups.”” This paraphrase of an almost 
sacrosanct exhortation may appear either indecent, 
humorous or preposterous, according to the indivi- 
dual mental outlook. There will be few, however. 
among those whose business it is to write who will 
not suffer some twinge of conscience. It is so easy to 
write badly ; and there is so much encouragement 
Fatigue, haste, lack of real knowledge. 
exhibitionism, inferiority complex, the laws of 
libel and fear of criticism all combine to defeat 
grammar, conciseness and clarity. Ambiguity and 
obscurity have, of course, certain advantages. They 
enable the writer, like Tweedledee, to make words 
mean what he likes, and sometimes to confound 
his critics by arguing that the obvious meaning is 
not the correct one. Verbosity can thus be used 
as a shelter if criticism becomes too heavy. 

Ambiguity, verbosity and bad grammar have, 


to do so. 


| however, other drawbacks than those of lowering 


the quality of the English language ; a matter with 
which, we learn with interest, a Committee of the 
Economie Advisory Council is shortly to concern 
itself. If that were the only trouble we should 
not be greatly disturbed, for there is something 
to be said for the view that the English language 
is capable of looking after itself. Even American- 
isms have failed seriously to affect its well-being. 
Indeed, it has drawn strength from them, as it 
has from other languages; and in skilled hands, 
it can be, and is being, used to express thoughts 
with a clarity, brevity, point and beauty which 
have not been surpassed at any other stage in 
its history. To use the English language as it 
deserves to used, however, requires not only 
skill but determination, and a capacity for self- 
examination with which not every writer is equipped. 
Employed as it should be,it brings the satisfaction 
of work well done, but so employed it places 
the writer in a position from which it is neither easy 
to retreat, if discretion so dictates, nor to advance 
if he finds that he is following rather than leading 
public opinion. It is not surprising, therefore, that 
obscurity has become the fashion in some circles. 
In this state of affairs there is a real danger at the 
present time, when it is so particularly desirable to 
ensure that what we are thinking and feeling is 
clearly understood by those to whom English is not 
the native language. In rendering a sentence from 
one language to another fine shades of meaning 
can be so easily distorted. Hence the urgent need 
that official pronouncements should be written or 
spoken in the simplest language, that ‘“ purple 
spots” should be avoided and long and involved 
sentences rigorously eschewed. 

If it be asked what all this has to do with a 
technical journal, like ENGINEERING, the reply is 
that the working material of those who produce 
these pages each week is the English language. It 
is our duty, no less than that of the manufacturers 
of the more concrete products with which we deal, 
to ensure that that material is as pure as possible. 
Much of the raw material which we receive is by 
no means satisfactory from the literary point of 
view asit might be. For this there is more than one 
reason, and at least one excuse. The engineer may 
argue that he is concerned with things and deeds, not 
with words. To ensure a certain skill in dealing 
with the first two of these groups, he is obliged to 
neglect the third and, though he admits that a 
certain clarity is required from him when he makes 
a written report, he cannot be expected to provide 
much literary polish. 

Engineering, like language itself, is a living 
entity. It is constantly making fresh advances 
from which new outlooks are possible, giving rise 
to new ideas. These outlooks and ideas have to 
be clothed in words if they are to be understood. 
It is often easier, and sometimes better, to invent 
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new words to express these ideas than to adapt old 
ones. The result is what is known as jargon, a word 
which has been unkindly described as speech that is 
unintelligible and as good as inarticulate. This 
description, like many others, is only partly true. 
Jargon is intelligible enough to its inventor, and 
at least to some of those who hear or read it. How 
otherwise could a leading morning paper state in 
cold blood that 
equities relatively to fixed interest securities seems 
less a reflection of any positive preference or near 
inflationary consideration than a mere short-term 
re-adjustment of the converse position’? This 
statement must mean something to someone. The 
only question is whether it could not be made 
to more by re-writing it in ordinary 
language. The excuse probably is that dealing in 
stocks and shares is a highly technical “ mystery,” 
and that mysteries have always had their own 
terminology. 

Our own particular branch of human activity 
also has its jargon, for which there is, perhaps, 
more excuse. Some new advance in science and 
engineering may definitely demand new words 
to describe it, if only for the sake of brevity and 
to avoid confusion. Here, too, however, it may 
be contended that such words should only be 
admitted even to technical employment after the 
most rigid examination. That this examination is 
not always made, or if made is not sufficiently strict, 


intelligible 


is shown by the complaint of a mechanical engineer | 
that he frequently could not understand what: those | 


engaged in electrical engineering were talking 
about, and by the remark of another, whose duties 
had led him from the technical to the administrative 
side of radio engineering, that in a few months a 
whole new language had sprung up with which he 
had not had time to make himself familiar. That 
such barriers should be erected, even inadvertently, 
between various branches of the profession, is in 
the highest degree undesirable ; and we- therefore | 
implore all those who are engaged in these newer 
fields of technical endeavour to confine their 
invention, as far as possible, to material things. 
The matter is really serious; for if the warning 
signs are not heeded, it seems that a process of | 
disintegration between the various branches of | 
engineering must inevitably set in. 

That this work of simplification is not going to 
be easy will be obvious from the most cursory | 
examination of the proceedings of any scientific 
body or the pages of any technical journal ; neither | 


will its difficulties disappear on closer investigation. | 
we think, by the | 
gallant attempts that have been made by more than | 


That it is not insoluble is shown, 


one writer to bring home the facts of science to the 
layman. That it can be both successful and profit- 


able is shown by the way in which these attempts | 


The facts of engineering can 
For instance, 


have been received. 
be described in simple language. 
a book on “What Engineers Do,’ which has 
recently been published, Mr. W. D. Binger deals 
with a number of outstanding principles of engineer- 
ing in a simple and informative way. He describes 
how the use of brick and stone has changed during 
the ages and how human existence was profoundly 
altered by the coming of the steel age. If the 
later introduction of concrete, both mass and 
reinforced, after its use in rather a different form 
by the ancients, has had a less profound effect, 
an examination of its constructional properties 
forms an excellent introduction to the study of 
foundations, bridges, highways, railways and sur- 
veying. Man’s struggle for water has led to other 
engineering developments which are rightly stressed, 
and emphasis is convincingly laid on the importance 


of a constant and ever more detailed study of the | 


properties of the materials we use. The principal 
point which we want to make, however, is that the 
book is singularly free from technicalities and 
jargon ; so much so, in fact, that it sometimes reads 
a little strangely to one accustomed by long years 


of usage to the intricacies of engineering literature. | 


As far as the ordinary reader is concerned, of course, 
this will not be a disadvantage; and that leads 
to another point. The author has taken the pre- | 
caution of submitting the manuscript of this book 
to an intelligent layman, or rather laywoman, 


tempting pitfalls ; 


“in retrospect the buoyancy of | 


in | 
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for it is clear, if engineering | 
matters are to be understood by the uninitiated, 
as it is highly desirable that they should be, 
they must be described in langauge of which clarity 
and simplicity are the principal characteristics. 

Whoever writes of language or literary style, 
| especially anyone who criticises the language and 
| literary style of others, at once lays himself open to | 
obvious attack. We hope, nevertheless, that the 
errors of style and expression which may be detected 
in this article will be overlooked in view of the real 
importance of the subject. 
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ATLANTIC AtR-MAIL SERVICE. 

THE first British air-mail service to America was 
inaugurated last week-end, when the Imperial Air- 
ways’ flying boat Caribou made a flight from 
Southampton to New York in four stages, carrying 
1,055 lb. of mail. There was nothing spectacular | 
about the flight, which was arranged according to 
a schedule which will be put into operation this 
summer by the Caribou and her sister boat, the 
| Cabot. Messrs. Imperial Airways, Limited, carried 
out a series of trial Atlantic flights without payload 
| in 1937, to pave the way for a regular passenger and 
mail service, and the first official flight with mail is 
an indication both of their careful organisation 
and the efficiency of the meteorological services, 
which provided information so essential for a trans- 
atlantic crossing. The flight of the Caribou is of | 
| special interest, as it marks the successful achieve- 
ment of a commercial Atlantic crossing, to which an 
additional margin of safety was provided by taking 
on board in mid-air at the beginning of the flight, 
|a quantity of petrol which the boat could not 
have comfortably carried when taking off. This | 
system of refuelling, developed by Messrs. Flight 
| Refuelling, Limited, Ford Aerodrome, Yapton, | 
| Sussex, is an attractive method of assisting take-off 
| for trans-oceanic flights, where the main anxiety is 
the possible shortage of fuel that might arise if un- 
favourable head winds were encountered for long | 
periods. The Caribou arrived at Foynes from | 
Southampton at 4. 40 p.m. on Saturday, and before | 
| leaving there at 6 o’clock, took in enough fuel to last 
for 16 hours, the estimated duration of the flight, | 
| but which would allow no reserve for emergencies. | 
Soon after taking off, contact was established by 
| pipeline with a Harrow bomber converted as a) 
tanker, and the flying-boat took in an additional 
800° gallons, a margin of seven hours’ supply for 
emergencies. The refuelling was commenced at 
6.08 p.m. and completed at 6.24 p.m., after which | 
the boat headed for Newfoundland. Botwood was | 
reached at 1.30 p.m. on Sunday, and Montreal at 
10.10 p.m. the same day; the landing at the ulti- 
;mate destination, Port Washington, New York, 
being effected at 1.27 a.m. on Monday morning. 
Although the arrival was 2} hours late on the sche- | 
duled time-table, the Caribou had encountered head 
winds most of the way across the Atlantic, and over 
13 hours had been flown by the use of instruments | 
}alone. When more regular Atlantic flights have 
been accomplished by means of this method of assisted 
take-off, it is anticipated that greater payloads and 
|a certain number of passengers will be transported. 


THE Unitep States CaRGO AND PASSENGER 
STeaMER “ CHALLENGE.” 

The first vessel of the new fleet of the United States | 
Maritime Commission to visit a British port, the 
single-screw cargo and passenger steamer Challenge, 
arrived in London on August 2. One of 18 ships of | 
what is known as the C.2 type, she has been built 
by Messrs. The Federal Ship Building and Dry Docks | 
Co., Kearny, New Jersey, and was launched | 
in an advanced stage of completion on May 20. 
A sister ship, the Red Jacket, was launched from 
the same yard on the same day. The vessels of 
| this class, which are named after famous American 
clipper ships, measure 459 ft. in length overall and 
| 435 ft. between perpendiculars, and have a gross 
tonnage of 7,400 and a deadweight capacity of 
| 9,291 tons, at a load draught of 25 ft. 9 in. The 
{beam moulded is 63 ft., and the depth moulded, 
| 40 ft. 6 in. The holds have a total capacity of 


| 


| Federal Ship Building Company are steam- propelled. 


| by Messrs. 
| Company, 


‘temperature is 765 deg. F. 


| ported on a flat over the shafting. 


| Capacity. 


| minimum 
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Of the remaining ships of the class, which are being 
fitted with heavy-oil engines, five are being built 
The Sun Shipbuilding and Dry Dock 
and four by Messrs. The Tampa Ship- 
building and Engineering Company. The Challenge 
is propelled by General Electric double-reduction 


| geared turbines, of 6,000 shaft horse-power, supplied 


with steam by two Foster-Wheeler type D boilers, 
fitted with economisers, superheater and air-heater, 
operating at a pressure of 465 lb. per square inch at 
the superheater outlet. The normal evaporation 
is 26,500 lb. per hour, at which rate the steam 
temperature at the superheater outlet is 750 deg. F. 
At the maximum rating of 39,750 Ib. per hour, the 
Each boiler has two 
drums, the steam drum, 42 in. in diameter, being 
disposed vertically above the 32-in. water drum ; 
and the combustion chamber, which is entirely 
water-walled, is arranged on the outboard side of 
the two drums. Each boiler is fitted with three 
Todd variable-capacity pressure-atomising burners, 
with ‘‘ Hex-Press’’ forced-draught air registers. 
The boiler drums are connected by three rows of 
2-in. vertical tubes forming the inboard wall of the 
combustion chamber, and 13 rows of 1}-in. tubes, 
the superheater being placed horizontally between 
the two banks of tubes. The heating surface of each 
boiler is 2,614 sq. ft., the water walls providing a 
further 360 sq. ft., and the economiser, superheater 
and air heater having 1,680 sq. ft., 745 sq. ft., and 
2,480 sq. ft., respectively. The furnace volume is 
704 cub. ft. The weight of each boiler in working 
order is 72} tons. The efficiency, based on the gross 
calorific value of the oil, is stated to be 88 per cent. 
at the normal rating. The boilers are arranged 
athwartship and abaft of the turbines, being sup- 
The auxiliary 
machinery is electrically driven, current being 
supplied by two De Laval generators of 190-kW 
The propeller makes 92 r.p.m., corre 
sponding to a speed of 15} knots. The Challenge 
carries a complement of 46 and has accommodation 
also for 12 passengers. The quarters for the officers 
and crew are particularly spacious and _ well- 
appointed. The vessel has been allocated for 
operation to the American Hampton-Roads Line, 
|and will run on their service from Philadelphia, 
Baltimore, Hampton Roads, Boston and Portland, 
Maine, to London, Hull, Leith and Dundee. 


Arr Raip PRECAUTIONS AND OBSCURATION. 


In the event of war breaking out, it has been 
|laid down by the Government as obligatory that 
all lights in factories shall be obscured at dusk. 
| 'The problem is to devise means of ensuring this 
/and at the same time of retaining to the maximum 
extent the advantages of natural daylight during 


'the intervening peace time period and after hostili- 
| ties have 


begun. With a view to obtaining a 
solution, some notes have, therefore, been prepared 
| by the Patent Glazing Conference, 21, Tothill-street, 
London, 8.W.1, and copies of a pamphlet embodying 
these are available free of charge. In this pamphlet 
it is pointed out that as far as possible any scheme 


|should be considered in relation to the possibility 


of its being later incorporated in or developed into 
something more permanent. In many cases, too, 
different portions of the works may, with advantage, 
be treated in different ways with greater efficiency 
and economy than would be possible by adopting 
a uniform treatment throughout. In _ general, 
methods should be adopted which will ensure a 
interference with production and thus 
tend to discourage a policy of intensive raiding. 
In fact, a scheme which provides a high measure of 
protection will also indirectly provide secondary 
protection by removing the main incentive to 
carrying out raids. The various methods of obscura- 
tion are discussed. They include painting out, 
which is only effective so long as the glass is unbroken 
and, in any event, necessitates the lights being 
extinguished whenever an air raid is impending. 
It has, moreover, all the disadvantages associated 
with working continuously in artificial light. These 
drawbacks can, however, to some extent be mitigated 
by the use of “‘ wired’ glass. Another method is 
to use a complementary lighting system, 1,e., to 


and by so doing has probably escaped many | 550,000 cub. ft. The ships built by Messrs. The | colour the roof glass so that it is partially translucent 
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to natural light for daytime working, but is opaque 
to the artificial complementary lighting which is used 
for work after dusk. This also has the disadvan- 
tage that it is necessary to work continuously 
in artificial light. Other alternatives are external 
or internal blinds or shutters, the latter being either 
permanently fixed, removable individually by 
hand, or mechanically operated. These permit the 
full use of daylight and generally allow work to be 
carried out during air raids which are not in the 
immediate vicinity of the factory. No single 
method can, however, be recommended as univer- 
sally applicable and in any particular case not only 
the purpose that is to be fulfilled, but the time taken 
to carry it out and the cost must be considered. 
New constructions lend themselves more readily 
to the economical application of any system of 
obscuration at the time as they maintain 
the maximum use of natural light. 


same 


TecunicaL Brancu or THE Royat Air Force. 

The Air Council have approved the formation of 
a technical branch of the Royal Air Force, distinct 
from the General Duties Branch, which has in the 
past supplied small numbers of officers for various 
technical Formerly, officers possessed of 
engineering knowledge were encouraged, after a 
period of service as pilots, to take special courses 
at Royal Air Force depots, after the successful com- 
pletion of which they were posted to stations as 
engineer officers. The technical work of armament 
and signals was executed by commissioned warrant 
officers who had acquired specialised knowledge 
while serving in their trades. The recent expansion 
of the Air Force, coupled with the great increase of 
complex technical equipment, has made it difficult 
for an ofticer to combine the duties of a first rate 
pilot with those of a skilled technician. Hence, the 
new scheme will provide the Air Force with officers, 
already possessed of high technical qualifications 
before their entry into the Service, who will devote 
their whole time to technical duties. In the future, 
as at present, there will be a number of posts, in 
the rank of Squadron Leader and below, for com- 
missioned warrant officers ; but the higher positions 
will be filled by officers entered for 
employment in technical duties. The 
mission will, in general, be granted to (a) university 
yraduates in engineering or natural who 
have completed a whole-time course at a recognised 
(6) engineering students have, 
after school, gained at least three years’ practical 
good engineering works, and have 
their technical education up to the 
standard of a second-class honours ce gree, or gained 
an equivalent diploma from a technical college, or 
(qualified for membership of a professional institution ; 
(c) engineers who have acquired theoretical know 
ledge up to the standard of a university degree, 
and have subsequently obtained experience in a 
yood engineering works. Ability to fly as a pilot 
will not be an essential condition for entry into the 
technical branch, but in the selection of new entrants 
previous flying experience in University Air Squad- 
rons or in the Royal Air Force Volunteer Reserve 
will be taken into account. Technical officers, who 
comply with the medical standards will be 
couraged to fly as pilots and to reach at least the 
standard of civil A licence pilots; a proportion of 
these officers will be trained on service types and 
kept in flying practice. In the early days of the 
Royal Air Force, the pilots were very largely officers, 
and the technical duties performed by airmen. 
Recently the proportion of airmen pilots has greatly 
increased, and the technical about to be 
reinforced with qualified technical officers. In view 
of the fact that such a large proportion of the ranks 
is filled with skilled technical tradesmen, it is 
appropriate that the Royal Air Force should form 
a branch of officers for whole-time technical duties, 
as is done in the other two Services 


duties. 
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RUSK STUDENTSHIP IN AERONAUTICS 
Mel vill Aeronautics Department, 
Laboratory, Cambridge, announces that 
have awarded the Busk Studentship in 
the year 1939-40, to Mr. R. H. Whitby, B.Se., City and 
Guilds College, London. The Studentship was founded 
in memory of Edward Teshmaker Busk, who lost his life 
while flying an experimental aeroplane in 1914 


Professor BK 
Engineering 
the Trustees 
Aeronautics for 


Jones, 
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THE VIBRATIONS OF HELICAL 
SPRINGS. 


By R. M. Davtes, D.Sc. 
(Concluded from page 115.) 


We may now consider the effect of rotation upon 
the kinetic energy of an element of the spring. 
If @ be the angular displacement about the axis, 
which accompanies a linear axial displacement «, 
then from equation (6), equating N to zero, 

0 b 
€ aR 

Thus, if € be the linear displacement at time ¢ at 
a normal section abscissa x, the linear velocity along 


(24) 


; : é . . 
the axis will be “—-, and, according to equation (24), 
et i 


this will be accompanied by an angular velocity 
b , 
aR 
Considering an element of the spring of axial 
length dz, its kinetic energy will consist of two 
parts : 
(i) the kinetic energy of translation 


é about the axis. 


M o€\* 2 
oL dr (; :) (25) 
(ii) the kinetic energy of rotation 
I ha a f\2 
eee. (= 26 
a7. °° ** aR ( ) (2°) 


Now, if R, and R, are the radii of the cylinders 
inscribed in the spring and circumscribing the 
spring, respectively, then R,=R-— 4}? and 
R, = R + 40’, where #’ is the thickness of the wire 
of which the spring is composed. Thus 


; t2 
= 4M’ (R? +R’) =M (R+5 (27) 


In general, ¢t’ is very small in comparison with R, 
and, in addition, I’ is involved only in a correction 
term; I’ can thus be equated to M’ R*. Under 
these conditions, the total kinetic energy of the 
element d x of the spring becomes 


HW (14%) ae (28) 


It is clear from this expression that the effect of 
rotation is equivalent to increasing the mass 
M’dez Be ; 

L a): Con- 
sidering the differential equation appropriate to 
this case, it follows that the equation (11) will be 
replaced by 


(28) 


of the element by the factor (1 + 


“, “ae 
aé L sin « Fil (29) 
ar 42 Aay* = 
aM (a ,)Re 
a‘ 
and that the velocity of wave motion U will be: 
L 
U ‘ . (30) 


/ 2 
/ , 22 
V alM ( aR 


The equations previously given for the pulsatance 
(equations (14), (19), (21), (23)) can be modified 
to include the effect of rotation by replacing the 
uncorrected value U, of the wave velocity by the 
corrected value U of equation (30) 

In the preceding section, we have calculated the 
values of the pulsatances w, in various cases, on the 
assumption that « is small and that rotation is 
therefore absent. It is of interest to compare these 
values of the pulsatance w, with the values w 
obtained in the corresponding cases when « is finite 
and rotation is permitted. From the equations in 
the preceding section, it is clear that, in every 
case, the pulsatance is proportional to the wave 
velocity and thus 


Assuming that the spring is wound with isotropic 
wire of circular cross-section, it follows from the 
above equation and equations (13) and (30) that 


w l 
Be 
as /ca( ¥ ) 
\ a® 
and, inserting the value of Ca obtained from 


equation (8), page 114, ante, we obtain 
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Bay 
w / l+eo 
b? 
\ (1 + o cos* x)(1 + 3) 


x + 5 
The value of — in these circumstances can also be 
a 


(31) 


Ws 


obtained from equation (8) :— 
h j “Of 
d a 8in % cos % (32) 


a 1 + o cos* « 


For purposes of calculation, we may assume a to 


— 6 h2 
be 4, and in Table I the values of - (1 >) and 
¢ “o 
® have been calculated on this assumption. 
Ww, 


Tastes I. 


Degrees. 


0 0 ” 1-000, 1-00, 
° 2:17 x 105 1-005 1-00, 
Ww 4-32 x 10°? 1-001y 1-00, 
zu 4-25 it 1 - O06 1-Ol, 
0 1-15 x 10° 1-013, 1-02 
0 1-37 x 107! 1-018, 1-04, 
$5 1-43 x 107) 1-020, 1-05. 
0 1-42 x 107, 1 O20, 1-06, 
wo 1-33 10-* 1-017 1-10, 


A point of interest is the effect of the value of + 

on the value of “- ; this may be illustrated by taking 
Ws 

the extreme values of ¢ given in Kaye and Laby’s 

Tables, namely, 0-2 and 0-5. If « is 20 deg., 


¢=-2 gives 1-00,, while ¢ =0-5 gives 
¢ n 

Ww “¢ ° ~ . G 

1-01, ; if « is 45 deg., = 0-2 gives 

Ws = Wy 


1-04, and « = 0-5 gives “ =1-07,. It is clear 


Or] 


that — does not vary much over the range of 


Ws 

values of « found in practice, unless « is large. 

Table I shows that the combined effects of rota- 
tion and finite angle of inclination do not become 
important until the angle of inclination becomes 
comparatively large ; the simpler formule of the 
preceding section, in which the velocity of wave 
motion is taken to be Us. are correct to within 0-1 
per cent. when the angle of inclination amounts to 
5 deg. and to | per cent., even when the angle is 
as large as 20 deg. When the correction is appreci- 
able, the calculation of the frequency of a loaded or 
unloaded spring from its dimensions, or conversely. 
the calculation of the rigidity modulus from experi- 
mental results, is most easily carried out by first using 
the appropriate frequency equation, taking the 
velocity of wave motion to be U,. The result obtained 
in this way can then be corrected by using the factor 


of equation (31). Unless « is large, the values 


of the factor obtained by numerical or graphical 
interpolation from Table I will usually be sufficient], 
accurate, except when o differs very much from the 
value 4 assumed for the calculation of this table. 
Rotational Vibrations of Loaded and Unloaded 
Springs.—It will be convenient to consider first the 
case in which the linear displacement along the 
axis of the spring is negligibly small. Consider a 
normal section of the spring of which the abscissa is 
x when the spring is in equilibrium. At time ¢, at 
this section, let the angular rotation about the 
spring axis be ¢ and let the couple about the same 
axis be Q. At the same time, at a section abscissa 
x+dzx, the rotation about the axis will be 


(o re ’ d r) and the couple about the axis will be 
(@ al. : ® d r) 
as 


Using the results of equation (6), by an argument 


similar to that used in a former section, we find 
that ae 
Q= = : ? (33) 
P cz 


and thus the resultant couple about the axis of the 
spring on the element d z is 
2Q 
.dz= 
cz p 
The moment of inertia of the clement about the 


(34) 
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P .-. oe , 
axis of the spring is and its angular acceleration 


ys 


about the same axis is os . Equating the product 
of these two quantities to the resultant couple 
yiven by equation (34), it is found that 
ad L? ee 
ce Opll ex 
Thus, waves involving angular rotation about the 
spring axis are propagated without change of type 
with a velocity V,, where V, is given by 
L 


Veli 
When the angle of inclination « is small, then as 


(35) 


V (36) 


Ts 


, . . l 
shown in the first section, p becomes equal to RB? and 
the wave velocity in these circumstances is 

v, =i. Je (37) 
VY ir 
When the spring is unloaded, it follows by 
analogy with the corresponding case for longi- 


tudinal vibrations, that the pulsatance w, of rota- 
tional vibration of a spring fixed at one end and 
free at the other is given by 
m(m + 4) 
Vpll’ 


w = (38) 
OE aw oh 
When the angle of inclination « is small, 


pulsatance w, is given by 


m+ 7 
(mm s = 0, l, a é). 


Turning next to the case of a spring of length L, 
which is fixed at the end x 
with a body having moment of inertia I about the 
axis at the end z= L, the boundary conditions 
are :— 

(i) at the end x = 0, 4 is zero for all values of ¢ ; 

(ii) at the end z = L, the product of I into its 
angular acceleration is equal to the restoring couple 
due to the spring. From equation (33), it follows 
that 


(ia 
the 


We 


ed sina a¢ 
ot p 
As in a previous section, we next find the solution 
of equation (35), which satisfies the two boundary 
conditions and so find the frequency equation :— 
wL, owl IT 1 
Ve tan 7. "272° . (41) 
This equation is similar to the frequency equation 
(18) for the longitudinal vibration of loaded springs ; 
the velocity V, of rotational wave motion replaces 
the velocity U, of longitudinal wave motion, and 
the ratio d of the moments of inertia of the load 
to the spring replaces the ratio c of the masses. 
The approximate solutions previously given can 
thus be easily adapted to the present case and the 
restrictions as to the accuracy of the approximations 
will also apply in the present instance. 
The approximations for the pulsatances ws for 


= — (40) 


Cx 


small values of the angle of inclination « are of. 


interest. If d be small, then by analogy with 
equation (20), 
_-m(m + 4) mim+%4 dd 
ais (1 + ¢) hae > «£ a | 
B 
(m = 0, 1, 


If d be large, conside ring the fundamental mode 
only, the approximation corresponding to equation 
(22) is 


ae 
~ i(1 +41) 


which agrees with the commonly used equation (2). 
A better approximation for large values of d 
(corresponding to equation (23) ) is 


(43) 


iL - l 4 16 
iI 3d° 458 = 945 a 
4 
14, fee | (*) 
Correction for Linear Displacement in  Rota- 


tional Vibrations. 


0, and which is loaded | 


Unless the angle of inclination « may be seen by taking the 
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is small, a couple about the axis gives rise to an 
axial displacement in addition to rotation about the 
axis, and the effect of this axial displacement on the 
wave velocity and on the pulsatance will now be 
investigated. 

From equation (6), page 114, ante, the linear 
displacement « accompanying the rotation @ is 


icane:;. . oe 
Pp 
Thus at a section of the spring of abscissa z, 
bR @¢d\. 
B 28) in 


- about the axis. 


there exists a linear velocity — ( 
addition to the angular velocity & ; 
The kinetic energy of an element of the spring of 
axial length d x is thus the sum of 
(i) the kinetic energy of < poy 
_ > (3 
2 : 
(ii) the kinetic energy ‘4 rotation 
e¢ 
oi? (5 


at 
The total kinetic energy of the element is — 


srtz(1- + Se) (4) 


In the correction term (* rar): it is legitimate, 


(46) 


as shown above, to equate I’ to M’R* and thus 
the above expression becomes 
y 


I b? ad 
1 = 
47 (2 : a) (% 


It follows from this expression that the effect of 
the axial displacement is equivalent to increasing 


(47) 


, ,_ fr éa\ . 
the moment of inertia ( L of the element dx 
62 
by the factor (: + 3) The potential energy is 
not affected by rotation and the expressions used 
in the preceding section for the couple remain 





true. The differential equation (35) will thus be 
replaced by the equation 
“ me) 
o¢ ad cee le OF ag (48) 
” iy (1 + + ae 
i P 


The velocity V of wave motion thus becomes 


2 

fy 6 
VJ rr (1 +5) 

The pulsatances, corrected for linear motion, 
can be obtained as before, by replacing the un- 
corrected values V, or V, of the wave velocity 

by the corrected value V of equation (49). 

It is next necessary to consider the ratio of the 
ulsatances w, (« assumed to be small and linear 
displacement to be negligible) to the pulsatances 
w obtained in the corresponding cases when «a is 
finite and linear motion is permitted. As before, 


(49) 


it is clear that ~ — 
Ws V, 


spring is wound with ‘jotropic wire of circular 
cross-section, it follows from equations (37) and 
(49) that 


, and assuming that the 


w 1 


= ——— —- (50) 
Ws 
V/ ¥e(1+5) 
From equation (8), it is found that 
6 asin « cos « 51 
p  l+ecsinta (1) 
Bp = 1 + csin* « and thus 
1 
= (52) 


™ / + o sin® «) ( r >) 
Equations (51) and (52) enable us to calculate 


the value of the ratio” and in Table II the values 


x 

I 2 

of as have been calculated from these 
Ws 


equations, assuming an average value of } for o. 


b 
,1l+ pron 


The effect of the value of o on the value of 


@, | of premiums in the Wireless, 


extreme values of 


| Ayrton Premium : 
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eo used above, namely, o = 0-2 and o = 0-5, 
When «= 20 deg., o = 0-2 gives “ = 0-987, 
Ws 
while o —0 -5 gives © = 0-961. When « = 45 deg. 
@, 


ant) a w 
0-9 gives 
Ws 


. Ww 
g )-2 gives - 0-950 and o 
w 


0-877. 
Comparing the above table with Table I, it is 
seen that the difference between the values of “ 


Ws 
and unity is greater for rotational vibrations than 
it is for longitudinal vibrations; in rotational 


vibrations, differs from unity by 1 per cent. 
@, 


a 
when « is about 10 deg., while this difference is not 
reached in the case of longitudinal vibrations until 
a= 20 deg. Similarly, the effect of o on the 


w. : 
value of is seen to be much greater in the case 
@, 


8 
of rotational vibrations than it is in the case of 
longitudinal vibrations. 
Again, comparing the results given in the two 


w . 
values of «, is 
Wy 


tables it is seen that for finite 


greater than unity in the case of longitudinal! 
vibrations, while it is less than unity in the case 
Taste II, 
b “ 
4 bs 
- Pp ( ») w 
' 
Degrees. 
0 0 1 O00, 1-000 
5 2-30 oO? 1-000, 0-908 
Ww 5°65 lo* 1-003, 0-004 
20 1-03 10-* 1-010, 0-976 
30 1-33 10-? 1-017, 0-952 
40 1-45 «10-4 1-020, U- 928 
45 1-43 10-* 1-024, 0-915 
50 1-37 10-! 1-018, 0-906 
60 1-15 1o- 1-013, 0-889 
of rotational vibrations. In this connection, it 


should be noticed that in both cases, the effect of 
the second-order displacement, as represented by 


2 
the factors : + a) and (: + >) respectively, 


is to make =, less than unity for values of « differ- 


ing from zero. This is in agreement with other cases 
of vibrations, sucn as the longitudinal and torsional 
vibrations of bars. In the case of longitudinal 
vibrations, the effect of the finite iets of inclination 


is represented by the factor ( . ;:) | This 
1 + cos 


clearly becomes greater than unity when «a differs 
from zero, and the effect of this factor predominates 
over the effect of the rains displacement as « 


increases ; consequently — — is greater than unity 


when « is finite. On the ye hand, in the case of 


| rotational vibrations, the effect of the finite angle 


. . . @w . 
of inclination on is represented by the factor 
Wy 


(1 + osin*a«)}; when « is zero, this factor is 
unity, and it increases from unity as « increases 


The 


factor due to the second-order displacement also 


from zero, thus making = less than unity. 
8 


tends to make“ Jess than unity as « increases, and 
Ws 
the two effects thus combine to make less than 


unity, when « differs from zero. 








INSTITUTION OF EL&CTRICAL ENGINEERS PREMIUMS 
FOR 1938—39.—The Council of the Institution of Electrical 
Engineers has made the following awards of premiums 
for papers read during the 1938-39 session, or accepted 
for publication: Institution Premium: Dr. T. E. 
Allibone, Mr. F. E. Bancroft and Mr. G. 8. Innes; 
Mr. F. W. Lawton; Fahie Premium : 
Mr. K. L. Wood; John Hopkinson Premium: Mr. 
N. F. T. Saunders ; Kelvin Premium: Dr. L. Hartshorn 
and Mr. E. Rushton; Paris Exhibition (1881) Premium : 
Mr. R. Nelson ; Webber Premium: Mr. N. F. 8. Hecht ; 
and Overseas Premium: Mr. H. 8. Hvistendahl. Five 
extra premiums were also awarded, as well as a number 
Meter and Instrument 
and Transmission Sections, and also to students. 
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INTERNATIONAL CONGRESS OF 
NAVAL ARCHITECTS AND MARINE 
ENGINEERS, LIEGE. 


As already announced in our columns, an Inter- 
national Congress of Naval Architects and Marine 
Engineers is to be held at Liége from Thursday, 
August 17, until Monday, August 21. The Congress 
has been organised by |’'Union Belge des I[ngénieurs 
Navals to commemorate the tenth anniversary of the 
foundation of that institution and also in connection 
with the International Water Exhibition at Liége. We 
give below a brief outline of the programme. 

Thursday, Auguat 17, at 8 p.m. Dinner and official 
welcome to delegates from overseas by the Société Belge 
des Ingénieurs et Industriels 

Friday, Auguat 18, at 10.30 a.m 
session of the Congress, in the Salle Académique de 
l'Université, Place du XX aoit, Liége. Presentation 
and discussion of five papers, namely: “ The Study 
of Ship Resistance in the Albert Canal,” by Professor 
E. Bogaert ; Recent Progress in Ship Propulsion,” 
by Mr. P. Chardome; * The Influence of the Width 
and the Depth of Canals on Ship Resistance,”’ by 
Mr. G. Kempf; “ The Mechanical Propulsion of Large 
Ships in the Albert Canal,”’ by Mr. 8S. Lastchenko ; 
and “The Influence of Canal Section Tractive 
Effort,”’ by Professor L. Tison 

At 12.45 p.m. Reception at the Town Hall, Liége. 

At 3 p.m. Visits to the works of Messrs. S. A. 
John Cockerill, Seraing, and of Messrs. S. A. d’Ougrée 
Marihaye, Ougrée, and to the Fabrique Nationale 
d’Armes de Guerre, Herstal, and the Cristallerie du 
Val Saint-Lam bert. 

Saturday, August 19, at 9.30 a.m. Two technical 
sessions, Sections A and B, will be held at l'Institut 
du Génie Civil de l'Université de Liége, 139, Quai de 


Opening technical 


Rome. In Section A six papers will be presented, 
namely Actual Experiences of the Application of 
Scientific Organisation in Shipbuilding Yards,” by 
Mr. L. Bosschart ; Ship Resistance and Propeller 


Thrust,”’ by Mr. E. Colinet ; “ The Co-ordination of 
the Dutch Shipyards,” by Mr. H. Jaeger; “The New 
Cavitation Testing Tank at the Wageningen Experi- 


ment Station, Holland,”” by Mr. H. Troost; ‘* Wave 
Making Resistance of Ships: Comparison between the 
Caleulated Resistance and the Resistance as Deter- 


mined on a Series of Models,’ by Mr. C. Wigley ; and 
“The Modernisation of Existing Ships by the Trans 
formation of the Hull and of the Engines,” by Mr. V. 
Yourkevitch 

In Section B eight papers will be presented, namely 

The Designed Towing Power and the Performance 
of Harbour Tugs,” by Mr. G. Aertssen ; * The Problem 
of Noise and Vibration on Board Ship,” by Dr. J. 


Bouquet ; Molecular Action in Relation to the 
Working of Engines,” by Mr. H. Brillié; “ Diesel 
Engines in Inland Water Transport,” by Mr. P. Des 


mons ; Modern Diesel Engines for Coastal Ships, 
Fishing Vessels and Boats for Inland Water Transport,” 
by Mr. A. Hardy; * The Inspection of Welded Steel 
work for Ships,”’ by Mr. E. Henrion ; “ Contribution to 
the Study of Vibrations in Ships,’’ by Mr. 8. Trigher ; 
and “The Examination of Certain Constructional 
Parts of the Diesel Engine,” by an anonymous author. 

The afternoon will be devoted to an escorted visit 
to the Exhibition, to be followed at 9 p.m. by a recep 
tion at the Provincial Government Buildings. 

Sunday, August 20, at 9.30 a.m. Excursion by boat 
to the Albert Canal, followed, in the afternoon, by a 
motor-coach trip to Spa. 

At 8 p.m. Farewell dinner at the Exhibition. 

Monday, August 21, at 10 a.m. Visit to the Port 
of Antwerp by boat and inspection of the ship-repairing 
yards and dry docks Messrs. Mercantile Marine 
Engineering and Graving Docks Company, S.A. 

At 12.30 p.m. Reception at Antwerp Town Hall, 
followed in the afternoon, at 4 p.m., by a reception, 
held at the invitation of Mr. Béliard, President of the 
Antwerp Federation of Ship Repairers, at the Chateau 
de Bist, Kessel, Campine 

The official languages of the Congress are French, 
English, German and Dutch, and the offices of the 
are at 12, Quai Paul Van Hoegaerden, Liége 


secretary 








Monet ENGINEER EX#reITION..-On September 7, 
next, the Zist annual Model Engineer Exhibition will 
open at the Horticultural Hall. Westminster. Among 


the exhibits, mention may be made of a scale model of 
Nelson's Victory, as she was at the Battle of Trafalgar, 
built by a retired doctor in 10,000 working hours during 
the last six years Another exhibit, the work of a Post 
Office clerk, is a scale model of Messrs. Short Brothers’ 
composite aircraft, Mercury and Maia, built by the aid 
of a penknife, drill, saw and ruler only. For the first 
time in the history of the Exhibition, a working model 
locomotive has been entered by a woman, and with the 
mechanism and or two 


exception of the electrical one 


small parts, she has constructed the entire model herself. 
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ADJUSTABLE SLING FOR ROLLED- 
STEEL JOISTS. 


Tue special sling illustrated in Figs. 1 to 3, on this 
page, has been introduced by Messrs. Herbert Morris, 
Limited, Loughborough, for piling joists. It will pick 
up a joist from a pile without the usual preliminary 
prying-up with a crowbar, and can be employed effec- 
tively in very confined When stacking, a 
minimum of clearance can be left between the stacks, 
thus economising space, the joists being stacked in 
parallel rows with the flanges slightly overhanging | 
on each side alternatively to enable the required grip 
to be obtained without prying up. Thus, assuming the 
bottom joist rests on the ground on the lower edges | 
of the flanges, the second joist rests with the edge of 
one flange on the neck of the web, with the neck of 
its own web resting on the top edge of the other flange, | 
as shown in Fig. 2, and so on alternately throughout | 
the pile. The sling is made in five sizes, suitable for 
loads of } ton, § ton, } ton, } ton and | ton, respectively, 
the two }-ton sizes differing in the depths of the joists | 
which can be handled. Each sling is capable of lifting 
three different joist depths by a suitable adjustment. | 
Thus, the }-ton model will lift joists 3 in. wide and | 
either 4 in., 5 in., or 6 in. in depth ; the }-ton model will 
lift joists 4 in. wide, and either 7 in., 8 in., or 9 in. in 
the two j-ton models will lift joists 5 in. wide 
and either 6 in., 8 in., or 10 in., or 12 in., 13 in., or 15 in. | 
in depth, respectively ; and the 1l-ton model will lift 
joists 6 in. wide and either 8 in., 10 in., or 12 in. in depth. 
Che depth adjustment is made by withdrawing the 
lower knurled knob shown in the three illustrations, and | 
moving the right-hand jaw of the sling to either the 
right or left so that the knob registers with a new hole 
in the jaw. In order to keep the point of suspension 
over the centre of gravity, it is necessary to change the 
position of the lifting eye at the same time that the | 
right-hand jaw is displaced, and this is effected by | 
removing the upper knurled knob and re-inserting it in 
one or other of the alternative holes provided. The | 
manner in which the sling grips the joist will be clear | 
from Fig. 1, and it will be noticed that the left-hand 
jaw is provided with an inserted knurled gripping 
piece to obtain a secure hold on the flat surface of the | 


spaces. 


depth ; 








flange. 
Deere O-DRILLING ALONG YENISEI.—A _ Russian 
> | 
expedition has just sailed from Krasnoyarsk for Port | 


Ust-Yeniseisk at the mouth of the River Yenisei, to | 
undertake oil drilling to a depth of 5,000 ft. on the fringe 
of the Arctic. This is the first time that deep oil-drilling | 
has been attempted in these regions. and the expedition | 
has been arranged by the All-Union Arctic Institute of | 
Leningrad. The vanguard consists of 100 experts, who | 
will be joined, in due course, by another 300 members, 
and the investigations are expected to continue for two | 
years Many of will be employed, | 
including cars, propelled engines, 
water gliders. and universal vehicles developed specially 


forms transport 


sleds by aeroplane 


for the purpose 
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TENSION-TYPE BUFFER STOP 
AT ALDGATE EAST STATION. 
Axout eight months ago,* we gave a description of 


a buffer stop with an unusually long stroke, which had 
been constructed by Messrs. Ransomes and Rapier. 


Limited, Ipswich, for use near the Aldgate East 
station of the London Passenger Transport Board. 


| This stop has now been placed at the end of a “ trap” 
siding, which branches off the east-bound approach 
tunnels from the Metropolitan Line to the station at 
a point where the line is on a down gradient. Should 
a train running over this section be held up by the 
presence of a train in the station or by the approach 
of a train over the other branch of the triangular 
| junction, and run forward, owing to brake failure, it 
| will be automatically diverted into this siding and 
stopped by the buffer. Owing to the restricted space 
in the tunnel for the siding, the normal push-in type 
|of hydraulic buffer, the maximum stroke of which is 
about 11 ft., could not be used. A special tension type 
of buffer with a stroke of 17 ft. was, therefore, designed 
and is capable of stopping a train weighing 300 tons 
and moving at 13 m.p.h. Its capabilities were tested 
recently by running a six-car train of old Metropolitan 
type stock weighing 180 tons into it with forces varying 
from 30 ft.-tons to 1,000 ft.-tons. The resistance, which 


}is practically constant throughout the stroke, was 


106 tons. 

The stop is built into a pit 4 ft. 10} in. deep and 
consists of a braced structure at one end of which are 
shoes that slide along the track rails, the vertical 
reaction being taken by a slipper on the underside of 
the pit side girders. These girders are 22 ft. 4 in. long 
and carry the track rails over the span of the open pit 
on the upper side. This structure is connected to a 
piston rod with a piston working in a hydraulic cylinder. 
The cylinder is securely anchored to resist the full 
retardation force and is also supported by a saddle 


| and strap and by a cross-girder between the two pit side 


girders at the front end. A timber buffer is fitted on 
the cross-girder. As automatic re-setting of the stop 
was not required, shackles are fitted to the diagonal 
supports at the rail level for the attachment of rope 
tackle. 








WATER RELAYING FOR AUXILIARY FIRE SERVICES. 
Two lorries for laying out hose and for relaying water 
over long distances have recently been purchased by the 
London County Council in connection with the training 
of the auxiliary fire service. They will be stationed at the 
Waterloo-road Fire Station and employed for instruc- 
tional purposes, as the relaying of water over long 
distances would play an important part in the emergency 
fire-brigade organisation and it is necessary for a con- 
siderable number of auxiliaries to be conversant with this 


| work. 


vol. 147, page 35 (1939). 


* See ENGINEERING, 
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MILLING MACHINE WITH 
SWIVELLING HEAD. 


Tre range of milling machines manufactured by 
Messrs. Alfred Herbert, Limited, Coventry, has been 
increased by the addition of a new model known as the 
“OV.” This machine, which is illustrated in Figs. 1 
to 3, on this page, is claimed to be exceptionally easy to 
control, and is suitable for small precision work in a 
wide range of materials. The spindle head is arranged 
to swivel 45 deg. on either side of the vertical. This 
is accomplished by slackening three bolts, allowing the 
spindle head, motor and drive to swivel as one unit, 
as shown in Fig. 1. To make this adjustment possible, 
the spindle head is mounted on a cylindrical sleeve in a 
housing formed integral with the column. The main 
driving motor is carried in an extension of the tail end 
of the sleeve. The drive to the spindle is by Vee belt. 
Six spindle speeds are provided, and speed changes are 
effected through two interchangeable three-step Vee- 
belt pulleys mounted on taper sleeves on the motor shaft 
and spindle. Vee-belt adjustment is carried out by 
means of a single adjusting nut located between the 
motor feet. This nut is rotated by means of a tommy 
bar supplied in the standard too] kit, and has the effect 
of moving the motor and sleeve in or out of the tail of 
the spindle head sleeve. The Vee belts are guarded by a 
light-alloy cover, shown in all three illustrations, which 
is removable by unscrewing one thumb screw. The 
spindle is mounted on precision ball bearings, and the 
spindle sleeve slides in a long capped bearing, so that 
if wear should develop after a long period of use, exces- 
sive clearance can be taken up by scraping the cap. 
Vertical movement to the spindle is effected by a 
pinion engaging with a rack on the spindle sleeve. 
Two methods of feed are available, either by a hand- 
wheel fitted with a large adjustable graduated dial for 
fine settings, or by a lever. The spindle is counter- 
balanced by means of a clock spring which is adjustable 
for tension, and the rack pinion is divided along its 
length, so that the balance spring automatically takes 
up any backlash. To enable fine and accurate depth 
settings to be made on the spindle-head feed, there is a 
micrometer depth stop carried on a bracket on the 
front of the head, as shown in Fig. 2 this illustration 
also showing the forming device, which will be referred 
to later. The spindle is hollow, and has a taper nose to 
accommodate spring collets which hold the cutters in 
position. Cutters having either parallel or taper shanks 
may be used. The collets are pulled up into the spindle 
by means of a drawbolt. A hinged cover gives easy 
access to the head of the drawbolt, and affords complete 
protection when in place. 

The knee saddle and table both have Vee slides which 
are adjustable for wear by means of taper gibs with 
screw adjustment. The design of the knee embodies a 
solid top, the cross-traverse nut being off-set on 


the saddle and projecting into a cavity at the side of 


the knee. Elevation is by a handwheel geared through 


Heapb SWIVELLED OVER. 











GENERAL VIEW OF MACHINE. 





Fig. 3. 


a pair of bevel gears to the square-thread elevating 
screw. An adjustable graduated index disc is fitted | 
to the handwheel enabling accurate settings to be | 
made. The table feed is either by hand or auto- | 
matic. The automatic feed is engaged on the dropping | 
worm principle by means of a conveniently-placed lever | 
at the left-hand end of the saddle. Disengagement of | 
the automatic feed is by hand, or is effected automatic- 
ally by adjustable dogs mounted on the front face of the 
table. The design of these dogs is such that they can 
be used as dead stops. Normally, the handwheel for 
hand traverse is mounted on the right-hand end of the 
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table, as shown in the illustrations. It can, however 
be mounted on the left-hand end if required, by merely 
changing the bracket end for end. The feed motion 
consists of a separate motor-driven gearbox mounted 
on the rear of the column, the motor being bolted to 
the back of the feed box inside the column. A tele- 
scopic universally-jointed shaft transmits the drive to 
a dropping worm under the left-hand end of the saddle. 
Six rates of feed are available, and changes are effected 
hy means of a series of sliding gears operated by a pair 
of levers on the side of the feed box. 

The electrical control is mounted on the right-hand 
side of the machine, as shown in Fig. 3. The main 
motor is stopped, started and reversed by a lever- 
operated butt-contact switch conveniently placed 
within easy reach of the operator. The feed motor 
| switch is also of the butt contact type, and is incor- 
porated in the main motor switch; thus, although there 
is no “ off’ position for the feed motor, it only starts 
up when the main motor is started. The feed 
can, of course, be disengaged mechanically by the 
dropping of the engaging worm in the saddle. Table 
feed directions are selected by means of a switch lever 
mounted on the same centre as the main motor control, 
the direction of feed being indicated by arrows 
adjacent to the lever. Lower down the column is the 

| main isolating switch. This is of the Isofuse triple-pole 
interlocked isolating type, with three replaceable 
fuses. The suds pump, when fitted, is of the motor- 
driven type, and is mounted inside the base of the 
machine; it is operated by a push-button switch. 
Thermal overloads are incorporated in the pump 
switch circuit, so that in the event of the pump stopping 
due to overload, the switch trips automatically, and 
after a short interval of time, resets itself. 

The forming device already referred to as being 

| shown in Fig. 2, is supplied with the machine. It con- 
sists of a special arm which is attached to the lower 
end of the spindle sleeve, and carries an adjustable 
stylus in its right-hand end. A special round-nose 
cutter is supplied in the standard tool equipment, The 
die to be copied is mounted on the right-hand end of 
the table below the stylus, as shown, and using the 
longitudinal feed, the form can be traced out by using 
the hand feed to the spindle to keep the stylus in close 
contact with the master die. Cross feed is applied by 
hand, The machine is supplied complete with standard 
equipment which includes drawbolt, draw-in collet 
chuck for cutters with }-in. to j-in. diameter, parallel 
shanks, one stylus with }-in. and §-in. ball diameter, 
capacity chart, grease gun, motors and direction switch- 
gear suitable for 200-550 volts, two or three phase, 
50 cycle current. Motors and control gear for 
200-500 volts direct current can be supplied at 
extra cost. The machine has an automatic longitudinal 
| feed of 11 in., a transverse adjustment of 5 in., and a 
vertical adjustment of the table of 114 in. The 
vertical travel of the spindle is 2 in., and the maximum 
distance from the spindle to the table is 144 in. 
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LABOUR NOTES. 
Tue preliminary agenda for the Trades Union 
Congress, which is to be held at Bridlington from 


September 4 to September 10, contains 59 resolutions, 

covering,” it is officially stated, “every aspect of 
industrial and economic policy, domestic and inter- 
national.” ‘ Government inaction” in dealing with 
the heavy incidence of unemployment in certain areas 
is criticised in a resolution by the Mineworkers’ Federa- 
tion of Great Britain, which condemns the policy of 
transferring men and women from these areas as anti- 
social and wastefu', and urges the Government to obtain 
from Parliament such powers as may be necessary to 
control the location of industry with a view to new 
industries being established in such centres. Proposals 
that a conference of all unemployed associations and 
movements should be held under the auspices of the 
Gieneral Council, with a view to building up one move- 
ment of the unemployed under the leadership of the 
‘Trades Union Congress are put forward by the Amal- 
gamated Engineering Union and the National Amal- 
yamated Union of Shop Assistants, Warehousemen and 


Clerks. 


A resolution proposed by the Iron and Steel Trades 
Confederation calls for the complete “ nationalisation ” 
of National Health Insurance administration, with 
uniform benefits to all insured persons. As a first step 
forward in that direction, it asks the General Council 
to convene a conference of representatives of Trade 
Union Approved Societies in order to consider the 
imalgamation of such societies in one 
organisation, 


Old age pensions are the subject of resolutions from 
the Mineworkers’ Federation—which urges an increase 
of the pension to Il. a week ; the Transport and General 
Workers’ Union—which proposes that pressure should 
he brought to bear upon the Government to induce it 
to adopt Labour's pension plan; and the Shipconstruc- 
tors and Shipwrights’ Association—which demands 
that the pension shall be increased to 11. a week for 
single persons and 35s. a week for married couples 
which is, of course, the Labour plan. The National 
Laundry Workers’ Union proposes that when workers, 
recovering from an accident or sickness caused by, or 
through, their employment, are advised by the doctor 
to accept light work, the employer should be required 
to employ them on such work at the rate of pay which 
they were receiving before the accident or illness, 


\ demand for two weeks’ holiday, with pay, for all 
workers, together with pay for statutory and pro- 
claimed holidays, is put forward by the Transport and 
General Workers’ Union in a resolution which also 
asks the General Council to bring pressure to bear 
upon the Government to implement the remaining 
portions of the recommendations of the Holidays with 
without delay.” A resolution by the 
Amalgamated Weavers’ Association protests against 
the introduction of the shift system in the cotton 
textile industry, and asks the Congress to press for 
legislation making the practice illegal. The National 
Amalgamated Furnishing Trades Association calls for 
amendment of the Trade Board Acts, or fresh legis- 
lation, to bring about the statutory enforcement of 
maximum hours of employment and the regulation of 
overtime where an agreed standard is not commonly 


Pay Committee * 


recognised. The Association of Women Clerks and 
Secretaries and the National Cigar and Tobacco 
Workers’ Union demand that women workers called 


upon, in times of emergency, to do men’s work, shall 
receive the same rates of pay as men. 


Yesterdev representatives of the main-line railway 
companies and of the Associated Society of Locomotive 
Engineers and Firemen met in London to consider 
unew the claims of the union for increased wages and 
improved conditions, At the time of writing, official 
news of the result of the conference is not available. 
Neither the National Union of Railwaymen nor the 
Railway Clerks’ Association took part in the discussion, 


The executive of the Nationa! Union of Railwaymen 
has called a special meeting for to-day to consider the 
proposals of the railway companies. Writing in last 
week's issue of the Railway Review, the journal of 
the N.U.R., Mr. Marchbank, the general secretary of 
the organisation, says that an important point in the 
companies’ offer to increase the minimum to 45s. a 
week is that it will, in future, become the base rate. 
It should also be realised, he adds, that the increase 
offered to the lower-paid railway workers becomes 
operative as from the first full pay this week. Con- 
tinuing, Mr. Marchbank says :—* This outcome of our 
negotiations is significant, I think, in its timing, It 
coincided with the announcements of two of the 
companies in regard to their interim dividends on the 


national | 


ENGINEERING. 
basis of the last half-year’s operations. On a survey 
of the position one is justified in saying that the railway 
outlook has been notably transformed within the last 
few months. It would indeed be remarkable if the 
rapid and widespread revival of industry and trade 
which the country is experiencing were not reflected 
in railway earnings.” 


The Ministry of Labour states that the total of 
1,256,424 persons registered as unemployed at July 10 
included 1,143,333 who were applying for benefit or 
unemployment allowances. An analysis of these appli- 
cants according to the length of the last spell of regis- 
tered unemployment is as follows :—258,000 (or 23 per 
cent.), 12 months or more ; 745,000 (65 per cent.), less 
than six months; 635,000 (56 per cent.), less than 
three months; 506,000 (44 per cent.), less than six 
weeks. Of the persons on the registers at July 10, 
about 53 per cent. were applicants for insurance benefit 
and 38 per cent. for unemployment allowances, while 
about 9 per cent. had no application for benefit or 
unemployment allowances. 


Between June 12 and July 10, the numbers of 
unemployed persons on the registers decreased by 
11,297 in the London area; 4,520 in the South-Eastern 
area; 6,195 in the South-Western area; 3,830 in the 
Midlands ; 17,435 in the North-Eastern area; 24,172 in 
the North-Western area; 8,592 in the Northern area; 
8,940 in Scotland, and 8,174 in Wales. 


It is stated that in order to shorten what has for 
some time been felt to be a somewhat unwieldy title, 
the National Confederation of Employers’ Organisa- 
tions is in future to be known as the British Employers’ 
Confederation. The confederation, which was set up 
in 1919, is the British employers’ central organisation 
for dealing with general labour questions affecting 
British employers as a whole. 


At the end of June, 91 societies were affiliated to the 
General Federation of Trade Unions. Of these, 57 were 
on the higher scale, 32 on the lower scale, and 2 on 
both. The membership on which contributions were 
based was 346,827, 225,921 members being on the 
higher scale, 110,933 on the lower scale, and 9,973 on 


both scales. The gross membership was 358,313. 
During the second quarter of the current year, 
6.4401. 2s. ld. was received in contributions, and 


6461. 5s. paid out in benefit. According to Mr. George 
Bell, the general secretary, the amount standing to the 
credit of the Federation at the end of June was 
281,6761. 138. 1d. 


At a meeting in London last week, the National Joint 
Industrial Council for Local Authorities Non-Trading 
Services (Manual Workers) considered the problem of 
regularising, where found desirable, the payment of 
workmen’s wages during sickness in consequence of 
the decision in the case of Marrison v. Bell. A resolution 
was passed unanimously expressing the opinion that 
it is unnecessary and inadvisable for any local authority 
to dismiss its workmen and re-engage them on the 
existing terms, and legally it-is sufficient to effect the 


regularisation by confirming the existing contracts of 


employment, care being taken that there is evidence in 
writing that the employees have had the existing 
terms of their engagement brought to their notice. 
The council recommended that local authorities should, 
in determining the action to be taken, consult the 
employees’ organisations with a view to securing their 
agreement. 
by The Times in a note attached to its account of the 
Council’s decision. Ernest Marrison, a Sheffield 
fruiterer’s assistant, lost a situation, it is stated, after 
he had been ill for sixteen weeks. He claimed his 
wages during his illness in a County Court action, but 
lost. On February 27, the Court of Appeal upheld 
his appeal. It was held that an employee drawing 
benefits under the National Health Insurance scheme 
was still entitled to his wages. 


The July issue of the Journal of the American Inter- 
national Association of Machinists states that the 
United States Secretary of Labour has issued an 
amendment to the regulations governing the operations 
of the Employment Service. Employers are now 
denied the use of State Employment Agencies during 
labour disputes. The regulation forbids co-operating 
State employment offices referring job applicants to 
plants in which labour disputes exist. Its text is as 
follows :—** Unless otherwise provided by State law, 
the State Service shall require that each employment 
office under its supervision refrain from referring any 
person to any position at any place of employment 
where there exists a labour dispute. For the purpose 
of this rule, the term * labour dispute ’ shall include any 


The case of Marrison v. Bell is explained 
' 


II, 


AUG. 


ment, or concerning the association or representation 
of persons in negotiating, fixing, maintaining, changing. 
or seeking to arrange terms or conditions of employ- 
ment regardless of whether or not the disputants stand 
in the proximate relation of employer and employee.” 
Previously, the regulations permitted State employ- 
ment offices to refer applicants to plants during strikes 
and lock-outs after notice had been given to the appli- 
cant of the existence of the dispute. 


At a general meeting of the International Association 
for Social Progress, held at Liége early in June, inter- 
esting resolutions were adopted on the subject of 
vocational education. That on vocational rehabilita- 
tion states that when unemployment is widespread, as a 
result largely of local disequilibrium, it must be com- 
bated not only by the necessary economic measures, 
but also by vocational re-training. This may take 
three different forms—rehabilitation in the strict sense 
of the word, namely, the re-training of unemployed 
persons who have lost their skill in trades already 
learnt, advanced training for unemployed persons 
whose apprenticeship has been insufficient to enable 
them to exercise their trades satisfactorily and the 
training of unemployed persons for new trades. Before 
any of these measures is applied, a record should be 
made of the capacities of the unemployed and a statis- 
tical review made of the position of the labour market, 
so that vacancies and available labour may be clearly 
ascertained. When this information has been obtained, 
the individual and family position of each unemployed 
worker should be looked into in order to find out 
which are best suited for the different trades offering 
vacancies. 


The worker, the resolution goes on to say, should be 
interviewed by a joint board composed of employers 
and workers, if necessary on the basis of the information 
collected about his case. He should be given a reason- 
able amount of freedom in the choice of his new trade. 
In countries in which there is a shortage of agricultural 
labour, young unemployed workers who appear physi- 
cally and otherwise suitable should be directed towards 
this occupation unless required in other industries. 
In all cases, a rehabilitation course of several weeks or 
months, according to the nature of the new trade, will 
be necessary. This training could be given in existing 
technical schools, in special courses, or in centres of 
productive work already in existence, or specially 
created for the purpose. The training should be both 
theoretical and practical, but even in the theoretical 
branches, account should be taken of the mentality of 
the young persons and adults concerned, and the 
teaching should be of as practical a nature as possible 
in order to stimulate the interest of the pupils. 


When workers thus re-trained are to be transferred 
from one region of the country to another, the resolu- 
tion says, they and the members of their families 
should be initiated into the conditions of life to which 
they will have to adjust themselves, so that no diffi- 
culties of adaptation may compromise the work of 
vocational re-training. The same measures of docu- 
mentation and vocational rehabilitation must be taken 
in respect of unemployed girls. At the present time 
such girls might well be directed towards domestic 
work and vocations connected with health and infant 
welfare services. Every means at the disposal of the 
public authorities and private industry must be used to 
reduce unemployment. If unemployment is reduced 
sufficiently, the problem of vocational rehabilitation 
will lose its urgent character and arise only in the case 
of individual workers who are ill-adapted to their 
trades, 


A communication received by the International 
Labour Office at Geneva states that an Act of Decem- 
ber 22, 1938, in South Australia, amending the Com- 
pensation Act of 1932-1935, provides for compensation 
in the case of death, total disablement or suspension 
from employment due to silicosis or to that disease 
accompanied by tuberculosis or any disease of the 
pulmonary or respiratory organs caused by exposure 
to silica dust. Compensation is administered under a 
scheme drawn up by the competent Minister on the 
basis of the Act. This scheme provides for rates of 
compensation, for the establishment of a Compensation 
Fund and Medical Board of Control, and institutes 
examination on engagement and periodically thereafter, 
as well as laying down certain duties to be fulfilled by 
the worker. 


Mancuester TraFFic Revier Scueme. —Traftic 
congestion in Market-street, Manchester, the principal 
shopping thoroughfare of the City, which is on the 
London-Carlisle-Glasgow route, is to be relieved by 
widening the parallel road known as Cannon-street 
This forms part of a convenient alternative route. 


controversy concerning terms or conditions of employ- | The estimated cost of the scheme is 176,000/ 
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| emphasises the vital necessity for freedom from dis- 
| integration of any of the bearing components under the 
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without attention being necessary. The latter condition 


high stresses imposed. It is generally accepted on the 


HOUR METERS. | basis of calculation that the intensity of pressure in the 

THouGH the designers of the first electricity meters | average pivot meter is 50 tons per square inch, while 
must have obtained a great deal of assistance from | in the ball-bearing meter it is about half that amount. 
clock and watch manufacturers, who were, of course, | Figs. 1 and 2 show the essential parts of the ball bearing 
pioneers in the use of precious stones as bearings, it | and pivot bearing to scale, while Figs. 3 and 4 show 
was soon realised that much more onerous conditions | the corresponding assemblies. It will be noticed that 


TIGATIONS OF SAPPHIRE METER JEWELS. 


leads to a short life, even though the precise running 
obtainable with a new sharp pivot at very low loads 
may be an attraction. On the other hand, it is con- 
sidered that the ball bearing with its ample bearing 
area and low stresses offers a good compromise. Its 
outstanding feature is its long life, which is unaffected 
by excessive overloads or intermittent peaks. mile 

A reference to Figs. 1 and 2 will assist in clarifying 
several points regarding ball bearings. While the 
radius of the ball is 0-03125 in. the radius of the jewel 
cups in which it operates is 0-0465 in. The ball is 
therefore free to rotate and roll about in a small orbit 
at the centre of the jewel cup. The points of contact 
between the balls and the jewels are thus constantly 
changing, so that the effect is that of an infinite number 
of pivot coming into action consecutively. Since the 
movement of the ball is mainly rolling and the load is 
not permanently concentrated at one particular point 
the effective areas of the ball and jewel surfaces avail- 
able for duty are considerably larger than in a pivot 
bearing, the actual area in the latter case being only a 
few thousandths of an inch in diameter at the centre 
of the jewel. The use of ball bearings is indicated when 
it is desired to extend the time between service tests 
to a maximum, as damage to them is of very rare 
occurrence, while the pivot bearing may be considered 
preferable when the period between tests can be shorter 


and where the risks of damage during transit are 


were imposed by the increased weights of the parts.| the diameter of the ball is considerably greater than 


The problem was also rendered more difficult by the 
invention of the alternating-current meter, in which 
the bearing had to withstand additional stresses due 
to vibration. The original Shallenberger alternating- 
current meter, which was placed on the market in 1888, | 
employed a pivot and jewel at the lower end of a 
vertical rotor shaft, but in 1902 the Westinghouse | 
Company introduced the “ ball bearing,’ in which a 
highly polished steel ball was placed between two cup 
sapphires. The upper sapphire rotated with the shaft, | 
while the lower was held stationary in the lower bearing | 
screw. This bearing has proved its ability to stand | 
up to rough treatment and to give many years of 
trouble-free service, as is shown by the fact that it | 
is still the only type employed by the Westinghouse 
Company. On the other hand, a number of different 
types of pivot bearings have been produced, but it is | 
claimed that there is no evidence that any has given 
the same satisfaction as has the ball bearing. 

The reasons for this position are discussed in an 
article by Mr. G. Tilstone in the current issue of the | 
English Electric Journal, in which it is stated that the 
fundamental duty of the lower bearing is to support | 
the rotor with as low an initial friction as possible | 


| curvature of 0-0465 in. 


that of the pivot, the actual radii being 0 -03125 in. and 
0-02 in., respectively. The jewel in the pivot is identical 
with that in the ball bearing, both having a radius of 
Though the areas of contact 
between the ball and its jewels are theoretically points, 
the intensity of pressure applied either by normal 
running or in transit is considerably less than in the 
case of the pivot bearing. The risk of a damaged 
jewel is thus much reduced, while the ball itself is 
almost indestructible. 

In the case of the ball bearing, there is no necessity 
to have the jewels spring supported, as is the case 
with many pivot-type meters, and lubrication is only 
necessary at very infrequent intervals. In the case of 
the pivot bearing, the maximum and minimum radii 
of the pivot are determined by a number of conflicting 
factors. The larger the diameter of the pivot the 
greater will be the friction, but its reduction causes an 
increase in the stresses at the surface of the jewel, 
with the attendant possibility of damage in transit. 
The most minute damage to the jewel at the point of 
bearing contact will ultimately lead to the complete 
failure of the bearing. From the point of view of 
safety, an average diameter of about 0-04 in. is the 








and to continue to function satisfactorily over a long | least permissible with a rotor of normal weight. Any 
period of years, without the friction increasing and | lower figure increases the risk of premature failure and 


remote. The cost of replacing jewels and pivots is 
higher than that of balls. ; 
Turning to the manufacture of the ball bearing, 
Mr. Tilstone points out that this calls for special tech- 
nique and experience. The English Electric Company 
has for several years used plant specifically designed 
for the sole purpose of producing the necessary double 
jewel bearing and also employs specially developed 
microscope jigs and fixtures for inspection purposes. 
Only the highest quality synthetic sapphire is used 
for the jewels and this is purchased to a very 
stringent specification as regards dimensions, finish 
and material. The jewels are carefully gauged for 
compliance with dimensional requirements and are 
inspected under binocular microscopes at a magnifica. 
tion of 60 diameters for perfection of finish. Special 
microscope attachments are used for rotating and 
rocking the jewels under the objective lenses so that 
every portion of the bearing surface can be very closely 
scrutinised. Research has shown that the life of a 
jewel under given conditions is related to the angle 
between the axis of the shaft and the optic axis of the 
jewel, an angle of 90 deg. giving the best result. All 
the jewels are therefore purchased with a guaranteed 
optic angle of 80 deg. to 90 deg. To check this figure 
an examination is made under polarised light, the form 
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and colours of the microscopic image being compared 
with a standard coloured chart representing the true 
image of jewels of known optic angle. Figs. 5 and 6 
are reproductions of a photograph of the chart showing 
the form of the dark interference lines for jewels of 
various known optic angles. That on the left in 
Fig. 5 shows the results when the angle of the optic 
ixis is between 0 deg. and 10 deg., while the other 
images in this illustration are obtained when the angle 
of the optic axis is between 10 deg. and 20 deg. and 
between 20 deg. and 30 deg., respectively. 
the reproductions in Fig. 6 apply where the angle of 
the optic axis is between 40 deg. and 50 deg., between 
50 deg. and 60 deg., and 90 deg. respectively. The 
dark lines are surrounded by spectrum colours not 
visible in the reproduction. 

The steel balls are purchased to a very stringent 
specification covering material, finish and size. The 
usual guarantee on dimensions is one ten-thousandth 
f an inch, but experience shows that the majority 
of the balls do not differ from the nominal dimension 
hy more than one-half of the permissible tolerance. 
\ll the balls are individually inspected, for which 
purpose a special microscopic attachment used, 
Chis rolls the ball over steadily in such a way that 
every portion of its surface is brought into sharp focus 
under the wide-field objective lenses. Fig. 7 an 
illustration of this apparatus. 

The English Electric Company has for many years 
been carrying out representative tests on a range of 
types of meter bearings, and microphotographs are 
taken periodically to record the state of the component 
parts. A typical set of such photographs is reproduced 
in Fig. 8. That in the top left-hand corner shows a 
synthetic sapphire meter jewel before use, while next 
to it is a natural sapphire jewel from a ball-bearing 
meter rotor which has completed 284 million revolu- 
tions. The remaining photograph in the top row is 
of a synthetic sapphire jewel from a ball-bearing meter 
rotor after 207 million revolutions. The left-hand 
photograph in the bottom row is of a jewel from a 
pivot meter which was damaged by excessive shock, 
while next to it is one from a similar meter which has 
been completely shattered. The remaining photograph 
is of a jewel from a pivot meter which shows signs of 
wear. The photographs are approximately ten times 
the actual size, but this comparatively low magnifica 
tion has been used only to obtain some indication of 
the general soundness of the jewel over its entire area. 
An enlargement to give a photograph sixty or one 
hundred times the actual size can readily be obtained 
in order to investigate any doubtful region in greater 
detail. For examination at magnifications of four 
hundred diameters, a metallurgical micro-camera 
used, either visually or photographically, but naturally 
the actual jewel area covered by such a photograph is 
quite small. 

Until recent years only the natural jewel was em- 
ployed in meter bearings, but the synthetic sapphire 
is now in general use. Probably one of the most 
important advantages of the synthetic jewel is that 
the position of the optic axis with respect to the line 
of the meter shaft can be comparatively easily con- 
trolled in manufacture, as several hundred jewels are 
produced from a single “ boule,” or parent crystal of 
known optic axis. The natural jewel is produced from 
a comparatively small stone which is often irregular in 
shape, and the eptic axis of the finished bearing jewel 
cannot, therefore, be commercially guaranteed. 
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THE AMERICAN SOCIETY FOR 
TESTING MATERIALS. 


(Continued from page 155.) 


Cement, Concrete, Lime, and Gypsum.—Two full 
sessions of the meeting were devoted to the subjects of 
cement, concrete, lime, and gypsum, a number of 
reports and technical papers being taken. One of the 
outstanding developments in these sessions was the 
failure to accept the proposed tentative test for auto 
clave expansion of Portland cement on which there 
has been intensive discussion for the past two vears. 
he report of the committee was approved, including 
revision of the tentative method of chemical analysis 
of Portland cement giving new alternate methods for 
determining free calcium oxide and also the immediate 
adoption of the deletion of the final setting time require 
ment in the standard specifications for high early 

strength Portland cement. Dr. M. N. States, in his 
paper on “ Specific Surface and Particle Size Distri- 
bution of Finely Divided Materials,” developed general 
equations for specific surface and particle size distri 

bution of finely divided materials. Through the use of 
these equations, the Wagner method might be applied 
to fineness studies in which various particle size ranges 
were used. Corresponding expressions for the Portland 


ement schedule might be derived from the general 
elationships. 
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of the Wagner method, the working equations and 
various sources of experimental error indicated that 
the accepted experimental technique might be consi- 
derably simplified. 

The Committee on Lime took action to combine 
into a single specification existing requirements for | 
quicklime and for hydrated lime, both for use in water 
treatment. One action taken clarified the definition | 
of hydrated lime which is to read as follows : Hydrated | 
lime.—A dry powder obtained by treating quicklime | 
with water enough to satisfy its chemical affinity for | 
water under the conditions of its hydration. Messrs. 
Miller, Rogers, and Manson, of the University of Minne- 
sota, in their paper, dealt with a flow method for the 
determination of the effects of soluble chemicals on 
conerete. The conclusions of this paper were based on 
results obtained by allowing weak solutions of acetic 
and lactic acids to flow across flat slabs of concrete | 
and mortar placed nearly vertical. In most cases, | 
paraffin dykes restricted the flow of acid to an area 
14 in. long and 14 in. wide. In other cases, laboratory- 


pH of standard lime solution). (2) The personal factor 
was eliminated and accuracy was The 
hydrogen-ion apparatus was very sensitive to any 
chemical change within a working range of 0-03 pH. 
(3) The apparatus was usually found in any up-to-date 
chemical control laboratory. There was also extended 
discussion in the form of an appended paper by Professor 
W. M. Dunagan detailing ‘“‘ Methods for Measuring the 
Passage of Water Through Concrete.” The new infor- 
mation secured by tests in this study was that capillary 
movement of water through concrete might be of a 
greater magnitude than that of free liquids at ordinary 
heads ; it was shown that for that reason permeability 
tests which operated at such heads (less than 10 ft.) 
measure mostly capillarity. Thus low-head tests might 
show concrete containing water-repellent materials to 
be more resistant to capillarity than standard Portland 
cements because their surface-tension characteristics had 
been altered. Such tests did not necessarily measure 
the ability of these concretes to resist the passage of 
| liquid water. An appended paper by Professor H. J. 


assured. 





made bars. 2} in. by 3 in. by 15 in., were cast with | Barre covering “ Some Observations of the Water 
slightly depressed 1}-in. lengthwise channels. The | Vapour Permeability of Concrete ” and the discussion by 
hydrostatic head on glass capillary tubes was adjusted | Professor Dunagan were intended to supplement each 
to deliver to each channel 2 litres of acid everv 24 hours. | Other. Professor Barre concluded, as a result of a 
Each channel was brushed with a flat steel brush about series of tests, that moisture losses from untreated 
the size and shape of a 1-in. paint brush, and the} surfaces of concrete tanks which emerge in the form of 
loosened material was caught in filter-paper lined | vapour raised the question as to the method by which 
funnels, oven-dried, and weighed. Concrete with a| moisture passed through concrete. The latter tests 
modulus of rupture from 800 Ib. per sq. in. upwards | clearly indicated that the concrete was permeable to 
displayed resistance to corrosion of weak acids three | water vapour even when no liquid was in contact with 
times that of concrete with a modulus of rupture of | the surface. Other correlated tests clearly showed that 
500 Ib. per sq. in. under the conditions of exposure | this same concrete would permit the passage of the 
used in these tests. Mortar made of the least resistant | amount by the action commonly referred to as capil- 
of nine standard Portland cements yielded a quantity | larity. This series of tests seemed to have value in 
of loosened material 1-6 times that released by mortar | establishing, at least tentatively, the magnitude of 








made of the most resistant of these nine cements. 

An extensive report was submitted by the Committee 
on Concrete and Concrete Aggregates, the recommenda- 
tions including the adoption of a number of revisions 
in standards and of several tentative standards as 
standard. Items in the latter category covered con- 
crete aggregate, light weight aggregate, and tests for 
coal and lignite in sand ; specific gravity and absorp- 
tion of coarse aggregate and fine aggregate; sieve 
analy sis of fine and coarse aggregates, yield of con- 
crete, and abrasion of coarse aggregates. A consider- 
able portion of the report was devoted to appended 
papers : 
dure for Testing Concrete Aggregate Soundness by 
Use of Magnesium Sulphate,” which was intended to 
overcome certain difficulties in the existing method of 
test for soundness of aggregates by use of sodium 
sulphate or magnesium sulphate, and another by 
Mr. Ira Paul, recommending a test method for organic 
impurities in washed sand by pH value. Mr. Paul 
claimed certain advantages for the method as follows : 
(1) Within a period of 15 minutes the laboratory tech- 


nician could obtain reliable tests indicating the effect | 


of organic impurities in fine aggregates by means of 
the hydrogen-ion apparatus (determined as change in 


one by Mr. C. E. Wuerpel on “ Modified Proce- | 


| vapour and capillary resistance of the type tested under 
conditions of these tests. In the author's opinion, the 
| data on rates at which moisture passed through the 
| specimens (ranging from 0-0156 to 0-0274 gall. per 
square foot per hour) indicated that the higher strength 
| mixes as well as those of lower strength were permeable 
to water vapour, although to less degree, even though 
they are known to be impermeable to liquid water under 
high pressure. 
| An interesting study of some 1.100 miles of concrete 
pavement in Kentucky was the basis of a paper by 
| Messrs. Cantrill and Campbell, of the Kentucky Depart- 
ment of Highways, entitled “ Selection of Aggregates 
| for Concrete Pavement Based on Service Records.” 
| They concluded that : (1) The failure of concrete pave- 
ment throughout the western part of the State was 
due to the use of chert gravel obtained from the Ten- 
| nessee and Cumberland Rivers in western Kentucky. 
(2) With the present methods of pavement construction, 
this chert gravel would not produce durable pavement. 
(3) Chert gravel found to produce unsatisfactory pave- 
ment in Kentucky might be eliminated by two speci- 
fications: (a) coarse aggregate should not show an 
absorption greater than 3 per cent. when subjected to 
the A.S.T.M. Standard Test C. 95-36; (6) concrete in 
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which any aggregate was incorporated should not 
show a reduction in flexural strength greater than 30 
per cent. when subjected to 40 cycles of freezing and 
thawing in the presence of water. (4) Tennessee or 
Cumberland River sand would produce durable pave- 
ment when used with Ohio River gravel or crushed 
limestone. (5) The use of sandstone as both fine and 
coarse aggregate resulted in unsatisfactory pavement. 
(6) The use of sandstone and Ohio River sand as aggre- 
gates resulted in satisfactory pavement. In connection 
with thermal volume change and the elasticity of 
aggregates and their effect on concrete, Messrs. T. F. 
Willis and M. E. De Reus, of the Missouri State High- 
way Department, described the apparatus used in 
the series of tests and indicated that tests on the two 
principal types of coarse aggregate used in Missouri 
showed : (1) That the thermal coefficient of expansicn 
of limestone was materially smaller than that of chert. 
(2) That the modulus of elasticity of both limestone 
and chert was highly variable, even for material from 
the same source, but that, in general, the modulus of 
limestone from any one deposit was more uniform and 
considerably smaller than the modulus of the greater 
part of the chert from any single source. The data 
on the mortars were too limited to permit any very 
definite conclusions. However, it was indicated that : 
(1) The thermal coefficient of the sand was one of the 
principal determinants of the thermal coefficient of a 
mortar made from it. (2) The modulus of elasticity 
of a mortar specimen was affected by the modulus of 
the sand contained in the mortar and was probably 
a function of this and the strength of the specimen. 
(3) The plastic flow of a mortar was closely related 
to its modulus of elasticity. Mr. B. Myers, of the Iowa 
State Highway Commission, recorded data on “ The 
Effect of Variations in Method upon the Results of 
Freezing and Thawing Mortars.” Four different 
methods of freezing and thawing treatment were 
applied to groups of mortar prisms representing three 
brands of cement. The proportions, kind of aggregate 
water-cement ratio, curing treatment and age were the 
same for all specimens. The effect of 100 cycles of 
each method upon the transverse strength, the com- 
pressive strength, and the weight of the specimens was 
determined. This paper included some data which 
seem to indicate that while the destructive effect of 
freezing might be proportional to the rate of cooling, 
the effect of heating might be more nearly inversely 
proportional to the rate at which the temperature was 
raised. 

Ceramic and Masonry Materials.—Tentative specifica- 
tions were approved for solid load-bearing concrete 
masonry wall units (concrete block or tile units with 
75 per cent. or more net area) made from Portland 
cement and suitable aggregates such as sand, gravel, 
crushed stone, bituminous or anthracite cinders, burned 
clay or shale, and blast-furnace slag. Two grades of 
units, A and B, were covered. Grade A provides a 
minimum compression strength for the individual unit 
of 1,600 Ib. per sq. in. and grade B, 1,000 Ib. per sq. in. 
Water absorption for both grades was to be not more 
than 15 lb. per cubic foot. The paper on * Disintegra- 
tion of Face Brick by Crystallisation of Soluble Salt,” 
by Mr. J. M. Hardesty, indicated that the spalling was 
caused by formation of calcium sulphate on and just 
underneath the exposed face and not by frost action. 
The suggested explanation was that during rainy 
seasons the bricks absorb moisture and this dissolved 
some of the calcium sulphate. Then, in dry periods, 
the solution moved by capillarity towards the drier 
exposed face of the brick wall. As the solution neared 
the face, it became concentrated due to evaporation 
of the water through the surface pores and in time a 
thin layer of minute crystals formed just beneath the 
brick surface. The mechanical force exerted by these 
crystals as they accumulated caused a spalling off of 
thin flakes of the brick surface. 

There was considerable interest in the paper by 
Mr. Leonard Obert, in which he discussed a new sonic 
method for determining the modulus of elasticity of 
concrete, stone, and other constructional materials, 
which could be made while the specimen was under load 
as well as unloaded. In connection with work on con- 
crete and stone, the method gave values in good agree- | 
ment with other tests. The method was found to be 
accurate and relatively simple and seemed promising 
as a procedure for determining the stress of structural 
members in situ. This investigation was part of a 
comprehensive programme to determine the load on 
concrete. In discussing Mr. Obert’s paper, Mr. F. B. 
Hornibrook indicated that as in the sonic method the 
load was applied in considerably less than 0-01 second 
and the deformation was less than one-millionth of an 
inch per inch, the results might approximate to the 
theoretical elastic properties of concrete as dissociated 
from the plastic properties. In tests made at the 


National Bureau of Standards on 4-in. by 16-in. concrete 
cylinders, there was a difference in modulus of elasticity 
between saturated specimens and dry specimens which 
was several times that attributable to change in 
density, it being noted that the sonic modulus was 
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the studies made he concluded that, both under con- 
struction procedure and under traffic, mineral aggre- 
|gates followed a fixed manner of degrading. The 
their paper, by means of a photo-elastic analysis, that | amount of this degradation depended upon the work 
the total pre-stress on a beam was equal to the total | exerted upon them. 

loading stress when the compression in the bottom Soils.—In its annual report, the Committee on Shear 
fibre was just neutralised. At that stage, the direc- | Testing of Soils recommended seven existing tentative 
tions of principal stresses were displaced 10 deg. and | standards for various tests, such as liquid limit, field 
80 deg. from the vertical and horizontal directions, | moisture equivalent, shrinkage factors, etc. These 
respectively, so that the principal shears would then | were published in the report for information only, but 
make angles of 35 deg. and 55 deg. on the opposite | with the idea that in the near future they would be 
side of the vertical. Advantages of pre-stressing re- | submitted as tentative, four methods were proposed, 
inforced ceramic beams included the immediate use of | covering moisture-density relations of soil-cement 
the steel as soon as load was applied, more effective mixtures; durability of compacted soil-cement mix- 
use of the ceramic material so that a smaller section | tures under repeated freezing and thawing ; durability 
was needed, and a noteworthy increase in stiffness. In| of compacted soil-cement mixtures under repeated 
discussing the paper, Professor Dolan, of the University | wetting and drying; and stabilisation of soils with 
of Illinois, indicated his belief that the apparent stiff- emulsified asphalt. Messrs. Hogentogler and Barber, of 
ness of beams cannot be accounted for on the basis of | the U.S. Bureau of Public Roads, in their paper on 
the tensile strength and elasticity. |‘ Principles of Triaxial Shear Tests,” indicated a 

Bituminous Materials and Road Materials.—After number of advantages of the triaxial or compression 
several years of consideration, there was proposed by | stabilometer device, at the same time describing a 
the Committee D-8 on Bituminous Waterproofing and | simplified apparatus with interchangeable parts which 
Roofing Materials, tentative recommended practice for | provides for two general test methods, the so-called 
accelerated weathering tests of bituminous materials. closed system and the open system. Mr. J. D. Watson, 
It was believed that the procedure would be generally | in describing a triaxial testing apparatus for determin- 
useful even though the development of an entirely | ing stress-deformation characteristics of soils, on the 
satisfactory method had been exceedingly difficult. | basis of extensive work carried on in the Harvard Labo- 
The apparatus to be used consisted of an enclosed | ratory since 1932, summarised certain criticisms of the 
carbon-are lamp, a cylinder, sprinkler, spray, and an | direct shear test including : (1) the boundary conditions 
arrangement for temperature control during the light produced irregular distribution of the normal and shear- 
period. The Committee on Road and Paving Materials | ing stresses, and left the intermediate principal stress 
included in its report two items of information, one | unknown; (2) in soils which show a rapid drop in 
covering methods of test for sieve analysis of mineral | shearing resistance after the maximum value is 
filler which will be recommended to the Society for | reached, no type of grating could produce sufficiently 
acceptance during the summer. Some of the data | uniform distribution of the shearing stresses to prevent 
required in this method resulted from a series of co- | progressive failure; (3) it was practically impossible 
operative tests, the results from the twelve laboratories | to determine in direct shear tests, with the accuracy 
being given in the report. A reasonable value for agree- | usually required, either the strain or the volume changes 
ment between different laboratories was 2-0 per cent. | during the test. At the same time he stated the advan- 
for the No. 200 sieve and 1-0 per cent. for No. 80 sieve. | tages of triaxial tests as follows: (1) All principal 
Since satisfactory specific requirements for emulsion | stresses were known; (2) for practical purposes pro- 
for use in densely-graded cold asphaltic mixes were in | gressive failure was eliminated ; (3) the strain and the 
great demand proposed specifications had been pre- | volume changes of the test specimen could be accurately 
pared. While the Committee was not yet prepared to | determined ; (4) the size of the sample used had no 
recommend them for acceptance by the Society, the | apparent effect on either the intensity of volume change 
proposals were published in the report as information. | or the strength of the material. 

Mr. Roland Vokac, outlined in his paper some factors Prof. D. W. Taylor, of the Massachusetts Institute 
affecting the thermal susceptibility of asphaltic paving | of Technology, compared the results of direct shear 
mixtures. The compressive strength of asphalt mix-| and cylindrical compression or tri-axial compression 
tures at various temperatures was used to evaluate a| tests, concluding that the cylindrical compression 
mixture susceptibility index. Thermal susceptibility | machine was recognised as the more valuable for funda- 
was found to vary with mixture composition, kind of | mental research. A limitation of this apparatus was 
asphalt cement used in the mixture, and temperature | that ultimate properties could not be obtained satis- 
of the mixture. It was shown that in comparable mix- | factorily on it. The direct shear apparatus was more 
tures the thermal susceptibility of the mixture varied | rapid and simpler and it was believed that in testing 
according to the thermal susceptibility of the asphalt | work of a routine nature, especially when more com- 
cement. The author concluded that, on the basis of | parisons were available for calibration purposes, this 
test results, in order to obtain mixtures having similar | apparatus would furnish the majority of the shearing 
physical characteristics, such as susceptibility, strength, | properties of sand with satisfactory accuracy. Professor 
voids, etc., using asphalts from different sources, the | G. P. Tschebotareff, Princeton University, in his paper 
mixtures must be proportioned individually to suit the | on “Some Practical Aspects of Soil Shear Testing,” 
unique characteristics of each asphalt. In the paper | indicated that there should be discrimination between 
evaluating the adhesive properties of asphalt by | (1) shear tests performed for the purpose of numerically 
Mr. August Holmes, this property or ability of an | estimating the actual shearing resistance of different 
asphalt to resist being displaced by water from an aggre- | types of undisturbed soils under varying field conditions 
gate had been defined as its “ adhesivity ” in contradis- | and (2) shear tests performed for the purpose of select- 
tinction to “ adhesiveness ” which was considered to be | ing the most suitable soil by comparison of the shearing 
the mechanical strength by which an asphalt clung to | properties of different disturbed soils to be used as an 
the aggregate. The author pointed out that the | engineering material in the field under identical con- 
asphalt must not only act effectively as a binder for | ditions of recompaction. He stated that for the first 
the aggregate to produce a surface capable of bearing | type of test the standardisation of the testing pro- 
traffic, but it should also maintain its binding proper- | cedure would appear to be not only harmful, but to be 
ties under the deteriorating effects of moisture and | entirely impossible, at least for the present time. The 
weather. Various small-scale laboratory procedures | great variety of possible field conditions under which 
had been developed to investigate adhesivity properties | an undisturbed soil might be subjected to shearing 
and circular track tests were made. From the latter, | stresses and deformations, combined with the variety 
it appeared that, by the use of suitable wetting agents | of factors affecting the shearing resistance of a soil, 
in the asphalt, a relative improvement in pavement | rendered it most inadvisable to impose for such cases 
life up to 3-88 times that of untreated asphalt could | any definite manner of soil shear testing. However, 
be obtained. for cases where the practical question of selecting 

There was a rather critical discussion on the paper | the most suitable soil to be used as an engineering 
describing research in soil stabilisation with emulsified | material (for dams, embankments, etc.) arose, a 
asphalt, which was presented by Mr. C. L. McKesson. | definite testing procedure could and should be worked 
Various test methods to determine soil constants by | out to provide a uniform basis of comparison. Professor 
which the efficiency of stabilisation could be measured | W. S. Houssel, University of Michigan, in dealing with 
were described, two of the tests, the absorption test | the measurement and practical significance of shearing 
and the stability test, having come into general use. | resistance of cohesive soil, concluded that true cohesion 
A number of questions on the tests were raised by | in accordance with the generally accepted definition 
Mr. Raymond Harsch. He covered several projects in| and the treatment of cohesive soil as a continuous 
California where stabilisation work had been used, | medium rather than two phases acting independently, 
indicating that results for the past four or five years | permitted simplification of methods of measurement 
left much to be desired. He mentioned that he did | and the practical application of shearing resistance. 
not mean to infer that emulsion stabilisation had no | To accept this viewpoint necessarily eliminated appa- 
place in base course construction, but that the evidence | rent cohesion and the surface-tension device as a 
presented seemed sufficient reason to question the | mechanism to describe cohesion. This choice had to 
efficiency of the proposed control methods. Mr. T. E.| be made by the individual, as there appeared to be no 
Shelburne, of Purdue University, furnished data on the | compromise between the two conceptions. Any 
degradation produced by 5-ton and 10-ton rollers in, attempt to retain them both would only prolong the 
compacting typical surface treatment aggregates both period of uncertainty and confusion. 
on a bituminous mat and on a concrete base. From (T'o be continued.) 


much more sensitive to small moisture changes in a 
relatively dry specimen than in a relatively wet speci- 
men. Messrs. Anderegg, Weller, and Fried showed in 
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**RHYTHMATIC ’’ CONTROL 
APPARATUS. 


Tae County of London Electric Supply Company, 
Limited, New Broad-street, E.C.2, arranged an effec- 
tive demonstration of high-frequency remote control 
on Friday night, July 28, at Morden, Surrey. The 
method employed was the Rhythmatic control system, 
which was originally developed by Messrs. Automatic 
Telephone and Electric Company, Limited, Strowger 
Works, Liverpool, 7, for the remote control of street 
and advertisement lighting, but has now been adapted 
to meet the needs of air-raid precautions work. The 
demonstration, which was inaugurated by Sir Cyril 
Hurcomb, K.C.B., K.B.E., chairman of the Electricity 
Commission, showed how, by the pressing of a switch, 
the various branches of auxiliary services could be 
rapidly called up individually, and sections of street 
lighting could be extinguished. Although the method 
has been used previously for controlling street and 
other forms of lighting, the demonstration at Morden 
was the first attempt to co-ordinate the summoning of 
A.R.P. services from a central station on a large scale. 

The Supply Company had erected at their substation 
at Beddington, the apparatus for generating super- 
imposed currents, and had converted a room in an 
hotel at Morden into a control station, By pressing a 
switch, Sir Cyril Hurcomb was able to call up the 
various A.R.P. services from several local headquarters, 
and the success of the system was made evident by 
the speedy arrival of the particular units at the hotel. 
At the same time, the lighting along a section of a road, 
visible from the control station, was extinguished by a 
similar operation. The method of control is particularly 
suitable for A.R.P. service, as the use of the existing 
power cables renders it unnecessary to employ the tele- 
phone system at a time when it would probably be 
working to full capacity. 

The principle of the Rhythmatic control system 
is briefly as follows: A moderately high-frequency 
current, applied to the distributing cables of a supply 
company at a central control station, operates, at any 
point of the network, relays designed to respond to the 
particular frequencies employed, but in no way 
affects the power or light distribution to consumers 
within the area. Four nominal frequencies are 
employed, viz., 800, 1,050, 1,300 and 1,500 cycles per 
second, the superimposed currents being injected by 
series, parallel or regenerative coupling into the supply 
network. The current at each frequency is supplied 
to the mains in the form of impulses of six different 
time values, so that 24 individual selective switching 
operations can be achieved. 

For application to alternating-current networks, 
parallel injection can be effected directly into the low- 
tension sides of ordinary service transformers, but 
series injection must be made through specially con 
structed transformers offering low impedance to the 
supply current at 50 cycles. In both cases, however, 
the injection being into the low-pressure side, the need 
for elaborate protective equipment does not arise. The 
superimposed currents are generated by a series of 
alternators coupled in tandem at any substation 
connected to the network, and the impulses travel 
over the whole distributing system. Fig. 1 shows an 
auxiliary apparatus cabinet for a three-phase injection 
installation, and the adjustable inductances and 
rectifier for the exciter field can be seen. The small 
cabinet on the left contains the condensers. A typical 
relay receiver is shown in Fig. 2. This consists essen 
tially of a cireuit tuned to one of the superimposed 
audio frequencies, and coupled inductively to a metal- 
rectifier circuit containing the operating coils for the 
oscillating armatures which control the actual switching 
relay. The oscillating armatures are available with six 
different natural periods of oscillation. In addition to 
the relays installed at a receiving station, a light port- 
able type is available to enable A.R.P. wardens, etc., 
to plug in to any part of the supply network for receiving 
transmitted signals 


GENERATION OF ELECTRICITY LN NORTHERN IRELAND 

During the quarter ending on June 30 last, 57,186,000 
units of electricity were generated |_y authorised power 
stations in Northern Ireland, showing an increase of 
4,482,000 units on the corresponding period of last year. 
The total output for the first half of 1939 was 135,233,000 
units, as against 120,716,000 units in the first half of 1938, 
an increase of 12 per cent. 


TRAFFIC THROUGH THE PANAMA CANAI During May 
last, the total number of vessels of all descriptions passing 
through the Panama Canal was 631. The totals for the 
corresponding months in 1938 and 1937, 595 and 
664, Out of 506 transits May by 
vessels of 300 tons or over, 164 were by vessels belonging 
to the United States. 114 by British owned vessels, the 
remaining 228 being owned between 14 other nations 
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DEVELOPMENT IN THE MEASURE- 
MENT OF AIR FLOW IN MINES.* 


By R. Poors and A. W. LEADBEATER. 


Tue uses of air flow in mines may be divided into 
groups covering underground and surface plant. The 
underground uses are the more important and include 
the main ventilation system and local auxiliary ventila- 
tion units, dust-removal units, compressed-air driven 
power units and lighting units. Of these sections, first 
and foremost, the ventilation system is necessary to 
provide an atmosphere in which it is fit and safe for 
men to work. In certain cases the air becomes hot 
and the atmosphere uncomfortable, while in others, 
gas in one form or another is an ever-present source of 
danger, which can only be minimised by an adequate 
supply of moving air. Power drills, coal cutters, etc., 
set up a considerable amount of dust, and in instances 
where there is danger from silicosis, it is necessary to 
remove the dust in order to protect the health of the 
workers and to conform to the regulations. In any 
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Fic. 2. RECEIVING 
and (2), perhaps the more important, they make it 
possible to estimate the efficiency with which the 
system is operating. Instruments may, therefore, be 
designed for carrying out routine measurements as a 
means of checking the operation of the system; the 
sensitivity of such instruments need not be great, the 
most important features being robustness and reli- 
ability. Air leakage is the most important source of 
loss of power in mines, and in the case of the main 
ventilation system, it is extremely difficult to trace 
leaks with normal measuring instruments. The leakage 
velocity at particular points may be quite low, and 
therefore difficult to measure with ordinary instruments, 
but, nevertheless, as there may be many such points, 
the loss of power may be quite important. Leakage is 


| also of importance in compressed-air lines, and measure- 


case, it is almost impossible to work in a dust-laden | 


atmosphere, and much attention is being paid to the 
design of dust-extractor units. Most of the dust 
extractors are fitted with fans and air-flow systems. 
Compressed air has become very popular as a means of 
transmitting power in mines and is used extensively 


to supply power for drills, coal cutters, and conveyors. | 


Air flow plays an important part in the operation of 
separating and dry-cleaning plants which have become 
widely used in recent years. In Great Britain there are 
already 153 dry-cleaning plants in operation. In such 
plants the air performs two duties: first, it aids the 
separation and grading, and, secondly, it removes the 
dust 

The Value of Air-Flow Measurement.—In the earlier 
days of mining the only air-flow problem in which the 
engineer was interested, was that associated with the 
ventilation of the mine. To-day, however, it may be 


ments make it easier to locate leaks in extensive systems. 
Loss of pressure due to friction and bends in the airways 
or pipe lines is an important item, and the outlay on an 
instrument for measuring pressure loss in an airway 
is negligible compared with the saving which may be 
effected as the result of the information obtained by the 
use of the instrument. 

Air-Measuring Instruments ——To measure an air- 
velocity of 100 ft. per minute with an accuracy of 
10 per cent. by means of the Pitot tube and liquid 
gauge, requires a gauge which will indicate 0 -000625 in. 
of water with an error of no more than 0-00015 in. of 
water. The modern micromanometer of course. 
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| capable of such measurements, but its use is limited 


safely stated that apart from aeronautics, no branch | 


of engineering uses more equipment involving air flow 
than the colliery, and every day the mining engineer 
meets with air-flow problems, The power consumption 
in modern collieries for air-flow purposes is very great, 


and it is estimated that in this country alone the total | 


cost of ventilating and air-flow systems exceeds 
2,000,0001. perannum. The up-to-date mining engineer, 
realising the importance of the problem, is fully con- 
versant with the subject of air flow, and air-measuring 
instruments have become a necessary part of his equip- 
ment. Instruments fulfil two (1) They 
show if the existing system is functioning effectively, 


purposes : 


Institution of Mining Eng- 
Abridged. 


* Paper read before the 
ineers, at Manchester, on December 13, 1938. 


|either by weight or by spring. 


to the laboratory. The rotating-vane anemometer of 
normal construction, used in conjunction with a stop 
watch, will record average air velocities from 300 ft. 
per minute upwards, a range which covers most mine- 
ventilation measurements. For lower air velocities, 
Ower has designed a special anemometer capable of 
measuring air velocities from 25 ft. to 600 ft. per 
minute. This instrument is of the laboratory precision 
type and requires particular care in use. The friction 
of the movement remains constant in steady air streams, 
but is unfortunately rather erratic in pulsating air 
streams of the order of 25 ft. per minute ; that is, neat 
the low limit of the instrument. 

The anemometer is an integrating instrument, giving 
the average velocity over a period of time. In certain 
instances the averaging is an advantage, but for many 
purposes an instantaneous direct-reading meter is of 
more value. The simplest device for the direct indica- 
tion of fluid flow consists of a pivoted vane, controlled 
The weighted gate type 
of flow meter has been used in the Rand mines for th 
measurement of compressed-air flow, while a simple 
direct-reading weight-controlled vane-type anemo 
meter was in use in many mines towards the end of 
the Nineteenth Century. As the result of research work 
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by Dr. Boyle, in the United States, a spring-controlled | 
vane-type instrument, known as the Velometer, has 
been developed and is now used extensively. Certain | 
improvements have been made by Messrs. Metropolitan- | 
Vickers Electrical Company to make the instruments 
more adaptable. The damping has been increased 
and steps have been taken to reduce the friction of the 
pivots. The movement consists of a double-pivoted 
spring-controlled aluminium vane mounted in jewelled 
bearings. The movement is housed in a moulded 
Bakelite case, and the vane moves in a rectangular 
passage, so designed that the clearance between the 
vane and case increases with deflection, so that this 
is directly proportional to the air velocity. The instru- 
ment is illustrated in Fig. 1. Eddy-current damping 
is provided by an aluminium vane extension, which 
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Fig. 1. INTERIOR OF VELOMETER. 

















Fic. 4. Recorpine Arr-FLow METER. 
moves through a strong magnetic field provided by two 
permanent magnets of cobalt steel. The movement is 
balanced for use in any position. Only the actuating 
vane is in direct contact with the air flowing through 
the meter, the spring control, pivots, bearings, etc., 
being in a separate part of the case. 

The efficiency of the instrument is unusually high, 
owing to the fact that the majority of the kinetic energy 
in the air is converted into static pressure on the vane. 
The friction of the pivots in the jewel bearings is 
of the order of ;5)5 gm. cm., which is consider- 
ably less than the friction in a low-range anemo- 
meter. By paying special attention to the pivots, and 
by using more sensitive springs, it has been found 
possible to measure velocities as low as ,4, ft. per 
second. This represents a velocity pressure of only 
2} millionths of an inch of water. To measure this 
minute pressure difference, it would be necessary to 
use a very special micromanometer, and we are not 
aware of any such instrument of a portable nature, 





convenient for normal work. 


Special jets were developed by Dr. Boyle for con- 


tubing. Each jet is calibrated for use with a particular 
meter. We found that in certain instances there was 
a tendency for the needle of the Velometer to oscillate 
at velocities near the full-scale reading. Experiments 
were conducted to find if the oscillation of the needle 
was due to pulsations in the air stream in which the 
jet was placed or whether the oscillations were set up 
by the air flowing through the meter. Some of the 
oscillation was finally attributed to the meter, and 
subsequent calculations show that in these cases the 
velocity of the air through the jet exceeded the critical 
value, but fortunately, it is a simple matter to design 
the jets so that the flow is streamline. For measuring 
the air velocity at a discharge grille, an averaging jet 
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Fie. 5. Recorpinc METER WITH JET. 

is used. This jet has a specially-tapered slot and indi- 
cates the average velocity over the length of the slot. 
A special orifice-type Velometer has been designed to 


give direct readings of air velocities as low as ,}, ft. per | 


second. The instrument is of the same size and general 
appearance as the standard type of Velometer, but the 


inlet and outlet air ports are rectangular and of much | 


greater area. Specially-ground pivots are used in 
jewelled bearings to carry the more sensitive movement, 
which is dead beat in action. The scale of the instru- 


ment is almost linear, and a higher maximum reading | 


can be given with a proportional increase in the mini- 
mum value. 

At the suggestion of a well-known mining engineer, 
the tube-type Velometer has been adapted to the 
measurement of rate of flow in compressed-air pipe 


|lines. In order to withstand the high pressure, the 


case is of bronze with armour-plate glass in the scale 


| nection to the Velometer by means of flexible rubber | aperture, and each instrument is tested to withstand 


twice the normal working pressure. The scale is ordin- 
arily arranged to indicate rate of flow in cubic feet per 
minute, or whatever units may be specified, in terms 
of the equivalent quantity of free air. If required, how- 
ever, it may be arranged to indicate the equivalent 
quantity of air at any other specified pressure. The 
meter is used in conjunction with a by-pass nozzle 
connected in the pipe line to the instrument. The nozzle 
is fitted with intake and return passages through which 
a small quantity of air from the pipe is taken round a 
loop tube, through the meter, and back into the pipe 
line. Two types of by-pass nozzles have been deve- 
| loped to suit particular requirements. The first consists 
of a form of duct jet, having a long slot in both the inlet 
and outlet sides, so that the flow through the jet into 
| the meter is proportional to the average flow across the 
pipe diameter. As an alternative to drilling and tap- 
ping the pipe to accommodate the duct jet, the jet can 
fitted to a pipe saddle and inserted into the pipe 
through a plain drilled hole, as in Fig. 2. This method 
is particularly useful in cases where the wall of the air 
pipe is too thin to carry sufficient thread, or for small- 
diameter pipes where there is generally some difficulty 
in tapping a hole owing to the curvature of the surface. 
The orifice-plate type of by-pass was developed for 
cases where the air flow is known to be very irregular. 
Fig. 3 shows a section of the orifice by-pass, there being 
@ stainless-steel plate clamped between two bronze 
rings. Each ring has a specially-designed annulus, 
and the air flows through the inlet annulus into the 
| compensating chamber, through the meter, and back 
into the pipe line via the outlet compensating chamber 
and annulus. The whole by-pass unit is arranged to 
be mounted between the normal flange couplings. By- 
pass nozzles can be detached for use with different pipe 
lines, a suitable blank being fitted to close any aperture 
not in use. Alternatively, several calibrated nozzles 
can be installed permanently in the various pipe lines 
to be tested, and the meter attached to any nozzle. 
| The equipment includes a gauge, which indicates the 
| pressure in the pipe line and also the volume correction 
| factor necessary in the event of the pressure being 
| different from that for which the meter is calibrated. 
| For an installation in which readings are required on 
| different sizes of pipe lines, double scales can be pro- 
| vided on the meters, and multiple ranges used by 
| means of calibration charts. 
| Recording Air-Velocity Meter.—Most of the air-flow 
| measurements in mines are made by the surveyors 
| during the day shift, but conditions are so variable 
| that knowledge of the air flow during the complete 
| 24 hours should prove invaluable. In order to obtain 
| such information, an air-velocity recorder, developed at 
| the request of Dr. R. V. Wheeler, of the Safety in Mines 
Research Board, is shown in Fig. 4. The indicating 
| movement of the recorder is the same as that used in 
| the Velometer, the needle of which is extended to reach 
|a recording drum. The drum, which is driven by a 
| substantial eight-day clockwork mechanism, provides 
la weekly record, each 2 in., approximately, of which 
representsaday. At regular intervals, a bar taps the 
needle which strikes a carbon band on to the record 
paper, and the design is such that the full sensitivity of 
| the Velometer is retained. The complete instrument is 
housed in an airtight steel case, which is provided with 
suitable glass-covered apertures for viewing the drum 
and the direct-reading velocity scale. The air is fed 
to the meter from a long duct jet connected to the 
| meter by means of short lengths of flexible tubing. 
| This arrangement makes it possible to fix the recorder 
| in a safe position, while the jet itself can be hinged and 
| extend into the airway, as shown in Fig. 5. When the 
instrument is used in an extremely dusty atmosphere, a 
simple filter is fitted between the jet and the inlet to 
the meter. This filter can be readily cleaned or re- 
| placed by a spare unit. The standard instrument will 
record velocities as low as 150 ft. per minute, but more 
| sensitive instruments can be made for research work. 
The accuracy of the instruments naturally depends 
upon the method of calibration, and every care has to 
be taken to ensure that the air-flow conditions are as 
| nearly perfect as possible. Calibration is performed in 
|an open-jet wind tunnel, and tests have shown that 
over the working section of the air stream, the variation 
of velocity does not exceed 1 per cent, The N.P.L. 
type Pitot tube is used as a standard, together with a 
micromanometer of the null, or zero-reading pattern. 
In practice, it has been found possible to repeat readings 
over the normal range of 100 ft. per minute upwards, 
within 1 per cent. Fig. 6, page 184, shows duct jets 
being calibrated with tube-type Velometers, and for 
calibration purposes, the meters are fitted with scales 
marked in degrees on a master jig. The blank instru- 
ment scale is fitted into the master jig, the deflections 
from the calibration chart being transferred from the 
| master jig to the scale. The instrument, with completed 
scale, is checked in the wind tunnel before dispatch, and 
experience has shown that the calibration of a Velometer 
remains accurate within 3 per cent., with normal usage. 
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but it is recommended that the calibration be checked 
at least every two years. Ultra low-range Velometers 
have been calibrated against an Ower low-range anemo- 
meter, and also by means of observations of smoke 
movement ; but the extreme sensitivity of the Velo- 
meter called for more refined methods of calibration. 
A new zero-reading method has therefore been devised, 
and will be available for calibrating instruments at air 
velocities of the order of 4, ft. per second. 

A completely closed air circuit is used to protect the 
meter from extraneous draughts, and the working 
section of the tunnel is vertical in order to control the 
effect of any convection currents which might be set 
up by changes in air temperature. To measure the 
rate of flow of the air, a sensitive air-flow indicator 
has been designed to give a maximum reading at zero 
relative air flow, and it has been arranged that a very 
slight movement of air produces a large decrease in the 
indicator deflection. The indicator is fixed to a moving 
band and projects through a narrow slot into the air 
stream in the wind tunnel. The speed of the band 
can be controlled and measured accurately, and with 
a maximum deflection on the indicator, the band is 
travelling at the same speed as the air. If the indicator 
is moved a little faster, or a little slower, than the actual 
air stream, the indicator reading reduced. The 
meter under calibration is fitted with a scale marked 
in degrees, and is mounted on wires in the working 
section of the wind tunnel. We are of the opinion that 
the new arrangement is superior to the whirling-arm 
method which has been used in the past, as the latter 
has the disadvantage that the rotation of the instru- 
ment under calibration in the whirling chamber sets up 
a rotation in the air itself, and it is extremely difficult 
to measure or estimate the correct speed of the instru- 
ment relative to this moving air. 

Accuracy of Velometer and Jets under Practical 
Conditions,—One of the most important factors that 
govern the practical value of a measuring instrument 
is its ability to give correct readings independently of 
the skill of the observer. In the case of instruments 
used for the measurement of air velocities, the angle 
at which the instrument is set to the air stream requires 
particular attention. In the case of the Pitot tube, 
this can, of course, be turned until the maximum reading 
is obtained, but at low velocities this operation becomes 
a very laborious process. A direct-reading instrument, 
such as the Velometer, has the advantage that the 
operator can, by observing the scale reading, turn the 
meter to face in the right direction. In order to find 
the error involved by setting the orifice-type Velometer 
at an angle to the air stream, we have carried out tests 
in the open-jet wind tunnel. The Velometer was fixed 
in a jig which could be accurately set at any angle to 
the stream. A series of measurements was made 
with the air speed set at a constant value, and Fig. 7 
shows that the*deflection of the needle remained prac- 
tically constant over a range from +-30 deg. to —30 deg. 
to the air stream. 

The jet for the compressed-air flow meter was specially 
designed to permit errors in the setting of the jet to 
the air stream. Fig. 8 shows the characteristics of the 
jet when set at various angles to the stream, and it will 
be noticed that the instrument reads correctly over 
the range of +-20 deg. to —20 deg. In some instances 
it is necessary to be able to determine the direction of 
the air flow as well as measure the actual air velocity. 
The jets supplied with the normal tube-type Velometer 
have, therefore, been designed to have a narrower range 
of angle over which the maximum and correct reading 
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is obtained. 
the angle jet, and it will be seen that up to 10 deg. 
inclination to the stream, the error is only | per cent., 
but increasing the inclination from 10 deg. to 20 deg. 
increases the error to 10 per cent. This characteristic 
of the angle jet has proved to be of great value in 
checking the velocity distribution in an airway. For 
cases where direction of 
tlow more accurately, special have 
designed, 

There has been some doubt regarding the ability of the 
Velometer to stand up to continued use in the dusty 
atmosphere of a mine. It was, therefore, of particular 
interest to to examine an instrument which 
returned for overhauling after *wo and a half years of 
constant use under extremely severe conditions. The 
meter, which had been used in sn anhydrite mine for 
investigation during blasting, had been affected in two 
ways: (1) The needle was slightiy off zero in any but 
the horizontal position ; and (2) over part of the scale 
the movement was a little sluggish, tending to stick 
slightly. Without any change whatever, the meter 
was checked in the wind tunnel, and the results showed 
that from 500 ft. per minute up to 3,000 ft. per minute, 
the readings never differed from their true values by 
more than 3 per cent. Following this calibration, the 
instrument was opened up for examination, and it was 
found that there was a slight coating of dust on the 
lower wall of the vane chamber. There was also a very 
small deposit on the rear side of the vane, this, of 
course, being responsible for the out-of-balance of the 
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movement, but the most important feature was that 
there was no sign whatever of dust on the pivots, jewels, 
and control spring. 

Comparison of Methods of Measurement.—In a recent 
experiment in which it was necessary to measure the 
quantity of air flowing through an 8-ft. by 4-ft. duct, 
three independent methods were used for measuring 
the air volume, namely, (1) the anemometer, (2) the 
Velometer, and (3) the Thomas meter. The Thomas 
meter was built to form part of the duct. In order to 
smooth out the air flow, a number of layers of copper 
gauze were placed before the Thomas meter grids. 
For convenience in taking measurements with the 
anemometer and Velometer, the outlet area was divided 
by means of tightly stretched wires into 32 sections, 
each 1 square ft. in area. The anemometer used was 
calibrated before, and immediately after the tests in 
the wind tunnel, against the standard Pitot tube and 
water gauge. In general, the anemometer is accurate 
under good conditions of air distribution, but in irre- 
gular conditions it gives readings which are in excess 
of the true values. In measuring the velocity, half- 
minute traverses were taken across each of the 32 
squares, and this procedure was adopted in each of the 
tests. For the tests with the Velometer, an averaging 
jet was used in conjunction with the instrument. 
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checked immediately after the tests, as in the case of 
the anemometer. 

The Thomas-type air meter consists essentially of a 
uniformly distributed heater through which the air 
flows, which raises its temperature by a small 
amount. The rise in temperature of the air due to the 
heater, is determined by the change in resistance of 
copper-wire grids placed in the air stream in front and 
behind the heater. The quantity of air flowing can then 
be calculated from the rate of heat input to the air 
stream, the resultant temperature rise of the air, and 
the known specific heat of air. The meter is accurate 
for normal flow conditions, but if there is any return 
flow of air from the heater back to the inlet thermo- 
meter grid, there is a decrease in the apparent rise in 
the air temperature across the heater. Consequently, 


TABLE I. 

Velocity, anon Volume, 

Meter Feet per | noe Bante | Standard 
Minute. | Square Feet. | Air 
Anemometer 2.371 34°38 82,510 
Velometer 1,983 34-8 69,080 
Velometer (repeat) 1,935 34-38 67,330 
Thomas meter 34°8 49,590 


under these conditions the Thomas meter gives a read- 
ing which is lower than the true value. Since the 
anemometer and Velometer were calibrated together, 


| measurements should agree provided the air flow is 


uniform. For the first test the distribution was made 
somewhat irregular, in order to check the accuracy of 
the three methods of air measurement under practical 
conditions. The results are shown in Table I. The 


| discrepancy among the three methods of air measure- 


This jet has a slot approximately 4 in. long, the meter | 


being calibrated to give a reading which is the average 
velocity over the slot. 
little resistance to the air stream, was calibrated with 
the meter against the standard, the calibrator being 


| 
| 


The jet itself, which offers very | 


ment is due to the very irregular distribution. The dis- 
tribution is shown up clearly by the repeat Velometer 
readings, with three readings in each area. It is of 
interest to note that the 96 Velometer readings in this 
repeat test occupied only 17 minutes. It will be noted 
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that the Thomas meter reading was considerably lower 
than any of the other readings, owing to the return air 
flow heating up the inlet thermometer grid. The test 
was then repeated with the air flow smoothed out, and 
under these conditions there was excellent agreement 
among the three methods of measurement, as shown 
in Table II. 

Pressure Loss in Curves and Right-Angled Bends.— 
In the report* of the Midland Institute Committee on 


TABLE II. 
Velocity, Area, Volume, 
Meter. Feet per | Square Feet.| Standard 
Minute. Air. 
Anemometer 2,746 34-8 | 95,560 
Velometer 2,682 34°38 | 5 
Thomas meter 34-8 97 





the Ventilation of Mines, considerable data are given 
by Cooke and Statham regarding the loss of pressure at 
bends and in straight airways. In all pipe lines and 
airways, the loss of energy at bends is of great import- 
ance, and the development of experimental aerodyna- 
mics has drawn attention to the many important 
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factors. Guide-vanes are fitted at each right-angled | 


bend in the wind tunnel used by us, but it is not gener- | 


ally known that such guide vanes reduce the total loss 
of energy, at the bends, to an almost negligible amount. 
This small loss of energy, where guide vanes are 
used at right-angled bends, has led to closer study 
of the problem, and it has been conclusively proved by 
careful experiment, that in certain instances a sharp 
right-angled bend is more effective than a curve. 


Moreover, when a bend or curve is followed by a length | 
of straight airway, much of the pressure loss is re-| 


covered. The direct-reading air meter is of great 


value in the study of flow at bends, since it makes it | 
possible to obtain data for velocity-distribution dia- 


grams in quite a short time. By the study of these 
velocity contours, the engineer is able to determine 
the modifications necessary to improve the air-flow 
conditions. Ina particular case of a ventilation system 
there was a considerable loss of energy at the fan out- 
let. The distribution of air velocity was measured by 
means of the Velometer, and the diagram shown in 
Fig. 10 was obtained. By fitting horizontal splitters, 
the final distribution, shown in Fig. 11, was obtained. 
The smoothing out of the air flow resulted in a much 
smaller pressure loss. In the case of mine-ventilation 
fans, the distribution at the outlet is usually irregular, 


and the performance of the fan can be improved by | 


fitting splitters, consisting of flat metal sheets. The 
correct position and angle for the splitters is readily 
determined by plotting the velocity distribution. 

In the paper “ The Underground Leakage of Air: 
Investigation of the Porosity Coefficient,”’+ the late 
Professor H. Briggs described tests carried out to deter- 
mine the porosity coefficient of the wall masses. 
order to measure pressures, he made use of an Askania 
Minimeter, similar to the one which we use for normal 
calibration purposes. This instrument is particularly 
useful for laboratory work, but care has to be taken 
to set the instrument level and to maintain the zero. 
There is also a tendency for the instrument to creep, 
making the measurement of small pressure differences 
of the order of ,.4,,, in. somewhat tedious. The pressure- 
type Velometer has the advantage of recording such 
small differences in pressure, and yet does not require 
levelling. It is, however, necessary to calibrate the 
instrument together with the tube with which it is 
being used, while in the case of the water gauge, the 
size of tubing is not of serious importance. The 


* “The Resistance to Flow of Air at Bends and in 
Straight Airways,”’ Trans. Inst. Min. Eng., vol. 77, page 
188 (1928-9). 

+ Trans. Inst. Min. Eng.. vol. 82, page 111 (1931-2). 
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| measurement of low air velocities with the low-range CATALOGUES 
| Velometer also proves of value in leakage investigations, P 
| since instantaneous velocity readings are obtained,| Tube Mills.—Messrs. Babeock and Wilcox, Limited, 
| which makes it a much easier matter to determine the | Babcock House, Farringdon-street, London, E.C.4, have 
| distribution of the air in the section under investigations, | sent us a catalogue describing their tube mills for the 
| In Professor Briggs’ paper, is described very lucidly, | pulverisation of coal. 
be oe for pty dene tests aan ~~yaq bed Heat-Resisting Steels.—Messrs. Hadfields, Limited. 
——s the pny meee. = ee wae Ss | East Hecla and Hecla Works, Sheffield, have issued a 
os emmying research and extending Weeds — m4 leaflet describing “ Era” heat-resisting steels for the 
question of leakage, that the low-range Velometer and | .,amelting industry. 
| the pressure meter were developed. oe Me n b ; 
Pressure Surveys in Mines.—Accurate knowledge of Milling (Cumteve.——singane. Goonge H. Alexander be fachi- 
| the distribution of pressure loss in colliery airways is | D°TY: Limited, 82, 83 and 84, Coleshill-strect, Bicexing - 
| of great value. It is necessary, of course, to measure | 2@". 4, have sent us a priced list of their “ Galex ” high- 
the reduction in total pressure from point to point, and | speed milling cutters. 
| the present method is to trail a long rubber tube to a| Rectifiers.—Messrs. The Westinghouse Brake and 
| water gauge, measuring the difference in pressure | Signal Company, Limited, 82, York Way, King’s Cross. 
between the open end of the tube and the open end of | London, N.1, have issued a booklet describing their 
the water gauge. Such a method is extremely slow | metal rectifiers for battery charging. 
and tedious and in practice serious difficulties arise.| Cold-Rolled Strip Steel.—Messrs. Uddeholm General 
To be of value, readings must be taken very quickly | Agencies, Limited, Somerset House, Temple-street, 
and the air velocity should be taken almost simul-| Birmingham, 2, have sent us a booklet which describes 
| taneously with the pressure drop. In many pits, the | their Swedish works and its products. 
| soeae loss of rerresen from a downshaft to fan mapenes | Castors.—We have received from Messrs. The Revvo 
| 36 nO more than 2-0 in. of water over a distance of many | castor Company, Limited, Archdale Works, Blechynden- 
sondon, W.11, a catalogue describing various 





| hundreds of yards, so that the loss of pressure per| ctreet. J 
| types of ball-bearing and other castors. 














Fig. 10. = ine » , 
. Oil Filters.—W e have received from Messrs. Wellworthy 
e ~ Piston Rings, Limited, Lymington, Hants, a descriptive 
" sgo_ 1000 woo ~. 200 1200 #00 brochure dealing with general-purpose filters, and a priced 
Se eae ee ae | yist of sizes suitable for motor vehicles. 
— 400 400 600, sso 960 1300 
eg 1 tea ‘ Mobile Cranes.—Messrs. Ransomes and _ Rapier, 
200° ~~~-~- 00. 250 400) 800 poo | Limited, Waterside Lron Works, Ipswich, describe, in a 
i e ~~ ¥ Med | leaflet just published, their 2-ton, standard mobile 
\ } ra ‘ cranes which are in use on many aerodromes. 
-100 Zero 200 y o- #00 750 1 Electrical Heating.—We have received from Messrs. 
Ys os ' Pad Bastian and Allen, Limited, 24, Bedford-square, London, 
a ££ i a W.C.1, a leaflet illustrating swimming pools for which 
wo (200 350 j 200 noo 150 they have supplied electrical heating systems. 
| ° J ; Cutting Tools.—Messrs. English Steel Corporation. 
i Pa \ Limited, Vickers Works, Sheffield, have sent us a booklet 
150 °} 200 9; 600 1000 150) 150 dealing with Escaloy cemented-carbide tools for machining 
a oe $/ # alloys and synthetic substances at high speeds. 
—* ENGINEERING Switchgear. — Messrs. General Electric Company, 
Limited, Magnet House, Kingsway, London, W.C.2, have 
Fig. 11. | issued a new edition of their ironclad switchgear catalogue. 
' ~ 7 > | and a brochure illustrating some recent installations. 
} | alex. aa et” ieee! Ball and Roller Bearings.—We have received from 
| ee \ Messrs. E. J. Jack, Limited, 11, Camden High-street, 
i = = s70 | 930 980 London, N.W.1, a copy of their trade catalogue of ball 
30 _ 7 \z30 ons \ shin aaa } and roller bearings of British, American and Continental 
7 \\ \ | manufacture. 
| = ‘7 — = = ‘pa 1060 | Dust Separators.—Messrs. The Buell Combustian 
sso , oe —_ ? ose 980 este Company, Limited, 49, Moorgate, London, E.C.2, have 
’ ; ! issued a catalogue dealing with the Buell ‘* Microhector ” 
| Sou ! SRO 620 } 830 | 920 820 dust separator for eliminating grit from gases and recover- 
| wees ! io ose’ _— Z en ing valuable — arising from industrial processes. 
/ Pd Z Furnaces.—-We have received from Messrs. Manchester 
| —_ f = Ftioed eS fe Furnaces (1934), Limited, Globe Works, Ashton New- 
| n / / r road, Manchester, 11, a set of leaflets describing various 
so fy 650 4, 800 900 12 900 930 ‘ ° 
&; ie i types of furnaces designed for gas or oil firing, and also 
‘Waa oot . — furnaces suitable for salt baths, oil or lead tempering. 
galvanising, etc. 





| 100 ft. is extremely small. To measure such small| Electric Motors.—We have received from Messrs. The 


| pressure drops, super-sensitive liquid gauges are neces- Harland Engineering Company, Limited, Alloa, Scotland, 
| sary, and it is found that even under the relatively ja catalogue descriptive of high efficiency motors for two- 
| ideal conditions prevailing in a laboratory, such instru- | phase and three-phase circuits at 25 to 60 cycles, and 
| ments require some considerable time to steady. The | 100 to 700 volts. Both slip-ring and squirrel-cage types 
| fluid level tends to creep slowly, until all the air in| are dealt with. 

| the long pipe attains a uniform pressure equal to that Thermostats.—Messrs. Sunvic Controls, Limited, Stan- 
being measured. The slowness of the response is due | hope House, Kean-street, Aldwych, London, W.C.2, have 
to the fact that there is no mass flow of the air through | sent us a leaflet illustrating their water-heater thermostat, 
the pipe. The Velometer has proved readily adaptable | the insulation of which is designed to withstand a test 


In | 


for the measurement of pressure loss in the airways. 
| The total pressure difference required to give a full- 
scale deflection of 75 deg. on a sensitive Velometer is 
of the order of ,;,5 in. of water, and it is possible to 
read pressure differences of ;5,4;55 in. Since in this 
case there is an actual flow of air through the meter the, 
| time lag in response is very small, and readings may be 
| taken very rapidly. By close contact with the mining 


industry, we have endeavoured to design instruments | 
We | 


to simplify the measurement of air flow in mines. 
| fully realise that the mining engineer is primarily in- 
| terested in the measurements, and not in the means 
|of measurement. We welcome suggestions and 
criticism, and would point out that the instruments 
described might be modified to particular requirements. 


We wish to express gratitude to the many members | 
of the mining profession who have made useful sugges- | 


|tions; without their co-operation the developments 


would not have been possible. Our thanks are due 
to Mr. G. A. Juhlin for his valuable advice, and we 
wish to acknowledge the help of our colleague Mr. T. 8. 
| Millen, B.Sc. Finally, our thanks are due to the 
directors of Messrs. Metropolitan-Vickers Electrical 
| Company, Limited, for giving us permission to publish 
| this paper. 


voltage of 2,000. The thermostat is stated not to be 
affected by vibration. 


Air-Washing Equipment.—Messrs. Davidson = and 
Company, Limited, Sirocco Engineering Works, Belfast, 
have sent us a catalogue of Sirocco air washers, designed 
for air cooling, humidification and cleansing. A pamph- 
let dealing with various contracts carried out at Portobello 
Power Station has also been received. 

Temperature Regulators.—Messrs. Cambridge Instru- 
ment Company, Limited, 13, Grosvenor-place, London, 
S.W.1, have sent us a leaflet describing their automatic 
mechanically -operated regulators for temperature contro! 
including thermograph regulators for temperatures up 
to 600 deg. C. and hydrostatic and pneumatic regulators 
to control the supply of steam, gas or oil. 

Valve Castings.—-We have received from Messrs. David 
Brown and Sons (Hudd.), Limited, Penistone, near 
Sheffield, a pamphlet describing the development of their 
foundries, now equipped with a battery of high-frequency 
furnaces for the production of steel castings. The 
Randupson method of cement moulding is a feature of 
the process. Another publication, from the Huddersfield 
works of the same firm, gives particulars of Radicon 
worm reducing gears equipped with cooling fans. 
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** ENGINEERING "" ILLUSTRATED 
PATENT RECORD. 


ABSTRACTS OF RECENT PUBLISHED SPECIFI- 
CATIONS UNDER THE ACTS OF 1907 TO 1938. 
The number of views given in the Specification Drawings 
is stated in each case; where none is mentioned, the 
Specification is not illustrated. 
Where inventions are communicated from abroad, the 
Names, etc., of the Communicators are given in ilalica. 
Opes 7 5 may be obtained at the Patent 
|, eat. Branch, 25, Southampton Buildings, 
arp-tane, Landen. W.C.2, price 18. each. 
The date ~, the _ advertisement of the acceptance 8 a 
is, in each case, given r 
abstract, 1g the Patent has been sealed, when the 
word “* ‘sonen " is appended. 
‘om the 


An may, al any time F aya two months 
‘date of the advertisement of the acceptance of a Complete 
Specification, ive notice at the Patent Office of 
opposition to 
grounds mentione 





mt of a Patent on any of the 
din the Acts. 


ELECTRICAL APPARATUS. 


505,604. Circuit-Breaker Operating Mechanism. A. 
Reyrolle and Company, Limited, of Hebburn-on-Tyne, 
W. J. Dean, of Stafford, M. Clothier, of Newcastle-on- 
Tyne, and A. Allan, of Tynemouth. (4 Figs.) November 
15, 1937.—The circuit-breaker unit consists of an insulat- 
ing cylinder of “ bakelised " paper suspended vertically 
from the cover plate of the casing A. The cylinder is 
filled with oil and constitutes the main circuit-breaker 
tank, while the space within the outer casing A around 
the tank is filled either with insulating compound of the 
bituminous oil-resisting type, or with a non-inflammable 
gas under pressure, such as nitrogen or carbon-dioxide. 
The use of a compressed inert gas reduces the amount of 
inflammable material in the switchgear, and helps in 
extinguishing fire. The pressure is chosen to give the 
gas a dielectric value comparable with that of the com- 
pound, so that the electrical clearances are the same in 
both cases. The moving contact rod passes through an 
oil-tight gland in the bottom of the tank into an oil-filled 
extension tube which is in turn mounted within an oil- 
filled fibre vessel. The oil in the circuit-breaker tank, 
which may become contaminated by the arcing, is 
segregated from the oil in the extension tube, and the 
tank and the tube form a self-contained unit. The 
contact rod carries a plunger sliding in a cylinder mounted 
within and spaced from the tube so that the upper end 
of the cylinder above the plunger is in communication 
with a pipe E* and the annular space around the cylinder 
ix in communication with the cylinder beneath the plunger 


and also with a pipe E°. The pipes are of insulating 
a 
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material, and feed oll respectively to the two sides of the 
plunger. Mounted on the cover plates of the several 
clreuit-breakers is an oil reservoir in which a cylinder G* 
ie immersed. The cylinder communicates through 
conduits G*, G*® with the pipes E*, E® of each circuit- 
breaker. The conduits open into annular recesses in the 
eylinder adjacent to glands at the opposite ends of the 
stroke of an hydraulic piston H, the piston rod of which 
carries a double-acting pneumatic piston H®? sliding in a 
cylinder H® to which compressed air is supplied under the 
ontrol of two electromagnetically-operated valves. The 
cylinder H® is provided with two soring-loaded latches 
H*, H’, which co-operate with collars on the piston H’. 
Each latch carries a piston on whose ipper face bears the 
loading spring, and whose under face is open to the 
oylinder. In the position shown, the moving contact 
rod is in its lower position and the circuit-breaker is 
open, the piston H closing the conduit G*. To close 
the circuit-breaker air is admitted through the right-hand 
port and lifts the latch H’ to release the piston H?. 
This moves the piston H, which draws oil through the 
pipe E* and delivers oil under pressure through the pipe 
&*. The plunger is raised and closes the circuit. When 
the piston H* reaches the end of its stroke the latch H* 
engages a collar and locks the pistons H* and H in 
position. In addition, the contact rod is held in position 
by a spring-loaded detent. To open the circuit-breaker 
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the operations are reversed, the rise of pressure above 
the plunger on the contact rod releasing the detent. The 
piston H covers the conduit G* or G* slightly before it 
reaches the end of its stroke, producing a dashpot action 
to bring the piston to rest without shock. 
expansion and contraction of the oil with changes of 
temperature, slight leakage is permitted from the cylinder 
G' to the oil reservoir, and the piston H is designed to 


deliver a small excess over the quantity actually required | 


to operate the contact rod. (Accepted May 15, 1939.) 


SHIPS AND NAUTICAL APPLIANCES. 
505,665. Motor-Boat Gearbox. 
of Roade, and W. T. Groom, of Towcester. (4 Figs.) 
November 20, 1937.—The invention is a forward-and- 
reverse gearbox in which the gears and the clutch are 
interlocked. The gearbox is of the 
with co-axial driving and transmission shafts, the 
countershaft being arranged parallel to them, and two 
selector rods arranged as usual on each side of the upper 
part of the gearbox. A driving pinion is keyed on the 
inner end of the driving shaft, a sliding gear wheel is 
splined upon the transmission shaft, two fixed gear 
wheels are keyed on the countershaft and an inter- 
mediate gear wheel is mounted so that it constantly 
meshes with the driving pinion and one gear wheel on 
the countershaft, both of which are of the same size. 
The adjacent faces of the driving pinion and the sliding 
gear wheel carry clutch dogs. The selector rods each 
have the usual slide upon which the selector plate is 
mounted. One of the slides is connected with the sliding 
gear wheel on the transmission shaft. The selector plate 
is engaged by one end of a tumbler rod 8 connected with 
the operating lever 15. The tumbler rod 8 is mounted 
in a universal bearing 9 on the gearbox cover. The outer 











—_ | 
_/ 
end terminates in a forked head 12 and carries a control- 
ling spring mounted between the forked head and the 
bearing 9. The forked head 12 carries a roller which 
engages a cam surface lia on the inner edge of the 
bridge piece which is bolted to uprights mounted on the 
gearbox cover. The operating lever 15 is pivoted on a 
bracket 17 on the gearbox cover and consists of a handle 
which screws into a threaded socket. To the socket is 
secured a curved yoke piece 18, which engages the forked 
head of the tumbler rod and also a fixed plate 19 in 
which a cam slot is formed. This slot engages a roller 20 
upon one end of a lever. Mounted upon the clutch cross- 
shaft is a fixed slotted quadrant plate 23, to which the 
adjustable lever is secured. The cam slot in the plate 19 
has a neutral notch to synchronise the operating lever 15 
with the clutch mechanism, while the yoke 18 is designed 
to allow sufficient lost motion between the operating 
lever and the head of the tumbler rod 8 to enable the 
clutch to be disengaged in advance of the disengagement 
of the sliding gear wheel as the operating lever is moved 
from its engaged position to neutral. As the movement 
of the lever 15 is continued, the curved yoke plate 18 
forces the roller in the forked head of the tumbler rod 
over the crest of the cam surface of the bridge piece, 
so depressing the tumbler rod against the spring, and 
as the roller passes the crest of the cam the reaction of 
the spring throws over the tumbler rod, so that the clutch 
on the driving pinion and sliding gear wheel snaps into 
engagement before the clutch mechanism is engaged by 
the continued movement of the operating lever 15. 
The neutra] notch in the slotted cam plate 19 serves to 
hold the clutch operating lever in the neutral position. 
The throttle valve is operated simultaneously with the 
clutch cross shaft by the operating lever 15. (Accepted 
May 16, 1939.) 





To allow for | 


_AUG. II, 


_1939- 





MISCELLANEOUS. 


505,305. R t P . Aut tive 
Products Company, Limited, of London, E., C. S. Clench 
and Q. H. H. Kahl, of London. (3 Figs.) March 29, 
1938 ,—The indicator is cheap to manufacture and robust, 
and is unaffected by changes in oil volume due to tempera- 
ture changes. The indicator unit contains two cylinders, 
one having an indicator piston 12 and the other a master 
piston 14. The piston 14 is connected to a hand lever 18 
on the front of the unit by a toggle. The upper parts of 
the indicator and master cylinders are connected together 
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| by a passage which has a branch connected by a pipe line 
W. T. B. Cooper, | 


to a remote unit 23. This unit consists of a cylinder in 


| which a piston 25 is urged forward by a relatively light 


spur wheel type | 


spring. The other end of the spring is housed in a sliding 
tubular abutment closed at one end to engage a curved 
arm, connected to the part, the position of which is 
to be indicated. As this part changes its position, the 
abutment slides within the cylinder, so limiting the 
movement of the piston 25. The indicator piston 12 has 
a tubular skirt housing a compression spring which is 
stronger than the spring in the remote unit. The dis- 
Placement of the indicator piston 12 operates a bifurcated 
arm 41 on a spindle which also carries a pointer. The 
master piston is dumb bell-shaped and has a‘central bore, 
the lower end of which is closed. Its upper head 45 secures 
a rubber packing washer which forms a seat for the head 
of a mushroom valve. This valve has a tubular stem 
which extends into the bore of the piston 14, and is closed 
at its lower end, while the head is drilled to slide on a 
wire 53, but is unable to pass a knob on the lower end of 
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the wire. A passageway connects the interior of the 
stem with the working space above the piston 14 to allow 
free movement of the valve relative to the wire. The 
piston 14 also has a lower head 56, and the space between 
the upper and lower heads 45 and 56 is in permanent 
communication with the central bore and with a reservoir 
59. The pipe line connects together three separate 
chambers having variable volumes, one each above the 
pistons 12 and 14 and one within the remote unit 23. 
When the system is inoperative, the piston 14 is fully 
retracted, but the pistons 12 and 25 are fully advanced 
by their respective springs. When an indication is 
required the lever 18 is moved as far as possible. The 
initial movement of the piston 14 closes the mushroom 
valve, shutting off the chamber above the piston from 
the reservoir 59, so that a predetermined volume of oil is 
discharged under pressure. This oil can most easily pass 
through the pipe line into the remote unit, forcing back 
the piston 25 until it meets the abutment 28. Any 
excess oil builds up a pressure above the indicator piston 
until it overcomes the spring and depresses the piston to 
an extent corresponding inversely to the displacement of 
the abutment 28. The toggle which connects the lever 
18 and the piston 14 can just pass a dead centre, so that 
the lever 18 can be left in its operative position in order 
to obtain a continuous indication. The arm 41 is formed 
with an abutment so that, when the indicator piston 12 
is in the lowest position and any expansion of the oil due 
to rise of temperature tends to jam it against the bottom 
of the casing, the abutment “ breaks ” the toggle to return 
all the pistons to their inoperative positions. The 
accuracy of the indication depends upon the quantity of 
oil injected into the pipe line and indicator cylinder at 
each operation, and this volume is regulated by axial 
adjustment of the wire 53. If the wire is raised the 
mushroom valve closes later in the stroke and less oi! is 
delivered. (Accepted May 9, 1939.) 
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THE KADENACY SYSTEM 
OF SCAVENGING. 
By G. F. Muckiow, D.Sc. 


In an article* by Professor S. J. Davies, D.Sc., 
published in 1937, an account was given of the 
Kadenacy system of scavenging, and deductions 
drawn from a series of experiments described in the 
article were brought forward in support of the 
somewhat startling claims made in regard to the 
system. Considerable attention has of late become 
focused on the problem of scavenging by the 
utilisation of exhaust-gas inertia, and it is perhaps 
of interest to consider the claims made for the 
Kadenacy system as set out in the above article 
and in the patent specifications referring to the 
invention. The basic principle upon which the 
theory of the Kadenacy system is built up is con- 
tained in the statementt by Professor Davies that 
“in an engine running under practical conditions 
the exit of the exhaust gases does not follow the 
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lengths. It was concluded from the close similarity 
of the curves that* ‘the period of exhausting of 
the gases from the cylinder is unaffected by the 
pipes, and that the production of a vacuum in the 
cylinder is independent of whether a pipe is fitted 
or not.” 

In reaching the above conclusions, Professor 
Davies did not appear to have taken any account of 
the action of the stop provided to limit the piston 
travel. Details of this stop were not given but, 
from the illustrationt of the apparatus, it appeared 
to consist of a flat plate carried on four longish bolts 
attached to the cylinder holding-down flange. The 
effects of the elasticity of this arrangement must be 
considerable, and might well be sufficient to account 
for the return motion of the piston. This view is 
supported by an examination of the displacement- 
time curves, which appear to be typical ‘‘ bounce ” 
diagrams, and show accelerations which are hardly 
compatible with the explanation given by Professor 
Davies. To the critical observer there appears to 


at a pressure of 35 lb. to 45 lb. per square inch 
(gauge). The subsequent flow at the orifice was 
| observed by noting either the behaviour of the 
| smoke streams or of the cloud of mist which formed 
| inside the cylinder owing to the sudden expansion. 
| In no case was there the slightest indication of any 
reflow into the cylinder following the explosion, and 
| the experiment demonstrated conclusively that the 
| pressure in a cylinder following discharge through 
a plain orifice with no pipe fitted does not in fact 
fall below atmospheric. 

(2) The second main source from which evidence 
|in support of the Kadenacy claims was drawn con- 
sisted of pressure records obtained from an indicator 
| fitted to the exhaust pipe of an engine at a point 
| close to the exhaust port. The indicator consisted 
‘essentially of a Pitot tube mounted at the centre of 
the pipe in such fashion that it could be arranged 
to open either towards or away from the cylinder. 
This Pitot tube was connected to a U-tube mano- 
| meter through an arrangement of fixed and rotating 


ordinary laws of flow, but is ballistic in character.”| be no evidence whatsoever to support the con- | sleeves, giving an effect similar to that of a strobo- 
It is claimedt in the patent specification “ that the |‘ clusion reached by Professor Davies that a depres- | scope. 
















































































Fig.1. Fig.2.  Cork- Smoke Tubes 
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mean speed of the ballistic exit of the burnt gases 
from the cylinder occurs at a velocity varying 
between 1,400 m. and 1,800 m. per second.” Profes- 
sor Davies further stated that, following the very 
rapid exit of the burnt gases, a depression is left in 
the cylinder, and emphasised* that ‘‘ the production 
of a vacuum in the cylinder follows the ballistic exit 
of the gases ” and that “ the vacuum is independent 
of the pipe, or, in fact, whether a pipe is present or 
not.” 

The evidence advanced in support of these claims 
is drawn from two main sources :—({1) Experiments 
were made with a bare engine cylinder mounted on 
a support and fitted with a piston connected by a 
“ free’ connecting rod to a crank which could be 
rotated by hand. In operation a combustible mix- 
ture was compressed by rotating the crank. On 
ignition the connecting rod became detached from 
the piston, which then moved freely downward 
under the explosion pressure until it encountered 
a stop. A port was opened by the piston near the 
bottom of its stroke, and it was observed “ that the 
piston then returned up the cylinder and came to 
rest at a point about two-thirds of its upward 
travel.”” The fact that the piston finally occupied 
this position was taken as proving the existence of 
a sub-atmospheric pressure in the cylinder following 
the exit of the burnt gases. An indicator was also 
arranged which permitted curves of piston displace- 
ment to be plotted to a time base for a short time 
interval during which the piston approached and 
moved away from the stop. Fig. 1 is a reproduc- 
tion of a diagram in Professor Davies’ article, and 
illustrates a number of such curves as recorded with 
open exhaust and with exhaust pipes of different 











* ENGINEERING, vol. 143, page 685 (1937), et seq. 
Ibid. page 715. 
Patent Specification No. 473,684, page 11 (35). 


+ 
+ 
+ 


sion is formed in the cylinder when no exhaust pipe 
is fitted or that the length of pipe has no effect on 
the exhaust period. The opinion is widely held that 
any depression formed in an engine cylinder follow- 
ing exhaust is purely an exhaust-pipe effect, de- 
pending on the conservation of the kinetic energy of 
the issuant gases by use of an exhaust pipe, and the 
re-transfer of this kinetic energy into potential 
energy. In this view it would be impossible for any 
appreciable depression to occur in a cylinder fitted 
with no pipe at all, since in this case the kinetic 
energy is dissipated close to the orifice and is no 
longer available for transformation into potential 
energy. 

In order to settle the point, the present writer 
recently carried out a simple experiment with the 
apparatus shown in Fig. 2. The apparatus con- 
sisted of a thick glass cylinder, 13 in. long and of 
4 in. internal diameter, provided with }-in. thick 
steel end plates seated on rubber washers. In the 
lower end plate were fitted a motor-car tyre valve 
and a connection for a pressure gauge. The upper 
plate was provided with a central orifice, and two 
small tubes were arranged to supply streams of 
smoke under slight pressure, these streams meeting 
above the centre of the orifice. Tests were made 
with orifices of } in., 1} in., and 2} in. diameter. 
For the two smaller sizes the orifice was closed by 
means of a tightly-fitting cork. For the 2}-in. 
diameter orifice, sheets of Cellophane were used, 
these being gripped between the lower face of the 
end plate and the rubber washer interposed between 
the end plate and the top of the glass cylinder. 
In action, the pressure in the cylinder was raised 
by means of a tyre pump until the cork flew out or 
the Cellophane burst, this being arranged to occur 





* ENGINEERING, vol. 143, page 686 (1937). 
+ Loc. cit., (Fig. 1.) 


| The apparatus enabled an observation to be 
made of the pressure in the exhaust pipe at any 
chosen point in the cycle, the complete pressure 
diagram being obtained by plotting a number of 
such observations. In discussing examples of such 
diagrams, Professor Davies appears to the present 
writer to have regarded them as records of static 
pressure only, and, for this reason, they are treated 
as such in the present article. 

Fig. 5, on page 188, reproduces three diagrams 
given by Professor Davies, and gives records of 
exhaust-pipe pressure at an engine speed of 800 r.p.m. 
with three different lengths of pipe. Figs. 6 to 10, 
on the same page, are taken from the Kadenacy 
patent specifications,* and show a series of dia- 
grams recorded at different engine speeds with an 
exhaust pipe of fixed length. In each diagram 
there are two curves, one dotted and one full. 
Where the full line lies above the dotted line, the 
motion of the gas is away from the cylinder, and 
vice versa, and the difference between the ordinates 
of the two curves at any point is a measure of the 
gas velocity at that instant. 

Referring again to Figs. 6 to 10, it will be noted 
that a pulse of pressure occurs in the exhaust pipe 
shortly after release, and it is claimedt that the 
duration of this’ pulse corresponds to the passage 
of the column of exhaust gas past the indicator, 
the burnt gases having left the cylinder by the time 
the pressure in the pipe has fallen again to atmo- 
spheric. It is further claimed{ in the patent 
specification, from the very short duration of the 
pressure pulse, that the gas velocity is far greater 
than could occur with adiabatic flow and that the 
velocity is in the region of 1,400 m. to 1,800 m. per 


* Patent Specification No. 473,686. 

+ ENGINEERING, vol. 143, page 687 (1937), column 3. 
Patent Specification No. 473,684, page 10 (115). 

t Patent Specification No. 473,684, page 11 (35). 
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velocity of sound in the 
gas. The indicator will 
then register a rapidly 
increasing pressure, and 
the gas in the pipe at the 


to be accelerated. Pro- 


distance of the indicator 


/ 

a . i ‘y from the exhaust port as 

EO. AO. \ /BDC EL.AC ein: Siieeneiaitn ailenem. 
(6693 8) v Te ENGINFERTW! Sin. Thus a rise of pres- 

sure occurring @ degrees 

second. There appears to be no valid reason why ; after the opening of the port should correspond to 


the above interpretation of the pressure records 
should be accepted as correct. A more orthodox 
interpretation is available, based on the accepted 
laws governing the flow of gases. Thus, when the 
exhaust port commences to open, the gas in the 
exhaust pipe is at rest, and a disturbance will 
travel towards the open end of the pipe with the 
velocity of sound in the gas. This disturbance will 
arrive at the indicator at an instant L/V, seconds 
after the valve commences to open, where L is the 
effective distance to the indicator and V, is the 


the arrival of a disturbance travelling at V,, ft. per 
9N , ; . 

p r (N being expressed in 
revolutions per minute and @ in degrees). Table I 
refers to Figs. 6 to 10, and shows the approximate 
crank angles @ at which the pressure commences to 
rise rapidly, together with the corresponding caleu- 
lated value of V,. These values are approximately 
constant and are consistent with the above explana- 
tion. 

Referring again to Figs. 6 to 10, it will be noted 


second, where V 


indicator will commence | 


fessor Davies gives the | 


that the dotted lines show that the motion of the 
gas is towards the open end of the pipe until a 
point very much later than that at which the 
pressure in the pipe falls to atmospheric at the 


TABLE I. 


Fig Speed " Vv, 
No R.p.m Deg. Ft. per Sec. 
6 800 5-0 1,440 
7 1,000 7°5 1,200 
8 1,200 9-0 1,200 
9 1,300 10-0 1,170 
10 1,500 11-0 1,227 
Mean 1,247 


| termination of the initial pressure pulse. It is 
| claimed in the patent specification, however, that, 
the burnt gases having left the cylinder, this motion 
is that of the inlet gases which* “have passed 
through the cylinder, have occupied its entire 
volume, have swept through it and entered the 
exhaust duct, and continue to do so until the 


* Patent Specification No. 473,686, page 11 (120). 
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reversal in direction occurs.” The above claims | page 628) as 1,350 ft. per second, by H. O. Farmer | Surprising variations of wind velocity occurred at 








carry little conviction, since at the point where the 
pressure in the exhaust pipe falls to atmospheric at 
the end of the initial pulse, the pressure in the 


| (Proc. I. Mech. E., vol. 138, page 410) as 1,260 ft. nearby points. More striking still were the pressure 
| per second, and by A. Pischinger (F.Z.G.d.1., 1935, | variations at different heights of the building. Re- 


cylinder may still be well above atmospheric, and the 
cylinder far from emptied. Fig. 11, opposite, shows | 
the pressures in the exhaust port and cylinder dur- | 
ing the exhaust stroke of a 4-stroke unit, recorded | 
under motoring conditions. In each case the) 
cylinder pressure is well above atmospheric at the | 
termination of the initial pulse of pressure in the 
exhaust port, and it is reasonable to expect that, | 
with the engine firing, an even greater difference | 
would exist between the pressures in the cylinder 
and in the exhaust pipe. A more reasonable 
interpretation of the diagrams suggests that the 
burnt gases are still leaving the cylinder until a 
point very much later than the crank angle at) 
which the first pulse of pressure terminates. 

Table II refers to Figs. 6 to 10, and shows the | 
approximate crank angles at which flow towards the | 
open end of the pipe ceases, together with the | 
corresponding time interval between this point and | 
the opening of the exhaust port. The interval | 
shows little change with alterations of speed, and is | 
consistent with the normal discharge of a fixed | 
volume of gas through a port of fixed size. 








TABLE II. 
| Speed | ot Re — | Time I 1 
peed. at Reve ‘ime Interval. 
Fig. No. Rpm. | ofFlow. | Sec. 
| Deg. | 
6 800 | 57 | 0-01187 
7 1,000 71 0-01183 
- 1,200 84 0-01166 
9 1,300 90 0-01153 
10 102 0-01134 


1,500 








The depression shown in Figs. 6 to 10 as occurring in 


the exhaust pipe following the initial pulse of| - 


pressure is claimed* in the patent specification to be | 
due to the burnt gas leaving the cylinder at such 
high velocity that “it is discharged as a mass, | 
leaving a depression behind it...” It is further | 
statedt in the specification that the well-defined 
vacuum loop occurring near the middle of the | 
admission period is “due to an insufficiency of | 
entering air from the admission to fill the depression 
or void left by the exhaust gases in the cylinder | 


and in the ducts traversed by the exhaust gases.” | - 


An alternative, and more convincing explanation, | 
is that the vacuum loop and the subsequent positive 
loop are purely exhaust-pipe effects, and represent | 
the first and second reflections of the original pulse | 
of pressure. Thus, when the exhaust port opens, 
a pulse of pressure occurs in the entrance to the 
exhaust pipe. This disturbance travels forward | 
through the gas in the pipe, and on arrival at the 
open end is reflected with change of sign. The| 
negative reflection then travels back to the port, | 
where it arrives at an instant " seconds after it 
originally left, to be again reflected, this time with 
sign unchanged. It is thus to be expected that the 
interval @ separating the centre of the vacuum loop | 
from the centre of the initial pressure pulse should | 


be approximately ptt. degrees, where N is the | 
v 


engine speed (revolutions per minute), V, is the 
velocity of propagation (feet per second), and L is | 
the effective length of pipe (feet). The effective 
length of an exhaust pipe does not, in general, 
coincide with the measured length, and a close 
analysis of the pressure records is rendered difficult | 


| vol. 6, page 245) as 1,230 ft. per second. 

The smaller depressions shown in Fig. 5 as 
occurring between the termination of the initial 
pulse and the commencement of the main vacuum 
loop, may well be caused by further negative refleo- 
tions of the initial pulse. Thus, in pipe (a), for 











TABLE III. 
Crank Angle | Crank Angle 
No Pipe Length. at Middle at Middle Interval. 

: In. of Initial of Vacuum A 

Pulse. Loop. 
a 59-1 17°5 52°5 35-0 
b 78-8 17-5 64-0 46°56 
c 98-4 17°5 75-0 57-5 














instance, a negative reflection would be expected to 
extend between crank angles of approximately 30 deg. 
to 55 deg., while for pipe (c) a negative reflection 
should commence at approximately 47 deg. and 
terminate at approximately 72 deg. crank angle. 
For the diagrams shown in Figs. 6 to 10, the same 
length of exhaust pipe was used in all cases, though 
the actual length of the pipe is not stated. Table IV, 


| however, gives the approximate interval @ between 


the middle of the vacuum loop and the middle of 
the initial pulse in each case. The fact that this 
time interval remains approximately constant, 
irrespective of changes in engine speed, is consistent 
with the view that the vacuum loop represents the 
first reflection of the initial pressure pulse. 

In conclusion, it must appear from the foregoing 
analysis that the theories upon which the Kadenacy 
system of scavenging is based are open to grave 














TABLE IV. 
Crank Crank | 
| Angle at | Angle at | Interval @. 
Fig. | Speed. | Middle of | Middle of | 
une Pulse. — Seconds 
| ulse. p. Bact. Secon 
| Deg. | Deg. | 10", 
“a 
:| & 13 « «6| 8s aa 
7 1,000 16 57 41 os 
8 1,200 18 70 52 o-4 
9 1,300 19 | 72 53 | 6-705 
10 1,500 20 81 | él | See 
t 








| doubt, and that the evidence leads strongly to the 


opinion :—({1) That the burnt gases do not leave 
the cylinder at anything approaching the abnormally 
high velocities claimed ; (2) That the production of 


|any appreciable vacuum in a cylinder following 


exhaust is purely an exhaust-pipe effect, and is only 
possible where some form of pipe or duct is fitted 
to the exhaust orifice ; (3) That the crank angle 
at which the vacuum period develops is mainly 


controlled by the natural period of vibration of the | 


exhaust system. 


[Professor 8S, J. Davies’ comments on this article 
appear in a letter on another page.—Eb. E.] 








WIND ACTION ON BUILDINGS. 
By Rosins FLEMrinea. 


WInD action on buildings is a subject of perpetual 
interest. The present article is a continuation of 
previous articles published in ENGINEERING, vol. 145, 
page 280, issue of March 11, 1938; vol. 140, pages 


| ferring to the wind pressures recorded in a paper,* 


“Wind Pressures on a Model of the Empire State 
Building,” by Messrs. Dryden and Hill, the author 
wrote, “A comparison of the pressures of the 
model and those on the building shows clearly 
that the natural wind movements are not at all like 
those in a wind tunnel.” The highest of 169 tabu- 
lated velocities was one of 75 miles to 95 miles per 
hour. A maximum of 102 m.p.h. was reached in 
the storm of March 22, 1936. To quote one who 
took part in the discussion of the paper (F. L. 
Castleman, Proceedings, vol. 65, page 147), “It is 
assumed in the foregoing that true and not indicated 
velocities are dealt with.” The greatest recorded 
deflection from plumb-bob observations, 86th to 
6th floor at points 969-25 ft. apart, was 2-97 in. 
This is the same deflection as would be produced 
by a uniform load of 13-4 lb. per square foot over 
the south face of the building. “It is to be noted 
that the foregoing data are based on the greatest 
recorded deflections. That storms producing greater 
deflections have occurred is doubtless true, so this 
value must be accepted with caution.” 

Part ITI of the paper was entitled “ An Estimate 
of the Stiffening Effect of the Masonry.” This was 
treated at length in a scholarly manner. “ Rigidity,” 
the author wrote, “is of considerable importance 
as it affects the popularity of a building with 
tenants.” 

Of Part III, “ Conclusions,” the last three will 
be quoted :— 

(7) The cantilever and portal methods of 
design have neither been corroborated nor refuted 
by these data. 

“*(8) The masonry increases the rigidity of the 
building about 350 per cent. more than that of the 
unsupported frame. 

**(9) The data herein given have not shown that 
20 Ib. per square foot is an improper value for the 
assumed lateral load on a building of the type of 
the one investigated when in a similar environment. 
This leaves the masonry as an added, but not 
perfectly reliable, factor of safety.” 

It is not surprising that the paper was discussed 
at length in subsequent numbers of the Proceedings. 
One writer, Mr. David A. Moliter, said that “‘ Were 
it not for the inherent rigidity of the architectural 
clothing of the steel frame, current design assump- 
tions would be seriously deficient. Fortunately 
the combination of a flexible steel frame, designed 
for certain wind loads and unit stresses, with a 
comparatively rigid fill material such as concrete, 
does produce tall buildings with tenantable rigidity.” 

A review of Professor Rathbun’s paper was given 
in an article,t ‘“‘ Wind Forces on a Skyscraper,” 
which appeared in the previous volume of ENGINEER- 
ING, and in which attention was drawn to a feature 
of the distribution of the wind, ‘“ unremarked by 
the author of the paper.” The maximum positive 
wind pressure occurred at the 55th floor level, 
but the maximum suction occurred to leeward 
of the 75th floor. ‘The fact that the suction is 
twice the positive pressure is not surprising, although 
| the disparity is more marked for the actual building 
‘than for the model.” Again, in mentioning the 
| effect of the masonry to make the building 4} times 
| as stiff as if the steel frame alone held it in position, 
| it was suggested that structural engineers might 





| safely effect some economy in respect to this source 


of strength, ‘ 


‘not to the full extent, since allowance 
must be made for the deterioration of masonry 


owing to lack of essential data. 


432 and 539, issues of October 18 and November 15, | with age, yet not wholly neglecting it as is commonly 


For the three diagrams in Fig. 5, the engine speed 1935 ; vol. 136, pages 481, 563 and 590, issues of | done.” Another article,t published in an earlier 
was 800 r.p.m. The measured lengths of exhaust | November 3, 24 and December 1, 1933. Of that | volume, dealt with ‘“ Research Work on Wind 
pipe were as shown in Table III, which also gives | which has been written on the subject during the | Pressure in Belgium.” A tower 29-5 m. high had 
the approximate interval @, separating the middle | P®8t two years, first place will be given to a paper*! heen erected for experimental purposes. The span 
of the vacuum loop from the middle of the initial | "titled “ Wind Forces on a Tall Building,” by| between the fixed towers was 250 m. “The in- 
pressure pulse in each case. The resulting values of Professor J. Charles Rathbun, of the College of the | stajlation,” it was stated, “‘ will enable the relation 





V», calculated from the interval @ and the measured | City of New York. The paper was unique in ae between the aerodynamic coefficients of a model 


length of pipe, are :—(a) 1,350 ft. per second; (b) 1,355 
ft. per second ; (c) 1,369 ft. per second. It is of 
interest to note that the average velocity of propaga- 
tion for waves travelling in an exhaust pipe is given 
by Dr. J. C. Morrison (Proc. J.A.E., 1932-33, vol. 27, 











* Patent Specification No. 473,684, page 9 (50). 
t Patent Specification No. 473,686, page 12 (35). 


it treated of wind forces and deflections obtain 
| from measurements made over a period of more 
| than five years on the tallest building in the world, 


| viz., the Empire State Building of New York City, | 
| which has a height of 1,248 ft. above the sidewalk. | 





* Proceedings of the American Society of Civil Engineers, 
vol. 64, page 1335, September 1, 1938. 


and a full-sized tower to be established and will 
enable work to be carried out on the frequency of 
gusts.” 





National Bureau of 





525, 








* Research Paper No. 
Standards. 
+ ENGINEERING, vol. 147, page 191 (1939). 





¢ ENGINEERING, vol. 145, pages 498 and 638 (1938). 
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A paper,* “Some Engineering Problems of 
Modern Building Construction,” by H. John Collins, 
presented problems relating to wind action but 
did not give their solution. The author wrote, “ It 
is common practice at present to make the rigidity 
of connections a function of the wind overturning 
moment and to neglect their restraint for vertical 
loads.” In other words, joints are assumed more 
or less fixed for horizontal loads and pin joints for 
vertical loads. ‘‘ As the dead load is more certain 
than the wind load,” he asked, * would it not be 
better to assume partial fixity of an amount to be 
obtained experimentally for vertical loads and pin 
joints for calculating the stresses on, say, diagonal 
braces (assuming they can be accommodated) for 
wind loads?” Omitting the “thorny problem 
of the wind load on a rigid frame ”’ he passed to the 
consideration of assumptions made in dealing with 
the problem of design. 

New methods, or modifications of present methods, 
of determining wind stresses are still being offered. 
A recent presentation ist ** Simplified Wind Analysis 
of Tall Buildings,’ by Otto Gottschalk, the inventor 
of the Gottschalk Continostat, a mechanical device 
for obtaining the deflection of statically-indeter- 
minate structures. Mr. Gottschalk thinks that 
none of the many approximate methods of wind- 
stress analysis of frames heretofore proposed yields 
safe results unless the percentage that each column 
of a story absorbs of a horizontal force acting upon 
the floor above is considered. He evaluates this 
proportion and evolves the “column shear” 
method and a shorter approximate method, the 
“ beam shear ** method. 

At this point attention is called to the 
fusion often caused by the uncertainty whether 
published velocities are actual velocities or those 
indicated by the anemometer. A case in point is 
that of tenders asked for a warehouse in Puerto 
Rico. It was specified that the design should be 
made to resist a wind velocity of 125 m.p.h. All 
the bidders but one submitted prices for a building to 
resist a true velocity of 125m.p.h. A single bidder's 
design was for an indicated velocity of 125 m.p.b., 
which means, if by a Robinson anemometer, a true 
velocity of 95 m.p.h. From the formula, P 
0-00256V* (P =Ilb. per square foot of surface 
exposed to the wind, V = true velocity in miles 
per hour), P = 32 Ib. for 125 m.p.h. and 24-3 lb. 
for 95 m.p.h. It may be noted that published 
velocities of the United States Weather Bureau 
since January 1, 1932, are true velocities, that is, 
the velocities indicated by the Robinson anemometer 
corrected. The correction of indicated to true 
velocity should be understood by the structural 
engineer. 

The “ Specification for the Design, Fabrication 
and Erection of Structural Steel for Buildings,”’ 
with editorial revision of June, 1937, of the American 
Institute of Steel Construction will be quoted : 
“ Proper provision shall be made for stresses caused 
by wind during erection and after completion of 
the building. The wind pressure is dependent 
upon the conditions of exposure and geographical 
location of the structure. The allowable stresses 
specified in sections (6) and (7) are based upon the 
steel frame being designed to carry a wind pressure 
of not less than 20 pounds per square foot on 
the vertical projection of exposed surface during 
erection and 15 pounds per square foot on the 
vertical projection of the finished structure.’ The 
basic unit stress to be used for steel in tension 
is 20,000 lb. per square foot, net section. Members 
subject to tension produced by a combination of 
wind and other loads may be proportioned for unit 
stresses 33) per cent. greater than basic stresses, 
“ provided the section thus required is not less 
than that required for the combination of dead load, 
live load, and impact (if any).”” Members subject 
to stresses produced by wind forces alone may be 
proportioned for basic stresses increased 33} per cent. 
The Annual Report of the Institute for the year 
ending September 30, 1938, stated that the 20,000 Ib. 


con- 


* The Structural Engineer, vol. 16, page 306, October, 
1938. The Bossom Lecture. 

+ Proceedings of the American Society of Civil Engineers, 
vol. 64, page 2023, December, 1938. 

} Wind Stresses in Buildings, Fleming (Wiley, 1930), 
Chapter IV, “‘ Wind Pressure and Wind Velocity.” 
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specification is in use by official adoption in 188 
cities and by permission in 140 cities. In addition, 
19 other public authorities have adopted or per- 
mitted its use. 

The 1937 Edition of the Uniform Building Code 
of the Pacific Coast Building Officials’ Conference, 
with amendments to March 1, 1938, called for wind 
pressure upon all vertical plane surfaces of all 
buildings to be assumed at not less than 15 Ib. per 
square foot for those portions less than 60 ft. 
above ground, and at not less than 20 lb. per square 
foot for those portions more than 60 ft. above ground. 
The basic unit stress for net section of structural 
steel in tension and permissible increase for wind 
loads are the same as those of the American In- 
stitute of Steel Construction. No specific mention 
is made of impact. “The overturning moment 
resulting from wind pressure shall in no case exceed 
75 per cent. of the dead load.’’ This is an amend- 
ment. The 1937 edition called for 50 per cent. 
The Building Standards Monthly, the official organ 
of the Conference, in its issue of April, 1939, listed 
236 cities and counties with a population of 6,534,000 
that had adopted the Uniform Building Code. 

The sub-committee on steel of the American 


Society of Civil Engineers presented their Sixth | 


Progress Report* at the annual meeting of the 
Society held in New York, January 18-21, 1939. 
An increase was recommended in the wind force 
to be used for design. The previous recommenda- 
tion of 20 lb. per square foot up to the 500 ft. 
level remained. Above that level, instead of an 
increase of 2 Ib. for every 100 ft., an increase 
of 3-5 lb. was recommended. Professor C. R. 
Young, of the University of Toronto, who has 
been chairman of the committee since its inception, 
stated that this increase was to meet the pos- 
sibilities of gust, hurricane, and tornado effects 
on buildings in large cities. At the 1,000 ft. 
level the assumed pressure would be 37-5 lb. per 
square foot. At the 1,200 ft. level it would be 
44-5 lb. per square foot. A part of the report was 
a paper by Professor George E. Large, of Ohio 
State University, on torsion in building frames. 

The present German building codet has been 
effective since June 18, 1938. The wind load to be 
assumed upon a structure, according to the Code, 
depends upon its shape and is composed of pressure 
and suction. The formula for unit wind pressure 
may be expressed in English nomenclature by 


p=cq 
in which, 
p is the pressure in lb. per square foot of exposed surface; 
c is additional value depending upon the shape of the 
structure ; and 
q is the velocity pressure in lb. per square foot depending 
upon the height of the structure. 


For level surfaces at right angles to the direction 
of the wind the value of ¢ for surfaces of enclosed 
buildings is usually taken at 1-2 and for surfaces 
of tower-like structures at 1-6. The value of q 
varies from 10-3 Ib. per square foot for heights not 
more than 19-7 ft. to 26-7 lb per square foot for 
heights more than 328 ft. For buildings exception- 
ally exposed to the wind q is to be taken at not less 
than 22-6 lb. per square foot. 

The present London Building Act became 
operative on January 1, 1938. A unique require- 
ment is that, for wind pressure on roofs inclined at 
an angle of more than 20 deg., a pressure of 15 lb. 
per square foot acting norma] to the surface is to 
be assumed on the windward side and 10 lb. per 
square foot of surface “ acting separately and not 
simultaneously on the leeward side.’ For con- 
struction other than for the roof the wind pressure, 
acting vertically, is to be assumed at 10 lb. per 
square foot of covered area. Provision is to be 
made for a horizontal wind pressure of 15 lb. per 
square foot (with certain exceptions) on the upper 
two-thirds of the building surface. The basic unit 
working stress for structural steel that is made to 
comply with British Standard Specifications is 
8 tons (1 ton = 2,240 lb.) per square inch net section 
in tension. Working unit stresses due to wind 


* Engineering News-Record, vol. 122, page 7, January 
26, 1939. 

+ Stahlbau Kalendar, 
Blatt 4, Windlast. 
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action may, with certain limitations, be increased 
334 per cent. 

The “Theme Center” of the World’s Fair at 
New York City is marked by two structures that 
are without parallel in the history of structural 
steel, the Perisphere and the Trylon. The steel 
| workers promptly shortened these imposing names 
to “ Apple” and “ Needle.” The perisphere is a 
hollow sphere of 180 ft. outer diameter. At a 
| distance of 200 ft. (c. to c.) is the Trylon, a tapering 
| triangular tower 610 ft. high with a width on 
each side of 63 ft. at the base and 2 ft. 7 in. at the 
top.* 

A paper,} “ Aerodynamics of the Perisphere and 
Trylon at World’s Fair,” by Messrs. Klemin, 
Schaeffer and Beerer, gave an account of certain 
wind-tunnel experiments on a model, accompanied 
by theoretical considerations. The first named of 
the joint authors, Professor Alexander Klemin, is 
head of the Daniel Guggenheim School of Aero- 
nautics, New York University. In a later issue of 
the Proceedings (vol. 64, page 514, September, 1938) 
exception was taken to the theory by Elliott H. 
Reed, Professor of Aerodynamics in Stanford Uni- 
versity, California. 

An outstanding feature of the 1939 Golden Gate 
International Exposition on San Francisco Bay 
is the “ Tower of the Sun.” An article { on the 

“ Design of a 400-ft. Octagonal Tower,” by Mr. John 
J. Gould, chief structural engineer of the Exposition, 
gave the data used. The tower has an outer dia- 
meter of about 59 ft. Wind loads were assumed to 
be 15 lb. per square foot for the lower 60 ft. of the 
tower and 20 Ib. per square foot above that level. 
To provide torsional rigidity an unbalanced wind 
load of 5 lb. per square foot was allowed on one- 
| half the tower diameter. Maximum wind stresses 
in the main column occurred 75 ft. above the ground. 
Of the total stresses at this point, 15 per cent. were 
caused by dead load, 10 per cent. by deflection of 
the structure and 75 per cent. by wind load. The 
deflection of the top of the tower under the assumed 
wind loads was calculated to be 20 in. No increase 
in basic unit stresses was allowed in the long un- 
supported columns (elevation 73 ft. 10 in. to 178 ft.) 
for stresses due to wind loads. Elsewhere, for a 
combination of wind and dead loads, plus secondary 
stresses caused thereby, an increase of 33} per cent. 
was allowed. 

The date of September 21, 1938, will long be 
remembered in New England and Long Island by 
reason of the hurricane that swept those’ regions at 
that time. The loss of life was more than 500 and 
the property loss ran into several hundred million 
dollars. Property loss can be estimated but a 
financial value cannot be placed upon the value of 
shade trees. In Boston, trees crashed on the historic 
Common and the renowned elms of Brattle Street, 
in Cambridge, were blown down. In the small 
state of Connecticut, 80,000 trees had fallen across 
country roads and city streets. Trees in falling had 
| disconnected more than one-third of the 300,000 
telephones in the State. 

The maximum velocity of wind during a hurri- 
cane is often a matter of conjecture. Two days 
after the New England hurricane, a newspaper 
stated: ‘‘ Providence, September 23.—Here at the 
airport they still don’t know how fast the wind 
was blowing during the hurricane. The recording 
instrument showed 100 miles an hour and then 
blew away.” This is equivalent to a true velocity 
of 76-5 m.p.h. However, at the Weather Bureau 
Station§ a velocity of 87-5 m.p.h. was reached, 
\equivalent to a velocity indicated by a four-cup 
Robinson anemometer of 115 m.p.h. “At Blue 
Hill Observatory, Milton, Mass., the maximum 
5-minute velocity was 121 m.p.h. and for shorter 
intervals the wind velocity was indicated to be 
173 for one measurement and 183 for another. At 


* Engineering News-Record, vol. 121, page 580, 
November 10, 1938. “ Building the ‘ Needle’ and the 
* Apple. H. D. Hussey and E. E. McKeen. 

+ Proceedings of the American Society of Civil Engineers, 

| vol. 64, page 1887, May, 1938. 
t Engineering News-Record, 
December 29, 1938. 
| § Monthly Weather Review, vol. 66, page 286, Sep- 


>” 


vol. 121, page 831, 


tember, 1938. ‘“‘ Hurricanes of September 16 to 22, 
1938.” By I. R. Tannehill, Marine Division, Weather 
Bureau. 
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the observatory on Mount Washington the 5-minute 
maximum was 136.” 

The hurricane and the tornado should not be con- 
fused. No form of building yet constructed can 
withstand a tornado in its fury. Fortunately, the 
probability of the occurrence of a tornado in a 


given area is quite small and the area of destruction | 


is comparatively slight. A preliminary report of 
the Weather Bureau states that the 200 tornadoes 
in the United States during the year 1938 caused 
181 deaths, 1,321 injuries and a property loss of 
8,045,000 dols. 


3,152,875 dols. 
Professor John Milne (1850-1913), “the father 
of modern seismology,” when asked, ‘“‘ Can disasters 


from earthquakes be averted ?” answered, “ No, | 


but they can be mitigated.” A similar answer can 
be given to a like question regarding hurricanes. An 
article* on “Hurricane Shelters in Florida” 


described two buildings erected on the Florida Keys | 
to provide shelter for the inhabitants against | 
another hurricane such as devastated the area on | 


Labour Day, 1935. In their design a live load of 


100 Ib. per square foot was assumed for floors and | 


the same for roofs, including wind. On the walls, 


to include wind and debris impact, a horizontal | 
pressure of 250 Ib. per square foot on any one bay | 


and 150 Ib. per square foot over the whole area 
was assumed. 
Bearing on the subject of protection, Colonel C. L. 


Hall of the Engineering Corps, United States Army, | 


has written an article+ on “‘ The 1938 Hurricane and 
Its Effects on Long Island Beach-Protection Struc- 
tures.” Col. Hall thinks that what man can do 
to lessen the destructive effect of such storms on 
the sea coast and its communities is highly prob- 
lematical. Of the three forms of damages from 
hurricanes, viz., from wind, from waves, and from 
high water, the major damage is from water. The 
methods of protection against these three menaces 
differ. In so far as the wind alone is concerned, he 


continues, “any structure can be designed to resist | 


any wind velocity. Whether such protection is 
economically worth while is another matter. It is 
obviously not worth while if it causes the rent of 
the building to rise to a point where it will always 
remain vacant.” 

Puerto Rico is a land of hurricanes. A book, 
“ Hurricanes, Their Nature and History: Par- 
ticularly Those of the West Indies and the Southern 
Coast of the United States,” by Mr. Ivan Ray 
Tannehill, Chief of the Marine Division, United States 
Weather Bureau, was published by the Princeton 
University Press in 1938. The author, previously 
quoted, lists seven hurricanes of Puerto Rico that 
are historic because of their violence. The chief 
industry of Puerto Rico is the production of sugar. 
The “ Central,” as it is called, of a sugar plantation 
is the heart of its activity. The buildings house 
expensive equipment and it is desirable that they 
should be able to resist winds of hurricane force. 
In a paper,t “Protecting the Sugar Industry 
from Losses Due to Hurricanes,” Mr. George E. 
Howe stated certain points in design that should 
be followed, and emphasised the importance of 
details. Since he began to study hurricane effects 
on buildings, he observed, he had had to rely largely 
on his own observations of buildings that had actu- 


The toll from the 133 tornadoes of | 
1937 is given as 29 deaths and a property loss of | 


been held. The effect of wind on a building is| is their arrangement at the saddles in the shape of 
not alone due to the impact of innumerable small | hexagons with the long diameter vertical instead 
particles resulting in a pressure on the windward! of horizontal. This arrangement, which was 
side, as was set forth by the great Newton in his devised by the cable contractor, reduced the 
Principia. In aerodynamics, air is considered to | necessary vertical movements of the wires during the 
be a viscous fluid and the case of a building subjected | compacting of the cables and undoubtedly made it 
to wind pressure is that of an object deeply im-| possible to secure a more compact and nearly 
mersed in a fluid in motion. When a viscous fluid | circular shape for the finished cable, as will be 
passes over an object, particularly one with an edge, | clear from Fig. 55. The arrangement of the strands 
rotational effects result. If a roof, is flat or nearly | in vertical rows also permitted the separation of 
so, a wind tends to lift the covering. In an aero-|the rows during construction. As a result, the 
dynamic study of the wind, “ kinematic viscosity,” | temperatures of the individual strands remained 
“turbulence,” “ boundary layer,” and “stream-| more nearly uniform and the cable did not tend 
lines,” are terms that have been introduced. | to rotate under the heat of the sun in the manner 
The October, 1938, issue of Factory Mutual Record | noticed during the construction of other large 
(Boston) was devoted to the New England hurricane | cables. The spinning and erection of the cables 
of September, 1938. The section, “How Winds | will be dealt with in detail in a later section of this 
Affect Buildings,” so accords with aerodynamics | article. 
that it is quoted entire : | As already explained in connection with the 
“Formerly it was considered that the wind | description of the piers, on page 32 ante, the cables 
moving horizontally and striking the slope of @| are restrained vertically at the ends of the side 
roof tended to push it downward, helping the dead | spans by wire ropes anchored to concrete pylons. 
weight to keep the roof in place. Recent wind-| Flexible members to restrain the cables were consi- 
tunnel tests, however, have proved that there is an | dered preferable to stiff compression members 


| 


important different action involved. When a wind 
| strikes a building, it is deflected upward in such a 
way that an area of reduced pressure is produced 
over the entire surface of flat and slightly inclined 
roofs. The normal pressure inside the building 
then acts on the underside of the roof and tends to 
| lift it. The uplift force is equal to the difference 
in air pressure inside the building and above the 
roof, and is greater along the eaves and on the 
leeward side at the peak of inclined roofs. “This 
suction action produced by the wind acts on all roofs 
and is sufficient to lift them if not properly anchored. 
The lifting force is increased if the roof has an 
overhanging cornice under which the wind can 
apply a prying action; and if the wind breaks 
windows, it enters the top story, and increases the 
air pressure inside the building.” 
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By Ciirrorp E. Patne. 
(Continued from page 133.) 


| FABRICATION OF THE MaIn Towers. 


| . 
Drawines of one of the main towers are repro- 


|duced in Figs. 45 to 54, on Plate VII. These 
may be studied in connection with the diagrams 
of stresses and moments which appeared in Fig. 41, 
|on Plate V, ante. The horizontal splices in the 
| shafts are riveted for 50 per cent. of the compression 
| strength, except for the extreme outer faces, which 
| are riveted for 60 per cent. of the compression 
| strength. Wherever the section is changed by 
| omitting outer cells, in the manner already explained, 
| the details are so designed that, in effect, the section 
| omitted diminishes gradually over a length of 
| about 20 ft. in order to avoid local overstress of the 
main section or of rivets. The cells are provided 
with horizontal diaphragms spaced from 12 ft. to 
| 15 ft. apart. At each transverse bracing connection, 
|a proper distribution of the transferred loads is 
| effected by three planes of horizontal diaphragms 
tied together by means of tension plates so that, 


ally been subjected to such storms. “ Ordinarily | : : : 
text-books have helped but little. But there is a| collecti vely » they form a horizontal girder capable 
vast amount of new material, not in text-books on of delivering to each transverse web of the shaft 
structural engineering, which has been written in | “ee of the transferred load. , f 
connection with the newly developing subject of | © towers are connected to the piers by means 
aerodynamics.” | of structural-steel anchorages which are embedded 
Mr. Howe presented the aerodynamic viewpoint | in the piers for a distance of 52 ft. and by 78 shear 
of wind action in a paper, “ An Introduction to the | dowels 6} in. diameter. These are indicated in 
Study of the Wind as a Force on Buildings,” read | Figs. 47 and 5l, on Plate VII. The saddles are 


at Mayaguez on February 14, 1939, before the | supported on nests of 8-in. diameter rollers which 





engineering students of the University of Puerto 
Rico and at San Juan, on February 25, before the 
Engineers’ Society of Puerto Rico. The views pre- 
sented are quite different from those that have long 





* Engineering News-Record, vol. 121, 
December 8, 1938. 

+ Civil Engineering (New York), vol. 9, page 169, 
March, 1939. 

t Gilmore’s Puerto Rico Sugar Manual, 


page 14, 


page 734, 


1937-38, 


| permitted the necessary movements of the tower 
tops with respect to the saddles during construction. 
| After completion of the bridge, the saddles were 
| fixed to the tower tops and the spaces between the 


rollers, which are shown in Fig. 45, were filled with 
grout. A photograph of the top of the completed 
| tower, showing the saddle very clearly, is reproduced 
| in Fig. 55, on page 192. 

Each of the two cables contains 25,752 galvanised 
| bridge wires, 0-195 in. in diameter, arranged in 
| 61 strands. The outstanding feature of the cables 


| rotating on pins. The maximum load on each of 
the four groups of tie-down ropes is 1,054 tons. The 
direct stresses which the cables are designed to carry, 
at a unit stress of 37 tons per square inch, arises 
from the dead load, a live load of 2,000 Ib. per 
linear foot per cable, and a temperature variation 
of 40 deg. F. up and down from normal. 

The suspended structure will be dealt with in 
detail later, but it is desirable to make some reference 
to it at this stage. It carries a 7-in. roadway slab 
which, with the supporting stringers, was designed 
to carry the concentrated loads from 24-ton lorries 
having 6-ft. gauge wheels and axle centres 9 ft. 
apart. The rear axles were assumed to carry 
two-thirds of the load. Impact was taken as 50 per 
cent. The floor beams have a span of 90 ft. and 
are spaced at about 25 ft. They were designed for 
six 24-ton lorries abreast with a reduction factor 
of 75 per cent. to allow for the large number of 
loaded lanes. Allowance for impact was 25 per cent. 
of the live load. In addition to the vehicle load, 
a uniform load of 100 lb. per square foot on the 
sidewalks was allowed for. The stiffening trusses are 
| 25 ft. deep. In the centre span the governing loads 
were a wind load of 30 lb. per square foot on twice 
the vertical projection and live loads of 1,000 lb. 
per lineal foot per truss over the entire length 
of the span and an additional 1,000 lb. per lineal 
foot per truss of the length and position required 
to produce maximum stress. The side span chords 
carry the same wind load and a live load of 2,000 Ib. 
per lineal foot of the length and position required 
for maximum stress. The chords are of box section 
with cover plates on the top flange. The web 
members were designed for a live load of 2,000 Ib. 
per lineal foot of the length and position required 
for maximum stress. Except near the end of the 
trusses, the diagonals are two 18-in. channels. The 
verticals are of I-section built up from plates and 
angles. 

The details most difficult to design satisfactorily 
were at the expansion joints at the towers. Each 
end of the centre span is connected to a main tower 
by two vertical links and a lateral connection. 
The lateral connection is made by a pinned block 
sliding in a slot arranged so as to permit horizontal 
and vertical rotation of the end of the span, as well 
as longitudinal movement. The slot was made 
sufficiently long to permit free longitudinal move- 
ment of the centre span from transverse wind, 
live load and temperature. Longitudinal wind 
may cause the span to bear at the end of the slot. 
The total possible range of movement of the lateral 
pin is 39 in. Angular rotations from transverse 
wind and live load increase the total possible range 
of movement of the roadway grating at the curb 
to 4 ft. 8} in. The side spans through the lateral 
system are pinned to the tower to permit there only 
angular movements of the ends of the side spans. 
The longitudinal forces from these spans are, 
accordingly, carried entirely by the towers. The 
rocker links which provide the vertical restraint 
necessary to hold the ends of the stiffening trusses 
are subjected to considerable torsion because of the 
horizontal rotation of the suspended structure 
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produced by transverse wind loads. A link design 


embodying a pair of built-up I-sections, joined | 


together at the top and bottom, seemed best adapted 


to meet the combined requirements of axial stress | 


and torsional distortion. 


Fie. 55. 


ToweEr-Tor Deratrts. 


The employment of these templates necessitated the 
adoption of a uniform spacing of rivets in both 
directions for all cell groupings. The spacing 
adopted for holes in vertical rows was 3} in., or a 
multiple of that dimension. 


The tower shafts were divided, for purposes of | a few exceptions in detail material at the top of the | 


fabrication and erection, into groups of two, four | tower. 
The horizontal | was also made uniform for all cell groups. 


or six cells, about 45 ft. long. 
splices between tiers of a cell group were staggered 


The horizontal pitch between vertical rows 


The second condition for accurate erection was 


with respect to an adjacent cell group. About half | partly met by the builders by fitting up the girders, 


the cell groups were spliced at one elevation, and 
the remainder at another elevation. In addition to 
the horizontal splices, numerous vertical splices or 
seams were required. It was realised that both 
horizontal splices and vertical seams would have to 
fit accurately when erected. To attain this end it 
was necessary that all the open holes for field rivets 


which theoretically were at the same elevation, | 


should actually be at the same elevation in all parts 


of the erected shafts, and that the boundary dimen- 


sions planned for each piece should be accurately 
maintained. 
Che builders, Messrs. The Bethlehem Steel Com- 


pany, met the first of these conditions by using a| 
thick, 45 ft. 6 in. | 


single master template, 4 in. 
between the end holes in length, and 11 ft. 8 in. 
between the end holes in width. ‘These dimensions 
were sufficient to cover both the longest and the 
widest sections. As the master template was 
symmetrical about both centre lines, the working 
templates, after drilling, were turned into various 
positions in order to check both them and the 
master template. After the holes in the working 


templates had been bushed, they were checked by 


a steel tape, in order to ensure that this operation 
had not produced any appreciable distortion. 
When one tower had been fabricated, the working 
templates were again checked to determine to what 
extent they had been affected by handling. 


It | diaphragms in the way described. 


which determined the outside dimensions of a 
member, in jigs to obtain the correct depth and | 
straight parallel flanges. To ensure that the girders 
in a cell group were assembled squarely and to proper 
dimensions, all diaphragms were finished true to 
size, and temporary diaphragms were used at points 
where there were no permanent diaphragms. 
angles of these diaphragms were set back 4 in. from 
the edge of the plate in order to ensure that they 
should not affect the assembly. Vertical seams were 
reamed or drilled to metal templates in the shops, 
and the horizontal splices were also reamed or drilled 
in the shops with the adjoining sections in place. 
As soon as possible after fabrication, about 60 per 
cent. of the lower tier cell-group sections of one 
towershaft were erected in the shops and the assembly 
checked to determine whether the desired results 
were being obtained. 
strated the sufficiency of the methods adopted. 
Each tower top, comprising four cell-group sections, 
two temporary jacking posts, and parts of the 


cap plate, were assembled together in the shops. | 
This was done to ensure correct location of the | 


jacking posts and to locate accurately the holes 
in the connection of the cap plate to the top of the 
tower shaft. 

The contractor started his assembly of a member 
of a cell group by fabricating the girders in horizontal 
The girders were 


was found that only 5 per cent. of the holes did not| then assembled in a frame with the horizontal 
match, and that the maximum error was only 4 in.'diaphragms and the vertical splice plates, the 


There were, however, | were milled. 


This trial erection demon- | 








diaphragms being then reamed and riveted to the 
girders. Countersunk tack rivets were driven in 
the vertical splice plates that had previously been 
sub-drilled to template. The ends of the member 
The field holes, except for the hori- 
zontal splices, were reamed or drilled from the solid. 
The member was then assembled end to end with 
the adjacent member of the same cell group. The 
spliced material was fitted and the holes reamed or 
drilled from the solid, the splice plates at the 
upper end of the member being riveted to it. After 
separation from the adjoining members, the piece 
was painted and shipped. The tower struts and 
bracing were assembled in the shops before reaming 
| or drilling the connections. The speedy erection of 
the towers and the ease with which the field riveting 


The | was carried out were proof of the excellence of the 


work done in the shops. 
(To be continued.) 








PROGRESS IN SHIPBUILDING, MARINE ENGINEERING, 
AND AERONAUTICS IN 1938.—We have received a copy of 
the 1939 edition of the annual supplement of the Journal 
de la Marine Marchande. This publication, entitled 
** Les Nouveautés Techniques Maritimes et Aéronautiques 
en 1938,”" contains numerous articles by leading French 
engineers and naval architects on such matters as recent 
warship construction ; arc-welding in shipbuilding ; the 
use of X-rays in the testing of materials ; the testing of 
paints employed on marine structures ; steam propulsion 
in 1938; Diesel-engine construction in France and 
overseas during 1938; aeronautical progress in France 
and elsewhere in 1938; and naval architecture and 
metallurgical progress. Tabular lists of merchant vessels 
and warships launched or handed over, of ships repaired, 
and of marine engines constructed, in 1938, are also 
included. The articles are authoritatively written and 
well illustrated, and the entire production bears the 
stamp of careful preparation and editing. The supple- 
ment. which contains 196 pages, is bound in stiff paper 
| covers and the price is 30 francs. Copies are obtainable 

from the offices of the Journal de la Marine Marchande, 
190, Boulevard Haussmann, Paris, 8e. 
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THE LATE MR. LL. B. ATKINSON. 


Tue death of Mr. Llewelyn B. Atkinson, which, 
we regret to record, took place at Ferndown, Wim- 
borne, on Wednesday, August 9, at the age of 75, 
removes yet another pioneer of the electrical indus- 
try. Though his achievements, as he would have 


been the first to admit, were not of such outstanding | 


importance to the development of electrical engineer- 
ing as those of Hopkinson, Ferranti, Kapp or 
Wright, to mention only a few of those with whom 
he was associated in the heavy branch, he also 
played his part, and that a not inconspicuous one, 
in technical advancement. His great merit, how- 
ever, was an elasticity of mind and outlook, which 
enabled him, especially in later years, to adapt him- 
self to the changing requirements of the profession, 
and to use his great experience in the solution of 
present-day problems, not all of which were of a 
scientific or technical character. His geniality and 
friendliness, which were extended to the youngest 
engineer, and a certain philosophical habit, added 
to a gift of trenchant and humorous oratory, all 
combined with his other qualities to give him a 
great influence, which was wholeheartedly and 
generously employed for the benefit of the profession 
he loved so well. His presence will be greatly 
missed, not only at technical meetings, but at those 
formal and informal social gatherings at which he 
was a welcome host and guest. 

Llewelyn Birchall Atkinson was born at Builth 
Wells, Breconshire, on August 27, 1863, his father, 
Mr. William Atkinson, being at that time en- 
gaged as a civil engineer on the construction of the 
Mid-Wales railway, which now forms part of the 
Great Western system. He was educated on the 
modern side of Merchant Taylors’ School, where he 
paid special attention to chemistry and physics, 
and on leaving was awarded an Exhibition at 
St. Thomas’s Hospital. He decided, however, to 
adopt engineering, rather than medicine, as his pro- 
fession. In 1880, therefore, he enrolled as a member 
of the classes which Ayrton was holding at Cowper- 
street School, Finsbury, during the building of the 
well-known technical college, and a year later won 
the first prize and silver medal in electrical tech- 
nology. He afterwards entered the engineering 
department of King’s College, London, where he 
was awarded the Telford medal. 

Atkinson gave an interesting account of this part 
of his life in the course of a short address which he 
delivered during the Jubilee Commemoration Meet- 
ing of the Institution of Electrical Engineers in 1922. 
Pointing out that the early electrical workers could 
be divided into three classes, viz., those who were 
trained as civil or mechanical engineers, those whose 
qualifications were mainly mathematical, and those 
who had had very little scientific training of any kind, 
he placed himself in yet another class, among those 
who were electrical engineers from the outset. 
Ayrton’s classes and methods were, however, very 
different from what would be considered proper 
to-day. An hour’s lecture was followed by work 
in the laboratory, during which the professor was 
surrounded by students of all ages and all depths 
of ignorance. He was fiercely cross-examined on 
all subjects, as were the demonstrators, who did not 
know much more than the students. It was under 
these conditions that many of the discoveries of the 
day were made and priceless information was avail- 
able at the cost of 15s. per session. 

On leaving King’s College, Atkinson entered into 


an apprenticeship at the Airedale Works of Messrs. | 


Kitson and Company, Limited, in Leeds; and, in 
1886, he was articled to Messrs. 
Trotter, of London, with whom he was associated 
in a good deal of what would now be called research 
work on electric generators. In the same year 
he took out his first patent for a dynamo brush, 
which was constructed of layers with intervening 
resistances, the object being to reduce sparking. 
Subsequently, he was responsible for many improve- 
ments in connection with the application of elec- 
tricity to coal cutting. These activities were made 
the subject of a paper on “ Electric Mining Machi- 
nery,” which, in collaboration with his brother, 
he contributed to the Institution of Civil Engineers, 
and for which they were awarded a Telford gold 


medal and premium. He also invented a type of 


Goolden and | 


ENGINEERING. 
squirrel-cage alternating-current motor. In 1888, 
on the retirement of Mr. Trotter, Mr. Atkinson 
became a partner in the firm of Messrs. Goolden 
and Company, and was shortly afterwards joined 
by Mr. Sydney Evershed, who established an 
instrument-making department. He remained with 
the firm when it was amalgamated with Messrs. 
Easton and Anderson, under the title of Easton, 
Anderson and Goolden, Limited. During this 
period he continued his work on alternating-current 
motors, the results of which were published in a/| 
paper entitled ‘‘ Theory, Design and Working of 
Alternate-Current Motors,” which was read before | 
the Institution of Civil Engineers in 1898. This 
paper dealt with the fundamental principles of | 
what, in various forms, has now become a most 
important piece of electrical apparatus and was 
deservedly awarded a Telford Premium. 

In 1897, Mr. Atkinson retired from Messrs. 
Easton, Anderson and Goolden to assist in the forma- 
tion of the Trafford Park Power and Light Supply | 
Company. The object of this company was to) 
distribute cheap power over a self-contained indus- | 
trial area in the neighbourhood of Manchester, and 
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THE Late Mr. Lui. B. ATKENSON. 


this object was successfully achieved during the 
twenty years that he was a director. One of the 
firms which built works at Trafford Park was 
Messrs. W. T. Glover and Company, the well- | 
known manufacturers of electric wires and cables. 
Mr. Atkinson became a director of this firm in 1903 
and remained on the board until 1920, being, for | 
the greater part of the time. in charge of the London | 
office. He also served for a period as chairman. 
During the whole of this time he was also} 
intimately connected with the work of the Cable | 
Makers’ Association, and on the death of Mr. A. H. 
Howard became secretary and manager. After the | 
war the work of this body was reorganised, one | 
result being that Mr. Atkinson resigned from his | 
cable-manufacturing interests and became Director 
of the Association, a position from which he retired 
at the beginning of 1936. He was also Chairman 
of the Joint Industrial Council of the Cable Making 
Industry from its formation in 1921 until his retire- | 
ment, and a Vice-President of the British Elec- | 
trical and Allied Manufacturers’ Association. It 
will, therefore, be gathered that in later years his 
activities were directed more to the industrial than 
the technical side of the profession, though he con- 
tinued to take an interest in the various advances | 


'that were being made in other fields than that with 


which he was most closely associated. 


| his 


| delivered the Kelvin lecture on 


| Swan 


193 


Mr. Atkinson was elected a Member of the Institu- 
tion of Electrical Engineers in 1900 and after serving 
on the Council as a member and vice-president, 
was elected president in 1920. At that time the 
Institution had been doing valuable work for nearly 
fifty vears and it was felt that its status might well 
be increased by the grant of a Royal Charter. 
Atkinson played a leading part in the delicate work 
of negotiation which was necessary, and had the 
reward that his name appears as President in the 
Charter that was granted by H.M. King George V 
on August 15, 1921. He was elected an Honorary 
Member in 1933. 

The other electrical appointments which he held 
included the presidency and chairmanship of the 
Electrical and Allied Industries Research Associa- 
tion; he also acted as Chairman of the Council of 
the British Electrical Development Association and 
of the Telephone Development Association. He 
served on the Main and Electrical Industries Council 
of the British Standards Institution, and was for 
some years a member of the Executive Council of 
the National Physical Laboratory. In 1929 he was 
elected Chairman of the Royal Society of Arts, and 
he also served on the Council of King’s College, 
London. 

In addition to the papers we have mentioned, 
presidential address to the Institution of 
Electrical Engineers, which was devoted to the 
progress made by the electrical industry during half 
a century, was a notable achievement. He also 
“The Dynamical 
Theory of Electric Engines *’ before the same body, 
in 1918, and the Hawksley Lecture on ‘** Mechanical 
Aspects of Electricity *’ before the Institution of 
Mechanical Engineers in 1931; he also frequently 
contributed to the technical press. He was elected 
an Associate Member of the Institution of Civil 
Engineers in 1888. 








THE LATE MR. E. P. BARFIELD. 


Tue news of the death of Mr. Eric Philip Barfield 
on August 7, after a short illness, will be received with 


| regret by engineers and metallurgists in many parts 


of the world. Mr. Barfield, who was chairman and 


| managing director of Messrs. Wild-Barfield Electric 


Furnaces, Limited, Elecfurn Works, North-road, 
Holloway, London, N.7, was the last surviving son 
of the late Mr. John Barfield, and was 63 years of age. 
He had been associated with the electrical industry all 
his life, and commenced his career with Messrs. Edison 
Electric Company, Limited. He afterwards 
entered the service of the National Telephone Company, 
and, we are informed, was responsible for the laying 
of some of the first lead-covered paper-insulated tele 
phone cables in this country. Subsequently, and when 
still a young man, he was made manager of what was 
at that time one of the largest telephone exchanges on 
the south coast. 

Some years later, Mr. Barfield was appointed to the 


| head office staff of Messrs. The General Electric Com- 


pany, Limited, and later was intimately associated with 
the development of the Robertson lamp. He next 
entered the service of Messrs. Siemens Brothers and 
Company, Limited, and was engaged on the develop- 
ment of the manufacture and sale of Tantalum lamps, 


| which were the first metallic-filament lamps to be 


placed on the British market. Some years later, in 
conjunction with Mr. L. W. Wild, whom he had known 
for many years, he founded the firm of Messrs. Auto- 
matic and Electric Furnaces, Limited, which was 
afterwards renamed Messrs. Wild-Barfield Electric 
Furnaces, Limited. The firm was incorporated in 
1917, and Mr. Barfield, who had been managing director 
since the commencement, was elected chairman last 
September. 

Until he became ill some five weeks ago, Mr. Barfield 
was intimately connected with the activities of his 
company, which, commencing with the manufacture of 
relatively small and specialised furnaces for the pre- 
cision hardening of tools and gauges, gradually developed 
larger furnaces, basing their designs on the experience 
progressively accumulated. At the present time, the 
firm and its associated company, Messrs. G.W.B. 
Electric Furnaces, Limited, of which Mr. Barfield was 
also a director, construct resistance furnaces of all 
types and have been responsible for some very large 
installations. Mr. Barfield’s loss will be keenly felt 


| not only by his colleagues and employees, but also by 


Mr. 


many in the engineering and electrical industries. 
the 


Barfield was elected an associate member of 
Institution of Electrical Engineers in 1900. 
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THE BENSHAM SEAM OF THE 
NORTHUMBERLAND AND DURHAM 
COALFIELD. 


In a report recently published by the Department 
of Scientific and Industrial Research, the results of 
the physical and chemical survey of the Bensham seam 
of the Northumberland area of the Northumberland 
and Durham Coalfield * are given, the object of this 
work being to collect the data necessary for the 


utilisation of the national coal resources to the best | 
The area which has now been examined | 


advantage. 
extends from Ashington in the north to the Tyne in 
the south. The Northumberland and Durham Coal 
Measures occupy a triangular area of 900 square miles, 
including undersea royalties, with its apex in the 
north near Alnwick and its base between Hartlepool 
and Eggleston, in the south-east and south-west, 
respectively. The field forms the western side of an 
irregular basin, elongated in a north and south direction, 
the eastern side being cut off by the sea. The seams 
outcrop on the west and south and some continue 
eastward beneath the North Sea. Except for a 
covering of boulder clay, the coal measures are exposed 
at the surface over the greater part of this area, being 
concealed 
the south-eastern corner. The coal measures consist of 
alternations of sandstone, shale, coal, and fireclay, 
and contain some 20 workable seams. The naming 
of the seams and their correlation from one area to 
another is in a state of great confusion. Several 
important faults, with throws up to 1,000 ft., cross the 
coalfield, chiefly in an east-west direction. Igneous 


dykes, having a similar trend, are present, and in some | 


areas have locally “ burnt "’ the coals, with a consequent 
loss of volatile matter and reduction to a cindery 
condition. The Royal Commission of 1905 estimated 
the reserves of coal in this field (excluding the limestone 
coals) at about 8,950 million tons. According to the 
statistics published in the annual reports of the 
Secretary for Mines, some 1,500 million tons of this coal 
was mined between 1905 and 1936, leaving reserves of 
approximately 7,450 million tons. 

Although the seams are all of a bituminous nature, 
they differ considerably in character ; those in Durham 
provide some of the best coking and gas coals in the 
country, while those in Northumberland yield steam 
and house coals of high quality. The two areas are, 
however, not sharply demarcated, the change being 
gradual so that gas coals of good quality are found in 
South Northumberland. The seams between the Low 


Main and Yard are generally variable, both as regards | 


number and character, over the Northumberland area. 
The nomenclature is varied and confusing and correla- 
tion is not always certain. At Wallsend, in the south- 
east, the coal known as Bensham is the first workable 
seam below the Yard, from which it is separated by 
about 60 ft. of strata. 
5 ft. thick and contains a dirt band which is irregular 
in thickness and varies from a mere parting to about 
5 ft. In an easterly direction, towards the coast, the 
Bensham is almost worked out and mining has ceased, 
but records show that the seam was similarly split 
by a 4-in. to 54-in. dirt band. In the north and west 
two seams are generally present at the Bensham horizon, 
the upper being called the Bensham and the lower the 
Hartley Stone Coal; the interval between them varies 
but seldom exceeds 20 ft. Although correlation is 
not definitely established, it seems that the Hartley 
Stone coal may correspond to the lower part and the 
so-called Bensham to the upper part of the composite 
Bensham seam of Seghill. 

The methods used in the examination of the Bensham 
seam were those'which have now become standard 
practice in the survey. Wherever possible, the samples 
consist of a pillar of coal cut from floor to roof from 
the seam as it occurs below ground. On an average, 
these pillars are about 18 in. square in cross-section 
and, of course, vary in height with the thickness of the 
seam. They are thus sufficiently large to be examined 
in detail in the laboratory and to be analysed layer by 
layer if required. Before division, all dirt bands and 
abnormal inclusions, such as massive pyrites, are 
excluded, this process corresponding to the hand 
picking which the coal normally undergoes at the 
pit head. The analytical method: used are those 
standardised by the Fuel Research Organisation, and 
since adopted by the British Standards Institution, so 
that the survey results are comparable throughout. 

The lower of the two seams occurring in the Bensham 
horizon in the north is normally of good quality, and 
the thickness ranges from 2 ft. to 3 ft. 7 in. The coal 


is mostly bright,the proportion varying from 74 per cent. | 


to 87 per cent. It has a low ash content varying from 
2-6 per cent. to 4:6 per cent. and a volatile matter 
content ranging from 38 per cent. to 42 per cent. on a 


* The Northumberland and Durham Coalfield, The 
Bensham Seam, Department of Scientific and Industrial 
Research, Technical Paper No. 47. London: H.M. 
Stationery Office, price 2s. 6d. net. 


beneath a cover of newer rocks only in| 


The Bensham is here about) 
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dry ash-free basis. The ultimate analysis, calculated 
to coal substance, shows that the carbon varies from 
83-6 per cent. to 84-7 per cent. The hydrogen content 
is variable, ranging from 5-2 per cent. to 5-5 per cent., 
while the nitrogen content is constant, the figures being 
either 1-9 per cent. or 2-0 per cent., in all cases. 
Organic sulphur is normally low, the total sulphur, 
expressed on an air-dried basis, only in one instance 
exceeding 2 per cent.; in three samples it is less than 
1 per cent. The upper seam over the same district 
is much inferior to the lower; the moisture content is 
normal but the ash content is rather high, ranging 
| from 4-6 per cent. to 8-2 per cent. In the southern 
district, the seam is usually divided into two parts by 
a variable dirt band seldom more than 2 ft. in thickness ; 
possibly these two parts correspond to the two seams 
in the northern district, but for the purposes of the 
survey they were treated as one seam. There is 
considerable variation in the quality of the two parts, 
the bottom being good in the north and depreciating 
| southwards, while the top is good in the south, depre- 
ciating northwards. The agglutinating properties 
in the southern district show a considerable increase 
from north to south, the seam changing from a low- 
carbon, weakly caking house and manufacturing coal 
to a medium-carbon, strongly caking gas coal closely 
resembling the coking gas coals of north-east Durham. 
With these changes the laboratory carbonisation assay 
shows an increase in coke yield, volume of gas, and 
yield of gaseous therms. The ash, in general, is very 
| refractory and the fusion point is never low, this factor 
| being of considerable value in the inclusion of the coal 


in commercial blends. 








| 
|CONTINUOUS BLOWING-DOWN FOR 
LOCOMOTIVES. 

By B. J. G. B. Sams, A.M.I.Mech.E. 


Tue conditioning of water for use in stationary boilers 
| has long been standard practice, but it is only in 
comparatively recent years that the specialised problems 
of water-treatment as applied to locomotive uses have 
| received the attention that their importance deserves. 
| The primary aim of all treatment is the avoidance of 
| seale in the boiler by the prior removal of the various 
scale-forming salts such as the carbonates and sulphates 
| of calcium and magnesium, the ideal condition being 
| that of zero hardness in which these impurities are 
entirely absent. Treatment, however, can never be 
really effective until all the water in the operating 
area is properly conditioned, and the requisite low 
degree of hardness attained, together with sufficient 
residual alkalinity to precipitate the residual hardness 





a . - 


in the boiler. A low hardness alone is no criterion of 
the suitability of a water for locomotive purposes ; 
correct alkalinity is of equal importance. In addition 
to an increased life of the tubes and improvement 
of the evaporative efficiency, absence of scale in the 
boiler should allow a greater mileage between washings 
out, an important point in the running shed. 

The actual value in terms of fuel of the improvement 
in the evaporative efficiency of a boiler is a little difficult 
to assess with accuracy, although it is not negligible ; 
precise information on this point must await the bringing 
into use of the new testing plant at Rugby. The 
improvement in tube life, however, can be readily 
stated. Prior to pre-treatment of the feed water, it 
was often necessary to extract a large proportion 
of the tubes situated more or less in an inverted “ V,”’ 
in order to remove the accumulated scale ; this would 
ocour in quite medium-quality water districts after 
about 20,000 miles running. Moreover, this accumu- 
lation would have been causing for some time consider- 
able leakage at the tube necks in the firebox, incurring 


much expense and possibly involving the occasional | 


laying-off of the engine. It is also to be noted as an 
additional expense that, as the process of removal 
involves closing-in the tube ends, these have to be sawn 
off and a new make-up length pieced-on prior to 
replacement in the boiler. 

The method of water-treatment most commonly 
employed by railways is the lime-soda process, in which 
solutions of hydrated lime and soda-ash are mechani- 
cally mixed with the raw water in pre-determined 
proportions, the rate of p 
of the mixture being set to allow precipitation of the 


ress through the plant | 
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| 
impurities as sludge at the bottom of the mixing tank. 
| The treated water passes slowly up through the mixing- 
| tank and then through a filter, usually of wood wool, 
positioned at the top in the discharge to the wayside 
| supply tanks, the precipitated sludge being blown out 
| through special valves at the base of the tank as and 
when required. In this process the salts causing 
permanent hardness, that is, the calcium and mag- 
nesium sulphates, etc., are replaced by the correspond- 
| ing sodium salts, which can be adjusted to give the 
| desired alkalinity to the feed water in order to inhibit 
| corrosion. Speaking generally, the use of water that 
| has been treated for permanent hardness will cause 
| the concentration of salts in the boiler to increase at a 
| greater rate than with untreated water owing to the 
| presence in solution of these sodium salts, whereas 
with waters containing a high proportion of temporary 
hardness the total dissolved solids of the feed water 
are so reduced in the lime-soda softener that the rate 
of increase of concentration in the boiler will be less. 
In the former case, therefore, the priming concentration 
point of the water will be more rapidly approached 
and it becomes necessary to take steps to avoid this. 
Formerly, avoidance was sought by limiting the 
softening process to about four or five degrees of 
residual hardness, but at the same time it was felt 
that limitation was by no means the most satisfactory 
solution. Moreover, the theoretical improvement in 
mileages between washings out did not materialise ; 
in fact, in some cases, a tendency was noted towards 
more frequent bookings of water changing by the 
drivers, indicating an increase rather than a decrease 
of priming on the road. Experience has shown that 
the only proper solution of this problem is the installa- 
tion of a systematic method of blow-down on the 
locomotive. For this there are two methods : automatic 
and intermittent. The automatic system provides a 
steady and continuous blowing-down at a pre-deter- 
mined rate as long as the regulator is open. This is 
achieved by a balance valve, operated against a spring 
by the pressure of steam led to it through a small pipe 
from the steam chest; when the pressure is off the 
spring closes the valve. The intermittent method 
consists only of a casual blow-down when opportunity 
offers and cannot be so satisfactory because the 
periods between the opportunities are bound to vary 
greatly and the amount blown down cannot be pre- 
determined. A comparative diagram of the two 
methods is given in the accompanying figure. The 
dotted line P P represents the saturation-point at which 
priming will occur, say, 200 grains of solids to the gallon, 
and the straight-line curve to A, the rate of increase of 
the total density of solids in the absence of any blowing- 
down. The curve to E represents the limitation of the 
total density of solids by the use of the continuous 
| blow-down valve, and the zigzag curves BC, BC .. , 
the limitation by periodical intermittent blowing-down, 
the limitation in each case being just below the priming- 
line. The dotted curve to D gives the average total 
density of solids obtained by the intermittent method, 
which is shown to be the more wasteful of the two. 
It may be remarked that the amount of water to be 
| blown out will depend upon the design of the boiler, 
| the load and speed of the train and the composition 
| of the feed water; it can be taken that this amount 
will vary from 5 to 15 per cent. of the total consumption. 
Many engineers object to the loss arising through the 
| continuous blowing away of heat units; and on the 
| face of it an intermittent system, set to work automati- 
cally when the regulator is shut, would seem preferable 
from the operati aspect. There are sufficient 
| demands on the boiler without further wastage, and 
a combination of poor coal, bad weather and heavy 
| load may well stress its capacity to the limit. Against 
| this argument is the undesirability of blowing-down 
| when standing in stations, added to the indeterminate 
| duration of periods both between and during action, 
| rendering anything like accuracy impossible. It is 
to be borne in mind, however, that the continuous 
| blow-down constitutes a continuous hot washing-out 
| of the boiler and that, where a universal system of 
water treatment exists, washing-out of boilers in the 
running sheds becomes unnecessary. In addition, 
the tubes should run from general repair to general 
repair, avoiding the need for two (or more) extractions 
between general overhauls, for the removal of scale. 














I.A.E. REPAIR CERTIFICATE.—In connection with the 
award of Institution of Automobile Engineers’ Repair 
Certificates and Badges, intending candidates are asked 
to note that the next series of practical tests for motor- 
| vehicle mechanics and electricians will be held during 
the latter half of September, and forms must be sub- 
| mitted without delay. Applications for practical test 
in section A (mechanical), will be considered from 
candidates of 23 years of age or over, and for section B 
(electrical) from candidates of 21 years of age or over. 
Literature and application forms may be obtained from 
the secretary of the Institution, 12, Hobart-place, 
| London, S.W.1. 
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ALTERNATING-CURRENT AMMETER. 


INSTRUMENTS, LIMITED, SALFORD. 
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TRANSFORMER IN OPEN Fia. 


PosITION. 


Fic. 


LINK-TEST AMMETER FOR 
ALTERNATING CURRENTS. 


Tue link-test ammeter, which has recently been 
placed on the market by Salford Electrical Instruments, 
* Limited, Peel Works, Silk-street, Salford, 3, has been 
designed with the object of providing a reliable instru- 
ment for measuring the alternating current in a conduc- 
tor without breaking the circuit. As will be clear 
from Fig. 1, it consists of an easily portable current 
transformer of a special shape, the secondary of which 
is connected by detachable leads to an instrument of 
the moving-coil rectifier type. The windings of this 
transformer are short-circuited and are so arranged, 
in conjunction with the design of the iron circuit, that 
the instrument, it is claimed, is unaffected by any 
changes in the reluctance. The instrument is available 
in two-range and three-range models, the individual 
ranges being brought into circuit by means of a press- 
button switch. The usual ranges are 100 amperes and 
500 amperes, 250 amperes and 2,500 amperes, and 
100 amperes, 500 amperes and 1,500 amperes. 

In Fig. 1, the magnetic circuit is shown open, while 
Fig. 2 illustrates it in the closed position, together 
with the leather case, in which it is conveniently 
carried. To open the magnetic circuit to admit 
the conductor, the handle is rotated so that first 
a catch is released and then the movable yoke is 
turned through a right angle. After encircling the 
conductor the core is readily closed with one hand by 
rotating the handle in the opposite direction, the final 
movement snapping the catch into position and ensuring, 
it is claimed, a definite magnetic circuit. This opera- 
tion is easily carried out by one hand. When the core 
is locked in position the reluctance is constant and does 
not fall by more than 10 per cent. when the yoke is 
only partially closed. It is not intended, however, 
that the instrument should be used with the yoke in 
this position. The fact that the instrument and its 
transformer form separate units is especially convenient 
when i measurements in co or badly 
lighted situations, as the instrument may be placed 
6 ft. or more away from the cable. 

The ammeter may also be used on three-phase 
cables to detect and measure fault currents due to the 
fact that the summation of the currents in the three 
phases is zero, if no leakage is occurring. If leakage is 
present the out-of-balance current down to as little as 
0-5 ampere can be measured by the instrument. In 
the case of armoured cables the armouring should be 
disconnected when taking measurements at the cable 
end box and be temporarily earthed by a lead which is 
threaded back to the link-test transformer. This 
serves to neutralise any currents which may be present 
in the armouring itself. The transformer is completely 
insulated, the core and windings being encased in 
mouldings so that no metallic contact can be made 
with bare conductors. This insulation is stated as 
being capable of withstanding a flash test of 8,000 volts 
alternating current and is designed for continuous 
use with bare conductors at pressures up to 660 volts 
and with insulated cables up to any voltage. The 
readings of the voltmeter are independent of the 
position of the conductor and the accuracy is + 2 per 
cent. of the full scale reading. The movement being 
of the permanent-magnet moving-coil type is well 
damped. Even on fluctuating loads, therefore, readings 
can easily be taken. 


2. 


TRANSFORMER CLOSED, WITH TRAVELLING 
Case. 


THE PRODUCTION OF MERCURY 
DURING 1938. 


In spite of the disturbed conditions in Spain, in 
which country the principal reserves of quicksilver 
are situated, ample supplies were available for world 
consumption in 1938. This satisfactory position was 
brought about partly because the fear that Spanish 
supplies would be seriously reduced proved to be 
entirely unfounded—in point of fact, Spanish production 
appears to have increased materially in 1938—and 
partly because mining managers and engineers in the 
two other leading mercury-producing countries, 
namely, Italy and the United States, made prepara- 
tions to meet the anticipated shortage by speeding 
up production. Statistics issued by the United 
States Bureau of Mines show that, in 1937, Italy 
produced 66,777 bottles of mercury, each containing 
76 lb., or 2,302 metric tons of the metal. This output 
constituted a high record, being two-and-a-half times 
the average production of that country for the five 
years immediately preceding 1937. During 1938 
this high rate of production was maintained, the 
Italian output reaching approximately 67,000 bottles. 
Production in the United States amounted to 17,991 
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THE SECTIONAL-UNIT DRIVE 
| AT DARTFORD PAPER MILLS. 


AN outstanding name in the history of the paper- 
making industry is that of the Dartford Paper Mills, 
which has been established since 1787, and was No. | 

| in the Register of Paper Mills drawn up in 1839 for 
| collecting the tax on paper. In spite of this evidence 
| of antiquity, however, the mills are to-day equipped 
with most modern plant, and have on more than one 
F occasion been the scene of the introduction of technical 
improvements that are now accepted as standard 
practice, both in the art of paper-making and in the 
| plant used for its production. A recent improvement 
at Dartford to which particular attention may be called 
|is the reconstruction of the No. 5 paper machine, 
| shown in Fig. 1, on page 196. This work has been 
| undertaken to enable the machine to run at nearly 
double the previous speed, and to make possible its 
conversion to the sectional electric drive. The machine 
itself was completely reconstructed by Messrs. Walms- 
leys (Bury), Limited, the work involving the provision 
of a new wire part, suction couch roll and set of pumps. 
The press was also reconstructed, suction rolls 
being installed and arranged in horizontal formation 
with the rolls in contact. This ‘‘ dual-press ” design, 
which is a recent development, was introduced to this 
country by the managing director of Messrs. Dartford 
Paper Mills, Limited, Mr. Philip T. Goldney. 

The paper machine was originally driven by a steam 
engine through a Milne’s continuous rope, though this 
was replaced in 1933 by a single electric motor. When 
the reconstruction of the machine was under considera- 
tion, the possibilities of the modern sectional electric 
drive were investigated. This method was found to 
have many advantages, such as lower power consump- 
tion per ton of paper, reduced maintenance costs, con- 
stant draw (or tension) between the sections, full control 
from the operating side of the paper machine, cleanli- 
ness, constancy of speed, ease of checking the power 
consumption of individual sections, and of indicating 
the draw as well as giving complete protection on each 
section. Furthermore, in this particular case a sectional 
drive of larger power could be installed easily in the 
space available, and at the same time more ready access 
was possible to the back of the paper machine. As 
a result, it was decided to employ the ‘“ Witton” 
electric sectional-unit drive made by Messrs. The 
General Electric Company, Limited, Magnet House, 
Kingsway, London, W.C.2, this being the first example 
of this type of drive to be installed. As is well known, 
the various sections of a paper machine have to be 
driven at slightly different speeds in order to accommo- 
date the changes in the length of the sheet, while the 
speed of the machine as a whole must be adjustable to 
suit the particular class of paper. In the Witton 
system, these requirements are met by the use of 








bottles in 1938, this figure representing an increase of 
9 per cent. over the relatively stationary outputs of 
1937 and 1936. Definite statistics relating to the | 
Spanish mercury industry are apparently not available, | 
but it is reported that exports from Spain totalled 
28,357 bottles in 1937 and approximately 40,000 
bottles in 1938. While the United Kingdom is one 
of the leading mercury-consuming countries of the 
world, only an insignificant proportion of her require- 
ments are produced at home. London, however, is 
an important distributing centre for quicksilver, as is 
shown by the fact that of the 49,900 bottles imported 
during 1937, 28,100 bottles—or upwards of 56 per 
cent.—were re-exported. 








FARADAY HoOvusE OLD STUDENTS’ ASSOCIATION.—The | 
jubilee dinner of Faraday House Old Students’ Associa- 
tion, Faraday House, Southampton-row, London, W.C.1, 
which it had been proposed to hold at the Savoy Hotel | 
on October 27, will now be held on Friday, October 20, | 
in order to avoid clashing with another function. 





LLoYD’s REGISTER SCHOLARSHIP IN MARINE ENGIN- | 
EERING.—The scholarship in marine engineering, valued | | 
at 1001. per annum and tenable for three years at a/| 
British University, awarded by Lloyd’s Register of | 
Shipping on the results of the 1939 studentship examina- 
tion of the Institute of Marine Engineers, has been won 
by Mr. James Sloan, apprentice to Messrs. Harland and | 
Wolff, Limited, Belfast, and student at Belfast College | 
of Technology. 


GERMAN COAL-TRADE BALANCE.—The coal imported | 


by Germany in April, 1939, showed a decrease of 1-4 per | 
cent. on the previous month, but an increase, largely | 
from Great Britain, of 19°5 per cent. on the figure for | 
April, 1938. The exports of coal were 15-5 per cent. | 
less than in the previous month, and 33 per cent. lower | 
than in the corresponding month of last year. Imports | 
of coke showed a decrease on last year, while exports 
showed a strong increase, due to greater activity in the 
Luxembourg and French steel trade. 





| and the other the main speed regulator. 
| supplied from the Ward-Leonard motor-generator set 
| and is designed to give a speed directly proportional to 


direct-current section motors with an electrical differen- 
tial system for maintaining the intersectional speed, 
and a speed regulator for the control of whole machine. 

The speed range specified was | : 10, t.e., from 75 ft. to 
750 ft. per minute. 

As regards power supply, alternating current is 
obtained from the 3,300-volt mains of the mill, which 
are connected to three 5,000-kVA G.E.C.-Fraser and 
Chalmers geared pass-out turbo-alternator sets running 
at 6,000 r.p.m. to 1,000 r.p.m. This is converted to 
direct-current for the sectional paper-machine motors 
by means of a Ward-Leonard motor-generator set, 
consisting of a synchronous motor and a variable- 
voltage direct-current generator. The Witton unit 
sectional electric drive consists of ten direct-current 
driving motors, each of which has its own control 
panel and automatic draw-regulating mechanism. The 
| section motors are supplied from the Ward-Leonard 
motor-generator set mentioned above, and are designed 
for a combination of voltage and shunt control. Two 
| auxiliary sets are also provided, one being the master- 
| frequency set for the draw-control and speed-stabilising 
| gear, while the other, which is visible at the back of Fig. s 
| on page 200, is an exciter and fan set. 

The master-frequency set consists of a direct-current 
| motor, which is coupled in tandem to two alternators. 
One of these alternators supplies the draw regulators 
The motor is 


the drive voltage over the whole speed range. The 
| whole master-frequency set is liberally designed from 
| the point of view of performance rather than output ; 

and gives a straight-line characteristic over the whole 
speed range. The speed of the set is also automatically 
adjusted to eliminate variations due to temperature 
| changes or fluctuations in the supply voltage, with the 
result that it is kept constant within plus or minus 
} per cent. of the correct value corresponding to the 
| drive voltage. The exciter and fan set consists of a 
| squirrel. -cage motor driving a generator in tandem. 
| This generator provides excitation for the Ward- 

Leonard generators, the section motors, and the control 
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SECTIONAL-UNIT DRIVE AT DARTFORD PAPER MILLS. 


MR. W. HENDERSON, CHIEF ENGINEER. 
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vear. The fan, which supplies ventilating air to the 
vection motors, is provided with a Vortex purifying 
filter. The motors for driving the various sections of 


the paper machine have an output of either 40 h.p. or 
*") h.p., according to the power required for the 
particular section 

\ general view of the reconstructed paper machine, 
from the wet end, is given in Fig. 1, which shows the 

dual-press.”” The section motors for the wet end of 
the machine are shown in Fig. 7, on page 200. Each 
section is provided with a variable-speed shunt-wound 
direct-current driving motor. These motors § are 
designed to give the required starting torque, which 
varies widely from section to section, and also to respond 
rapidly to the action of the shunt regulator. They are 
of the forced-ventilated type, the air being introduced 
at the driving end so as to blow out the carbon dust, 
while the drive is taken through metallic flexible coup- 
lings and totally-enclosed double-helical reduction 
gears. The whole unit is mounted with the draw 
control mechanism on a cast-iron combination bed- 
plate, as seen in Fig. 6, on page 200, which shows a 
single driving unit. The pulleys of the draw-control 
mechanism are overhung in order that the endless 
belts can be changed without any dismantling. It 
is interesting to note that all the units were completely 
uasembled at the Witton works and were fully tested 
before despatch \t the site they were off-loaded and 
placed directly on the prepared beds, using the cranage 
tacilities there available. This procedure of assembling 
and testing beforehand greatly contributed to the 
rapid changeover Each motor is provided with a 
contactor starter, which is mounted on the main 
switchboard, illustrated in Fig. 5, on page 200. It is 
controlled from its own section c»ntroller, which is 
mounted on the front side of the paper machine, as 
shown in Fig. 6 on the same page. Fic. 2. Moror-Operatep PorenTIOMETER RHEOSTAT. Fie. 3. Section ConTROLLER. 

Means for adjusting the draw between the sections 
is provided for in each section by an infinitely-variable 
speed gear through which an alternator is driven from | guide-pulley arms are carried on a bridge piece, which | shown in Fig. 3, above, a draw indicator is mounted 
the section motor. This alternator is designed to | slides on rigid guides and is traversed by means of a | on top of the controller casing. (This shows the position 
reproduce in cycles the angular velocity of the paper | screw driven by a small geared motor, which is visible | of the belt in tenths of an inch from the end of the cone 
machine rolls and feeds an automatic draw-regulator | behind the section alternator in the same illustration. | pulley. This feature, we understand, has proved 
controlling the section-motor field. It is visible in the | The mechanism is of the non-jamming type, and a slip | particularly valuable, as it not only enables the draw 
left foreground of Fig. 6. The variable gear consists of | coupling is provided between the motor and the screw. | to be set beforehand for a particular class of paper, but 
a pair of cone pulleys, on which the belt is retained in| The draw is controlled by switches which are placed | also informs the operator that the draw has been 
the required position by means of two guide pulleys|on the front side of the paper machine, each switch | changed before the results show upon the machine. 
working on the leading side. The guide pulleys are | controlling the guide-pulley motor for the section con- | The indicator is of the positive type and is unaffected 
carried on pivoted arms, which are spring-loaded and | cerned. The draw-control switch is mounted in the | by voltage or temperature changes. 
automatically maintain a constant belt tension. The | same case as the corresponding section controller. As! The cone-pulley drive enables the speed at any 
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section motor to be varied up or down to give greater 
or less draw. If the draw is to be increased, the draw- 
control switch is operated, moving the cone-pulley 
belt. by means of the guide pulleys and their operating 
mechanism, towards the smaller end of the motor 
pulley, and at the same time towards the larger end 
of the section, alternator pulley. This causes the section 
alternator to run at a lower speed, but immediately 
the speed starts to fall the reduced frequency from the 
section alternator causes the draw-regulator to function 
and to weaken the field of the driving motor, which thus 
accelerates to the desired speed. The draw-control 
mechanism gives a draw adjustment of + 124 per cent. 
over the draw allowed in the reduction gears. This 
enables the full life of the rubber-covered rolls to be 
obtained and still leaves sufficient adjustment in the 
draw to deal with normal paper-making. There is, 
therefore, no need to change the cone pulleys. 

For maintaining constant draw between them, each 
section of the paper machine is provided with an 
automatic draw-regulator working on the principle 
of an electrical differential. The six draw-regulators 
can be seen in their glass-fronted cases on the switch- 
board in Fig. 5. Each regulator consists of a stator 
and a rotor, which operates a direct-current rheostat 
in the field system of the section motor concerned. 
The stators are connected in parallel and are supplied 
from the master-frequency set, while each rotor is 
supplied from the appropriate section alternator. 
Thus the stators are supplied at a frequency propor- 
tional to the drive voltage and the rotors at a frequency 
proportional to the angular velocity of the paper- 
machine rolls. The draw-regulators are designed so 
that these two factors are matched against each other, 
and the speeds of the driving motors are automatically 
regulated to maintain the desired relation between 
them. 

The details of the construction of the draw-regulators 
are of considerable interest. Each stator and rotor 
is liberally designed for the small output required, 
being capable of developing from 60 times to 100 times 
the torque necessary to move the rheostat sectors. 
The torque developed closely follows a sine curve, so 
that the smallest phase displacement between stator 
and rotor produces a high torque under all conditions 
and there is no lost motion in the operation of the 
regulator. Another important point is that the torque 
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is constant throughout the whole speed range. Special 
care has been taken in the design to eliminate sliding 
friction. The stator and the rotor are enclosed in 
a dust-proof case, ball-bearings are used, and all 
contacts are of the rolling type. Owing to the high 
torque exerted and the small mass and frictionless 
operation of the parts, the regulator reacts instan- 
taneously to the smallest change in the angular velocity 
of the paper rolls compared with the uniform velocity 
given by the master-frequency set. In order to prevent 
hunting of the regulator due to resonance with the 
paper-machine sections, a damping device is provided 
in the form of a disc rotating between the poles of 
permanent magnets. The relative position of the 
magnets is adjustable over a wide range to suit the 
varying characteristics of the different sections. The 
| rheostat sectors, the angular movements of which are 
magnified reflections of the variation on the roll of the 
paper machine, roll in a Vee-groove in the contacts, 
| which are constructed like a commutator so that 
|the distance between contacts is a minimum. This, 
| it is claimed, ensures that both the degree to which 
| the angular velocity of the rolls can deviate from that 
| of the master-frequency set and the amount of sector 
movement necessary to give the required correction 
on the section driving motors are as low as possible. 
The draw-regulator is arranged to act as a full-field 
relay during the starting and accelerating periods, 
|the rheostat sectors returning automatically to the 
full-field position when the section motor stops. When 
full speed is reached, a synchronising relay is energised, 
allowing the sectors to travel slowly into the working 
position and to take over the control without swinging 
jor hunting. The sectors and operating mechanism 
| and also the synchronising relay are mounted on the 
| front of the regulator and are enclosed in a dust-proof 
cover with a glass front, which allows their operation 
|to be observed. A positioning rheostat also is buiit 
| into the case and is operated by a knurled knob on 
the outside, so that the sectors can be set to the best 
| working position without opening the hinged front 
| of the case. The resistances are mounted at the back 
| of the regulator and are enclosed in a ventilated sheet- 
|metal cover The whole regulator forms a complete 
| self-contained unit that can be mounted in any desired 
| position. 
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the paper machine are controlled by an independent 
master-frequency set, in contrast with other systems 
in which the dryer section is used as the master-control 
unit. This arrangement,which is the result of thorough 
investigation and discussion with paper makers and 
mill engineers, is claimed to have the advantage of giving 
greater flexibility, and complete and continuous control 
of all the drive sections. 

The speed of the drive as a whole is controlled by 
means of the motor-operated potentiometer controller, 
illustrated in Fig. 2, opposite. This is connected in the 
field of the generator of the Ward-Leonard set, thus 
varying the voltage of supply to the section motors. 
The controller is provided with a large number of 
steps graded to give equal increments of speed over 
the whole range. For the whole speed range the 
increments are 4-5 ft. per step, which corresponds to 
speed increases of 6-0 per cent. at bottom speed and 
0-6 per cent. at top speed. Accurate maintenance of 
the desired speed, independently of external circum- 
stances, is desirable for many reasons. A self-contained 
speed regulator has accordingly been developed, which 
is stated to meet all the requirements of paper-machine 
drives, giving a speed regulation of + } per cent. 
over the whole speed range. The principle employed 
is the balance of a selected drive-voltage agairist a 
constant voltage produced by a “lamp bridge. 
The drive voltage is obtained from the third machine in 
the master-frequency set, which supplies a rectifier, the 
output of which passes to the speed regulator through 
a rheostat. This rheostat is coupled to the main 
speed controller, so that when the controller is operated 
to raise or lower the speed, the rheostat is operated also, 
reducing or increasing the rectified voltage. _ The lamp 
bridge is a device that has the property of giving an 
absolutely constant voltage, independently of wide 
variations in the supply. In this case, the — 
voltage does not vary more than 0-05 per cent. with a 
supply pressure ranging from 190 volts to 250 volts. 
The drive voltage and the constant voltage are connected 
in opposition through a very sensitive type of polarised 
relay. Any difference in the relation between them 
operates this relay, making contact with further relays 
that control a small motor-driven regulator. This 
regulator is connected in the field of the motor that 


It will be seen that an essential feature of the | drives the master-frequency set, and thus varies the 


Witton sectional-unit drive is that all the sections of | speed of the latter to compensate for variations in the 
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speed of the paper machine. Means are provided to 
compensate for the effect of temperature changes in the 
circuits, 

It will be seen that the speed regulator described 
takes care of variations in the supply voltage, the 
load, and the temperature of the surrounding air. It 
is entirely self-contained and is independent of any 
external supply. We understand that it has been 
proved capable in practice of holding the machine speed 
constant within } per cent. under all conditions from 
the initial starting to the week-end shut-down. 
The paper can thus be made to a much closer specifi- 
cation, and the weight can be maintained well within 
the usual tolerances. 

The direct-current supply from the Ward-Leonard 
motor-generator set is taken to a line-contact circuit 
breaker on a main eleven-panel switchboard of the 
steel-cubicle type. An illustration of this switchboard 
on site is given in Fig. 5. Its general arrangement 
is shown in the diagram, Fig. 4, on page 197, from 
which it will be seen that it comprises, from left to 
right, a Ward-Leonard generator and master-frequency 
set panel, an exciter-set panel, and individual panels 
for the control of the section motors. Each of the 
latter panels has a draw-regulator and ammeter 
mounted on the front. The starting resistances are 
mounted at the top of the panels. The whole board 
complies with Home Office Regulations. The switch- 
gear is of the heavy steelworks pattern, to ensure maxi- 
mum reliability. It is of the double-pole type and 
full protection is provided, including no-volt protection 
to ensure that in the event of any section of the paper 
machine being shut down (either by the emergency 
stop-button or by an overload or a supply failure), the 
section controller must be brought to the “ off” 
position before the section motor can be re-started. 
The line-contact circuit breaker is interlocked with the 
starter of the exciter set, thus ensuring that none of 
the sectional-unit motors can be operated until both 
the Ward-Leonard and the exciter sets are running. A 
full complement of instruments is provided. A large- 
scale speed indicator with illuminated dial is mounted 
on the front of the paper machine and shows the output 
speed of the whole paper in feet per minute. This 
instrument connected in parallel with a chart- 
recording speed indicator on the front of the generator 
panel of the main switchboard. 

We have to thank Lord Portal, chairman of Messrs. 
Wiggins, Teape and Company, Limited, and Mr. Philip 
Goldney, managing director of Dartford Paper Mills, 
Limited, for permission to publish this article, and 
Mr. W. Henderson, the chief engineer, for much of the 
information on which it is based. 
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THE IRON AND STEEL INSTITUTE: 
CARDIFF MEETING. 


In accordance with previous announcements, the 
Autumn Meeting of the Iron and Steel Institute will 
be held at Cardiff from September 12 to 15. We give 
below a brief outline of the programme. 

Tuesday, September 12, at 7 p.m. Welcome to the 
Institute by the Lord Mayor of Cardiff and the Chair- 
man and members of the Reception Committee, 
followed by the presentation of two contributions, 
namely, ** Ninth Report on the Heterogeneity of Steel 
Ingots "(on Rimming Steel) ; and ** Decarburisation of 
Granulated Pig Iron: the R.K. Process,” by Count 
Bo Kalling and Mr. I. Rennerfelt. This meeting will 
take place at the South Wales Institute of Engineers. 

Wednesday, September 13. In the morning members 
will visit the East Moors Works, Cardiff, of Messrs. 
Guest Keen Baldwins Lron and Steel Company, Limited, 
and in the afternoon the Cardiff works of Messrs. Guest, 
Keen and Nettlefolds, Limited. 

At 8.45 p.m., civie reception at the City Hall by 
invitation of the Lord Mayor. 

Thursday, September 14. All-day excursion to the 
Ebbw Vale works of Messrs. Richard Thomas and 
Company, Limited, followed, in the evening, by dinner 
at the City Hall, Cardiff, by invitation of Messrs. Guest 
Keen Baldwins Lron and Steel Company, Limited. 

Friday, September 15. Morning excursion to Newport 
and visits the works of John Lysaght, 
Limited ; 
Company, Limited; and Messrs. Whitehead Iron and 
Steel Company, Limited. In the afternoon, garden 
party at Cardiff Castle by invitation of the Marquess 
of Bute, K.T. 


to Messrs. 





EXTENSIONS AT KRIVOI Rog STEELWORKS, Russia. 
A Bessemer-steel department having, it is stated, a daily 
output capacity of 5,000 tons, has been completed at the 


Krivol Rog lron and Steel Works, Ukraine, Russia. 


Messrs. Newport and South Wales Tube | 





| 


The new plant, which is shortly to be put into operation, | 


will obtain its pig-iron from the adjoining blast furnaces 
working on Krivoi Rog ore. 
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ENGINEERING TRAINING AND 
EDUCATION. 


Lectures on Iron and Steel.—A course of 24 lectures 
on “ Tron and Steel” will be given by Mr. T. Barton 
Kelly, at City of London College, Ropemaker-street, 
Moorfields, E.C.2, on Thursdays, from 6 to 7 p.m., 
commencing on September 28. The lectures will deal 
with ores, the manufacture of pig-iron and wrought-iron, 
steelmaking by the Bessemer, open-hearth and electric 
processes, forged and cast products, rolled materials, 
tin-plate, special steels, specifications and standards, 
testing, heat-treatment, structure and constitution of 
iron and steel products, economics, and commercial 
considerations and markets. The fee for the course, 
applicable to students resident in the administrative 
County of London, and to most other students, is 25s.6d., 
and the enrolment nights are Thursday, September 21, 
and Friday, September 22, from 6 to 8 p.m. A College 
examination will be held at the conclusion of the course 
and short-course certificates awarded to successful 
students. The J. Gray Buchanan Prize of 31. will be 
given on the result of the examination. 








TENDER. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, 8.W.1, particulars 
of the undermentioned tender, the closing date of 
which is stated. Details may be obtained on applica- 
tion to the Department at the above address, quoting 
the reference number given. 


Cranes, two, having a lifting capacity of 5 tons at a/| 


radius of 15 m. and of 2 
Marine Department, 14, Valdemara-iela, Riga, Latvia; 
September 8. (T. 25,938/39.) 








BOOKS RECEIVED. 


Rural Water Supply and Sanitation. By PROFESSOR 
F. B. Wriegutr. New York: John Wiley and Sons, 
Inc. London: Chapman and Hall, Ltd. [Price 
12s. 6d. net. 

An Introduction to Modern Geometry. By PROFESSOR 
L. 8. Survety. New York: John Wiley and Sons, Inc. 
London: Chapman and Hall, Ltd. [Price 10s. net.| 

Electrical Engineering Experiments. Theory and Practice, 
By Prorressors H. R. REED and G. F. CORCORAN. 
New York: John Wiley and Sons, Inc. London: 
Chapman and Hall, Ltd. [Price 22s. 6d. net.) 

Handbook of Hydraulics for the Solution of Hydraulic Prob- 
lems. By Proressor H. W. Kine. Third edition. Lon- 
don : McGraw-Hill Publishing Co. Ltd. [Price 24s.] 

Festigkeitslehre. By C. BULTZING. Strelitz in Mecklen- 
burg: Polytechnischer Verlag M. Hittenkofer. [Price 
6 marks.) 

Department of Overseas 
Economic and 
April, 1939. 
Stationery Office. 

Illinois State Water Survey. 


Trade. No. 729. Report on 
Commercial Conditions in Turkey. 
By 8. R. JorpAN. London: H.M. 
[Price 1s. 3d. net.) 


Bulletin 21. Supplement I. 


1938. Urbana, Iil., U.S.A.: State Water Survey 
Division. 
A Text-Book of Heat. Part I. By Proressor H. 8. 


ALLEN and R. 8S. MAXWELL. London: Macmillan 
and Co., Ltd. [Price 10s.]} 

United States War Department. Port Series No. 30. 
Ports on the Delaware River Below and Above Phila- 


delphia, Pa. Washington: Superintendent of Docu- 


ments. [Price 60 cents.) 
United States War Department. Miscellaneous Series 
No. 1. Port and Terminal Charges at United States 


1939 edition. Washington: Superinten- 


{Price 1 dol.] 


Sea Ports. 
dent of Documents. 


ARP. A Practical Guide for the Householder and 
Air-Raid Warden. Officially recommended by the 
Air Raid Defence League. By Dr. 8S. E. THOMAs. 
Fifth edition. Preston: James Askew and Son, 
Ltd. [Price 6d. net.) 

A Modern Marvel. The Harnessing of Light. The 
Radiovisor Light-Ray in Operation. By CoOL. THE 
Hon. ARTHUR MurRRAY. London: Electrical Press 
Ltd. [Price 1s. 6d. net.) 


introduction to Contemporary Physics. By Dr. K. K. 


DaRROW. Second edition. London: Macmillan and 
Co., Ltd. [Price 25s. net.) 

Factory Costing and Organisation. A Text-Book for 
Students and a Reference Book for Those Concerned 
with Workshop Production. By H. H. Emsiey, in 
collaboration with J. LOXHAM. Second edition, 


revised and enlarged. London: Constable and Co., 
Ltd. (Price 9s. net.) 

Home Office. Ministry of Health and Scottish Office. 
Final Report of the Inter-Departmental Committee on 
the Rehabilitation of Persons Injured by Accidents. 


London: H.M. Stat‘onery Office. [Price 3s. 6d. net.) 


5 tons at a radius of 30 m. 


| of about 120 tons per day. 
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PERSONAL. 


Messrs. WESTERN ELECTRIC COMPANY, LIMITED, 
Bush House, Aldwych, London, W.C.2, inform us that 
Mr. T. E. Sea, formerly of Messrs. Bell Telephone 
Laboratories, has been appointed vice-president of 
Messrs. Electrical Research Products, Incorporated, New 
York, U.S.A., in succession to Mr. H. G. Knox. who has 
resigned owing to ill-health. 

Messrs. B.E.N. PaTentTs, Limirep, Hughenden- 
avenue, High Wycombe, Bucks, have this week opened 
a new service depot and showroom at 92, Tottenham- 
Court-road, London, W.1. The new branch under 
the management of Mr. A. KINGWELL. 

Messrs. E. K. Coie, Limrrep, Southend-on-Sea, Essex 
have appointed Mr. S. W. FULLER sales manager for 
their Ekco lamps, as from September 1. The lamp sales 
organisation will operate under the direction of Mr. M. I. 
LiIpMAN.electrical sales manager, 
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CONTRACTS. 


Messrs. THE BRIGHTSIDE FOUNDRY AND ENGINEERING 
COMPANY, LIMITED, Sheffield, have obtained a contract 
from Messrs. Aluminium Union, Limited, for aluminium 
rolling-mill plant for delivery to their associates, Messrs. 
The Australian Aluminium Company Proprietary. 
Limited, Sydney, New South Wales. The plant comprises 
a two-high breaking-down rolling mill with tilting tables 
and three stands of sheet-finishing mill rolls. 

Messrs. PATENT RETORTS, LIMITED, 5, Victoria-street, 
London, S.W.1, have received an order from Messrs. 
South African Torbanite Mining and Refining Company, 
Limited, for the erection, in South Africa, of a battery 
of four rotary Davidson retorts having a rated throughput 
These retorts are similar to 


| those which have been in continuous successful operation 
| in Estonia during the past eight years. 


Messrs. THE BRITISH THOMSON-HOUSTON COMPANY, 
LIMITED, Rugby, have secured an order from the Great 
Western Railway Company for converting equipment to 
augment the supply to the electric line between Pad- 
dington and Hammersmith. The order comprises five 
air-cooled steel tank rectifiers of 1,500-kW capacity each, 
with tuned smoothing circuits, associated a.-c. and 
d.-c. switchgear, and 12 track feeder equipments. The 
rectifiers will be installed in two existing substations, 
where they will replace some very old motor converters. 
They will operate six-phase, with transformer primary 
windings alternately star and delta connected and taking 
a supply at 6,600 volts, three-phase, 50 cycles, from the 
London Power Company. 

MESSRS. MURDOCH, MACKENZIE, LIMITED, Motherwell, 
have received a contract from the Ministry of Transport 
for the bridge works connected with an important 
improvement scheme on the Great North-road at Bridge 
of Allan, Stirlingshire. The present narrow bridge over 
the River Allan is to be replaced by a new one with 
improved approaches. The new bridge will be 64 ft. 
wide, and the layout will consist of two 20-ft. carriage- 
ways, separated by a central reservation, and two 9-ft. 
footpaths. To straighten the present unsatisfactory 
alignment, the bridge will cross the river obliquely with 
a clear span of 144 ft. 








CANADIAN IMPORTS OF ANTHRACITE.—During the first 
five months of the present year, Canada’s imports of 
anthracite from Great Britain totalled 276,587 tons, while 
those from the United States amounted to 997,254 tons. 


MAP OF THE WORLD’s OILFIELDS.—The Petroleum 
Information Bureau, 64, St. James’s-street, London, 
S.W.1, has sent us a copy of a map of the world’s oilfields, 
which they have published. On the map, which measures 
24 in. by 16 in., and is drawn on Meprcator’s projection, 
are clearly indicated the principal oil-supplying countries 
of the world. A table, in a corner, gives statistics of the 
world’s oil production for 1938 and also shows from 
which countries, and in what proportion, Great Britain 
obtains its supplies of oil. Revisions of this table. for 
future years, are obtainable annually at the above address. 


TrRAFFic Ligut SIGNALS.—The Minister of Transport 
has decided, after consultation with the Commissioner 
of Police, and subject to the concurrence of the highway 
authorities concerned, to discontinue, for an experi- 
mental period, at certain selected traffic-light installa- 
tions in London and other large cities, the use of the 
red-amber signal as an intermediate phase between the 
red and green. The purpose of the experiment, which 
will probably continue for some months, is to ascertain 
whether there would be any advantage in dispensing 
with the red-amber period. The junctions at which the 
experiment will be made and the date of its commence- 
ment will be announced at a later date. 
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NOTES FROM SOUTH YORKSHIRE. | being much too high to compete with quotations for 


Continental pig in markets abroad. Fixed minimum 

SHEFFIELD, Wednesday. figures for Cleveland pig stand at the level of No. 3 

Iron and Steel.— Now that the holidays are over | description at 99s., delivered within the Tees-side zone 
Sheffield’s steel and engineering works are operating to Hematite.—Little new is ascertainable concerning th® 
capacity. Order books are well filled, and the influx of| Kast Coast hematite industry. Tonnage accumula 
contracts leaves little to be desired. The buying of | tions at makers’ yards are still heavy, but are gradually 
pig-iron and hematites has been resumed on 4 more | decreasing, and early material acceleration of reduction 
extensive scale, and although much of the activity is in | is considered not unlikely. The bulk of the supply is 
connection with the Government’s defence programme passing into use at Tees-side works, but home con- 
an increasing volume of business is being done on ordinary | sumers at a distance are accepting larger deliveries than 
commercial lines. How trade has improved during the | recently and are expected to need increased supplies in 
past few years is indicated by the remarks of Mr. E. J.| the near future. Merchants, in addition to attending to 


Fox, Chairman of Messrs. Davy and United Engineering 
Company, Limited. He told the shareholders : 
1935-36, we were just emerging from a period of depres- 
sion, but in the three years since then we have taken 
orders which total over 2,000,0001. It is obvious that 
had we not extended our shops and increased our capacity 
as we did, a considerable amount of that business would 
have been lost, not only to the company, but in all 
probability to the country. The work to which I have 
referred relates to commercial business both for home 
and export, and is not directly the result of the Govern- 
ment’s rearmament policy.” Capacity-working is a 
feature of the raw and semi-finished steel trades. Busi- 
ness is brisk, and outputs at some works reach record 
dimensions. Basic steel is in demand for a variety of 
purposes, while a steady run has developed in acid steel. 
The recent activity in the scrap market has been main- 
tained, and satisfactory conditions obtain in the heavy- 
machinery and engineering branches. Large hollow 
forgings and boiler drums are in demand, not only on 
inland account but also in connection with electric power 
development schemes abroad. Some of these drums 
necessitate the production of ingots and castings of record 
size. Business in railway rolling stock is picking up, some 
valuable orders having found their way to firms in this 
district. Local works continue to do a good trade with 
India, South Africa, and Egypt in carriages, trucks, loco- 
motive wheels, axles, springs, tyres, and buffers. In 
their bid for overseas orders South Yorkshire makers of 
grinding and crushing machinery, quarrying plant, and 
cement and concrete-mixing equipment are more than 
holding their own; valuable orders are on hand from 
various parts of the world. Precious-metal mining 
enterprises in South Africa, India, New Zealand, South 
America, and Canada are relying more and more on 
Sheffield for grinding and crushing machinery, washing 
plant, and dredger equipment and parts. Business in 
shipbuilding requisites is thriving. Since there is a record 
number of ships on the stocks at shipyards which have 
Sheffield connections, it is not surprising that local works 
specialising in the production of shipbuilding equipment, 
ship steel, auxiliary machinery, and deck furnishings are 
busily employed. The market in electrical plant shows 
further improvement, and outputs of all types of special 
steels have been well-maintained; the tool-making 
branches are also busy. Among the lines in demand 
are hacksaws and blades, twist drills, milling cutters, 
reamers, fine-measuring tools, machine tools, and files. 
South Yorkshire Coal Trade.—After the holiday 
slackness, business has assumed normal proportions on 
export account. A brisk trade continues to be done in 
best hards, washed trebles, doubles and singles, but 
bunker coal develops slowly. Exports from Hull, 
Grimsby, and Immingham last week totalled 59,000 tons, 
as compared with 31,500 tons in the corresponding week 
last year. Improvement is reported in inland sales. 
Steam coal is active, and locomotive fuel is in strong 
demand, but the house coal market is suffering from 
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requirements of old customers at home, continue to 
keep in touch with foreign buyers of long standing and 
contrive to put through an occasional sale of special- 
quality iron for shipment to the Continent. Stabilised 
quotations remain at the equivalent of No. 1 grade of 
hematite at 115s. 6d., delivered to North of England 
areas. 

Basic Iron.—The whole of the huge make of basic iron 
continues to be promptly absorbed by the enormous 
needs of producers’ own steel works. 

Foreign Ore.—Consumers of foreign ore are still off 
the market. They are steadily reducing acceptance 
arrears, but have yet heavy tonnages to take up under 
old contracts, several of which are much overdue for 
completion. Imports to the Tees this month total 
95,993 tons, compared with 112,698 tons for the 
corresponding part of July. 

Blast-Furnace Coke.—Durham blast-furnace coke is in 
very ample supply and only moderate request, local 
users being extensively covered. Sellers are in the 
market at fixed prices which are based on good medium 
qualities at 24s. 3d. at the ovens. 

Manufactured Iron and Steel.—Semi-finished and 
finished iron and steel manufacturers are turning out a 
lot of work, but are unable to cope fully with delivery 
demand for certain commodities. Particularly is this 
the case as regards steel semies, shortage of which necessi- 
tates continued substantial use of material imported 
from overseas. Pressure for supply of finished steel is 
severely taxing production capacity of plant in service. 
Principal market quotations for home trade :—Common 
iron bars, 127. 5s.; stee] bars, 11/.; soft steel billets, 
7l. 7s. 6d.; hard steel billets, 82. 10s.; steel ship, bridge 
and tank plates, 101. 10s. 6d.; steel saip rivets, 141. ; 


| iron ship rivets, 151. ; steel constructional rivets, 151. 5s. ; 
| steel boiler plates, 111. 8s. ; 


steel angles, 102. 8s.; steel 
fish plates, 131. 10s. ; 
and galvanised 


joists, 101. 8s.; Tees, 111. 8s. ; 
black sheets, No. 24 gauge, 141. 15s. ; 
corrugated sheets, No. 24 gauge, 171. 5s. 

Scrap.— Little new is ascertainable concerning scrap. 
Iron is in ample supply on terms that have ruled recently, 
but steel is scarce, and available parcels are promptly 
purchased at control prices. 








NOTES FROM THE NORTH. 


GLasGow, Wednesday. 


Scottish Steel Trade.—There has been no change in the 
state of the Scottish steel trade over the week and, 
owing to the heavy tonnage of material on order, makers 
are being fully taxed to overtake their commitments. 
Full production is general and specifications coming to 
hand give a clear indication of the great activity now 
prevailing in most industries. The requirements of the 


| shipbuilding industry amount to a very considerable 


seasonal influences. The call for coke is stronger than tonnage, and at present the steelmakers are being 


for several weeks. 








| months. 


| pressed for deliveries of plates and sections, and this 
| state is likely to continue right through the winter 


General-engineering concerns, having a large 
amount of work booked, are specifying freely, while there 
is a steady demand for sections for structural purposes. 





NOTES FROM CLEVELAND AND | 


The raw material position now presents a more satis- 
THE NORTHERN COUNTIES. | factory front through arrivals of scrap from Australia, 
Z |and as these will continue during the next few months 
MIDDLESBROUGH, Wednesday. | tne outlook is certainly much brighter. The sheet- 
General Situation.—Some expansion of general com-| makers are also in a better position as regards raw 
mercial inquiry is noticeable, but market conditions | material as they have recently received further supplies 
still restrict ordinary industrial business to narrow limits.| from the Continent and also from Australia. The 
In addition to the continued large absorption of material | demand for sheets is almost without parallel and the 
for defence purposes, local race holidays have checked | current output is well above all previous records. Prices 
trade this week. | are firm and are as follows :—Boiler plates, 111. 8s. per 
The Cleveland Iron Trade.—The situation in the Cleve- | ton; ship plates, 101. 10s. 6d. per ton ; sections, 101. 88. 
land pig branch of industry continues unsatisfactory | PéT ton; medium plates, 12/. 2s. 6d. per ton; black- 
and discouraging. Stocks are at a low ebb and Cleveland | Steel sheets, No. 24 gauge, 14/. 15s. per ton; and 
ironmasters adhere to their policy of preventing tonnage | S@lvanised corrugated sheets, No. 24 gauge, 171. 5s. per 
accumulations by producing only sufficient pig to meet | ton, all delivered at Glasgow stations. 
consumers’ requirements, with the result that output Malleable-Iron Trade.—In the malleable-iron trade of 
is still intermittent and light. With foundry-iron con- | the West of Scotland there is also more business passing 
sumers who used to draw supplies entirely from Tees-| and the recent improvement is well maintained. Plant 
side furnaces taking substantial and increasing tonnage | is much more steadily employed and the outlook is 
from other iron centres, there is little prospect of early | brighter. The demand for re-rolled steel bars is very 
appreciable change for the better in the Cleveland pig 
trade. Second-hands are arranging moderate home 
sales, but are unable to regain lost export trade, prices 


The 
bars, 


output for several months is already earmarked. 
following are the current quotations :—Crown 





heavy, and makers have so much work booked that the | 


199 


12/1. 5s. per ton for home delivery or export ; re-rolled 
steel bars, 111. 15s. per ton for home delivery and 111. 
per ton for export; No. 3 bars, 12. per ton, and No. 4. 
bars, 121. 5s. per ton, both for home delivery. 

Scottish Pig-Iron Trade.—Conditions in the Scottish 
pig-iron trade are fairly satisfactory and makers are receiv- 
ing quite a steady demand from the steelworks. Both 
hematite and basic iron are moving freely despite the 
quantity coming in from outside sources. Foundry iron, 
which has been somewhat dull for some time, shows 
signs of improvement and a better demand has been 
in evidence lately ; it is very probable that the autumn 
months will show still more business. The following 
are to-day’s market quotations :—Hematite 5/. lis. 6d. 
per ton, and basic iron, 41. 12s. 6d. per ton, both 
delivered at the steelworks; foundry iron, No. 1, 
5i. 38. per ton, and No. 3, 5l. 0s. 6d. per ton, both on 
trucks at makers’ yards. 

Sheet Bars and Plates from Australia.—The first con- 
signment of semi-manufactured iron and steel material 
from Australia, arranged for by the British Iron and 
Steel Corporation, arrived at the Port of Grangemouth 
last week. It consisted of about 7,500 tons of sheet bars 
and plates for works in the West of Scotland, to which it 
was forwarded by rail. This, and the other shipments 
which are to follow, will help considerably to relieve the 
present shortage of raw material. 








NOTES FROM THE SOUTH-WEST. 
CARDIFF, Wednesday. 


The Welsh Coal Trade.—In spite of the fact that de- 
mand for most kinds remained extremely limited a very 
steady tone was maintained generally on the Welsh 
steam-coal market last week. Foreign buyers continued 
to show a disposition to wait for some relaxation in current 
values before resuming large-scale purchases, but offers 
on the market were still only of a restricted nature, in 
view of the fact that deliveries on account of previous 
contract bookings again absorbed the bulk of collieries’ 
outputs. The stoppages at a number of collieries during 
the Bank Holiday week, due to miners’ holiday with pay, 
has resulted in a shortage in the more favoured grades 
and salesmen encountered some difficulty in arranging 
prompt business. As a substantial improvement in 
inquiry should develop under usual seasonal influences 
in the course of the next month or so, the likelihood of 
any early falling away from present steady conditions 
seems very remote. New contract business circulated 
sluggishly. Orders were usually for only small quanti- 
ties, typical being one from the Tunis Tramways for 
between 3,000 and 5,000 tons of sized coals. Only limited 
quantities of the best large sorts were available for early 
delivery and quotations were consequently fully main- 
tained. Ample supplies of the dry large descriptions 
were offering to meet the slow demand circulating, but 
sellers were showing reserve and prices were unaltered. 
The duffs continued to present the best feature of the 
market. Stem lists for these sorts were almost com- 
pletely filled over the remainder of the year and the 
occasional odd parcels that became available, due to 
tonnage going out of position, commanded very high 
figures. Sized coals were also scarce and sellers could 


easily dispose of the small lots they had to offer. Bitu- 
minous smalls remained a steady market and the 
production was being satisfactorily absorbed. The dry 


smalls, on the other hand, came in for scant attention 
and supplies were freely available. Cokes remained 
busily engaged, while patent fuel again showed good 
activity. 

The Iron and Steel Trade.—The South Wales and 
Monmouthshire iron and steel and allied trades again 
displayed activity last week. Producers held well-filled 
order books and works were engaged almost to full 
capacity. 





LAUNCHES AND TRIAL TRIPS. 


“ KoreEA.”’-—Single-screw passenger and cargo motor- 
ship; double-acting, two-stroke Burmeister and Wain 
Diesel engine. Launch, July 18. Main dimensions: 
506 ft. 6 in., by 65 ft., by 41 ft. 9 in. Built by Messrs. 
Nakskov Shipyard, Limited, Nakskov, Denmark, for 
Messrs. The East Asiatic Company, Limited, Copenhagen. 

“ THrARA.”’—Single-screw oil-tank motorship ; single- 
acting, four-cycle, solid-injection, supercharged ten- 
cylinder Werkspoor Diesel engine, constructed by Messrs. 
R. and W. Hawthorn, Leslie and Company, Limited. 
Launch, August 1. Main dimensions: 500 ft., by 64 ft. 
3 in., by 37 ft. Built by Messrs. Swan, Hunter, and 
Wigham Richardson, Limited, Wallsend-on-Tyne, for 
Messrs. The Anglo-Saxon Petroleum Company, Limited, 


| London, 
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world. Some of these particulars are rather sur- 
prising in the developments that they reveal. With 
PAGE | 25,081,121 motor cars and 4,130,531 trucks and 
187 | omnibuses, the United States easily lead in auto- 
189| mobile transport, the United Kingdom taking 
191 | second place with 1,916,226 cars and 626,068 com- 
193 mercial vehicles. It is somewhat unexpected, how- 
“” | ever, to find that, in ownership of trucks and *buses, 
194 the U.S.S.R. takes third place with 592,610, com- 
194 | pared with a round half-million in France, and only 
195 | 401,888 in Germany. 
195| The British motor industry, it appears, has 
suffered a slight set-back since the peak year of 
195 | 1937, the decrease in production being 12-1 per cent. 
aS | in the case of motor cars and 11 per cent. for com- 
|mercial vehicles. Despite this recession, however, 
198 | the output of 447,561 motor vehicles in 1938 repre- 
198 | Sents a truly astonishing growth. An increase of 
198 | 251 per cent. since 1924 is an achievement of which 
. 199| the industry can be justly proud. At present, it 
199| is providing over 1,383,000 persons with employ- 
199) ment, of whom 560,000 are engaged in goods-vehicle 
199 | *ansport and 270,000 in the operation of public- 
99] | Service vehicles. Distribution, the garage industry, 
902 | and the ancillary industries of tyres and oil, employ 
203 | over 195,000 of the total. Unfortunately, the 
203 | survey does not give a true index of the number of 
205| men employed in manufacture and repair, for, in 
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THE AUTOMOBILE INDUSTRY OF 
GREAT BRITAIN. 


THANKS in great measure to a long succession of 


“ astronomical ”’ national Budgets, the million is no | 


longer a unit to strike awe in the mind of the 
average citizen where questions of finance are 
involved. In some other connections, however, it 
is still a figure to inspire a certain respect. He 
must be a blasé individual indeed who is not 
impressed by the revelation that the world’s total 
of private automobiles and commercial motor 


vehicles has now reached the remarkable total of | bonded on to the customer 


42,911,515. There is a particular and personal 
interest in such a conception to the many who 
can recall without difficulty the days when the | 
sight of a single motor vehicle upon the highway | 
constituted a veritable nine days’ wonder. Actually, | 
even this immense aggregation of self-propelled road | 
transport must fall far short of the real total ; for 
military transport units do not usually appear in 
surveys of registered vehicles, yet, with the world 
in the state that it is to-day, these must represent 
a substantial addition. : 
The annual review compiled by the Society of 
Motor Manufacturers and Traders,* from which this 
figure is taken, is mainly a statistical compilation. | 
The scope of the work is really much wider than 
the title indicates, for it contains valuable data, 
from official sources, concerning the motor-car | 
and commercial-vehicle industries throughout the 


* The Motor Industry of Great Britain, 1939. London : 
The Society of Motor Manufacturers and Traders. [Price 
5s. net.) 


| the only relative table in the book, employees in the 
| motor trade are grouped together with cycle makers 

and aircraft workers. The total for the combined 
| categories was 357,944 in 1938, an increase of 

88-7 per cent. over the total for 1924. The esti- 
/mated average weekly earnings of all adult male 
| workers in the motor industry during July, 1938, 
| taken on a sample basis, amounted to 83s. 0}d., 


representing an advance since 1924 of 11 per cent. 
The influence of improved production methods is 
| clearly seen when these figures are compared with 
those for production. The huge increase in output 
| has not brought about a pro rata advance in employ- 
| ment, so far as manufacture is concerned ; in fact, 
| when the increase in aircraft workers is considered, 
| it is doubtful whether any appreciable number of 
|extra hands had been given work in road-vehicle 
construction. It is certain, however, that the 
|advance in productivity has necessitated the 
|employment of more workers on repairs and main- 
| tenance, especially in recent years. 
The automobile industry has proved itself a good 
customer of the basic industries. According to 
| the Final Report of the Fifth Census of Production, 
| it purchased, in 1935, among other materials, 248,800 
| tons of steel sheet, 132,200 tons of castings, forg- 
| ings and pressings, and 19,600 tons of tubes. Its 
consumption of aluminium, 8,800 tons, represented 
14-3 per cent. of the output of this branch of the 
British non-ferrous metals industry. Of other metals, 
11,700 tons of copper were consumed, and 7,600 tons 
| of lead. Increasing these tonnages in direct propor- 
| tion to the increased volume of production, the 
consumptions for 1938 may be estimated at some 
526,027 tons of iron and steel, 12,971 tons of copper, 
9,756 tons of aluminium, and 8,425 tons of lead. 
Mass buying of raw materials, and mass production 
within the factory, have made it possible to build 
vehicles more cheaply, and the benefits have been 
Again, taking the year 
1924 as a basis, the report shows that the retail 
prices of private cars in 1938 were less than half of 





| the 1924 prices (actually, 48-6 per cent.), and the - 


prices of commercial vehicles, over the same period, 
fell 38-8 per cent. The cost of living index, inci- 
dentally, declined 10-6 per cent. These financial 
advantages, however, are largely offset by heavy 
taxation. In annual duties, the automobile users of 
this country paid 36,073,630/. last year, an average 
of 11-86/. per vehicle ; but, heavy as this burden 
is, it represents but a fraction of what the motor 
user pays in taxation, for each gallon of petrol that 
he buys is taxed 9d. This tax, so often overlooked 
by those in whose interest it is to decry the motor 
car, is actually a heavier impost than the licence 
and registration fees. It yielded, last year, 
51,600,0001., and brought the average paid to the 
revenue by the owner of each vehicle to 28-731. 
Bearing in mind the considerable revenue contri- 
buted by the motor owner, the return that he 


| receives in the form of roads cannot be regarded as 
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generous. The failure to develop the roads 
sufficiently rapidly to keep pace with the expansion 
of mechanical road locomotion is illustrated by 
some striking figures. In 1914 there were 265,182 
cars, trucks and public-service vehicles running over 
176,993 miles of roads, a traffic density of 2-3 vehicles 
per mile. By 1924 the number of vehicles had risen 
to 811,947, but road mileage had only advanced to 
177,321, which meant that there were 7-5 vehicles 
per mile. Last year the total road mileage was 
179,630, a very modest increase for 14 years of 
construction ; but the number of cars and commer- 
cial vehicles had risen to 2,644,202, making a traffic 
density of 17-2 vehicles per mile. As even unclassi- 
fied and seldom-frequented country lanes are 
included in the road mileage, it must be concluded 
that the main traffic arteries are very heavily loaded, 

A study of the section dealing with taxation 
reveals that the desire to dodge the tax gatherer is 
a stronger motive in engineering design than is 
immediately obvious. The automobile provides an 
excellent instance of how legislation can hamper 
design while also encouraging it, because, in seeking 
a way round some particular specimen of Parliamen- 
tary ingenuity, the engineer often discovers a means 
to improve the product. 

Motor cycles, for example, are taxed on the swept 
volume of the engine cylinders. This is as logical 
a means of taxation as most, and has had the effect 
of developing a machine capable of high perform- 
ance with a small engine ; although, in the desire 
to achieve this end, the desiderata of silence, and 
protection for the rider appear to have 
overlooked. Goods-carrying ve- 
hicles are taxed on unladen weight, a basis which 
has compelled designers to produce the lightest 
possible vehicles for a given load and performance. 
Their technical achievements can be judged from 
the fact that most of the vehicles in current produc- 
tion which come into the category of under 2} tons 
unladen weight are guaranteed to carry 5 tons. 
In no other branch of mechanical transport have 
units been designed to so high a proportionate 
carrying capacity. Up to a point, taxation on the 
unladen-weight system has given good results, but 
it has led to the introduction of some flimsy detail 
work and to much overloading in service. 


weather 


heen somewhat 


The taxation of private cars on cylinder bore 
has encouraged the evolution of small-bore power 
units which are efficient and highly economical. 
The desire to obtain the maximum brake horse- 
power for a given tax has had the effect of lengthen- 
ing the stroke beyond the proportions giving 
maximum economy in production or the greatest 
smoothness in running. There are grounds, too, 
for the belief that shorter-stroke, larger-capacity, 
slower-speed engines would prove to have a longer 
working life. In practice this taxation system 
has proved a two-edged weapon: it has largely 
closed the British market to the foreigner whose 
power units do not comply with our taxation, while 
hampering British sales in countries where there are 
no legislative restrictions on engine design. The 
effects of taxation and Parliamentary regulations 
are clearly shown by the registrations of new 
vehicles. Goods-vehicle taxation is graduated very 
steeply for all weights above 2} tons unladen. 
Vehicles under this weight are subject to a 30-m.p.h. 
speed limit, while heavier lorries are only allowed 
to proceed at 20 m.p.h. Last year’s new registra- 
tions for petrol goods-carrying vehicles were as 
follows :—Up to 12 ewt., 11,884; 12 ewt. to 1 ton, 


10,916 ; 1 ton to 14 tons, 6,586 ; 1} tons to 2 tons, 
10,052 ; 2 tons to 2} tons, 21,612; 2} tons to 
3 tons, 2.474; 3 tons to 4 tors, 1472; 4 tons to 


5 tons, 400: 5 tons to 6 tons, 84; 6 tons to 7 tons, 
46; 7 tons to 8 tons, 15; 8 tons to 9 tons, 6; 
% tons to 10 tons, 3. The buyers’ desire to procure 
the largest vehicle in the low-taxed under-2} ton 
class, and to take advantage of the higher speed 
allowed to such vehicles, is plainly shown by these 
figures. In the private-car section of the industry 
the influence of the tax gatherer is also to be seen. Of 
the 272,840 new vehicles registered last year, no 
less than 62-45 per cent. were of 10 horse-power or 
less. Only 10-78 per cent. were of 17 h.p. or more. 
One indication that the desire is to evade the 
unpopular horse-power tax, rather than the import 
duties which protect the British industry, is the 
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fact that over 96 per cent. of the cars sold in the 
United Kingdom are of home manufacture. This 
figure was maintained in spite of imports from 
Germany which were so heavily subsidised that, 
despite the duty, they were sold more cheaply in 
England than in the country of their origin. One 
of many factors that helped to defeat this effort 
to flood the British market was that, as the German 
cars had short-stroke engines, the buyers were called 
upon to pay 30s. per year more tax than for an 
equivalent British car. Actually, although a few 
years ago the Treasury method of taxation had a 
hampering effect on export, this has largely dis- 
appeared. All over the world buyers have less 
money to spend than formerly, and cars designed 


for extreme economy, as British cars are, therefore | 


become increasingly attractive, especially when 
economy is allied to the traditionally high standard 
of British engineering. It is due to this fact that, last 
year, the motor industry of Great Britain managed 
to build up a favourable trade balance of 15,018,2961., 
importing only 5,132,228/. of motor produce, but 
exporting cars to the value of 19,150,524. 








ECONOMIC CONDITIONS 
IN SWEDEN. 


ALTHOUGH it has been said that it is always easy 
to bear other peoples’ troubles, satisfaction at their 
prosperity is sometimes harder to endure. If the 
same relationship existed between nations as between 
individuals we might entertain some envy of 
the peaceful position of affairs which obtains in 
Sweden. In spite of its contiguity to certain centres 
of political disturbance, trade in 1938, according to 
a recent report,* was good and fears that a new 
depression might set in were not realised. 


flourished accordingly. The crisis of last September 
brought a temporary check, but business soon be- 
came active again, with the result that, during the 
latter part of the period under review, the economic 
outlook was more favourable than had been ex- 
pected. In spite of currency restrictions, clearing 
agreements and dumping, Sweden has not found it 
necessary to put obstacles in the way of goods 
entering the country, even though such goods are 
often competitive with local productions. In fact, 
industries which might have been expected to suffer 
have shown great activity, and a remarkable growth 
in the earnings of most classes of the people has 
been followed by a corresponding expansion of 
turn-over. 

Upon this bright picture, on which all concerned 
are to be congratulated, there appears to be only 
one dark spot. Although the shipyards enjoyed 
record activity and have orders in hand which will 
ensure for them full employment up to the close 
of 1940, and there has been a noticeable recovery 
in the textile industry, there was a reduction in the 
export industries. The pulp industry changed in 
twelve months from the most prosperous to the 
most depressed in Sweden. On the whole, however, 
there is no immediate cause for apprehension, in 
Mr. Bluett’s opinion. At present, therefore, the 
glass is set fair, although there are indications that 
a slow business decline may set in, and unless 
there is a more constant demand for Sweden’s 
exportable surplus it may not be possible to maintain 
the present extraordinarily high standard of living. 

The electricity consumption of a country generally 
provides a dependable indication of its industrial 
prosperity. During 1938-39, some 8,150 million 
kWh were generated, an increase of 200 million kWh 
over the preceding year. It is significant that this 
figure was not expected to be reached before 1945. 
About 87 per cent. of the current is generated by 
water power. This percentage is rather higher 
than in recent years, owing to an increased supply 
of water, more extensive exploitation of resources 
and a diminished demand from the pulp and paper 
industries, which now generate much 
electricity by exhaust turbines. At the beginning 
of 1939 the total amount of water power that had 

* Report on Economic and Commercial Conditions in 

By H. A. N. Bluett, 0.B.E. H.M. Stationery 
[Price 2s. 0d. net.) 


Sweden, 
Office. 


Anxiety | 
therefore gave way to optimism, and retail trade | 
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been developed was 1,580,000 kW and the capacity 
of the plant in course of construction amounted to 
227,000 kW. 

As regards transmission, junction has been effected 
between the well-known station at Porjus, in 
Lapland, and the networks of Southern Sweden 
and Lower Norrland, so that the whole of the 
State-owned lines now form one system. This 
connection will shortly be consolidated by the 
completion of a 220-kV line from Porjus to Vasteras, 
where a reserve steam plant is installed, a distance 
of about 625 miles. The surplus output from Porjus, 
which amounts to some 150 million kWh annually, 
will therefore be utilisable in the centre and south 
of the country. This should be of particular value 
in the summer months, when the snow melts gradu- 
ally in the north and thus maintains a constant 
supply of water even in the driest seasons. The 
electrification of the railways, which was commenced 
early in 1910, is now proceeding rapidly, and 
of the 5,000 miles operated by the State no less 
than 2,100 miles are operated electrically. Eighty 
per cent. of the traffic on the State Railways is 
at present handled electrically ; nevertheless, 15 
per cent. more goods were carried by public road 
vehicles than by the railways, the actual figures 
being 41-5 million and 36 million tons, respectively. 
This traffic was carried by 16,482 motor trucks 
and 2,718 trailers. Of the total number of lorries 
and trailers in the country, 31 per cent. are used as 
common carriers, apart from those used by firms 
to transport their own goods. 

Considerable progress is being made in civil 
aviation. The native concern, A/B Aerotransport, 
increased the distance flown from 2,351,777 km. 
in 1937, to 2,589,236 km. in 1938, and during the 
present year has further expanded its services. The 
express service between London and Stockholm 
has been extended to Helsingfors and Tallinn, 
while the Malmé-Berlin service has been extended 
to Zurich and Rome, so that Venice can now be 
reached from Sweden in one day via Berlin. The 
services are nearly all operated by German-built 
machines, but in addition, British Airways has 
operated a service between Stockholm, Copenhagen, 
Hamburg and London since 1936. Due to the con- 
dition of the Bromma aerodrome at Stockholm, and 
unfavourable weather, Malmé was used as a tem- 
porary terminus for this route, but this stop has now 
been eliminated. In 1938, 496,632 miles were flown 
on the British Airways Scandinavian service with a 
regularity of 98 per cent. The paying passengers 
carried totalled 2,924, and the paying passenger- 
miles were 1,063,528. 

As regards the native aircraft industry, the two 
manufacturers who were granted a monopoly to 
supply machines to the Swedish Air Force until 
1943, decided to amalgamate in March, 1939. The 
new company is named Svenska Aeroplan A/B, 
and, though it is concerned chiefly with the produc- 
tion of military aircraft, it will also manufacture 
civil machines. The first wholly Swedish aero- 
engine is being constructed at the Trollhattan 
factory of this firm. Arrangements have been made 
for the firm to increase its output by about 50 per 
cent. In November, 1938, A/B Gétaverken, the 
well-known shipyard at Gothenburg, completed a 
sports machine of the two seater high-wing mono- 
plane type. It is fitted with a 90-h.p. Le Blond 
engine, and has a cruising speed of 170 km. per hour. 
The same firm has also announced its desire to take 
up the manufacture of bombing aircraft. 

Swedish shipbuilding yards were fully occupied 
in 1937 and 1938, the output in the latter year being 
40 vessels aggregating 166,464 tons. Only two of 
these were steamers, a fact which may explain the 
success of Swedish yards in keeping their berths 
occupied, as a more or less uniform type of vessel 
leads to economies. Of the 1938 construction, 
68 per cent. of the tonnage, in 23 vessels, was for 
foreign owners. At the beginning of the present 
year the tonnage of the mercantile marine amounted 
to 1,614,475 gross tons, which was divided among 
2,272 vessels. The average size of the vessels tends 
to increase with the disappearance of sailing ships 
and the increasing employment of motor ships. Of 
this tonnage, 871,752, or 54 per cent., was repre- 
| sented by steam, and 657,481, or 40-7 per cent., by 
| motor ships. 
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NOTES. 
RESTRICTIONS ON RIBBON DEVELOPMENT. 


A DETAILED review of the decisions given by the 
Minister of Transport under the Restriction of 
Ribbon Development Act, 1935, during the period 
from April 1, 1938, to March 31, 1939, was recently 
published by the Stationery Office at the price of 
3s. 6d. net. From this, it appears that more than 
230 appeals were made against the decisions of 
highways authorities refusing consent, or attaching 
conditions to a consent, to the erection of buildings 
or the making of new accesses to roads. Some of 
these appeals were withdrawn, and of the remainder, 
47 were allowed and 87 were dismissed. To show 
the wide field covered by these appeals it may be 
mentioned that among the matters included were 
the advantages of having two petrol-filling stations 
sited close together, but on opposite sides of the 
road, in order that vehicles travelling in both 
directions might be refuelled without crossing the 
line of traffic; the undesirability of erecting a 
school adjoining an important road; and the 
possible effect on amenities of a greyhound racing 
course. It is clear that the Minister is continuing 


| of safety the amount of petrol carried on the Empire 


to support highway authorities in their refusal to | 


allow developments which would clash with the 
natural beauty of the countryside. For instance, 
action was taken in relation to sites adjoining an 
area which is to be preserved by the Surrey County 
Council under the Leith Hill planning scheme, and 
in the Jarrow Valley. He also dismissed numerous 
appeals where he was satisfied, after consultation 
with the Minister of Health, that the proposals for 


development were inconsistent with the character | 


of the district. A notable example was a scheme 
for a housing estate to accommodate workers at 
an aeroplane factory adjoining an airport. 
site was in an area reserved as an agricultural zone, 
and the two Ministers agreed that the zoning of 
the district under the town-planning scheme should 
be observed. On the other hand, the building of a 
greyhound racing track and of a cinema were both 
allowed on the grounds that they would not be 


The | 


injurious to the amenities of the neighbourhood, | 


though in each case it was laid down that suitable 


arrangements must be made for parking vehicles. | 


In three appeals a new means of access from a 
dwelling-house to a main road in a rural district 
was desired to provide a short cut for pedestrians. 
In each case, however, the Minister supported the 


view of the highway authority that the proposed | 


access, besides being a potential source of danger 
to those using it, would be likely to encourage 
tradesmen and others visiting the houses to leave 
their vehicles on the roadway opposite the opening, 
where they might cause danger and obstruction to 
the road traffic. 
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Historic RorTary 


In 1835, a rotary machine for printing news- 
papers was devised by Sir Rowland Hill, but though 
it gave excellent impressions at what was then 
considered a high speed, these advantages were 
lost by the refusal of the Government to allow the 
duty stamp to be impressed on the paper during the 
run. The inking rollers and impression cylinders of 
this machine are now view at the Science 
Museum, South Kensington, as well as some of the 
inventor’s type and a drawing of the complete unit. 
These objects were last exhibited at the Caxton 
Celebration, which was held in 1877 to mark the 
400th anniversary of the publication of the first 
book printed in England. In 1835, it was necessary 
to take a plaster cast from the types before a stereo 
plate could be made. Paper did not replace plaster 
until 1848, and it was not until 1863 that The Times 
began to use curved stereo plates. The movable 
types used directly on the Rowland Hill cylinders 
would therefore have been an asset for the latest 
news pages. They had to be specially made with 
taper shanks to suit the curvature of the cylinder, 
and were set up curved composing stick. 
They were set in single columns and were attached 
individually to the cylinder surface. The inking 
arrangements were elaborate, a series of rollers 
transferring the ink from the box to the type 
cylinder. Some rollers were larger than others, 


on 








means of a cam. In this way the ink was spread 
more evenly over the type. Paper was supplied 
in rolls, and means were devised for changing over 
rapidly from one roll to another. A more elaborate 
machine, however, is described in a patent specifi- | 
cation. In this the paper passed through a second 
set of rollers, so that it was printed on both sides. 


IMPERIAL ATRWAYS EMPIRE SERVICES. 


The announcement last week by Imperial Airways, 
Limited, that they would be obliged to suspend 
passenger bookings on their Empire air routes until 
further notice, came as a surprise to the public, 
following so soon after the merger between Imperial 
Airways, Limited, and British Airways, Limited, 
was formed to promote more efficient working of 
the two principal British operating companies. The 
load carried by a commercial aeroplane comprises 
both petrol supplies and payload, and for reasons 


routes has recently been increased. The payload 
consists of both passengers and mail, a certain 
amount of the latter being under contract. The 
daily amounts of contract mail have lately increased, 
so it is natural that if accommodation is limited, 
the passenger traffic should suffer. Other reasons 
for the suspension are the loss of several flying 
boats on account of accidents, and the difficulty in 
obtaining delivery of sufficient quantities of new 
aircraft to supplement the fleet. At the present 
time one can understand that Service orders of 
military aircraft must take priority over civil 
demands. In February last, in anticipation of the 
merger between Imperial Airways, Limited, and 
sritish Airways, Limited, the Air Minister, Sir 
Kingsley Wood, appointed a Committee to investi- 
gate the best means of improving co-ordination 
between aircraft constructors, air-line operators and 
the Air Ministry, in the production of civil air 
liners. This Committee published their Report in 
the form of a White Paper, and from their findings 
we may quote: “Civil aviation in the British 
Dominions is not at present occupying the position 
it should have. The fundamental reason is that 
civil aviation in the United Kingdom and through- 
out the British countries overseas has to cope with 
serious disadvantages which are not present, or 
not present to the same extent, in some other 
countries. For many years to come no amount of 
co-ordination alone can overcome these difficulties. 
This can only be done, if it can be done at all, by 
the expenditure of large sums of public money not 
more than a fraction of which will ever be recovered. 
Unless the Government is prepared for many years 
to come to furnish considerable sums for civil 
aircraft development—in addition to subsidies to 
air-line operators—there is little or no hope of this 
country winning a leading place in civil aviation. 
The provision of small sums would be quite ineffec- 
tive. We do not think that it is possible with 
advantage to try to lay down in advance how the 
necessary financial assistance can best be given. 
It will probably be best to adopt different methods 
to suit varying circumstances ; one method is to 
increase the civil-aircraft market by using civil-type 





aeroplines as Royal Air Force transport machines.” | 
This statement shows the difficulties under which | 
British civil aviation is labouring, and already | 
several methods have been suggested for el 
the Empire passenger traffic to be resumed. One 
is that some of the mail might be carried by Royal | 
Air Force machines, and another that the aircraft | 
shortage should be made good by the purchase of | 
some machines abroad. Although this latter prac- | 
tice seems unwelcome for the Empire routes, it | 
must be remembered that the Royal Air Force, | 
who have first call on production, are already | 
buying some training machines from the United | 
States, so this’ solution would be preferable as a| 
temporary measure, rather than that the passenger | 
should be withdrawn. The suggestion, made in 
the White Paper, that the Royal Air Force should | 
use civil-type aeroplanes for transport purposes, 80 | 
as to increase the market for these machines, seems | 
a sound one, since the essential requirements of a| 
military machine are similar to those of a civil air | 
liner, viz., high speed and the maximum ae 
modation for personnel. 
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THE MAXIMUM RANGE 
OF FLIGHT. 


By F. W. Lancusster, LL.D., F.R.S. 


THE greatest distance that may be covered by 
an aeroplane without refuelling depends funda- 
mentally upon the proportion of the gross weight 
which may be devoted to fuel. That there are 
many other factors to be taken into account, goes 
without saying, so that this opening statement should 
be qualified by the addition—“ other things being 
equal.” For short flights it is unnecessary to make 
allowance for the reduction of weight as the fuel is 
consumed and the consumption may be expressed 
as so much per mile, or as so many miles to the 
gallon, but for long flights, when the weight of the 
necessary fuel represents a large proportion of the 
total, it is a different matter. 

The first point for consideration is the relation 
between the reduction of weight as the flight pro- 
ceeds and the consumption per mile. It will be 
assumed, for the purpose of this article, that as the 
weight diminishes the flight velocity is reduced to 
keep the drag/weight ratio constant; this means 
that at any given altitude (at which the air density 
is constant) the velocity will need to be reduced in 
the ratio of the square root of the gross load. 

If L be the distance flown from the point of take- 
off, and W the gross load in appropriate units, 
both considered as variables, it is clear that, 


2 
— is constant, or dL 





| ] 

Og. (w 

At the “ take-off” L=0 and W, the gross weight 
at this point will be taken as unity, O A in Fig. 1, 
page 204. Then from the point A a line is drawn, 
A x the gradient of which is — che at the point A 
ais 

(when L = 0) ; then Ow may be taken as repre- 
senting the possible range of flight, if an aeroplane 
of constant gross weight could be supplied with its 
own weight of fuel by refuelling in some way. If, 
in terms of the natural logarithm, the distance O x 
be taken = 1, the corresponding number is 2-718, 
the reciprocal of which is W = 0-368 being the 
ordinate to the logarithmic curve in Fig. | at the 
point x, in accordance with the expression given 


above, L = log, (w): In Fig. 1, ordinates are given 


corresponding to values of L = 0-1, 0-2, 0-3, ete., 
the values of W corresponding to which are indi- 
cated. The logarithmic curve so determined shows 
the reduction in the weight W as the flight proceeds 
and the difference 1 — W is the proportion of the 
initial gross weight which must be carried in the 
form of fuel for any particular value of L, which is 
here expressed in terms of O x taken as unity. 

In order to express L in miles, or other units of 
length, the distance, O x must be calculated, thus 
giving a scale to the diagram ; examples are given, 
in the upper scale O x is taken = 14,000 miles, and 
in the lower scale 18,000 miles. These values are 
given again in columns 2 and 3 of Table I, in which 


TAbLL 1. 
1 2 3 4 , 
O z in miles = | . > 
| 14,000. | 18,000. W. V. 
Oz. 
Unit. | 
Basis :— Basis 
| y= 1/20 | y=1/25 | W,=1 Vv, =1 
heal es ne bbe heed 
0-0 | 0 0 1-000 Unit. 
0-1 1,400 1,800 0-905 | 00-9513 
0-2 2,800 3,600 0-818 | 0-9052 
0-3 | 4,200 5,400 | 0-741 0- 8608 
0-4 5,600 | 7,200 | 0-670 | 0-8188 
0-5 7,000 9,000 | 0-607 0-7788 
0-6 | 8,400 10,800 | 0-544 0-7410 
0-7 9,800 12,600 0-497 0-7048 


also the corresponding values are given of W and 
the flight velocity V appropriate to the condition 
of least drag, being expressed in terms of the 
initial values W, and Vy. Values of V are plotted 
also in the dotted graph in Fig. 1, the ordinates for 
values of L being derived as the square root of W. 
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The foregoing being in the nature of a generalisa 
tion, it now becomes necessary to discuss the 
question of performance in detail, and the factors 
on which it depends, in order to justify the numerical 
values given. The data required in order that an 
estimate may be made of performance, comprise : 
(1) Knowledge of the drag/weight ratio, or gliding 
angle; (2) the energy transmitted to the engine 
crankshaft, or propeller shaft, per pound of fuel 
consumed; and (3) the efficiency of propulsion. 
Chese will be taken in the order given. 

(1) Drag-Weight Ratio, or Gliding Angle.—In a 
paper read before the Royal Aeronautical Society 
in 1936, the writer, under the sub-title, ‘““ The Limit 
of Performance,”* took for the purpose of study a 
hypothetical aeroplane of 14 tons gross weight, with 
flight velocity of 300 ft. per second (= 204 m.p.h.). 
The calculated minimum drag, including induced 
drag and skin-friction, but not including body re 
sistance or parasitic losses, was found to be 677 lb., 
which was shown to agree with data obtained for 
high Reynolds Numbers in the compressed-air 
tunnel at the National Physical Laboratory. As 
suming the body form to be of circular mid-section 
10 ft. in diameter, as representing the needs of 
commercial utility, and without taking account of 
parasitic resistance, the body resistance, at 300 ft. 
per second, was found to be somewhat less than 
4“) Ib. Drag due to skin-friction on ancillary 
members, such as fin surfaces, tail plane, rudder, 
ete., 91 Ib. total. In the paper 
to which reference is made, an allowance was made 
for imperfection of body form, body resistance being 
taken at 700 lb.. or nearly double that given by 
the total drag was given as 1,468 Ib., 


were assessed at 


calculation ; 


and the drag/weight ratio Lae 0-0475, or 
31,000 
approximately | in 21. 
It happened that, by a coincidence, the de 
Havilland Albatross, which made its appearance 


some few months later, was built almost exactly to 
the specification above given, and its performance, 
which known to the author,t would be of 
great value as a check on his conclusions. There 
would seem to be no reason to doubt, however, 
that a drag/weight ratio of 1 in 20, if not actually 
whieved, is at least within present-day reach. 

For the end in view, i.¢., to determine the absolute 
maximum possible flight range, when the only sub- 
stantial cargo to be considered is the fuel itself, it is 
obvious that a less size of body will suffice, and we 
may assume that, within reason, parasitic resistance 
will be eliminated ; the allowance for body resist- 
ance may thus be substantially reduced. The writer 
would hesitate to claim all that might be claimed 
on this account; a perfectly formed body of 
30 sq. ft. or 40 sq. ft. mid-section, at 300 ft. per 
second, should certainly not experience a drag in 
excess of 200 Ib., even at low altitude ; double this 
will be allowed, namely, 400 Ib. Allowing a 10 per 
margin the calculated flight resistance 
proper, and taking the skin friction on the tail plane, 
rudder, ete., at 100 Ib., the total is made up as 
follows 


is not 


vent on 


Lb 

Flight resistance proper 740 

Rody resistance proper wn 

Tail plane, rudder, ete 100 

lotal drag 1,240 
1.240 

Whence the gliding angle ; - 0-04, or, 

Shh 


lin 25. This may appear to be optimistic, but the 
writer is of the opinion that a still better figure may 
be reached in the near future. We thus conclude 
that the present-day limit lies besween 1 in 20 and 
1 in 25. 

(2) The En Fuel Efficiency Until recently, 
the Diesel engine was able to show a verv marked 
superiority over the petrol engine in the matter of 
efficiency. That advantage still remains, but in 
the last few vears a great advance has been made 
in the petrol engine, especially for aviation. This 
has been rendered possible by the improvement of 


gine 


* The Journal of the Royal Aeronautical 
rebruary, 1937, vol. xli, No. 314, page 92. 
Some data on the performance of this machine will 
be found on page 91, of our previous volume.--Ep. E. 


Society. 
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‘ anti-knock " fuel, enabling the compression ratio 
to be raised from 5 to 7, or even higher, with a 
corresponding increase in fuel economy of about 
10 per cent. or 15 per cent. The present-day 
advantage of the Diesel engine in the matter of 
efficiency does not appear to be more than 10 per 
cent., if as much, this being partly due to the fact 
that the mechanical efficiency of the Diesel engine 
is perforce less than that of the petrol engine. ‘The 


overall (brake-thermal) efficiency will be taken as | 


0-34 based on the lower calorific value of the fuel, 
which is taken as 14,700,000 ft.-Ib. per Ib., giving 
5,000,000 ft.-lb. available for every Ib. 
consumed. 

(3) Propulsion Efficiency.—The screw propeller is 
the only mode of propulsion that needs considera- 
tion. The best possible efficiency attainable is 
probably in the region of 80 per cent., but between 
70 per cent. and 75 per cent. is the figure more com- 
monly assumed ; many would consider 75 per cent. 


of fuel | 
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‘earth's surface which is beyond its reach, and the 


ideal of forging a direct link between Great Britain 
and the most remote of the Dominions, New Zealand, 
would be achieved. To accomplish this, a plane 
having a minimum gliding angle of 1 in 20 would 
need to take off with 0-638, approximately 64 per 
cent., of its gross weight as fuel. This may be 
regarded as prohibitive. It is well to draw the 
line at the half and half ratio, that is 50 per cent. 
fuel. On this footing, the maximum range of a 
machine with a 1 in 20 gliding angle is 9,800 miles. 
bringing us within easy reach of Australia, and we 
may certainly regard this as within the possibility 
of present-day achievement. 

In Fig. 2 ordinates represent time in hours, and 
abscisse distance in 1,000-mile units. There are 
three graphs shown, one being a straight line indicat 
ing the time of flight as a function of distance based 
on a constant flight velocity of 204 m.p.h. The other 
two graphs relate to the two conditions specified , 
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as about the limit. Assuming 75 per cent., the 
energy available for propulsion per lb. of fuel 
consumed, will be 0-75 < 5,000,000 — 3,750,000 
ft.-lb. 

Calculations Based on (1). (2) and (3) Above. 

Case I, gliding angle = 1 in 20. The weight of fuel 


5,280 ft.) per lb. gross weight (at take 
5,280 dW 
dL 


per mile ( 
off) will be "7 
20 3.750.000 

The reciprocal is 14,000, this being the mileage 
which would be flown if the aeroplane could be 
supplied with its own weight of fuel, its weight 
remaining constant; in other words this is the 
value of O x in Fig. 1 expressed in miles, as in the 
upper scale in that figure. 

Case LI, gliding angle = 1 in As above, weight 
of fuel per mile per Ib. gross weight, will be 


5.280 


0-00007; this is 


295 


0-000056 Reciprocal 18,000 


25 3.750.000) 
miles ; Fig. 1, lower scale 

It will be seen, on reference to Fig. 1 and Table I, 
that if a gliding angle of 1 in 25 can be reached, and 
if an aeroplane can be constructed to take-off with 
half its gross weight in the form of fuel, it will be 
capable of a sustained flight of 12.600 miles without 
re-fuelling ; that is to say there is no point on the 
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namely, the upper graph to a machine having a 
gliding angle 1 in 20 and the lower graph, 1 in 25, it 


| being assumed that the flight velocity is regulated as 
already stated, and as shown by the dotted graph in 
TABLE II. 
Time, Hours 
I . 
Miles Basis 
20 25 
| 

1.0000 4-9 1-9 
2.000 10-0 1-0 
+.000 15-¢ 15-5 
4.000 21-3 | 0-9 
5.000 27-0 26-4 
6,000 32-8 | 2-0 
7.000 9-0 RO 
000 45-5 44-1 
9.000 52-1 0 
10,000 oo -7 
11.000 “6-1 63-2 
12.000 73-4 72-0 
12.600 7s-0 74-0 


Fig. 1. It will be seen that half the circumference of 
the globe may be traversed in approximately 75 
hours, assuming the appropriate flight speed at full 
load W, to be 204 m.p.h. Figures are given in 
Table II corresponding to the plotting in Fig. 2. 
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In the present article the possibilities opened up 
by variations or changes of altitude have not been 
considered ; in fact, nothing has been said on the 
subject of altitude, except such as may be inferred 
from the condition laid down that density is constant. 
That condition may, for most purposes, be taken as 
implying constant altitude, whether high or low. 
In an article to be published later this restriction 
is removed. 
(T’'o be continued.) 
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Welded Pressure Vessels—Among other investiga- 
tions in which satisfactory progress has been made 
during the year, one of special interest to mech- 
anical engineers, both for the intrinsic results 
obtained and for their potential applications to 
fabricated construction in numerous directions, is a 
study of various types of welding for pressure 
vessels. ‘The work was undertaken over a year ago, 
at the request of the Gas Cylinders and Containers 
Committee of the Department of Scientific and 
Industrial Research, for the specific purpose of 
obtaining detailed experimental knowledge of the 
properties of fusion welds, made by electric are and 
oxy-acetylene welding, in comparison with those of 
good water-gas forge welds, in all cases with special 
reference to their use for the longitudinal joints in 
the large pressure vessels in which ammonia, 
chlorine and other liquefied gases are transported. 
Since the success of welding depends in large measure 
upon the art and skill of individual welders, the 
samples tested at the Laboratory have been manu- 
factured and supplied by the industry, with the 
co-operation of Lloyd’s Register of Shipping, the 
British Standards Institution, and a number of 
important steel-makers and welding firms. Further, 
to ensure representative and normal conditions of 
industrial manufacture, the sample welds were 


made in steel plates at least 6 ft. long and of three | 
These | 
| concerns the relation between fluid friction and heat 


thicknesses, viz., } in., } in., and 1} in. 
specimens have been subjected to a remarkably 
comprehensive range of tests. In the first place, 
the sample welds were examined radiographically, 
chemically and microscopically. Secondly, mech- 
anical strength was determined by tensile, bending, 
and impact tests, and fatigue properties measured, 
both for the welded joints as well as for the plates 
themselves. A great deal of information has thus 
been obtained from which certain conclusions 
regarding the relative merits of the different methods 
of welding can already be drawn, although the 
complete analysis of the data along statistical lines 
remains to be completed. It appears, in general, 
that none of the three types of weld is quite as 
good in all respects as the original plates, but in 
some cases the inferiority of the welded joint is 
very slight. This is true, it may be noted, in 
respect of more than one type of weld. 

Fluid Motion; Flow in Pipes; Wind Pressure 
on Structures.—A feature of the Engineering Depart- 
ment’s research programmes for several years past 
has been a steady growth not only in the volume, 
but also in the proportion, relatively to other 
subjects, of the work bearing on hydraulics, wind 
pressures, and problems of fluid motion generally. 
To some extent this may be explained by the pre- 
occupation of the Aerodynamics Department with 
an increasing burden of aeronautical development 
work, but it can undoubtedly be ascribed, in part, 
to a greater consciousness among engineers of the 
wide scope now available for the applications of new 
knowledge in hydromechanics to problems of 
orthodox engineering other than strict aeronautics. 


During the past year this tendency has been, if| 


anything, increasingly marked, as regards both 
special investigations on behalf of industrial firms 
and researches of a more comprehensive and funda- 
mental character. 

Among the latter is a new investigation, recently 
undertaken at the request of the Institution of Civil 
Engineers, into the influence of surface roughness 
on the coefficients of flow in pipes at values of 
Reynolds number covering the greater part of the 
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range encountered in practical hydraulics. 
received a tremendous amount of experimental and 


theoretical study for the better part of a century, 
arises from quite recent tests, in numerous labora- 


tories in various parts of the world, which have | 


established that, at low rates of flow, the hydraulic 
resistance of nearly all pipes is largely independent 
of the nature of the surface, whereas, at sufficiently 
high rates of flow, the resistance is largely skin- 
frictional in character and depends chiefly on the 


nature and degree of the surface roughness rather | 


than on the rate of flow. From quite other con- 


siderations, mainly of economy, the rates of flow | 


commonly used in water mains lie between these 
critical values. The coefficients of fluid friction, 
consequently, depend (to varying extents according 
to circumstances) both on the rate of flow and upon 
the surface of the pipe walls, the result being that 
the flow characteristics present a more complex 
problem which, as yet, is far from completely 
understood or elucidated. The laboratory tests, 
therefore, are being carried out with representative 
samples of commercial pipe for which the relation 
between resistance and discharge is being numeri- 
cally determined for rates of flow corresponding to 
the practical range. One of the difficulties arising 
from the use of commercial or actual service pipes 
is that of defining the random and irregular character 
of the internal surface roughness. It will evidently 
be useful and instructive, however, if an indirect 
description can be arrived at by finding a form of 
regular, reproducible, and hence definable surface 
roughness, that produces the same hydraulic resis- 
tance as that of a typical commercial surface. It 
will be of considerable academic interest, also, to 
ascertain how far the resistance to pipe flow can 
be correlated with the size, shape, and distribution 
of regular protuberances placed artificially on an 
otherwise smooth pipe wall. With these objects, 
accordingly, an appropriate series of experiments is 


| being planned, attention being more specifically | 


directed to the rates of water flow encountered in 
practice. 

Another research of immediate interest to 
engineers, that has been completed during the year, 


transmission. The interesting point at issue here 
is that turbulence of flow, induced in a pipe, for 
example, by surface roughness, may increase both the 
rate of heat transmission and the flow resistance ; 
and the question arises as to how far it may prove 
worth while, in any given heat-exchange plant, to 
promote turbulence and heat transmission at the 
expense of hydraulic or aerodynamic resistance. 
The eventual answer must evidently be affected by 
each particular set of circumstances and by the 
respective monetary values of heat exchange and 
flow resistance. The data upon which, within 
limits, such estimates may be made, however, are 
provided by the results of the Engineering Depart- 
ment’s experiments which were carried out with 
water as the working fluid flowing through pipes 
12 ft. long and } in. in internal diameter. The 
experimental range of Reynolds number extended 
from 2,000 to 60,000. By means of apparatus 
developed in the Department’s workshop, the internal 
walls of these pipes were roughened by a knurling 
operation, the resulting surface being uniformly 
covered with pyramids which were geometrically 
similar in the different pipes, leading to roughness 
ratios of approximately 8, 15, and 45 to 1, measured 
by the proportion of radius of pipe bore to height 
of pyramid. Rate of heat transmission through the 
pipe walls was determined ,y enclosing a length of 
experimental pipe within a uniformly heated, 
temperature-controlled bath or chamber, and 
measuring the temperature change between inlet 
and outlet of the water flowing through the pipe. 
Simultaneous measurements of pressure drop gave 
the required flow resistance. An interesting feature 
of the results, when analysed from the standpoint 
of hydrodynamic similarity, is that the heat- 
transmission graphs for the three pipes are in better 
agreement if the “ shearing force ’’ velocity, rather 
than the mean velocity of flow, is included in the 
non-dimensional parameters. 

In contrast with the effects, noted in an earlier 
paragraph, of surface roughness on resistance to 


The 
necessity for further work, in a subject which has | 
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flow, the results of this investigation reveal that 
when fully turbulent conditions of flow are estab- 
|lished at a sufficiently high Reynolds number, the 
roughness of the pipe surface has little effect on heat 
transmission coefficient, whereas at lower Reynolds 
numbers, in the transition between laminar and 
turbulent flow, the roughness may increase that 
| coefficient to as much as 2-5 times its value for 
/a smooth pipe. The hydraulic characteristics of 
|a pipe subject to heat exchange, however, are 
different from those associated with isothermal 
conditions, presumably as the result of radial 
| temperature gradients in the former case. From 
the engineering designer’s viewpoint, the main out- 
come of the research has been to establish that, for 
|a given pressure drop across a heat-transmission 
| apparatus, more heat will be transmitted if the 
| pipes are internally smooth than if they are rough. 
| Under the hypothesis of a stated pressure drop, the 
| rate of fluid flow will, of course, be greater in smooth 
| Pipes than in rough ones. For the case of the 
| roughest of the three pipes tested, having a rough- 
| ness ratio of 8:1, it would be possible to transfer 
| twice as much heat by using a smooth pipe of the 
|same length and diameter, for the same pressure 
drop as that along the rough pipe. 

In another branch of fluid motion, attention has 
been directed, on behalf of the Institution of Gas 
| Engineers, to the action of the wind upon large 
gasholders. This type of structure calls for con- 
| sideration from at least three important aspects. 

First, there is the overall pressure in the direction 

| of the wind and its vertical distribution in relation 
to distance from the ground and from the upper 
|end of the gasholder. These pressures determine 
| the force tending to displace the holder bodily and 
the moment tending to overturn it. Secondly, there 
is the distribution of pressure around the holder at 
various horizontal levels, which tends to distort the 
shape of the different tiers, and which, if the thin 
metal walls are insufficiently rigid. may prevent the 
telescoping compartments from freely rising and 
falling to suit the volume of gas in storage. And 
finally, there is the effect (which may be quite 
marked) of the external bracing and supporting 
structure on the wind-pressure distribution over the 
| cylindrical part of the main gasholder. For the 
| examination of all these points a scale model of a 
| typical spirally-guided gasholder is being tested in 
|a wind tunnel, the pressure distribution being deter- 
mined by small holes in the surface of the model 
which are connected to manometers. The results 
will enable the distortion of the structure and the 
‘forces acting on the guides and foundations to be 
| estimated for design purposes. 

One of the difficulties of this class of experiment, 
| due to the large disparity in size between the model 
|and its prototype, is exemplified by the wind 
| pressure on a large aeroplane hangar, which the 
Engineering Department has been investigating on 
behalf of the Air Ministry. One of the primary 
objects of this work was actually to determine the 
degree of scale effect, by taking pressure observa- 
tions at corresponding points on the hangar itself 
a structure 412 ft. long, 104 ft. wide, and 50 ft. high 
—and on a wind-tunnel model made to a scale of 
1/240 fuil size. On the full scale, the wind pressures 
at 15 points on one cross-section near the middle of 
the hangar were measured manometrically, all the 
pressures, and the indications of Dines anemometers 
showing the speed of the wind approaching the 
hangar, being simultaneously recorded by photo- 
graphy. The comparison between the model and 
full-scale test results has revealed widely different 
characteristics of the airflow in the two cases, the 
simultaneous indications of three Dines heads, 
respectively at 70 ft., 55 ft., and 40 ft. above ground 
level, showing on some occasions a reversed velocity 
gradient. In other words, the actual wind speed 
was sometimes found to be lower the greater the 
elevation above the flat field in which the hangar 
was situated. The velocity gradient normal to the 
wall of the wind tunnel is, of course, always of the 
|nature to give increased speed with increased 
distance, and exhibits none of the vagaries observed 
| in nature. In these circumstances, close concord- 
| ance between model and full-scale test results is not 
|to be expected, but despite the appreciable and 
| variable scale effect observed, it is considered that 
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data of great utility for design purposes can never- 
theless be derived from wind-tunnel experiments on 
structural models. 

Among the miscellaneous work carried out during 
the year for industrial bodies are several interesting 
problems involving fluid motion. For one such 
investigation a model of the significant shafts and 
galleries of a very deep gold mine has been con- 
structed to assist in the study of its ventilation. 
In another case a motor manufacturer experienced 
trouble from the whistling sound of the wind around 
a particular design of car radiator. Wind tunnel 
experiments have shown how this nuisance can be 
avoided. Finally, to exemplify the range of aero- 
dynamic and related test work for which the depart- 
ment is equipped, mention may be made of investi- 
gations which have been carried out on pressure 
gauges, flow meters, ventilators, ceiling fans, pipe 
jointing materials, automatic gas valves, and air 
compressors. 

Lubrication and Friction.—For some considerable 
time the Engineering Department has been studying 
the characteristics of friction and lubrication of a 
journal bearing subject to oscillation, as exemplified 
by the bearings at the little-end of a reciprocating 
engine connecting rod. The experimental bearing 
consisted of a hardened-steel, grooved bush, 1-5 in. 
bore, in which a hardened-steel journal was oscillated 
through 30 deg. In the earlier work, of which some 
account was published two years ago,* the oscilla- 
tion frequencies ranged from 1 cycle to 15 cycles 
per minute, enabling the variations of friction during 
the cycle of oscillation to be studied in detail. The 
effects of the chemical composition of various lubri- 
cants were also investigated, one of the most 
interesting discoveries in this direction being a 
remarkable reduction in the coefficient of friction 
associated with B.P. paraffin due to the admixture 
of 2 per cent. of palmitic acid with the paraffin. 
Since the investigation showed, generally, that an 
appreciable reduction of frictional coefficient occurred 
as the frequency of oscillation increased, it was 
thought that at such very high frequencies as are 
encountered in practice in the connecting rods of 
internal-combustion engines, the bearing might be 
operating mainly, if not entirely, under fluid film 
lubrication, with consequently very small friction. 
Recent work at the laboratory has accordingly been 
carried out at oscillation frequencies ranging up to 
1,000 cycles per minute, and a most useful reportt 
has been issued by the Lubrication Committee of the 
Department of Scientific and Industrial Research. 
For these high frequencies the apparatus shown 
diagrammatically in Fig. 3 was developed for the 
measurement of the frictional torque between the 
journal and the bush. It consists primarily of a 
strip of spring steel s connecting the driving and 
driven shafts, i.e., the journal and bush. To each 
of the latter is attached a light disc d carrying a 
mirror m, which receives light through a lens I 
from the spark gap g of an induction coil and 
reflects it on to a photographic plate p. By operating 
the induction coil from an adjustable contact on 
the driving mechanism, an instantaneous photo- 
graph of the two images from the mirrors, the dis- 
placement of which measures the frictional torque 
between journal and bush, can be obtained for any 
point in the cycle of oscillation. 

The range of lubricants tested has included 
mineral oils, vegetable oils, and mixtures com pounded 
of the two, and their behaviour at temperatures up 
to 85 deg. C. has proved to be highly significant 
not only in relation to temperature and frequency, 
but more especially with regard to the nature of the 
oils themselves under conditions of bath lubrication. 
Typical characteristic effects ave shown by Figs. 
4, 5 and 6, from which it will be seen that the 
coefficients of friction are markedly less, at the 
higher frequencies, for vegetable oils than for 
mineral oils, the compounded oils being inter- 
mediate. The general effect of increased frequency 
j8 to reduce the friction, rapidly at first, but at a 


* Inst.Mech.E. General Discussion on Lubrication, 
vol. 2, page 302 

+ The Friction of an Oscillating Bearing, Lubrication 
Research Technical Paper No. 3. Published in 1938, 


by H.M. Stationery Office. Figs, 3 to 6 are reproduced 


from this publication by permission of the Controller of 
{ 


H.M. Stationery Office. 
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decreasing rate and tending towards constant values 
at frequencies approaching 1,000 cycles per minute. 
Increase of temperature generally causes an increase 
of friction at all frequencies, and this is the case 
for both the vegetable oils—castor and rape— 
throughout the temperature range studied. For 
all the mineral oils, however, at some critical 
temperature between 60 deg. C. and 72 deg. C., the 
friction reaches a minimum value at some frequency 
less than 1,000 cycles per minute and thereafter 
rises rapidly and progressively as frequency increases. 
This important effect is delayed, but not prevented 
by the admixture of vegetable oil with the mineral 
oil in proportions up to 25 per cent. The chemical 
composition of the lubricant thus has a considerable 
influence on the friction under a variety of condi- 
tions, the significant quality being similar to the 
“‘ oiliness ’’ associated with vegetable and animal 
oils—a quality other than viscosity. Under prac- 
tically all the conditions investigated the type of 
friction appears to be a combination of kinetic 
boundary friction and fluid film friction, but even 
under the most favourable conditions for promoting 
a thick film of lubricant, fluid film friction is by no 
means predominant. 


Fig. 3. TORQUE METER FOR HIGH-FREQUENCY 
OSCILLATING BEARING 
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Continued investigation of extreme-pressure lubri- 
cants by means of the four-ball apparatus* has 
revealed certain important differences between the 
proprietary sulphur-lead soap lubricants now on 
the market and those available some years ago. 
The early types were characterised, under test 
conditions, by an almost catastrophic breakdown at 
a definite critical load, accompanied by a sudden 
increase in wear of the balls. The new types are 
found to break down to a slight extent, and to allow 
of a slight amount of wear, even at relatively low 
loads. As load is increased, more complete break- 
down gradually takes place, and the rate of wear 
progressively increases. The new types have the 
advantage, however, of carrying extremely high 
intensities of pressure without permitting the weld- 
ing seizures of the surfaces in contact which were 
a characteristic feature limiting the utility of the 
early sulphur-lead soap lubricants. 

The suitability of the four-ball apparatus for 
studying seizure phenomena has led to its being used 
at the Laboratory for testing ordinary lubricants 
and thin oils, for which it has been found to give 
surprisingly consistent and otherwise most instruc- 
tive results. Machine-tool cutting oils, for example, 
are a case where thin lubricants are employed under 
extreme pressures, and it is interesting to report 
that in one series of tests it was found that the 
emulsion of the cutting oil with water behaved 
better, in some respects, than the neat oil. The 
behaviour of relatively inviscid liquids, like water 
and petrol, was found in marked contrast with that 
of common lubricants. With such thin fluids, even 
at low intensities of pressure between the balls, the 

* ENGINEERING, vol. 144, page 2 (1937). Inst. Mech. 
E. General Discussion on Lubrication, vol. 2, page 274, 
et seq. 
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friction rose immediately when the upper ball was 
rotated, and exhibited (unlike a lubricating oil) no 
subsequent diminution corresponding to a state of 
recovery. On the other hand, certain mineral oils 
were found to permit seizure under the loads applied 
during one-minute tests with water and petrol, and 
in such cases the wear upon the seized surfaces was 
much greater than that which occurred with the thin 
fluids. The work concluded during the year also 
included comparable tests of steel and bronze balls 
in the apparatus. When all four balls were of the 
same material, either steel or bronze, the behaviour 
was generally similar for the range of lubricants 
studied. If, however, a steel ball was rotated upon 
three bronze balls, it was found that no seizure 
occurred with mineral oils whatever the load, up 
to the limit of the apparatus. If an inviscid liquid 
such as petrol was used under those conditions, the 
apparatus attempted to behave similarly and the 
rate of ball wear was low, but seizure eventually 
occurred at a sufficiently high load. To a certain 
extent the same thing happened with water, but the 
wear at all loads was found to be a good deal greater 
than with petrol or mineral lubricating oils. 

| From what has been stated above regarding the 
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Fig. 6. COMPOUNDED OIL:LIGHT MACHINE 
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| researches in progress upon lubrication, it will be 
| apparent that attention is being directed more and 
| more closely to the conditions obtaining at the 
boundaries of the lubricated surfaces. Any funda- 
mental study of this problem, however, at once 
encounters the difficulty of segregating the effects 
at the boundaries from those of the intermediate 
fluid film ; and while the latter may be exceedingly 
thin, the work at the Laboratory leads to the con- 
clusion that some degree of fluid film lubrication is 
inevitable between lubricated surfaces in relative 
motion, the very movement itself being instrumental 
in forming such a film, and hence in introducing 
viscous drag across it. With lubricated surfaces at 
rest, however, there can evidently be no viscous 
effect. Although it is clearly recognised, therefore, 
that the static condition probably represents no 
more than a single, limited, aspect of the boundary 
lubrication problem, it is considered that the study 
of that condition provides a useful starting point 
and can hardly fail to throw light on the more 
complex aspects ofsthe subject. 

An investigation of the static friction of lubri- 
cated surfaces has accordingly been started, the 
contact surfaces consisting of three }-in. diameter 
balls equilaterally spaced on the underside of a 
carriage and resting on a plane disc. A serious 
practical difficulty—that of achieving a constant 
state of cleanliness for the contact points—appears 
to have been overcome by a preliminary treatment 
with chemical solvents, followed by mechanical 
removal with fine emery paper of the resulting layer 
of metal containing adsorbed solvent. After this 
| treatment of the steel contact surfaces, consistent 
|results for coefficient of static friction are being 
| obtained, the value for unlubricated steel on steel 
| being 0-58. Tests are now in progress with a 
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variety of lubricating substances, including fatty 
oils, extreme-pressure lubricants, straight and com- 
pounded mineral oils, and a number of the com- 
moner liquids. The effects of temperature up to 
100 deg. C. are under investigation in most cases, 
and it has been possible to arrange the substances 
in a tentative order of merit as regards oiliness. 
A’general idea of the results being obtained is 
given by Table I, in which the values relate to 
the condition of static friction between steel balls 
and a smooth steel surface lubricated with the 
substances named. 

TABLE I.—Coefficients of Static Friction for Lubricants. 











Lubricant. Coefficient of Static Friction. 
Oleic acid 0-08 
Patty oils 0-08, to 0-10; 
Extreme-pressure oils 0-00 to0-11 
Mineral oils . . — 0-13 to 0-19, 
Benzene 


0-44 


One specific line of inquiry with this static- 
friction apparatus has led to the discovery of what 
may prove to be a highly significant relationship 
between the frictional coefficient and the molecular 
weight of a series of ethyl and methyl esters. In 
the case of the ethyl series, the coefficient of friction 
was found to rise to a maximum value at a molecular 
weight of about 130. An explanation for this 
unexpected feature has been advanced, on the basis 
of certain assumptions regarding the boundary 
layer, and used for predicting the behaviour of 
the methyl esters prior to their being tested. Sub- 
sequent test results were found to agree remarkably 
well with the forecast, and the theory, thus far 
confirmed, is being applied to a more extended 
range of lubricating substances. 


(T'o be continued.) 











LETTER TO THE EDITOR. 





THE KADENACY SYSTEM OF 
SCAVENGING. 


To THE Eprror oF ENGINEERING. 

Sm,—I thank you for having given me the opportu- 
nity of seeing Dr. Mucklow’s article (see page 187.—Eb., 
E.), and wish to make the following comments :— 

Dr. Mucklow’s article is based partly on my report of 
two years ago, and partly on certain patent specifica- 
tions. Consideration of his three conclusions in 
relationship to the nine tests of my report shows: 
(a) that, in his first, he ignores my test No. 7, in 
which evidence is given of the high velocities of exit 
claimed ; (5) that in his second and third he ignores, 
in particular, my test No. 2, in which an engine ran 
without an exhaust pipe of any kind, and my test 
No. 9, in which an engine exceeded a B.M.E.P. of 96 Ib. 
per square inch, indicating extremely good “ atmos- 
pheric ” charging, over a range of speed from 700 r.p.m. 
to 1,750 r.p.m., a ratio of 1:2-5. These remarks 
would themselves provide a sufficient answer to Dr. 
Mucklow’s conclusions, but it would, perhaps, be 
fairer to deal with the points he raises in greater detail. 

He first criticises my tests Nos. 1 and 3, in which the 
apparatus gave a means of opening and closing an 
exhaust port in a short and measured interval of time, 
0-0032 second, corresponding to the times involved in 
engine practice. The rebound of the piston from the 
stop was relatively unimportant, although that was 
naturally considered by me. What was important 
was the final position of rest of the free piston, which 
was determined by the equilibrium between the 
atmospheric pressure acting upwards underneath, the 
final gas pressure acting vertically downwards, and the 
friction of the piston rings. Since the friction was 
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I did not make, and does not mention that the time 
interval in his Fig. 1 was the actual time during which 
the port was open, the height of the port being 4 mm. ; 
this was the only time interval I was concerned with. 

Dr. Mucklow seems, in my view, to attach undue 
weight to the importance of the pulsation taking place 
in exhaust pipes. Following his reasoning, one would 








expect considerable differences in the outflow from the | 


cylinder with the three pipes, 7-5 in., 25 in. and 62-5 in. 
long, respectively, used in my test No. 3. With the 
first two, there would have been time for some reaction 
after reflection in the end of the pipe, but with the 
third, the time available would only have allowed the 
first pressure impulse to reach the outer end of the 
pipe. But although such effects were present their 


importance is seen, from the consistency of the piston ' 


movement, to be negligible. Dr. Mucklow does not 
work this out, but carries out an experiment the object 
of which is to show that a depression is impossible 
without a pipe. Although an experiment made with 
compressed air gives no criterion of the behaviour of 
the gases in an internal-combustion engine, I repeated 
this experiment and added means for measuring the 
pressure at the end of the vessel remote from the 
orifice, and made other improvements. With the 
corks used in his first two tests the time of opening of 
the orifice is uncertain and long; with the Cellophane 
used in the third test both the time and form of the 
orifice are uncertain. In all cases the pressure in the 
vessel when the orifice began to open was not very 
definite. Dr. Mucklow assumes the conditions sur- 
rounding the orifice when suddenly opened to be those 
of steady flow. This would be true after opening if 
the orifice were small and the reservoir large, but the 
larger the orifice with a given vessel, and the more 
rapid the opening, the greater the divergence from 
steady-flow conditions will be. With the violent efflux 
of gas when the Cellophane broke the conditions of 
equilibrium of Dr. Mucklow’s smoke tubes would be 
completely upset. Further, visual observation is 
likely to be very erroneous in the case of actions occupy- 
ing only a few thousandths of a second. In my tests, 
a 2}-in. plug of definite crogs-section was released 
externally and rapidly at a given pressure, and I 
measured a depression amounting to 4 lb. per square 
inch below atmospheric pressure ; this occurred during 
the first 0-004 second after the outflow began. In my 
view, Dr. Mucklow’s experimental methods are not 
sufficiently delicate to prove anything in connection 
with the rapid actions with which we are concerned. 
I shall, of course, be happy to demonstrate my experi- 
ment to Dr. Mucklow at his convenience. 

Dr. Mucklow then deals with what he describes as 
the second main source from which evidence was drawn, 
and again attempts to explain everything in terms of 
the oscillation of gas columns in pipes. There is, of 
course, no reason to suppose a departure from the 
laws of transmission of pressure impulses in gases, 
but concurrently with these there is the displacement 
of gases such as is indicated by the double curves in 
Figs. 6 to 10. Dr. Mucklow also considers the negative 
loop as all-important for the charging process. In 
Fig. 10 this negative loop reaches the stroboscopic 
80 deg. and the exhaust port 90 deg. after E O, leaving, 
therefore, 35 deg. in which the cylinder may be charged. 
In my test No. 9, a B.M.E.P. of 105 lb. per square inch 
was registered at 1,749 r.p.m. Taking a mechanical 
risk, the same engine has been run at 2,000 r.p.m., 
giving a similar order of B.M.E.P. At this speed, the 
corresponding angles would be 108 deg. and 120 deg., 
leaving 7 deg., or 0-0006 sec., in which the cylinder is 
to be charged, which is obviously an impossibility. 
Dr. Mucklow has ignored the pressure diagrams, also 
included in my test No. 8, in which the static pressure 
at the exhaust port was consistently higher than the 
static pressure at the admission port, and refers to his 
motoring tests on a four-stroke engine in which, even 
with the slow time-area rate of the exhaust valve in 
that case, he shows a lower pressure in the cylinder 
than at the port shortly after EO. Concurrently with 
these static pressures, however, there are obviously 
mass movements of the gases. 

Finally, it is a little surprising, more than forty years 
after Atkinson first made use of the swing of the gases 
in a long exhaust pipe, to find it stated that the atmos- 
pheric charging of a two-stroke engine to a volumetric 
efficiency of more than 130 per cent. and a B.M.E.P. of 
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ANNUALS AND REFERENCE BOOKS. 


Lloyd’s Register Book.—The 1939-40 edition of 
Lloyd’s Register of Shipping has recently been issued 
by the Committee of the Society. As usual, the two 
volumes which constitute the Register Book contain 
detailed particulars of all sea-going merchant vessels 
of the world of 100 tons gross and upwards, and, in 
addition, information regarding the steel and iron 
vessels trading on the Great Lakes of North America. 
A full record of upwards of 31,000 steamers, motorships 
and non-propelled craft is presented in the Register. 
In the volumes are also to be found many data of 
great practical value to the shipping community, 
including lists of shipowners and managers and of 
shipbuilders and marine engineers in all countries ; 
detailed particulars of dry and wet docks, ports and 
harbours, at home and overseas; the telegraphic and 
postal addresses of some 20,000 firms connected with 
shipping in all parts of the world; lists of steamers 
and motorships of 10,000 tons and upwards, arranged 
according to nationality and gross tonnage; parti- 
culars of the speeds of merchant vessels making 
12 knots and upwards; data regarding deadweight, 
cubic capacities, and refrigerating appliances of cargo 
steamers and motorships, and information concerning 
vessels carrying oil in bulk. The figures given in the 
Register Book show that the world merchant tonnage 
in existence on June 30 last amounted to 69,439,659. 
Out of this total, steamers and motorships aggregated 
68,509,432 tons, of which 17,891,134 tons were owned 
in Great Britain and Ireland. In 1914, some 41-6 per 
cent. of the world’s steam and motorship tonnage was 
owned in this country, but this percentage has now 
been reduced to 26-1. Other tables show that there 
are now in service 1,964 steamers, aggregating 
12,617,958 tons, propelled by means of turbines or a 
combination of steam turbines and reciprocating steam 
engines, and 7,551 vessels, making together 16,918,687 
tons, fitted with internal-combustion engines, as com- 
pared with 730,000 tons and 234,000 tons, respectively, 
in 1914. The Register Book is issued to pon en 
and the rate of subscription for public institutions is 
12 guineas per annum for a single copy, and 7 guineas 
per annum for each additional copy. If the copies 
are periodically posted with additions and corrections 
in type throughout the year, the subscription for each 
copy is 20 guineas per annum. For all other subscribers, 
including marine-insurance companies, the subscription 
is 7 guineas per annum for each copy, unless periodically 
posted throughout the year, in which case the charge 
is 17 guineas per annum for each copy supplied. 
Supplements containing the necessary additions and 
corrections are issued at intervals, and are forwarded 
gratis to subscribers not resident in London or not 
having their copies regularly posted. The offices of 
Lloyd’s Register of Shipping are at 71, Fenchurch- 
street, London, E.C.3. 

The Red Book of Commerce.—Aptly described in its 
sub-title as the “‘ Who’s Who in Business,”’ the 1939 
edition of the Red Book of Commerce has now been 
published by Messrs. Grosvenor Press, Limited, 48, 
Russell-square, London, W.C.1. The largest section 
in the volume is that in which are set out detailed 
individual notices of manufacturing, mercantile and 
business firms domiciled in the British Isles. The 
arrangement is alphabetical, and, in each case, the 
information given includes the postal and telegraphic 
addresses of the firm concerned and brief particulars 
of its establishment, history and incorporation, together 
with data concerning the extent of the premises 
occupied, the personnel, the type of goods or specialities 
manufactured or handled, and the business connections. 
The names of the firm’s bankers and the codes employed 
are also given. An index to firms, classified under their 
trades, is included, while shorter sections comprise 
lists of H.M. Trade Commissioners and Imperial Trade 
Correspondents, of commercial diplomatic officers and 
British Consular officers in overseas countries, of 
British Colonial Offices in London, and of trade and 
professional associations in London and the Provinces. 
As a work of reference, the volume is of great value, 
because it contains, in condensed and easily accessible 
form, much information which has the merit of having 
been revised, in proof form, by the firms concerned, 
thus ensuring accuracy. The price of the volume is 36s. 





much less than | Ib. per square inch of gas pressure, | 
the final gas pressure was little in exeess of atmospheric | 
pressure. Comparing the initial and final volumes of | 
the gas—without considering the expansion of the gas | 
—I drew the conclusion that 56 per cent. of the original 
contents of the cylinder had passed out. In my test 
No. 3, I assumed that, the motion of the piston being 
the same, as shown by Dr. Mucklow’s Fig. 1, and the; ‘“ Execrro-Acoustics ””: ERRaTA.—On page 159 of 
final position of the piston being the same, the out- | our issue of August 11 we reviewed Professor Erwin 
ward movement of the gases through the port during | Meyer’s book on Electro-Acoustics, published by Messrs. 
this short interval of time was unaffected by the pipes. | G. Bell and Sons, Limited, and in seeking to correct a 
Since any action of the stop was shown to be the same | textual error, unfortunately introduced another. The 
in all cases, the effects of the pressure of the gases | mathematical expression in the concluding paragraph 
was also sensibly the same, and my conclusions stand. | should read +y*+ (1 —a*)*. The publishers’ initial, 
Dr. Mucklow credits me with an explanation which ' also, should be G., and not A. 


121-1 lb. per square inch, to quote my test No. 9, is 
due solely to an exhaust-pipe effect. 
Yours faithfully, 8S. J. Daviss. 
University of London King’s College, 
London, W.C.2. 








THE LATE Mr. A. C. CrossLey, M.P.—Mr. Anthony 
Crommelin Crossley, the only son of Sir Kenneth Crossley, 
chairman of Messrs. Crossley Brothers, Limited, Open- 
shaw, Manchester, and of Messrs. Crossley Motors, 
Limited, Gorton, Manchester, was a victim of the tragic 
aeroplane accident which occurred at sea at Vordingborg, 
near Copenhagen, on August 15. Mr. Crossley, who was 
born on August 13, 1903, was a director of Messrs. 
Crossley Brothers, Limited, and of Messrs. Crossley- 
Premier Engines, Limited, Nottingham. He served as 
M.P. for Oldham from 1931 to 1935, and was elected for 
the Stretford Division of Lancashire in 1935. 


August 4, 1939. 


| 
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LABOUR NOTES. 


Ar the time of writing, the position of the negotiations 
between the main-line railway companies and the three 
railwaymen’s trade unions is a little obscure. On 
Monday, this week, there was a conference in London 
between the railway managers and representatives of 
the National Union of Railwaymen and the Railway 
Clerks’ Association, at the close of which the following 
official statement was issued : The companies 
intimated that their present financial position did not 
justify any further increase in the minimum rate of 45s. 
which had recently been conceded.” The executive of 
the National Union of Railwaymen, in view of that 
decision, decided to call a meeting for Wednesday this 
week to consider the position, and to arrange for a 
delegate conference at “ the earliest possible moment 
decide what further action is necessary.”” The 
executive of the Associated Society of Locomotive 
Engineers and Firemen met the railway managers on 
Wednesday this week, but as this issue of ENGINEERING 
to official of the result of their 
discussion is available, 


to 


Loes press no news 


In July. the home branch membership of the Amal- 
ygamated Engineering Union increased from 350,156 to 
$52,322, and the Colonial branch membership from 
35,043 to 35,888. The number of members in receipt 
of sick benefit decreased from 3,594 to 3,392, and the 
number in receipt of superannuation benefit increased 
from 14,224 to 14,240. The number in receipt of 
donation benefit decreased from 1,612 to 1,522, and 
the total namber of unemployed members from 5,759 to 
5,204. 


Discussing the question of unemployment, the writer 
if the editorial notes in the August issue of the Amal 
yumated Engineering Union's Journal says :—* We 
ought never to lose sight of the fact that the armament 
trades not co-extensive with the engineering 
industry, and that the demand for labour in the 
iumament trades affords no solution of cur industry's 
unemployment problem. Proof of this lies here. In 
spite of all the demands of armament work there are 
8,000 more engineering workers unemployed now than 
in June, 1937, when a trade boom, which owed much 
leas to, and was practically independent of, the arma- 
ment programme, was at its height. That is our reason 
for saying that too much optimism can easily be 
entertained about the contribution the armament 
trades are making to a solution of the unemployment 
problem and the contribution these trades are making, 
be it remembered, is not a permanent one. When their 
demands for labour slacken off there will be a terrible 
slump in engineering employment and in industry 
generally. What is being done to prepare for it ? 
What measures are in contemplation to meet it ? These 
ire questions the union must face.” 


are 


Dealing with “ The Sources of Employment” in 
nother note, the writer says :—** One fact which clearly 
emerges from a study of the present situation is that 
the increase of employment is due mainly, if not almost 
entirely, to expenditure of public money. We cannot 
estimate the number of workers who are directly and 
indirectly employed full time as a consequence of 
rearmament ; but it is obviously significant that by 
far the largest increase in employment, since the 
beginning of the present year, has taken place in the 
public works and building group. The improved state 
of affairs in the shipbuilding trades reflects in like 
manner the effects of public spending. Government 
weistance to shipping and shipbuilding has brought 
new orders for the yards. How different and 
much more hopeful the outlook would be if public 
money was being spent to develop productive industry 
for peace purposes rather than for war. The anxiety 
with which we view the present situation would be 
immeasurably lessened if we were assured that the 
same resources would be available when the war 
preparedness effort comes to an end.” 


\ccepting as a basic principle that the Government 
has a responsibility for keeping business activity at 
reasonable levels, the American Federation of Labour 
has recently been urging the establishment of a Division 
of Public Works responsible for long-range planning 
of public works programmes and prepared to time the 
launching of projects to correspond with declines in 
private business activities. 


According to an article on the subject in the Federa- 
tionist, the monthly organ of the American Federation 
of Labour, public works should be defined broadly 
to include other national needs besides building 
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and construction work. The proper timing of projects 
would act as a check to depression tendencies and thus 
avoid needless suffering. In addition, such public 
works would provide employment, directly and in- 
directly, for many persons without recourse to tests 
of need but on the basis of their own competency as 
workers. Standards of employment and remuneration 
on the projects should conform to the best practices 
and decisions reached through voluntary collective 
bargaining. All planning and financing of the works 
should be under the supervision of a single agency. 
The head of this agency and his entire staff should be 
appointed in accordance with civil service procedures, 
in view of the fact that the value to the country of a 
public works’ agency of this type is dependent upon 
its freedom from political party influences. 


Two years ago, the Trades Union Congress General 
Council communicated to the Trades Councils and Fed- 
erations details of arrangements which they had made 
for talks by Civil Service officials on the administrative 
aspects of their work. These talks, it is officially 
stated, have proved a uniform success. The General 
Council have now been in touch with the Mines Depart- 
ment with a view to arranging lectures by Mines 
Inspectors to Trades Councils in coal-field areas. As a 
result, the Mines Department have agreed that talks 
should be given if a request is made by any Trades 
Council through the District Office of the Mineworkers’ 
Association, and so long as they do not interfere with 
the ordinary work of the Inspectorate. Councils in 
coal-field areas have, therefore, been invited to get in 
touch with the District Offices of the Mineworkers’ 
Association with a view to arranging for talks on 
mutually convenient dates. ‘It must, of course, be 
clearly understood,” Jndustrial News says, ** that these 
officials are only charged with the administration of 
various regulations and Acts of Parliament and that 
they are not in any way responsible for policy. They 
will, therefore, not be in a position to discuss the 
political aspects of their work; neither will they be 
at liberty to divulge confidential information.” 


Ruskin College, Oxford, has prepared a special 
course for trade unionists. It will cover a period of 
two college years of three terms each, and the fees for 
board, residence and tuition, inclusive, will be 1001. 
per annum. In the first year, the student will be 
prepared for the specialised studies of the second year 
by means of tuition in economics, economic geography, 
economic history, European history and modern Euro- 
pean movements, and political organisation. There 
will also be special lectures and classes in trade union 
problems, public speaking, ete. In the second year, 
the student will be required to take five main subjects 
(e.g., economics, history, statistics, industrial finance, 
trade-union theory and practice) and a special subject. 
Special subjects included in the course are problems of 
a specific trade union, problems of a specific industry, 
international relations, social and industrial psychology, 
public finance, currency and credit (with special refer- 
ence to fluctuations in employment), local government, 
and trade-union theory, law and practice. 


In the June issue of the Review of the United States 
Department of Labour there is an interesting article by 
Mr. Marshall Dawson, of the Bureau of Labour Statistics, 
on the subject of “ Coverage Limitations of Work- 
men’s Compensation Laws."" The limitations upon 
coverage in the various American jurisdictions are, 
he says, bewildering in their variety. The facts 
brought out in his survey fully bear out that conclusion. 
For instance, he records, miscellaneous exclusions from 
coverage found in various Acts are casual employees, 
home workers and outworkers, public charities, 
employments not for gain, totally blind persons, 
vendors or deliverers of newspapers, rural employments 
(blacksmiths, etc.), persons earning more than a 
certain sum, aircraft flying, clerical workers, teachers, 
preachers, members of partnerships, executives, and 
members of an employer's family. In _ principle, 
he believes, an Act providing compensation to workers 
for industrial injuries should cover “ all industries 
and all employees.” He thinks that, in the main, the 
exclusions from coverage, which he indicates, arise 
from a desire to simplify the administration of the Acts 
and avoid immense difficulties. But he appears to 
regard it as odd that opposing reasons are given for 
certain exclusions. For instance, he says, a clerical 
worker may be excluded on the theory that the occupa- 
tion is safe, whereas an aircraft pilot may be excluded 
because the hazard is too great to be insurable at a 
cost the employer is willing to bear. As against such 
exclusions, Mr. Dawson says, it has been urged that all 
persons who are exposed to injury by reason of their 
daily work should be brought within the protection 
of the compensation system 
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Two measures relating to the application of holidays 
with pay in 1939 are embodied in a French Decree of 
July 1. The first provides that workers who struck on 
November 30, 1938, and were reinstated before Janu- 
ary 31 in the undertakings to which they belonged 
shall be entitled, during 1939, to the same holidays 
with pay as if there had been no interruption in their 
service. This provision, however, does not apply to 
workers and salaried employees who have refused 
since January 1 to work the overtime lawfully required 
by their employer. The second measure taken by the 
Government has as its object to ensure that the appli- 
cation of holidays with pay in factories and workshops, 
working directly for national defence, shall not bring 
about the slightest slackening in the speed of manufac- 
ture of armaments of all kinds. The Decree provides 
that no undertaking executing orders connected with 
national defence, or producing raw materials or other 
objects required for the execution of such orders, may 
suspend or reduce its activity during the three 
months, July, August and September, except in the 
cases and to the extent authorised by the services 
which have given the orders. 


If the rate of production required cannot be guaran- 
teed otherwise, the holidays with pay of staff. whose 
presence is held to be essential, must be postponed to 
a date later than September 30. This provision only 
applies to staff whose holiday was to be granted on 
or after July 15. If the holidays of only a part of the 
staff can be maintained during the months of July. 
August and September, they must be granted by 
preference to those with families. Workers and 
salaried employees, whose holidays in consequence of 
these provisions are postponed till after September 30. 
will be entitled to an extra day's holiday with pay 
when the normal length of their holiday was at least 
six working days and to two extra days when it was 
at least ten working days. 


According to the weekly organ of the International 
Labour Office at Geneva, a Decree issued by the German 
Minister of Labour on June 15, extends the right to 
holidays with pay, granted under the Employment ot 
Children and Young Persons Act of April 30, 1938, to 
children and young persons employed in domestic 
service, agriculture, horticulture, sylviculture, fishing 
and inland navigation. These trades were originally 
excluded from the scope of the Act on the ground that 
too many difficulties would have been encountered in 
making allowance for their special features. That 


| argument, however, is held not to apply to holidays 


with pay, of which children and juveniles in these 
trades obviously stand as much in need as those in other 
industries. 


Industrial and Labour Information states that in 
addition to fixing the minimum benefits payable by 
the sickness insurance funds, German legislation also 
makes provision for the payment of supplementary 
benefit to the members of the funds, and each fund is 
required to include the necessary provisions in its 
rules. Every member of a fund who satisfies the 
ordinary benefit conditions is entitled to supplementary 
benefit. The rules are, however, very elastic and leave 
the funds a free choice of several arrangements. They 
may make provision for the payment of supplementary 
benefit to members with family responsibilities. The 
supplement may not exceed 10 per cent. of the basic 
wage for the wife and 5 per cent. for each child, and in 
no case may the total benefit received exceed 75 per 
cent. of the basic wage. In 1938, supplementary benefit 
was guaranteed in a general manner for 18-2 per cent. 
of the insured population (3-68 millions) affiliated to 
1,613 funds, while 91 funds with an aggregate member- 
ship of 0-49 million reserved it for members with 
large families. The funds may also increase for all 
their members the compulsory sickness benefit granted 
from the seventh week of illness up to a maximum of 
60 per cent. of the basic wage. Very little use was 
made of this possibility during 1938 when only 537 
funds with an aggregate membership of 770,000 made 
provision for this supplement. 


Furthermore, the same increase may also be granted 
to insured persons who (like commercial employees) 
are not entitled to benefit during the first weeks of 
incapacity on account of the fact that the law compels 
their employer to pay them full wages. Thus a fund 
may grant to any insured person belonging to this 
class, who has exhausted his right to wages, a supple- 
ment bringing benefit up to not more than 60 per cent. 
of the basic wage. This form of supplementary benefit 
is also rather uncommon and, in 1938, was provided for 
only by 780 funds representing 6-7 per cent. of the 
insured population (1-4 millions). 
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10 CUB. FT. PORTABLE CONCRETE MIXER. 


MESSRS. STOTHERT 


AND PITT, 


LIMITED, BATH. 








10-CUB. FT. PORTABLE CONCRETE 
MIXER. 


THE concrete mixer shown in the accompanying 
illustration is manufactured by Messrs. Stothert and 
Pitt, Limited, Bath, and has an unmixed batch capacity 
of 10 cub. ft. It has an output up to 12 cub. yds. of 
mixed concrete per hour in 30 batches. The machine 
is driven by a 6-h.p. Lister petrol engine operating on 
the four-stroke cycle. The engine is a single-cylinder 
hopper-cooled model running at 1,200 r.p.m., and is 
mounted on the mixer frame. It embodies a hand- 
operated clutch and a 2 to 1 reduction gear, so that the 
speed at the driving shaft is 600 r.p.m. To facilitate 
the replenishment of the cooling-water system, a pipe 
fitted with a cock is provided over the hopper from 
the inlet supply for the syphon water tank. The 
drive is transmitted to the drum-driving shaft by 
duplex roller chain. The driving-shaft sprocket is 
of cast iron, and the engine-shaft sprocket of mild 
steel, both sprockets having machine-cut teeth. The 
chain is enclosed in a sheet-steel guard. The petrol 
engine can be supplied with a radiator instead of hopper 
cooling if desired. Alternatively, the machine may be 
driven by a 7-brake horse-power Diesel engine, also of 
Lister manufacture. This engine is radiator-cooled, 
and runs at 1,000 r.p.m. 

The mixing drum is made of rolled-steel plate, ¥, in. 
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provided which automatically prevents overlifting 
of the skip. A swinging spout is fitted for emptying the 
mixer, pivoted above the discharge opening and 
projecting into the drum. With this arrangement, 
all drippings run back into the mixer. When the 
spout is in the “in” position, the mixed materials 
fall on it from the hopper blades, giving a rapid flow 
of the concrete into the receptacle. The lever operating 
the spout is self-locking in either position. The water 
tank is constructed with pressed-steel ends, electrically 
welded. It operates on the syphon system, and is 
capable of delivering any quantity of water from 
2 gallons to 8 gallons. A three-way plug cock is 
provided, of which the lever, when pulled forward, 
opens the tank to the water main, and when pushed 
back opens the tank to the mixing drum. The tank 
is fitted with an air-replace valve which immediately 
closes when the tank is full. A gauge glass is fitted 
which indicates the level of the water against a 
calibrated scale. 

The truck framing is built up of steel sections and 
is mounted on two pressed-steel wheels fitted with 
27-in. by 6-in. pneumatic tyres. The wheels are 
mounted on Timken taper-roller bearings running on a 
stationary mild-steel shaft supported in cast-iron hous- 
ings. The latter are spring mounted to take the shocks 
when the machine is travelling. A brake is fitted, 


: | operated by the over-run of the mixer when being | 
thick. The shell consists of a single steel cylinder, with | towed. 


A supporting leg is provided as shown in the 


pressed-steel ends, electrically welded. The ends are | illustration, and is pivoted at the top so that it can be 
designed to prevent concrete drippings from passing | swung back and locked while the machine is travelling. 


to the outside of the drum. 
the supporting rollers are of specially-flanged mild-steel 
sections welded to the drum. The latter is set in a 
single cast-iron ring, on which the teeth of the driving 


The runway tracks for |The drawbar is removable. 


The engine is completely 


| . . 
| protected by a housing with doors giving free access for 
adjustments. All bearings, with the exception of those | 


on the top hoist shaft, are of the ball or roller type, 


gear are cut, and is provided with ten mild-steel blades | with grease-gun lubrication. 


of the hopper type. Apart from their function of 
mixing, these blades serve as reinforcements for the 
drum shell. They are easily renewable when worn. 


The rollers on which the drum revolves are of chilled | 








STRUCTURAL STEELWORK FOR BASEMENT AIR-RAID 


THE AMERICAN SOCIETY FOR 
TESTING MATERIALS. 


(Concluded from page 181.) 


Coal and Gaseous Fuels.—While no changes in the 
| standards developed by the Committee on Coal and Coke 
were considered necessary, the Group on Dustiness 
had developed a proposed test intended for determining 
the relative index of the dust produced when handling 
coal and coke. The test should be of value in deter- 
mining the effectiveness of the various methods in use 
for dustproofing coal and coke by means of chemicals 
| or oil sprays. Messrs. Howard S. Bean and F. Charles 
| Morey, of the National Bureau of Standards, in their 
| paper, described recent experiments in the laboratory 
| on wet gas meters which were used in measuring the 
| quantity of gas burned in the calorimeter during the 
| test for determining the heating value of industrial fuel 
}gases. The authors concluded: “ After some six 
months of effort, it has not been possible to obtain 
| successive calibrations of the prover intervals which are 
| consistent to better than plus or minus 0-0015 cub. ft., 
| although the work was done in a constant-temperature 
| room and corrections for the effects of such influences 
| as sealing fluid run-down and small changes in baro- 
metric pressure were made. It is believed, therefore, 
that it will be necessary to develop some other equip- 
ment to be used as a volume standard in testing these 
meters if any real improvement is to be made.”” A new 
method for determining organic sulphur in gases by 
the catalytic hydrolysis method was described by Mr. 
Lawrence T. Jilk. The method avoids the use of a 
flame or any exposed hot body and depends on the 
possibility of converting the organic sulphur com- 
pounds to hydrogen sulphide in contact with activated 
alumina at an elevated temperature. Any oxygen and 
hydrogen sulphide which may be present in the gas 
are first removed by an acidic chromous-chloride 
solution and by an alkaline cadmium-chloride solution, 
respectively. The gas is then passed through a bed 
| of activated alumina held at 500 deg. C., after which the 
| hydrogen sulphide formed from the organic sulphur 
compounds is absorbed in a cadmium-chloride solu- 
tion and determined by iodimetric titration. 

Petroleum Products and Lwubricants.—An extensive 
report was presented by the Society’s Committee on 
Petroleum Products and Lubricants, which included 
recommendations on four important proposed tests as 
follows : Carbon residue of petroleum products (Rams- 
bottom carbon residue) ; gum stability of gasoline, and 
tetraethyl lead in gasoline. The procedure covering 
the Doctor Test for Motor Fuels was withdrawn. The 
carbon residue test was recommended because a com- 
parison made on six oils using the Ramsbottom method 
and the A.S.T.M. Method D 189, indicated better 
reproducibility with the former. This test was intended 
to throw some light on the relative carbon formation 
propensities of oils, but the results should be considered 
with other tests and the use for which the oil is intended. 
Based on extended research work, a proposed method 
of test for gum stability of gasoline was accepted as a 
tentative standard. While storage tests had some 
drawbacks, they were broadly significant with respect 
to gum formation. However, of the two tests available 
the bomb test was more generally used, and it was 
recommended as the tentative method. Methods for 
determining tetraethyl lead in gasoline and volatile 
distillates were also recommended. In this method 
the tetraethyl lead was converted to lead chloride by 
refluxing with hydrochloric acid, the lead being deter- 
| mined volumetrically by titration with ammonium 
molybdate or gravimetrically as the chromate or sul- 
phate. Appended to the report were proposed specifi- 
cations for aviation gasoline. The Committee hopes in 
the near future to reconcile differences and have the 
requirements published by the Society as tentative. 
| Five grades are provided for, varying chiefly with 
| respect to octane number. 
|  Water.—Several papers on various problems relating 
|to water for industrial uses were presented. The 
| Report of the Committee on Water for Industrial Uses 
| and the Report of the Joint Research Committee on 











cast iron, fitted to cast-iron centre hubs housing roller | SHELTERS.—We have received from the British Steel- | Boiler Feed- Water Studies, were given and five technical 


bearings. These bearings run on mild-steel shafts fixed | work Association, Steel House, Tothill-street, West- | 
The chilled cast-iron flanges | minster, London, S.W.1, two sheets of lithographed | described an investigation made of the reaction between 


to the machine framing. 


papers were included. Messrs. Corey and Finnegan 


of the rollers are bolted to the centre hub to facilitate | working drawings of structural steelwork for basement | iron and water at room temperature in order to obtain 
renewal. The charging skip is of the pivoted type, | air-raid shelters complying with the Draft Provisional experimental information regarding the fundamental 


and is lifted on two falls of steel wire rope ; 


the axle | Code for Air-Raid Shelters issued by the Home Office. | corrosion reaction. 


The work was conducted in iron 


on which the skip pivots runs in cast-iron bearings| The drawings show, respectively, a frame type and a| vessels, and the water used was free from dissolved 


fitted to the upper framework. The nose of the skip 
enters well into the feed opening of the drum, and is 
designed so that the sides, from the back to the mouth, 
form an unbroken line. The drum-driving pinion is 
of cast-iron with machine-moulded teeth. The hoisting 
barrel for the skip is driven from the driving shaft, 
and is operated by means of a cone clutch at one end 
of the barrel and a cone brake at the other. The clutch 
and brake cones are lined with Ferodo, and are operated 
simultaneously by the same lever. A knockout is 





wall-bearing type of basement shelter suitable for com- 
mercial buildings, the roofs of both types consisting of 
rolled or pressed-steel troughing, bearer joists and corru- 
gated sheeting, or bearer joists and dovetail sheeting. 
Tabulated data are given on the drawings to enable 
the designs to cover a wide range of sizes, but the same 
system can be adapted to suit basements of sizes other 
than those tabulated. Copies of the drawings can be 
obtained on application to the Association at the above 
address. 


| oxygen and carbon dioxide. This procedure eliminated 
| these gases as factors and also ensured the absence of 
impurities that might be introduced by contact with 
| glass vessels. It was found that the solution reached 
|a pH value of 8-3 and contained about 0-2 parts per 
| million of dissolved iron. The solid product of the 
| reaction was mainly Fe,0,. Previous investigators had 
reported pH values of the order of 9-0 to 9-6, but it 
| was believed that the use of glass vessels was responsible 

for higher results than those reported here. In their 
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conclusion they mentioned that an oxidation process 
in which the initially formed ferrous hydroxide decom- 
posed the water to form magnetite as the final solid 
product was conceivable. The production of the ferrous 
hydroxide was approached from a neutral solution 
which, according to Schikorr’s results, should enhance 
the decomposition phenomenon. 

Professor D. 8S. McKinney, of Carnegie Institute of 
Technology, in his paper on “The Calculation of 
Equilibria in Dilute Water Solutions,” stated that the 
purpose of his paper was to make the fundamental 
formule and definitions available, in as brief a form as 
is possible, to the reader who had not followed the 
modern development of the theory, so that he might 
use the great mass of experimental data that had been 
accumulated. In his conclusion, he expressed the 
hope that the paper would stimulate interest in a subject 
that was highly developed theoretically, but was too 
seldom applied to practical problems. Such application 
would bring out the fact that the existing data, especially 
as regards changes of electrolytic equilibria with 
temperature, were fragmentary. Appreciation of this 
state of affairs should encourage research in the measure- 
ment of the various fundamental constants pertaining 
to the many reactions of industrial interest. The 
calculation of the distribution of carbon dioxide 
between water and steam was the subject of the paper 
by Messrs. A. M. Amorosi and J. R. McDermet, who 
discussed briefly the significance of dissolved carbon 
dioxide in water and then proceeded with similar 
brevity to discuss the underlying principles of apparatus 
for removing dissolved gases from water by mechanical 
methods as opposed to chemical fixation methods. In 
their conclusion the authors said that on waters of 
high pH value, excellent removal results could be 
secured on the gas form of CO,, since the amount to be 
removed was so small that solubility relationships did 
not offer a serious limit and the speed of change in form 
within the solution for the time of processing plus the 
time of analysis were sufficiently slow, so that they did 
not materially alter the predicted results. On the 
other hand, the effluent samples from such a degasifier 
were sufficiently unstable in form relationship to 
raise a serious question whether the treatment was 
worth while from the standpoint of CO, removal. 
On waters of lower pH, significant and valuable removal 
might be obtained, but solubility and change in form 
relationships intervened to make the actual results less 
than the expected results. At pH values sufficiently 
high above the plating temperature of hydrogen to be 
industrially safe, a long exposure time between liquid 
and degasifying atmosphere was definitely required. 
The distribution between solution forms of ¢ 10, was so 
distinctly different at elevated temperature, that 
knowledge of this distribution was necessary both for 
intelligent understanding of degasifying equipment 
and the design of it. 

Mr. R. C. Ulmer, in a paper on “ Determination by 
the Evaporation Method of Small Amounts of Dissolved 
Solids in Water such as Condensed Steam from Boilers,” 
indicated that, essentially, the method used consisted 
of evaporating a 5-gallon sample of condensed steam 
in a weighed platinum dish under conditions which 
attempted to minimise the possibility of contamination 
of the sample and residue. The results obtained in this 
investigation indicated that accurate determinations 
of steam purity could be obtained by the evaporation 
method in from 5 to 7 days. During this period, only 
a few minutes supervision was required once each 
day. If more than 0-5 parts per million of solids were 
present in the steam, a smaller sample might be 
evaporated, thus decreasing the time required to obtain 
results. Electrical conductance measurements of 
water extracts of textiles were described by Mr. A. C. 
Walker. He pointed out that the electrical properties 
of textiles depend upon chemical composition, water- 
soluble electrolytic impurities, moisture content, 
and manner of drying the material from the wet 
state. The selection of a textile for electrical pur- 
poses should include consideration of the influence 
of chemical composition upon the properties of the 
material, the absence of significant amounts of electro- 
lytes, and the method of drying the material from the 
wet state. The insulation resistance of cotton could be 
increased between 150 and 200 fo'd by proper washing 
and drying. Of this total improvement, 50 to 100 
fold was a result of the removal of water-soluble 
naturally occurring electrolytes by the washing treat- 
ment, termed electrolytic improvement. The remain- 
ing improvement was termed structural, since it was 
considered to be a result of alterations in the surface 
structure due to the drying. 

Plastics, Rubber and Glass.—The Committee on 
Plastics submitted its first two test methods, covering 
index of refraction of transparent organic plastics 
and resietance of plastics to chemical reagents. The 
former ia intended to apply to cast, hot-moulded and 
sheet materials. Two procedures, refractometric and 
microscopic methods, were proposed in order to cover 
satisfactorily the maximum range of indices found in 
these materials. The refractometric method was to 
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be preferred wherever it was applicable. The scope of 
the test for resistance of plastics to chemical reagents 
was as follows: The method was intended for the 
testing of all organic plastic materials, including cast, 
hot-moulded, cold-moulded, laminated resinous pro- 
ducts, and sheet materials for resistance to chemical 
reagents. It included provision for reporting changes 
in weight, dimensions, and appearance, but did not 
cover changes in strength characteristics, electrical pro- 
perties, and the like. It was intended that the effect 
of chemicals on these latter properties should be deter- 
mined by making measurements on the standard speci- 
mens for such tests before and after immersion in the 
reagents listed. In using this method to evaluate 
the resistance of plastics to chemical reagents, it was 
recommended that the impac* strength of the plastics 
before and after immersion in the selected reagents 
should also be determined and reported. 

Three items included in the session were of interest 
in the rubber industry, including the report of the 
Society’s Committee on Rubber Products. Three pro- | 
posed standards were accepted as tentative, covering 
rubber sheath compound for electric cords and cables, 
test for indentation hardness of rubber by means of 
the Pusey and Jones plastometer, and methods of 
testing hard-rubber products. In the development of 
the first-named specification a number of problems 
confronted the committee, particularly the difficulty of 
finding suitable tests to measure the resistance of rubber 
sheet to abrasion and tearing. It was to be noted that 
these specifications included requirements covering age 
deterioration and resistance to tear, although the ques- 
tion of resistance to abrasion has to be omitted for 
the present except as indirectly covered by require- | 
ments for minimum tensile strength. The Pusey and | 
Jones method was very generally used in the paper | 
industry in connection with rubber-covered rolls and 
similar products and had also found wide application in 
other fields, being required in many specifications pro- 
mulgated by the Federal Government. While it might 
be considered desirable for purposes of standardisation | 
to try to induce all users of indentation tests to follow 
the present Standard Method, this did not seem practical 
at the present time in view of the familiarity in some 
industries with the use for many years of the Pusey 
and Jones instrument. Since it was recognised that 
this instrument would continue to be used and, in some 
cases, had certain advantages, it had seemed desirable 
to the committee to provide a standard procedure for 
conducting tests employing it. 

Included in the report was the announcement of the 
committee be 


organisation of a new technical to 
known as Technical Committee A on Automotive 
Rubber Products. It was felt that the time was 


ripe for concentration specifically upon development of 
automotive rubber standards, as suggested by the 
Society of Automotive Engineers. It was also believed 
that the Committee would ensure better co-operation 
of the automotive engineers than had been obtainable 
in the past. The Advisory Committee had, therefore, 
proposed that the project of developing automotive 
rubber standards be centralised in a technical com- 
mittee, of which the personnel would be drawn jointly | 
from the present membership of the main Committee 
and representatives of the major consuming interests 
in the automotive industry. Two papers by Mr. Felix 
Yerzley were presented, one covering a new oscillograph 
for routine tests of rubber and rubber-like compositions 
intended for cushioning services, and the second paper | 
covering discussion of the properties of rubber revealed 
by mechanical tests. In this latter paper, Mr. Yerzley 
mentioned that some tests were intended to measure 
not one, but a group, of physical properties associated 
by a particular application. The tests conceivably 
threw considerable light upon the usefulness of rubber 
in that application, and led to marked improvements of 
performance by changes in compounds and mechanical 
design. When such a test proved entirely satisfactory 
for a particular service, there was a danger that if the 
connection were not clearly understood, too much 
might be expected from it with respect to some other 
service. Interpretation of results was usually compli- 
cated by changes occurring in the test specimen during 
the test and by dependence upon existing conditions, 
notably the temperature. The complicated nature of 
even the most simple tests presented a challenge to the 
investigator to reduce tests to their minimum essentials 
and to exercise the utmost judgment in applying 
laboratory data to the solution of practical problems. 
Two of the items in this session were concerned with 
glass, including the report of the Committee on Glass. 
It was announced that four proposed methods of test 
had been approved and were being submitted to letter 
ballot vote with the intention that they should be 
referred to the Society for approval in the near future. 
These methods covered the following: Chemical 
analysis of glass sand, polariscopic examination of glass 
containers, hydrostatic pressure test on glass con- 
tainers, and thermal shock test on glass containers. 
Messrs. W. R. Koch and E. J. Wyrostek presented an 
interesting paper, entitled “ Burst Test Data on 


Laminated Glass.”’ Differential air-pressure burst tests 
were conducted on rectangular laminated-glass speci- 
mens of various sizes and thicknesses, which contained 
acetate, acrylate and vinyl resin plastics. Laminated 
polished plate glass, laminated combination glass and 
laminated heat-treated glass were included. The tests 
were conducted at normal and at low temperatures. All 
specimens required greater pressure for fracture at 
temperatures near —30 deg. C. than at temperatures 
near 20 deg. C. Laminated heat-treated and laminated 
combination glass were practically equivalent in burst- 
ing strength and were approximately three times as 
resistant to pressure as laminated polished plate glass. 
Rectangular plates having length to side ratios greater 
than one were found to withstand greater pressure than 
square plates of equal area. The scattering of plates 
which failed under less than 25 lb. per square inch was 
considered negligible. The deflections produced in 
glass containing the acrylic and vinyl resins were large 
in comparison with those in glass containing acetate at 
the same pressure, but no conclusive evidence of the 
superiority of one type of plastic in barst tests was 
found. 








ANALOGY BETWEEN FLUID 
FRICTION AND HEAT TRANSFER.* 


By Tu. Von KARMAN. 


In the year 1874 Osborne Reynolds published a 
remarkable papert entitled ““On the Extent and 
Action of the Heating Surface for Steam Boilers.’ 
In this paper Reynolds suggested that momentum 
and heat in a fluid are transferred in the same way. 
He concluded that, in geometrically similar systems, a 
simple proportionality relation must exist between 
fluid friction and heat transfer. Suppose, for example, 


| a flow parallel to the z-axis in which the mean velocity 


of the fluid is a function of the y-co-ordinate only. 
It is known from Reynolds’ previous investigations 
that the shear stress + occurring in an arbitrary plane 
perpendicular to the y-axis is equal to the total momen- 


tum transferred by the molecular and turbulent 
exchange and is given by 
du —, (1) 
T mn -pvu ‘ ‘ 
dy 


where u is the mean velocity, u’ and v’ are the velocity 


| fluctuations parallel to the z- and y-axes, m denotes 


the coefficient of the molecular viscosity, and p the 
density of the fluid. If the temperature @ of the fluid 
varies with the y-co-ordinate, the heat flow in the 
y-direction, i.e., the amount of heat transferred by 
unit area across the same plane, can be expressed in a 
similar way. It consists of two parts: The molecular 
heat conduction and the turbulent heat transfer due 
to the fluctuations of velocity and temperature. The 
. ee eye kdé : 

first contribution is equal to dy’ where k is the 
coefficient of the molecular heat conduction (thermal 
conductivity), and @ the mean temperature, which is 
supposed to be a function of the y-co-ordinate only. 


| The second part is equal to the mean value of the pro- 


duct c pv’ 6’, where c is the specific heat per unit mass 
of the fluid (in the case of a compressible fluid the 
specific heat for constant pressure), and @ is the fluctua- 
tion of the temperature. Because of the temperature 
gradient in the y-direction, a correlation exists between 
@ and v’; therefore the mean value c p v’@ is different 
from zero and gives the amount of heat transferred by 
the turbulent fluctuations. 
Hence, the total heat flow is given by the equation 


dé oe 
a= —k(Z) +enw . ‘ 


The second term in equation (1) is called the contri- 
bution of the eddy viscosity, the second term in equa- 
tion (2) the contribution of the eddy conductivity. 
The analogy suggested by Reynolds amounts to the 


following statement : Ifthe mean value v’u’ is expressed 


(2) 


du > <> 
in the form « iy’ the mean value of v’@’ is equal to 
ay 


€ where ¢ has the same numerical value in the two 


dé 
dy’ 
expressions, and is called the coefficient of the turbulent 


, ’ / . . » 
exchange. Introducing the kinematic viscosity v = - 


* Contributed by the Hydraulic Division for presenta- 
tion at the Semi-Annual Meeting of The American Society 
of Mechanical Engineers, at San Francisco, July 10-15, 
1939. 

+ “ On the Extent and Action of the Heating Surface 
for Steam Boilers,”” by O. Reynolds, Proceedings of the 
Manchester Literary and Philosophical Society, vol. 14, 
1874, page 7. Also: “ Papers on Mechanical and Physi- 
cal Subjects,” by O. Reynolds, Cambridge, vol. 1, page 81, 
1890. 
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, a k ' 
and the thermometric conductivity x= —, one obtains 
cp 


the following fundamental equations 


Fa (v + eo" | 
p 
(3) 
Ben +05! | 
cp (x "dy 


It follows from equations (3) that direct proportiona- 
lity between shearing stress and heat transfer can be 
expected (a) if v and « are negligible compared to e, 
and (6) if v and « are numerically equal. In the case 
of turbulent flow in pipes or around submerged bodies 
the condition (a) is generally satisfied with the exception 
of a relatively narrow range near solid walls. Consider 
two planes y = y, and y = y, in the turbulent region, 
and assume first that + and q are independent of y. 
Then it follows by integration from equations (3) that 

(ty — a) _ £16, — 5) 
q 
Chis is the analytical expression of Reynolds’ analogy. 
It is evident that the same relation prevails if + and q 
vary with y according to the same law. In most cases, 
for example in a flow in a channel or a pipe, the law 
of variation of 7 and q is not exactly identical. Between 
parallel walls or in a circular pipe, + varies linearly 
with the distance from the wall, whereas the variation 
of q is determined by the balance between the heat 
carried by the fluid in the flow direction and the heat 
flow across the stream, and therefore depends on the 
velocity distribution. However, the influence of the 
deviation between the distribution of + and qg is not 
very significant, and equation (4) can be generally 
applied in the fully developed turbulent region. 

Condition (6) is approximately satisfied by gases, 
since the kinematic viscosity and the thermometric 
conductivity of gases are of the same order of magnitude. 


(4) 


oa 


However, for liquids » is very much larger than x. | 


The ratio ¢ = ~ is, for some liquids, as high as o=200. 
« 


Hence, Reynolds’ analogy cannot be applied directly 
to the heat transfer between solids and liquids. The 
present paper is concerned mainly with this case. 
For completeness the case ¢ = | will also be discussed. 
However, in the next section the coefficients of friction 
and heat transfer will be defined first. 

Coefficients of Friction and Heat Transfer.—The 


= feo : ‘ 
quantity — which occurs in the first equation (3) has 


the dimension of the square of a velocity. Hence, 


T (5) U?, where U isa velocity of reference of the physical 


set up, and is a dimensionless quantity. In general, the 


ratio + (©) U* is used as the coefficient of friction ; it 


will be denoted by the symbol Cy. The choice of the 
reference velocity is more or less arbitrary. For 
flow through a pipe the velocity at the centre or the 
average velocity over the cross-section may be chosen. 
In the case of a body submerged in a fluid, U is suitably 
taken equal to the relative velocity between the solid 
and the undisturbed region of the fluid. The quantity 


4 which oceurs in the second equation (3) has the 
dimension of velocity times temperature. Hence, if © 
q 
cpUO 
less quantity. The reference temperature © is, in 
general,the temperature difference between two suitably 
chosen points of the system, or between temperatures 


The ratio Cy a6 
p 


is a dimensionless quantity and will be called in this 
paper the heat-transfer number. Introducing the 
coefficients Cy and Cy, the shearing stress and the heat 
flow appear in the form 


= (S)ee | 
q=CypcUO J 


It is seen that Cy is the ratio between two stresses, 
— pi the shearing stress + and the dynamic pressure 
ep 
2 
two heat flows: the heat flow q across the stream and 
the heat carried per unit cross-sectional area by a 
fluid of temperature © and velocity U, which is obviously 
equal to pc U®. Since the shearing stress is equal 
to the momentum transferred across the stream, and 
the quantity p U* can be considered as the momentum 
carried by the fluid in the direction of the stream, the 


is a dimension- 





denotes a reference temperature, 


averaged over certain regions. 


(5) 


The heat-transfer number C, is the ratio between 


concept of the coefficients os and Cy appears analogous. 


Another conception of the heat-transfer number is, 


however, commonly used in engineering practice. In! 


the case of molecular heat transfer the heat flow is 
= (cf. equation (2) ) or if the distri- 
y 
bution of the temperature is linear between two surfaces 
at the distance d, and @ = 6,— @, 
kO 
<-> . ‘ i — 

Now in the general case of molecular and turbulent 
heat transfer one can write the second equation (3) 


in the analogous form 


equal to g = 


eo) 
tear (7) 
where k’ = c p (« + «) can be interpreted as an increased 
value of the coefficient of the thermal conductivity k 
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and d is a suitably chosen characteristic length of the 

physical set up. Then the ratio . is a dimensionless 





quantity which expresses the rate of increase of the 
heat transfer due to turbulence. This ratio is some- 
times called the Nusselt heat-transfer number and 
denoted by the symbol Nu. The equations 


q=CypcU®O - (8a) 
and q=NuHo . (8b) 


are two equivalent expressions for the heat flow, based 
on two different conceptions of the transfer mechanism. 
The film coefficient or heat-transfer coefficient h 
generally used in practical calculations is equal to the 
heat flow per unit time and per unit surface per unit 
temperature difference between solid and fluid. Hence, 
from equations (8a) and (8b) 
q Nuk 

h 3) q (9) 
It is seen that the use of the Nusselt number is some- 
what simpler for calculation, but the number Cy has 
the great advantage that it is directly linked to the 
coefficient of friction. The relation between the 
| two numbers is the following :— 

pceUd . 
i ee 


=CypeU = 











Nu = Cy . (10) 


pUd we 
bh k 





| Now the expression Us is known as the Reynolds 
v 


| number R e, the ratio ~ ; = 

| been mentioned in the introduction, is called Prandtl’s 
number, and the reciprocal of the latter is sometimes 
called Stanton’s number. From equation (10) one 
obtains 

Nu=(C,Reeo 

J 
The dimensionless number eo : = 

« 

Peclet’s number Pe; obviously, Pe = Reo. Hence, 
if R e and o are given, Peclet’s number is not an indepen - 

| dent parameter. The heat-transfer numbers C, or N u 
are functions of two of the three parameters Re, Pe and 
o. In this paper Re and o are used as independent 
parameters. 

Reynolds’ Analogy for o = 1.—For an ideal gas 
both the kinematic viscosity v and the thermometric 
conductivity x are proportional to the product of the 
mean free path and the mean velocity of the molecules 

| of the gas. According to the kinetic theory of gases 


o, which has already 


(11) 
Ud 


called 


is 


the ratio ” depends only on the number of degrees of 
« 


freedom. Eucken* has suggested an empirical relation 


between o and the ratio y = e of the specific heats of 
v » 


the gas 
4y 

— (8y — 5) 
According to this equation, o = 0-66 for monatomic 
and o = 0-74 for diatomic gases. Since o is not very 
much different from unity the original Reynolds’ 
analogy can be applied to obtain an approximate 
value of the heat-transfer number between a solid and 
moving air. For o = 1, equations (3) become, by 
replacing x by v, 


. (12) 


7 = (y+ os . 
P y . (13) 

4 

cp 
Assume first that + and g are constant. Then if u 
and @, denote the velocity and temperature at the wall, 
and u and @ correspond to an arbitrary point in the 
fluid, it follows from equations (13), by integration, 
that 


dé 
me Oe ee 


ty dy 


T ) 
wie v+e 


_a|" 49 
cpjo v+e J 


| Hence, if velocity and temperature are measured 
| relative to the wall, their laws of distribution are similar. 
| This will be approximately correct also if g and + 
/are not constant, but vary approximately in a similar 

way. It follows that if U is the mean velocity of the 
| fluid relative to the wall, and @ is the difference between 
| the mean temperature of the fluid and the temperature 
| of the wall 


Oo 


. (14) 
6-@= 


5.09 (15) 
(r/p) q 

| or (cf. equation (5) ) 

© 

| 5 = Cu (16) 


| 
This relation implies important conclusions: (a) If 
| the friction +r is proportional to the nth power of the 
| velocity U, the heat transfer q is proportional to the 
| power (n —1). (b) Roughness increases the friction 
| and heat transfer in the same ratio. It must be empha- 
| sised that equation (16) has an approximative character, 
| first because of the assumption o = 1, and second, 
| because of the deviation in the laws of variation of the 
|shearing stress and the heat flow over the region 
| involved. 

| Extension of Reynolds’ Analogy to Liquids.—It was 
| mentioned that for most liquids Prandtl’s number o is 
| large compared to unity. Hence, Reynolds’ analogy 
|ecan only be applied directly to the fully developed 
turbulent region in which the kinematic viscosity v 
can be neglected compared to the eddy viscosity «. 
|G. I. Taylor t and L. Prandtlt extended Reynolds’ 
| analogy to the case of liquids flowing through a pipe 
by subdividing the fluid into two regions ; The turbu- 





| © Uber das Wa&rmeleitvermégen, die spezifische 
| Warme und die innere Reibung der Gase,”’ by A. Eucken, 
| Physikalische Zeitschrift, vol. 14, page 324, 1913. 
| +t “ Conditions at the Surface of a Hot Body Exposed 
to the Wind,” by G. I. Taylor, Technical Report of the 
| Advisory Committee for Aeronautics, vol. 2, Reports and 
| Memoranda No. 272, May, 1916, page 423. 

t “‘ Bemerkung tiber den Warmeiibergang im Rohr,” 
by L. Prandtl, Physikalische Zeitschrift, vol. 29, page 487, 


1928. 
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lent region in which v is negligible, and a laminar region 
in which « can be neglected compared to v. If the 
thickness of the laminar layer is 5, the velocity at the 
wall is equal to zero, the temperature at the wall is 0,, 
and the velocity and temperature at the boundary 
between the laminar layer and the turbulent region are 
denoted by Us and 5, respectively, it follows from 
equations (3) that 





Us == > 
» 
P - » . (17) 
ace@u § | oY 
Cp}y v | 
and therefore 
o PU: c p(@, — s) . (18) 
T q 


Reynolds’ analogy applied to the turbulent region 
gives the relation 


p(U 


T 


Us) c p (Os ©) 
q 


where U and © are the mean values of the velocity 
and temperature taken over the cross-section of the 


. (19) 


pipe. Eliminating @s, one obtains 
c U Us 
P(e, — @) = 2 +(e —1)° . (20) 
q T tT 
r introd Cc ae ic q 
oO ntroaucing o- anc 
tp Ut a ¢ p(Q,— O)U 
l 2 Us 
l + . (2 
Cy s | U te 0 | ' N) 


This result was obtained by G. I. Taylor in 1919. 
Nine years later L. Prandtl further developed the 


theory by computing the ratio — by means of the semi- 


U 
empirical formule which at that time were used for 
the expression of the velocity distribution. Prandtl 
found that for the case of the flow in a smooth pipe 


y 


U. 
U 
num ber. Then equation (21) gives the following relation 
for the heat-transfer number C, (8 is a universal con- 
stant) 


is proportional to Re-t, where Re is Reynolds 


Cy 1 
+ BRe-t(o — 1) 


In general, it can be assumed that is a universal 
j 
(r/p) 


constant for smooth surfaces. On the other hand, 
U ( 2 ) Us 
: ; therefore const. fC, and from 
(r p)* Cy vua 


equation (21) it follows that 


l 2 2\! 
G, (G) + const. ( & ) (o 1) . (23) 


The experimental evidence has shown that equation 
{22) or equation (23) holds only for relatively small 
values of (o — 1), perhaps up to o = 2; for larger 
values of o there is an increasing discrepancy between 
the experimental results and equation (23). ‘To obtain 
better results the transition between the laminar and 
turbulent region must be taken into account. 

Extension of Reynolds’ inalogy to Liquids.—Assume 
that in the region near the wall, i.e., for y < 8 neither 
vy nor « can be considered small, i.e., the molecular 
and eddy viscosity might be of the same order ; however, 
8 is so small that +r can be considered constant for 


3. This condition is, in general, well satisfied. 
Then from equations (3) 
ae 
Us=* y 
plovw+e 
P . (24) 
@,— Gs = -2} dy 


cp 0 (v/ae)+e ) 


It is known from theoretical and experimental 
results of turbulence research (cf., for example, the 
excellent treatise of Bakhmeteff) that in the vicinity 


of a smooth wall the ratio 


is a universal function 
(r/p) 
- . ; 
of the dimensionless distance parameter y* (*) f 
. . P a 
or denoting that universal function by f (y*) 
u - 
\ f(y*) (25) 
(r/p) 
It follows that 
du T ‘ (r yt 
; -( ) f(y) ee 
ay p v 
and 
: 26) 
v- - @ 
pdujdy " F@*) ' 


In‘ other words, the ratio ~ is a function of y* only. 
v 


, (y ma 1) 


and introducing y* as variable into equations (24), one 
obtains 


Substituting 


. (27) 


= 


+ [y* 
: 8 * 
() a f(y*)dy* . . (28) 


Fig.4. 


Reynolds’ analogy applied to the turbulent core 
| yields the relation 


| p(U— Us) _¢p(@s —) _ 
q 
By subtraction of the two equations, one obtains 
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and = - (32) 
2 1 + (C,/2)° [B (e) — Al 
In order to determine the function B (c) — A = g (¢@). 
| Nikuradse’s experimental results can be used. In 
Fig. 51 (page 79) of Bakhmeteff’s treatiset, — is 
, (r/p) 
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(29) 


eo(2) \, t-1 +75 

p p 70 ¢ fly") 
The value of yé*, i.e., the value of y* which corresponds 
to the boundary of the fully turbulent region might be 
somewhat arbitrary, but is certainly the same for 
geometrically similar flows. Hence, the definite 
integral in equation (28) represents a numerical constant 
A, and the definite integral in equation (29) represents 
a function of o only, say B (c). Then from equation (28) 


and (29) : 
8s) . (*) [B(c) — A] (30) 


c p (Qo 
q 


pUs- 
- 


represented as function of y* in a semilogarithmic 
| diagram. There are no experimental values for y* < 10. 
| However, for small values of y* it can be assumed 


, a eel —— T 
that the velocity distribution is linear and u -)y 
rn 


or — For y* > 30 the logarithmic law. 
(r/p)! 

| which is considered a characteristic distribution law 

| for the fully turbulent region, is fairly well satisfied. 

| Hence, y;* = 30ischosen. The points between y*= 10 


/and y* = 30 can be approximated by a straight line 


y*. 


| which joins the curve — = y* tangentially at 
(r/p)* 
| y*= 5. The equation of this straight line is 
* 
ae [3 + log, (<)] . (33) 
(r/p)* 5 


} 5 
| Substituting f’(y*) = 1 for y* < 5 and f’ (y*) = 7 for 


|5 < y* < 30 and carrying out the integrations, one 
jobtains A = 5(1 + log, 6) and B= 5[oe+ log, 
}(1 + 56)). With these values equation (31) becomes 


+ The Mechanics of Turbulent Flow, by B. A. Bakh - 
meteff, Princeton University Press, 1936. 
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+ =2+5(2) 
Ca «Cy Cy 
{o-1+toe [1+ 5-0] } (34) 


It is seen that 
1 


Cu 


Cy 


(a) for o=1, - , according to Reynolds’ 


(6) for small values of o — 1, by expansion of the | 
logarithmic term 


l 2 2\t 
a= (¢,) tome (c,) &-» 


in accordance with the theory of Taylor and Prandtl. 
Fig. 1, page 211, shows schematically the approximate 
velocity distribution used for the calculation. Fig. 2 


shows the values of the exchange coefficient resulting | 


from this velocity distribution. The assumptions corre- | 
sponding to the Taylor-Prandtl theory are indicated | 
in both figures by chain-dotted lines. The improve- | 
ment introduced into the theory consists essentially of | 
the elimination of the abrupt change of the exchange | 
coefficient. There remains a discontinuity at the | 
boundary between the transition layer and the fully 
turbulent region. However, it is believed that this 
discontinuity has no large effect on the result, since 
in the calculationg (cf. equations (24) ) only the reci- 
procal values of the quantities v + « and «x + ¢ appear. 
Therefore, the accuracy depends chiefly on the correct- | 
ness of the assumptions in the region where these | 
quantities are small. 

parison Between Theory and Experiment.—The 


Com: 
theoretically computed values of the heat-transfer 
number can be compared with experimental data 
on the amount of heat transferred in smooth-walled | 
pipes between the walls and the fluid at different rates 
of flow. However, an exact comparison is difficult | 
for the following reasons: (a) Some experimenters use | 
relatively short pipes, whereas for the application of 
the theory the pipe should have a long entry section, 
so that the velocity and temperature distributions 
can reach their final shapes. (6) The physical properties | 
vary with the temperature and, therefore, the heat- 
transfer coefficients depend on the rate of heat flow 
and are especially different for the case of heating and 
cooling of the fluid by the walls. (c) Due to the! 
variation of the physical properties over the cross 
section of the pipe, it is uncertain which values of the 
coefficients of viscosity and thermal conductivity | 
are to be used for the evaluation of the transfer num- 
bers. (d) The value of the transfer numbers depends 
on the interpretation of the mean temperature, namely, 
whether the temperature is simply averaged over 
the cross-sectional area or is weighted according to 
the flow of matter passing through the elements of 
the cross section. 

The difficulties mentioned under (a), (b) and (c) can 
be properly eliminated only by a careful extrapolation | 
of the measured experimental results for an infinitesimal 
rate of heat flow, 1.e., infinitesimal temperature differ- | 
ence between pipe and fluid. Such an extrapolation 
has been carried out by the British researchers, Eagle 
and Ferguson,} for the heat exchange between smooth- | 
walled pipes and water at different temperatures. Both | 
Prandtl’s and the author’s formula can be reduced | 


to the form 
Crt 
: (Z) 9 (0) 


2 
Cy teonttens, fe 
Prandtl uses for 3 the approximation ho 0-04 Re-t. 


2 
Cy 


1 


es . (35) 





With this value his theory leads to the expression 
g (ec) = 8-7 (co — 1) (36) 


whereas, according to the author's analysis 
g(o) =5 {(e — 1) + log, [2 + (5) (o — » }} (37) 


Fig. 3 shows the comparison of the two expressions 
(36) and (37), and the values of g (¢) computed from the 
experiments of Eagle and Ferguson for log,, Re = 
4, 4-5, 5, and 5-3 for the range 3 <o0< 10. It is 
seen that the accordance between the author's theory 
and the experimental results is very satisfactory. The 
results are not corrected for the error caused by the 
different interpretation of the mean temperature, item 
(d). G. I. Taylor made an estimate of this error for the 
case o = 1, Re = 10,000 and found that it amounte 
to 3 per cent. or 4 per cent. However, for large 
values of o the temperature distribution over the cross 
section becomes more and more uniform, so that the 
error is likely to be smaller than this value. 








+ “On the Coefficient of Heat Transfer from the 
Internal Surface of Tube Walls,” by A. Eagle and R. M. 
Ferguson, Proceedings of the Reyal Society, Series A, 
vol. 127, page 540, 1930. 


| equation for the case of the fluid being cooled, the 


Nu = (39) 
1 + 1-74 Re-*(o — 1) 
| and the theory of the author 
—— oa 0-04 Ret o 
1 + Re {o — 1 + log,[l + (5/6) (o — 1)]} 
. (40) 


| If the empirical formula of Dittus and Boelter is 


| for ¢ = 10, and give a fair approximation up to o = 25. 


| by the thickness of the laminar layer, and, therefore, 
| velocity distribution influencés the results much more 


|experimental values show an extraordinary scatter, 


| liquids with high viscosity. 


| with success to the problem of friction and heat transfer | 
| between fluid and solid. However, it must be men- 


| It seems that in this case the exchange of heat occurs 


A great number of experiments have been carried out | 
on heat exchange between pipes and different kinds of | 
oils, petroleum, benzene, and so on. For these fluids | 
@ varies from about 10 to 200. The results of these | 
experiments show an extraordinary scatter, due to the 
great difficulties of experimentation and interpretation 
of the results. Fig. 4, opposite, shows the comparison 
between the heat-exchange numbers Cy computed from 
the results of different experimenters by H. Lorenzt and 
the values predicted by Prandtl’s and the author's 
formula. Dittus and Boeltert obtained two simple 
empirical formule for the Nusselt number by averaging 
the scattered results of many experimenters; one 


other for the fluid heated by the walls. The average 
of these two cases can be expressed approximately 
by the equation 

Nu = 0-0254 Re®® o® 8 . (38) 
On the other hand, Prandtl’s theory gives for the 


Nusselt number with Cf = 0-04 Re-t the expression 


0-04 Reto 








The values corresponding to expressions (38), (39), and 
(40) are compared in Fig. 5 for the range 10,000 < Re 
< 50,000. For very large values of o Prandtl’s th®ory | 
gives the limiting form 


Nu = 0-023 Reé (41) 
and the author’s theory 


Nu = 0-04 Re# (42) 


considered as representative for the averaged experi- 
mental values, it is seen that Prandtl’s values are 
entirely too low, the author’s values are very exact 


For larger values of o the theory does not follow the 
increase of Nu with increasing o. If o is very large, 
there is a considerable drop of temperature in the 
laminar layer, and it is hard to expect that the hydro- 
dynamic theory developed for constant viscosity 
can represent correctly the conditions. Moreover, 
the heat exchange in this case is determined chiefly 


a small deviation in the function f (y*) used for the 


than in the case of moderate values of o. Since the 
more experimental research is necessary to furnish 
reliable data so that the theory can be extended to 


It appears from the results of this paper that the 
fundamental idea of Reynolds’ analogy can be applied 


tioned that recent experiments make it doubtful 
whether the same idea is applicable to exchange pheno- 
mena between fluids flowing with different velocities. 


at a relatively higher rate than the exchange of momen- 
tum. At the present time the number of experiments 
is still too small to draw final conclusions. It is 
believed that the exchange mechanism of friction and 
heat transfer for the case “ fluid versus fluid” is one 
of the most important topics for future research. 











“* LETOHWORTH IN PICTURES.”—An attractive booklet 
bearing this title, and issued by First Garden City, | 
Limited, Letchworth, Hertfordshire, illustrates and | 
describes the origin and development of what is referred | 
to as “‘ the world’s greatest scheme of town planning.” | 
Letchworth is a residential and industrial town designed | 
for an ultimate population of between 40,000 and | 
50,000 persons, the present population being 17,000 | 
persons. It is located between Hitchin and Baldock, | 
about 37 miles from London, and combines, it is claimed, | 
all the amenities desirable in a residential area with | 
facilities for the prosecution of various manufacturing | 
industries. 


THE WATER SUPPLY OF LIVERPOOL. 
Tue report which has been issued recently by 
Mr. F. Hibbert, M.Inst.C.E., Water Engineer of the 
City of Liverpool, covering the twelve months ended 
March 31, 1939, shows that the total supply taken from 
all sources during the year was 0-82 per cent. more than 
in the previous year, and 7:58 per cent. more than 
the average of the preceding five years. The total 
quantity was 17,103,587,000 gallons, of which the 
Lake Vyrnwy works contributed 13,128,493,000 gallons 
and the Rivington works 3,704,240,000 gallons. The 
remaining amount of 270,854,000 gallons was obtained 
from wells, and was only about 38 per cent. of the 
quantity derived from this source in the previous year. 
Practically the whole of it was provided by the steam 
well-pumping plant at the Green-lane station, only 
5-8 million gallons being supplied by the Dudlow-lane 
well. The quantity derived from Lake Vyrnwy 
exceeded the previous year’s total by 10-77 per cent., 
and was the greatest yet taken from the lake, the 
increase being effected by the completion of the third 
instalment of the Vyrnwy Aqueduct. The supply 
drawn from Rivington, on ‘the other hand, was 15-78 
per cent. less than in the previous twelve months. 
According to the Air Ministry’s records, the report 


| continues, the general rainfall over England and Wales 


for the year 1938 was 1 per cent. above the average 
for the period 1881-1915; but over the Vyrnwy 
catchment area the fall, computed by the cartographical 
method, was 19 per cent. above the same 35-years 
average, the wettest month being October and the 
driest April. Following the dry April, the level in 
Lake Vyrnwy fell, at the end of May, to 9-54 ft. below 
the overflow, after which the level increased irregularly 
until overflow began on October 8. Overflows occurred 
on 177 days during the twelve months’ period, the 
greatest being on March 2, when a depth of 1-14 ft. 
was recorded at the dam. The maximum peak dis- 
charge was at the rate of 2,738 million gallons per day, 
and was recorded on January 15, 1939. At March 31, 
1939, the quantity available in the lake was 97 per cent. 
of the maximum. 

The general rainfall on the Rivington catchment area 
for the year 1938, as computed from the records of 
seven representative gauges, was 17 per cent. above 
the average for the 35-years’ period, 1881 to 1915. 
The wettest and driest months were again October and 
April, respectively, the rainfall in April ranking as the 
eighth lowest monthly figure since 1858. At the 
beginning of April, 1938, the available quantity of water 
in stock at Rivington was only 39 per cent. of the 
maximum, and during that dry wen it was further 
reduced, reaching the year’s minimum on May 27, 
when the quantity was only 1,004 million gallons, or 
26 per cent. of the maximum. The subsequent heavy 
rains made good the deficiency, and at March 31, 
1939, the total stock was little below the maximum. 

Excluding compensation water to rivers, the average 
volume of water delivered per day for all purposes 
during the year ended March 31, 1939, amounted to 
46,988,000 gallons, this figure representing an increase 
of 382,000 gallons over the daily average for the year 
ended March 31, 1938. The maximum quantity sent 
out in any one day was 57,803,000 gallons, on 
December 23, 1938. Although the daily average sent 
out from the works showed an increase, however, there 
was a decrease of 92,000 gallons per day in the con- 
sumption within the undertaking’s compulsory limits, 
sr ne the city of Liverpool, Bootle and suburbs, 
the figure for the year being 39,184,000 gallons per day. 

The allocation of the supply to the city and suburbs 
shows a decrease in all but one of the eight main sub- 
divisions under which the consumption is detailed, the 
increase being in the supply for domestic purposes, 
including hotels, public-houses, offices and shops, which 
rose from 9,080,647,000 gallons to 9,159,008,000 gallons. 
The following are the corresponding totals for the other 


| seven subdivisions, the figures in brackets being in 


each case those for the previous year, 1937-38. For 
trade purposes, 3,735,124,000 gallons (3,806,01-1,000) ; 
for ships, 226,413,000 gallons (230,314,000) ; for institu- 
tions and industrial schools, 139,314,000 gallons 
(139,843,000) ; for horses, carriages, gardens, miscel- 
laneous trades, etc., 492,872,000 gallons (500,000,000) ; 
for public purposes, including flushing sewers, washing 
streets, public baths and wash-houses, fountains, etc., 
504,170,000 gallons (532,315,000); for extinguishing 
fires, 5,958,000 gallons (6,840,000) ; and for condensing 
purposes at the pumping stations, 190,000 gallons 


The price of the booklet is 6d., and the | (600,000). The supplies for trade purposes, ships, and 


London office of First Garden City, Limited, is Algoa | institutions and schools were metered. On the basis 


House, 41, Moorfields, E.C.2. 





+ “ Beitrag zum Problem des Wiarmeiiberganges in | 


of an estimated mean population in the city and suburbs 
of 1,073,058, the average daily consumption per head 
was 36-516 gallons, which compares with an average of 


turbulenter Strémung,” by H. Lorenz, Zeitschrift fiir | 34-528 gallons for the five years, 1933-1938. 


technische Physik, vol. 15, pages 155 and 201, 1934. 


Supplies given outside the above-mentioned area 


¢ “Heat Transfer in Automobile Radiators of the | include a total of 344,539,000 gallons to the borough 
Tubular Type,” by F. W. Dittus and L. M. K. Boelter, | of Chorley, representing 30-602 gallons per head per 


University of California Publications in Engineering,| day to 30,945 persons. 


vol. 2, No. 13, page 443. 


This shows a considerable 
increase, the corresponding figure for 1933-1938 being 
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only 27-684 gallons. In addition to the foregoing, 
bulk supplies to various towns were provided from 
Rivington to a total of 1,214,658,000 gallons for 
the twelve months, and from Vyrnwy, 1,281,341,000 
gallons. In 1938, Chorley took 339,792,000 gallons, 
and the bulk supplies from Rivington and Vyrnwy were, 
respectively, 1,179,634,000 gallons and 1,148,697,000 | 
gallons. Trade supplies by meter decreased by 1-8 per 
cent., but still marked the second highest trade con- 
sumption recorded, the highest being the 10,456,000 
gallons per day during 1937-38. Shipping supplies 
were reduced by 1-7 per cent. The increase noted in 
the consumption for domestic purposes is attributed 
in the report to excessive waste from defective pipes | 
and fittings consequent upon three periods of frost, in 
December, 1938, and January and February, 1939. | 
The estimated waste from frost damage was 238-5 
million gallons, equivalent to 655,000 gallons per day | 
over the whole year. 

The number of fires reported to the Water Depart- | 
ment was 1,023, but in only 334 cases were street | 
hydrants used to extinguish them. New hydrants | 
fixed during the year numbered 245, bringing the | 
number of hydrants in the compulsory area of supply 
up to a total of 21,932. New supplies were provided 
to 2,625 premises within the city and to 3,607 outside 
of it, and supplies were withdrawn from 328 premises 
in consequence of demolitions. 

The 23 filter beds at Oswestry in connection with | 
the Vyrnwy supply, which have a total area on top of 
the sand of 18-912 acres, filtered an average quantity 
between cleanings of 131-7 million gallons per acre, 
corresponding to an average depth of 4-06 in. 
of water passing through the filtering medium per hour. 
Each bed was off for cleaning an average of 6-18 
times during the twelve months, the number of days 
during which beds were off for cleaning, re-sanding, 
or repairs being equal to 2-15 beds out of use for the 
whole year. In the Rivington system there are eight 
beds, with a total area on top of the sand of 5-84 acres. 
Beds were off for cleaning an average of 4:25 times 
during the year, the equivalent disuse corresponding 
to 1-06 bed for the whole period. The average rate of 
filtration was 1-73 million gallons per acre per day, 
representing a depth of 3-18 in. of water per hour pass- 
ing through the filters. The average quantity filtered 
per acre between cleanings was 144-33 million gallons. | 

New works carried out during the year, apart from 
the completion of the third instalment of the Vyrnwy | 
aqueduct, previously mentioned, included the crossings 
of the River Mersey and the Manchester Ship Canal. 
The Mersey crossing consists of two shafts, each of 
16 ft. 4 in. internal diameter, connected by a tunnel of 
10 ft. internal diameter and 913 ft. in length. The 
shaft on the south side of the river is 72} ft. deep, 
and that on the north side, 78 ft. deep. The work 
was completed in the autumn of 1938, and from March, 
1938, the work was carried out of laying the 42-in. steel 
main connecting with the section already laid in the 
Cuerdley Marsh. The contract was let for a new 
service reservoir at Woolton, and the construction was 
begun of a 42-in. by-pass main at the Prescot reservoirs. 
The total length of new mains laid in the city and 
suburbs, and in Chorley, was 24 miles and 1,706 yards, 
the diameter of the mains ranging from 4 in. to 24 in. 


| 





|needle and graduated dial. 


PRESSURE-ACTUATED ELECTRICAL 
CONTROL GAUGE. 


Tue electrical control gauge illustrated in Figs. 1, 
2 and 3, on this page, is designed for such purposes as 
controlling motors or pumping plants when the pressure 
in a tank or the water level in a reservoir, so affecting 
the head, attains a pre-determined limit. In small 
plants the gauge automatically switches off the motor 
when the limit is reached or in large plants actuates 
a relay which effects the same purpose. Alternatively, 
the gauge may be used to actuate an alarm to call | 
attention to the position, thereby enabling the plant | 
concerned to be promptly controlled manually. The 
gauge consists of a casing, 12 in. by 8 in. by 5 in. deep, 
with a dial in the centre at the front and a setting 
knob above it, as shown in Fig. 3. 


West Bromwich. Referring to the illustrations, it will 
be recognised that the mechanism in the centre of 
Fig. 1 and to the right of Fig. 2 is a Bourdon-tube 
pressure gauge of the ordinary type, with a visible 
The inlet pipe to this 
gauge, however, is branched at the base, the branch 
leading to the underside of a spring-steel diaphragm a 
similar to that successfully used by Messrs. Salter in 
other instruments. The upper side of the diaphragm 
carries a spindle, the top of which is supported in a 
swinging lever pivoted on a frame attached to the 
diaphragm casing. The lever is double and the spindle 
end is secured to it by conical-ended screws, an arrange- | 
ment which prevents the spindle from being deflected | 
while not interfering with its up and down movement 
in response to pressure variations on the diaphragm. 
The switch on the motor circuit or relay circuit, as 
the case may be, is seen at 6. It, also, is carried on a 
lever pivoted on the frame and can be swung up or 
down by a long lever pivoted at the top of the frame 
and connected to the switch box by a link. The free 
end of a lever is provided with a tension spring anchored | 
to the casing, the pull of this spring keeping the top | 
edge of the long lever in contact with a cam c. The 
cam is mounted on the setting spindle d, which has an | 
external knob, as shown in Fig. 2. It is clear that | 
if the setting spindle is rotated from the position 
shown, the long lever moves upwards under the pull 
of the spring and the distance between the switch box 
and the diaphragm spindle is increased. The spindle | 
has, therefore, a greater distance to travel before it 
can operate the switch ; in other words, the gauge can 
be set to function at a higher pressure. A dial under 
the setting knob indicates the amount through which | 
the knob is to be turned in order that the gauge 
will operate at any required pressure. The switch 
itself has a spring throw-over action which gives the 
make-and-break of the contacts a very definite snap 
action. The switch is operated by a hollowed flat 
spring, and when pressure is applied at a certain part 
the spring buckles and operates the contacts. When 
the pressure is removed, the spring, and also the 
contacts, take up their original positions. The pres- 
sure behind the diaphragm supplies the force necessary 
to deflect the spring which comes back when the pres- 
sure is reduced. The contacts are heavily silver-plated 
and of ample size. The switch will handle 1-25 kW 


WEST 


| 


The instrument is | 


made by Messrs. George Salter and Company, Limited, | 
| in the desired position. The setting dial is replaced by 
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at pressures up to 600 volts, or 5 amperes at 250 volts. 
which is generally sufficient for a small motor. If the 
gauge has to operate through a relay, on the other hand. 
the current controlled can be whatever is necessary for 
the plant concerned. 

The switch can be arranged so that the contacts are 
normally closed and are opened when the pressure 
reaches the set limit, or can be arranged to remain 
open when the pressure is normal and to close when it 
exceeds the limit. Occasionally conditions do not 
require provision for varying the pressure at which 
the gauge will operate. In such a case the adjusting 
knob and pointer are omitted, and the cam is locked 


a plate giving the pressure at which the gauge will 
actuate the switch. The front casing is removed in 
Fig. 1, so that the gauge dial and setting dial do not 
show, although they are visible in Fig. 3. The gauge 
dial will indicate pressure readings within the same 
close limits as standard pressure gauges, in spite of 
the connection to the diaphragm gauge. The electrical 
connections are simple, the switch wiring being per- 
manent and led to a standard porcelain block e clamped 
to a light bracket. A small door, attached to the right- 
hand side of the case by two screws, admits the block. 
which can be pulled out when coupling up the supply 
cable. This is led through a hole in the bottom of the 
case, the hole being normally fitted"with an insulating 
bush. The hole, however, is tapped to take a standard 
}-in. conduit, so that, if this method of connection is 
preferred, the bush can be removed. 








INSTITUTION OF ELECTRICAL ENGINEERS’ SCHOLAR- 
sHiIps.—The following scholarships have been awarded 
by the Institution of Electrical Engineers for 1939: 
Ferranti Scholarship (annual value 2501., tenable for 
two years), Mr. A. E. Chester, M.Sc. (Manchester Uni- 
versity); Duddell Scholarship (annual value _ 150/.. 
tenable for three years), Mr. D. E. Thomas (St. Clement 
Danes Grammar School, London); Silvanus Thompson 
Scholarship (annual value 100/., plus tuition fees, tenable 
for two years), Mr. L. E. Ebourne (Cadbury Brothers. 
Limited, Birmingham); Swan Memorial Scholarship 
(annual value 120/., tenable for one year), Mr. A. M. 
Davies, B.Sc.(Eng.) (City and Guilds College, London) ; 
David Hughes Scholarship (value 100/., tenable for one 
year), Mr. F. Rushton (Manchester College of Techno- 
logy); Salomons Scholarship (value 1001., tenable for 
one year), Mr. T. E. Calverley (King’s College, London). 
War Thanksgiving Education and Research Fund (No. 1), 
grants made as follows :—50l. to Mr. R. K. Beattie, M.Sc. 
(Manchester University), 251. to Mr. P. H. Longman 
(Queen Mary College, London), and 251. to Mr. G. Y. 
Shute, B.Sc. (University College, Nottingham). Paul 
Scholarship (annual value 501., tenable for two years, 
Mr. D. Nightingale (Stanley Technical Trade School 
London). Thorrowgood Scholarship (annual value 25/., 
tenable for two years), Mr. E. Outhwaite (London and 
North Eastern Railway). 
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TORQUE-MEASURING WRENCH. 


IN many instances in modern practice it is necessary 
to ensure either a definite load on a single screw, or to 
make certain that the loads on each of the screws of 
an assembly, such as that of a flange, are equal. Either 
of these requirements can only be met by exerting a 
known torque on the spanner used for tightening. 
It is hardly precise enough to assume that the pull 
given to the spanner by the man concerned is a constant 
quantity and to multiply this pull in lb. by the length 
of the spanner in feet; what is really required is a 
spanner which will indicate in foot-pounds the torque 
that is exerted. Such a spanner is illustrated in the 
accompanying two views, which show the Williams 
No. 8-57 Torque ‘* Measurrench,” distributed in this 
country by Messrs. Buck and Hickman, Limited, 
2, 4 and 6, Whitechapel-road, London, E.1. Before 
describing the operation of the wrench, however, two 
points need to be made clear, namely, that it can be 
used for measuring a right-handed torque only, and 
that, as may be gathered from the illustrations, the 
appliance is not made with jaws to embrace a nut, but 
has a square projection which is inserted in a box 
spanner of the particular size required. 

The wrench, which is made entirely of alloy- and 
high-tensile steel, consists of a radial arm terminating 
in a handle, and a flat arm, both integral at the head 
carrying the square projection. The flat part is not 
attached to the radial part of its outer end, and, in con- 
sequence, is not subjected to any stress when a pull 
is applied to the handle ; but when this pull is exerted, 
the radial part bends, and there is, therefore, relative 
displacement between the two parts in the same plane 
as that in which the pull is being exerted. It is this 
displacement that is used as a measure of the torque. 
Looked directly on top as in the lower view, the side 
of the flat part is bevelled and graduated with a scale 
reading from 20 ft.-lb. to 200 ft.-lb. An extension to 
the handle, best seen in the upper view, is, in cross- 
section, a flat with a side flange. The inner edge of 
this flange is machined to a definite curve, and is 
uncovered to a greater or less degree as the radial 
part bends, by its relative displacement with the 
graduated scale. What the operator sees, then, is the 
inner edge of the flange intersecting the scale, the 
point of this intersection giving the torque reading in 
foot-pounds, according to the particular graduation. 
When the intersection shows at the graduation marked 
50, for example, he ceases to exert more force should 
50 lb.-ft. be the limiting torque which he has been 
instructed to apply. Two adjustments are necessary 
when reading by sight. In the first place, the knob 
seen in the long slot must be pushed to the bottom of 
the slot, i.e., to the end nearest the handle. Secondly, 
the bolt seen in the small slot close to the handle must 
also be pushed to the bottom of the slot, which is 
marked with the word “ sight... The wrench can then | 
be used to read to any torque between 20 lb.-ft. and 
200 Ib.-ft. 

There is, however, an alternative method of reading, 
namely, by sound, and it is in connection with this 
method that the knob functions. It is attached by 
means of a stiff slightly-curved wire to a dise which 
rides on the face of the flange and the edge of which, 
appearing between the flat part of the handle and the 
scale, has a cross line on it. The operator sets this 
line to correspond with the graduation of the desired 
torque, having first set the small bolt at the top of its 


, This is not an adjustable setting indication, but merely 
| a tell-tale. As long as the two marks are in line, the 
| wrench is working accurately, but any displacement 
| indicates that one or other arm is permanently bent 
| laterally and the reading, by either the * sight” or the 
“sound * method will be incorrect. The other mark- 
ing is at the head. The projecting square carries a 
36-tooth ratchet-wheel to which a double-tooth pawl 
transmits the torque of the pull on the handle. The 
pointer, seen in the lower view, at the head of the 
wrench, when set to the word “ on,” gives a right-hand 
screwing movement to the ratchet-wheel, which is the 
nut loading position. When set to * off,” the ratchet 
motion is reversed, so that a nut can be slacked back. 
The ratchet movement enables angular strokes as small 
as 12 deg., to be made, a useful asset when the wrench 
is being used in confined spaces. The handle is 19} in. 
long and the head is notably compact and free from 
projections. The wrench is well finished with contrast- 
ing forms of chromium plating. 








SAFE OPERATION OF POWER 
PRESSES AND LIFTING TACKLE. 


Tue unrelated subjects of the guarding of power 
presses and the maintenance of lifting tackle formed 
topics for extended discussion at the recent annual 
congress of the National Safety First Association at 
Caxton House, Westminser ; no doubt because, in the 
first instance, there is still much to be done, and, in the 
second, because the majority of factory occupiers seem 
to have been free from any legal obligations respecting 
the regular examination and maintenance of chains, 
ropes and other lifting tackle. Two papers were read 
on the guarding of power presses, and from an appendix 
to one of them the somewhat disturbing fact emerges 
that of the 364 accidents arising from the operation of | 
power presses in 1938, no less than 68-95 per cent. 
occurred on presses fitted with some form or other of 
guard. It is not surprising, therefore, that, in contri- 
buting to the discussion, Mr. A. W. Garrett, H.M. 
Deputy Chief Inspector of Factories, stated that the | 
Chief Inspector of Factories, Sir Duncan Wilson, C.V.O., 
C.B.E., was prepared to call together a committee | 
representing makers of presses, makers of guards, users | 
of presses, safety officers, production engineers, tool | 
designers and factory inspectors to consider the general 
position. The proceedings and papers, of which one 
was presented by Mr. E. Kann, of Messrs. N. V. Philips’ | 
Gloeilampenfabrieken, Holland, and the other by Mr. R. | 
Bramley-Harker, H.M. Engineering Inspector of Fac- 
tories, have been reprinted in full by the Association, 
a report of a resolution passed in support of the sugges- 
tion for a Committee being included. 

The reprint also contains a paper on the care and 
maintenance of lifting tackle by Mr. G. Dixon, J.P., 
chain inspector of Messrs. The London Bric: Company, | 
Limited, and the discussion following it, an admirable | 
summing up of which was given by Mr. G. Stevenson | 
Taylor, O.B.E., H.M. Deputy Chief Inspector of | 
Factories. The papers and discussions on both subjects 
are of a thoroughly practical nature, and covered them 
so completely that they cannot be adequately sum- 
marised here. Those interested are therefore referred | 
to the booklet itself, which can be obtained from the 
Secretary of The National Safety First Association | 
(Inc.), Terminal House, 52, Grosvenor-gardens, London, 


| 





slot, which position is marked “ sound.” - This last 
action merely separates the handle flat and the scale, | 
so as to give greater freedom of movement to the disc. | 
These two settings being made, the operator proceeds | 
to apply the necessary pull. When the desired torque | 
has been reached, the relative displacement of the two | 
arms of the wrench causes the disc to slip off the flange, 
which it does with a distinct click, the spring action | 
of the curved wire causing a sharp movement. When | 
the click is heard, the operator, of course, ceases to 
pull. By the “ sound ” method, the range of torque is 
from 35 Ib.-ft. to 200 Ib.-ft. 
Two other markings call for comment. A line on 
the flat arm just below the small slot is normally co- 
incident with a line on the handle marked “ zero.” 





S.W.1, at the price of 2s. 74d., post free. 








TRIALS OF H.M.S. “ JANUS.”’"—H.M. twin-screw des- | 
troyer Janus, the forty-seventh destroyer built by 
Messrs. Swan, Hunter and Wigham Richardson, Limited, 
Wallsend-on-Tyne, has carried out successful trials, | 
culminating in the acceptance trial conducted on 
August 5. The Janus is one of the “J” class of | 
destroyers, and has a displacement of about 1,700 tons. 
The propelling machinery consists of geared turbines, | 
the total shaft horse-power of which is 40,000. These | 
engines, together with the oil-fired water-tube boilers, | 
have been constructed by Messrs. The Wallsend Slipway | 
and Engineering Company, Limited. 


| Messrs. 
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CATALOGUES. 


Portable Air Compressors.—We have received from 
Messrs. Holman Brothers, Limited, Camborne, an illus- 
trated catalogue of portable two-stage compressors. 

Air Filters.—Messrs. The Visco Engineering Company. 
Limited, Stafford-road, Croydon, have sent us their 
latest list of pressure-type air filters for compressed-ai: 
pipe lines. 

Scrap- Metal Baling Presses.—Messrs. Rose, Downs 
and Thompson, Limited, Old Foundry, Hull, have sent 
us a booklet giving particulars of a wide range of scrap- 
metal baling presses and hydraulic pumps. 

Smith’s Hearths and Fans.—Messrs. Keith Blackman 
Limited, Mill Mead-road, Ferry-lane, Tottenham. 
London, N.17, have issued a priced list of smiths’ hearths 
and small electric blowing fans. 


Refractories.—Messrs. J. H. Sankey and Son, Limited 
(Canning Town) Refractories Department, Ilford, have 
issued a new illustrated catalogue of refractories. 

A.R.P. Equipment.—We have received from Messrs. 
Mosers, Limited, 170-192, Borough High-street, London. 
3.E.1, a catalogue which has been revised and enlarged 
to include all the material required for the equipment of 
A.R.P. shelters. 

Overhead Power Lines.—Messrs. British Insulated 
Cables, Limited, Prescot, Lancashire, have sent us a 
comprehensive catalogue giving particulars of materials 
for the erection and maintenance of overhead power- 
transmission lines. 

Railway Signal Fittings.—We have received six sheets 
for revised sections of their signal catalogue from Messrs. 
Westinghouse Brake and Signal Company, Limited, 82, 
York-way, King’s Cross, London, N.1. 

Air Conditioning.—Messrs. Sturtevant Engineering 
Company, Limited, 147, Queen Victoria-street, London, 
E.C.4, have issued a booklet giving particulars of air- 
conditioning plant and illustrating some recent installa- 
tions in public buildings. 

Circuit Breakers.—We have received from Messrs. 
Switchgear and Cowans, Limited, Old Trafford, Manches- 
ter, 16, a brochure illustrating and describing the S. and 
C. A-type oil-circuit breakers, and also truck cubicle 
switchgear incorporating these breakers. 

Auxiliary Lighting.—In view of the necessity for pro- 
viding an alternative electric supply for lighting A.R.P. 
shelters and trenches, Messrs. Nife Batteries, Limited, 
Hunt End Works, Redditch, have published a guide of 
the equipment they supply for this purpose. 

Cables and Wiring Systems.—We have received a 
booklet from Messrs. W. T. Henley’s Telegraph Works 
Company, Limited, Holborn Viaduct, London, E.C.1, 
which giving particulars of their V.I.R. cables and wiring 
systems, and illustrating recent installations. 

Cartridge Fuse-Links.—Messrs. A. Reyrolle and Com- 
pany, Limited, Hebburn-on-Tyne, have issued a pamph- 
let describing class-U cartridge fuse-links and dealing 
with their applications. They are suitable for current 
ratings up to 500 amperes, and comply with B.S.S. No. 88 
—1937. 

Welded Steel Gear Wheels and Boxes.—Messrs. Dorman 
Long and Company, Limited, Zetland-road, Middles- 
brough, have sent us two leaflets describing their method 
of welding steel gears, boxes and frames. Their method 
of welding gear blanks has recently been dealt with in our 
columns. 

Trailer Fire Pumps.—We have received from Messrs. 
The Bryan Donkin Company, Limited, Chesterfield, a 
folder giving particulars of fire pumps driven by standard 
Austin motor engines and capable of being easily man- 
handled when detached from the small motor car by 


| which they are drawn. 


Fans for Forced and Induced Draught.—Messrs. 
Davidson and Company, Limited, Sirocco Engineering 
Works, Belfast, have issued two publications, one of which 
deals with the application of mechanical draught to 
solid-fuel fired steam-raising installations, and the other 
with fans for A.R.P. purposes. 

Friction Clutches.—We have received a copy of a 
bulletin issued by Messrs. The Carlyle Johnson Machine 
Company, Manchester, Conn., U.S.A., dealing with 
Johnson friction clutches of the metal-to-metal type, 


|} and with Super-Johnson clutches which are fitted with 
| Raybestos-faced expansion rings. 


Ducting for Electric Cables.—We have received from 
The Key Engineering Company, Limited, 
4, Queen Victoria-street, London, E.C.4, a pamphlet 
which explains their ‘“‘ key ” fibre underfloor duct wiring 
system. It is claimed that the system is flexible and 
provides ample capacity for extensions. 


Marine Engines.—Messrs. The British Power Boat 
Company, Limited, Hythe, Southampton, have sent us 
an attractive catalogue illustrating and describing the 
Rolls-Royce-Power-Merlin Marine Unit, which is a 
combination of the Rolls-Royce Merlin II engine and 
their (Scott-Paine) reverse gearbox. 
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** ENGINEERING "' ILLUSTRATED 
PATENT RECORD. 


ABSTRACTS OF SPECIFICATIONS RECENTLY 
PUBLISHED UNDER THE ACTS OF 1907 TO 1939. 
~~ number of views given in the Specification Drawings 

in each case; where none is mentioned, "th 

Specification is not illustrated. 

Where inventions are communicated from abroad, the 
Names, etc., of the Communicators are given in. italics, 
Copies of 8 i 7 may be obtained at the Patent 

) Si Branch, 125, Southampton Buildings, 
Chancery-lane, London, W.C.2, price 18. each. 

The date of the advertisement of the acceptance of a 


Complete Specification is, in each case, given r the 
abstract, unless the Patent has been sealed, when the 
word “* hcp " is appended. 

An son may, al any time within two months the 


of the advertisement of the acceptance of a Complete 

give notice at the Patent Office of 

oavgun to fre grant of a Patent on any of the 
grounds mentioned in the Acts. 


ELECTRICAL APPARATUS. 


506,028. Adjustable Anode. R. A. Lister and Com- 
pany, Limited, of Dursley, and H. F. Vasseur, of Dursley. 
(2 Figs.) November 19, 1937.—The invention is a 
substantially complete cylindrical electrode for the 
electro-deposition of chromium on the inner surface of 
an engine cylinder. The electrode adapted for 
use in cylinders of different sizes so as to provide the 
required clearance in each case between the surfaces of 
the electrode and the cylinder. The anode consists of 
# number of bars 5 of arcuate form having a portion at 
each end of smaller external diameter as shown. The 
bars are secured to upper and lower supporting rings 2 
and 3 situated inside the reduced portions, and are spaced 
80 as to leave gaps between the bars. The upper ring 2 
of the anode is secured to a cylindrical anode head 1 and 
which is flanged at its upper end. A cylindrical ‘collar, 


can be 
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the cylinder 


31 
block 10, has two inwardly projecting flanges 14 and 15. 


supported on an insulating ring on 
flange of the anode head is supported by the top 
14 of the collar, a circular insulating washer of 
inverted L section, being interposed between the two 
flanges. The lower flange 15 of the collar is provided 
with a similar washer which abuts against the side of the 


head allow the escape of 


The 
flange 


anode head. Gaps in the anode 


gas which passes from the cylinder walls into the interior | 


of the anode. The rings 2 and 3 are chosen to suit 
the particular cylinder to be coated so that when the 
bars are mounted, the cylindrical anode will have the 
necessary clearance between the bars and the cylinder 
wall, To coat a cylinder of a different bars are 
added or removed form a cylindrical of a 
different diameter with the required spacing between 


the bars.—( Accepted May 19, 1939.) 


size, 


to anode 


LIFTING AND HAULING APPLIANCES. 


504,908. Salvage Crane. Clarke, Chapman and Com- 
pany, Limited, of Gateshead-on-Tyne, W. A. Woodeson, 
and W. Midgley, of Gateshead-on-Tyne. (6 Figs.) 
December 23, 1938.—The crane is designed for lifting 
seaplanes on to the deck of a ship while the latter is under 
way in rough water. The main hoisting gear a consists 
of a compensator barrel winch, the barrel on which the 
main hoisting rope / is wound being connected to the 
driving shaft through a spring and friction clutch and 
through disengageable pawl and ratchet gear. When 
the pawls on the shaft are held clear of the ratchet teeth 
on the barrel and the shaft is stationary, the barrel is 
free to rotate if a pull is applied to the hoisting rope, 
the spring being wound up. The rope can thus be 
extended quickly to be attached to a load. If the load 
should move either up or down, the rope will in either 
case remain taut, the clutch slipping if the rope pull 
exceeds a certain value. To lift the load, the pawls are 
engaged with the ratchet teeth after the spring has been 
wound up, 8o that any in load will allow the 
ratchet teeth to over-run the pawls due to the unwinding 
of the spring and maintain the rope taut. The parts 
then come to rest in a new position in which they are 
locked automatically. The crane has an auxiliary 
eteadying boom which minimises the risk of damage to 


decrease 
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or by the craft while being raised or lowered ; ¢ and d are 
two parts of a mechanical coupler, and ¢ is a spring- 
loaded overhauling weight through which the part c is 
connected to the main hoist rope f. The part d is 
supported by a coupling rope j, which at one end is 
attached to the part ¢ and at the other end to the barrel 
of a coupling winch m, which includes a fluid coupling 
and is mounted on the main boom of the crane. The 
overhauling weight ¢« is lowered with the steadying 
arm 6b as near as possible to it (Fig. 1), and the lower 
half d of the coupler positioned just below the upper half. 
When the seaplane is ready to be recovered, the hook h 


Fig.2. ¢ 














to the man 


coupling winch m, 
The controller for the 
coupling winch is then put into the balance position, and 
ite fluid coupling allows the man on the seaplane to pull | 
down the hook and hook on to the slings. The operator 
pulls down by the winch m the portion c of the coupler, 


is lowered quickly by the 
at the slings on the seaplane. 


and automatically engages it with the lower portion d. 


This winds up the spring on the compensator barrel of the | 


main hoist winch a which puts a riding tension in the 
main hoist rope f. The coupling-winch motor is kept 
running at a speed just sufficient to maintain tension in 
the coupling rope j, and the pawls in the compensator 
barrel are engaged with the ratchet teeth. The main 
hoist a is started, and the seaplane cannot now descend, 
but the compensator barrel spring 
winds in the The final stage of lifting is 
accomplished steadying arm. (Accepted 
May 2, 1939.) 


if a wave raises it 
slack rope. 


by raising the 


MOTOR ROAD VEHICLES. 

505,672. Sliding Car Door. W. C. Atcherley, of Bir- 
mingham. (5 Figs.) November 26, 1937.—The inven- 
tion is a sliding door for an ordinary private saloon car. 
The car has two doors at each side, separated by a vertical 
pillar. Each door is guided at the bottom on a track 
mounted in the running board and at the top on a similar 
track on the underside of a cornice e forming part of the 


quarter panelling. The cornice is faired off at its front 


and rear ends into the line of the roof so that it does not 
vehicle. 


appreciably affect the appearance of the Each 











its upper and lower edges two runners, 
each consisting of a spring-loaded ball in a housing 
recessed into the door. The lower track is a groove of 
part -cylindrical cross-section and consists of a longitudinal 
part & curved to approximately the same contour as the 
body side and leading at its front end in a smooth curve 
into a part / at right-angles to the body side adjacent 
to the front edge of the front door, and at its rear end 


door carries at 


into a similar part m adjacent to the rear edge of the rear 
door. Two further straight parts n, p, at right-angles to 
the side of the body lead into the track adjacent to the 
rear edge of the front door and the front edge of the rear 
door respectively. The upper track on the underside of 
the cornice e¢ is identical and in vertical alignment with the 
bottom track. When the doors are closed, the runners 
on the front door lie in the inner edges of the parts 1 and 
n and the runners on the rear door lie in the inner ends 
of the parts p and m. In opening the front door, its 
rear edge is first swung outwards so that the rear runner 
moves along the part n of the track. The door is then 
slid rearwards until it overlies the rear door. To close 


| the door it is slid forwards until the front runner reaches 


| the inner end of the part I of the track and the front 


edge of the door abuts against the windscreen pillar, 
and then the rear edge of the door is drawn inwards 
and latched to the centre pillar 1. The operation is 
similar for the rear door. In the closed position both 
doors are latched to the centre pillar and the handles are 
sunk into recesses in the door panels so that a minimum 
outward movement of each door is required to clear the 
other. The edge of the door carrying the latch bolt is 
fitted with wedge abutments for preventing rattle. The 
other edge of each door is fitted with tapered pegs 
entering sockets in the pillar against which this edge of 
the door abuts when closed. The edge of the door 
carrying the latch bolt cannot open far enough to allow 
anyone to fall out, so that the doors are safe and when 
opened cannot get in the way of other traffic. (Accepted 
May 16, 1939.) 


STEAM ENGINES, BOILERS, ETC. 


506,651. Mechanical Stoker. Smoke Prevention, 
Limited, of London, and R. J. Curryer, of London. 
(5 Figs.) December 1, 1937.—The stoker casing is of 
cast iron, and upon it is mounted a fuel hopper 11. The 
fuel-feed mechanism is operated by a continuously rotat- 
ing shaft on which is mounted a pair of levers 13, at 
the extremities of which are hardened rollers. Coal is 
fed and regulated by a sliding feeder 18, operated in the 
forward direction by the rollers on the levers 13, which 
engage one set of webs, and in the reverse direction by 
an arm 19 of a rocking bell-crank lever which carries 


| hardened rollers to engage another set of webs on the 


feeder. The other arms 21 of the bell-crank lever 
project into the path of the continuously rotating levers 
13. The travel of the feeder 18 is regulated by mounting 
the bell-crank lever upon an adjustable fulcrum to vary 
the degree of engagement of the lower arms 21 with the 
rollers on the rotating levers 13. The adjustable fulcrum 
rod rests in a carriage which extends to the back of the 
casing, and its position is adjusted by a hand wheel 26. 
The front plate of the ram which forces the fuel forward 
has surfaces on both sides of the centre line, which slope 


) 











(506, 65! 


backwards to the sides of the ram. At the sides of the 
ram, runners extend backwards to a position considerably 
behind the ram, where they are bent inwards at right 
angles and are secured at the centre to a vertical square 
plate 33. These runners rest in guides attached to the 
side walls of the stoker casing. Directly behind the 
front plate is a second plate 34, bearing against which 
are two helical springs, one on each side of the centre 
line. The other ends of the springs bear against a cross 
plate which is carried by two fixed uprights. The ram 
is forced backwards against the springs by the rotating 
arms 13 which engage the plate 33. When these arms 
disengage the plate, the ram released and returns 
under the action of the springs. At the centre of the 
cross plate 34 is secured a tube 39, which passes through 
and is attached to the plate 33. A piston fits in the tube 
and is mounted on a rod secured to the stoker casing. 
This arrangement provides an air buffer for the ram in 
its forward stroke, and brings it to rest without jolt or 
vibration. The stoker is cooled by ventilation openings 


is 


at the rear of the casing. Air, induced by the natural 
draught of the furnace, flows into it past the whole of 
the working parts. To prevent smoke, a regulated 


quantity of air is admitted to the furnace above the fire 
through passages 44 in the stoker casing just above and 
in front of the hopper 11. (Accepted June 1, 1939.) 
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THE MAXIMUM RANGE OF 
FLIGHT. 


By F. W. Lancnester, LL.D., F.R.S. 
(Concluded from page 205.) 


In the preceding article, the discussion was based 
on the condition of constant altitude. A further 
condition stipulated was that the flight speed should 
be progressively reduced to “match” the change 
in the gross load W as the fuel is consumed, this 
being necessary in order that the drag/lift ratio, in 
other words the gliding angle, should remain con- 
stant. It is clear that if the range of flight is to be 
the maximum possible, the drag/lift ratio must be 
a minimum. The aeroplane must be consistently 
flown at the correct speed to ensure that this shall 
be the case ; that is, the flight speed must vary as 
the square root of W. In the present article the 
restriction relating to altitude is removed; we 
regard the pilot as free to control his altitude so as 
to achieve the maximum speed of flight consistent 
with the longest possible range. This problem the 
writer believes to be new in connection with the 
theory of high-altitude flying. 

Now, since it is necessary to “ take off ’’ with the 
maximum fuel load possible, it may be assumed 
that the starting or datum altitude will be no 
more than necessary in view of the nature of the site 
and surrounding country. No assumption is here 





necessary, since the problem resolves itself into one 
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the difference between brake horse-power and restricted conditions. This enables us to plot 
indicated horse-power remains nearly constant ; in| altitude against distance flown, Fig. 4; here 
fact, it may increase when the engine is under | ordinates give altitude and abscisse L, the distance 
throttle, and this accounts for a material proportion | flown. When W is reduced to half its original 
of the fuel consumed. Allowance has been made | value, on the assumption that the plane initially 
for this in the initial data for full load, but as the | carries half its weight in fuel, this being the assumed 
load becomes less, the speed remaining constant, limit, the altitude is approximately 22,000 ft. It 
the mechanical efficiency falls and the full-load ratio | is of interest to note that the plottings give, in each 
no longer holds. If it were necessary to take this | case, an almost straight graph, indicating that the 
into account, it would give rise to some complica- | 
tion, but with a modern variable-pitch propeller, | 
the “gear ratio” may be modified at will, and the | denoting that, as the flight proceeds, the distance 
lower power output developed at a lower engine | and the appropriate altitude are in constant 
speed, 80 that the ratio of fuel consumed to work relation to one another ; in other words, the pilot 
done will remain unchanged. | will know his correct altitude (for constant speed) 
| by the distance he has flown. Both speed and 
| distance in this case must be considered as relative 
| to the air. 
| It is evident that a certain amount of energy is 
| expended in the climb, but in terms of the total 
| this is nearly negligible, being about 0-5 per cent., 
| and mostly recoverable in a final glide to earth. 
| One disturbing factor is the need for supercompres- 
sion at altitudes over 8,000 ft. or thereabouts. 
|'This will tend to increase the fuel consumption, 
but would only be necessary if, as suggested above, 
the pitch of the propeller were increased to enable the 
engine to develop its power at a lower speed ; 
the choice lies between the two, either maintaining the 
engine speed with a sacrifice of mechanical efficiency 
under partial load, or reducing the revolution speed 
to avoid this loss and making good the torque by 
super-compression. The former, being simpler, is, 
on the face of it, to be preferred. 

It may be concluded (1) that if an aeroplane can 
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altitude varies approximately as log (-) and 
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be produced, to have a gliding angle as low as | in 25, 
and to “ take-off” and fly at low altitude carrying 
half its gross weight in fuel, there is every prospect 
that the half-circumference of the E: rth, viz., 
12,600 miles, may be covered in a single flight 
without re-fuelling, either at constant altitude, or 











at variable altitude and constant velocity; (2) if 
the speed of flight at low altitude be that assumed, 
namely, 300 ft. per second, the distance may be 
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) covered and the Antipodes (New Zealand) reached 

| in approximately three days; (3) that if a gliding 
angle = 1/25 is not found possible, then, based 
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of relative altitude, and for this reason ground level 
or sea level (on which the International Standard 
Atmosphere is based) will be taken. The most 
interesting case, and the simplest, is that in which 
V, the flight velocity, is maintained constant, and 
in which the altitude is varied in such manner that 
the atmospheric density p varies directly as W. 
That these two conditions are concordant is 
evident from the fundamental equation: W = 


Ca V? p, or. = Ca V® 


constant, where a is the 


p 
area of the supporting members (wings) and C is a| 
constant. Now, the writer has shown that the 
minimum gliding angle is independent of density,* 
and this applies even though W and p vary, pro- 
vided that the variation does not involve a critical 
change in the Reynolds number ; this certainly is 
not the case in the problem under discussion. 

Since V is constant, and the drag/W (the gliding 
angle) is constant, the energy necessary for propul- 
sion for a given distance will vary continuously as 
W varies ; that is to say, assuming the fuel consump- 
tion to be always proportional to the energy ex- | 
pended, the logarithmic law will apply just as has 
been shown to be the case when the condition of 
constant altitude was imposed, and the limiting 
distance or range of flight will be the same for any 
given or assumed gliding angle. Now, however, the 
initial velocity will be maintained throughout the 
flight, and, other things being equal, will result in 
a faster passage. This is as shown by the straight- | 
line graph in Fig. 2 of the previous article, and, in the 
case, for example, when the gliding angle y = 1/25, 
the time for the limiting 12,600 miles’ flight will be | 
reduced from 74 hours to 62 hours. 

It should not be overlooked that the power con- | 
sumed in internal friction, etc., which constitutes 




















* Journal of the Royal Aeronautical Society, February, 
1937, pages 87, ef seq. 
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on a present-day value of 1/20 it will be possible on 
the same basis to cover 9,800 miles, and reach 
Australia in something less than 60 hours; (4) for 


” 


In order to provide definite data for the change of 


altitude necessary to comply with the regime 
envisaged, we must take into account the relation 
between altitude and atmospheric density ; this is by 
no means constant. Just as, at sea-level, tempera- 
ture and barometric pressure vary from day to day, 
the same is true at higher altitudes, and density is 
a function of temperature and pressure. In order 
to dispose of this uncertainty the convention of a 
standard atmosphere has been generally adopted. 
The International Standard Atmosphere, sometimes 
referred to as the I.S.A., is defined by a formula 
first put forward by the physicist Toussaint, based 
on an average temperature gradient of — 6-5 deg. C. 
per kilometre gain of altitude, equivalent to 
approximately —2 deg. C. per 1,000 ft. This relation 
obtains up to the lower limit of the stratosphere, 
taken as at 35,000 ft. ; above this altitude, within 
the stratosphere, the temperature stands constant 
at an average figure, — 55 deg. C. The sea-level 
temperature assumed is 15 deg. C., or 288 deg. 
absolute, the equation up to the stratosphere lower 
limit being— 
T = 288 — 6-5 H, 
where T is deg. C. absolute, and H is the altitude 
(above sea-level) in kilometres. The relation | 
between atmospheric density and altitude derived 
from the above equation is represented graphically 
in Fig. 3. The density at sea-level is shown as| 
0-077 Ib. per cub. ft. The gross weight at the | 
take-off, W,, is taken as unity, as in Fig. 1. The| 
graph marked W in Fig. 3 is a replica of that | 
marked p to a different scale, to give W, = 1 as| 





above, and Ww = constant. 
p 


In the preceding article, the relation of W to the 
distance flown was given in Table I, and in graphic | 
form in Fig. 1, as following the logarithmic law, and | 


lesser proportions of fuel carried the corresponding 
distances and times are as tabulated and plotted ; 
(5) for any condition between the extremes (constant 
altitude and constant velocity) the maximum flight 
range will be approximately the same, but the time 
of flight will be different. For the full range con- 
templated it will lie between 74 hours and 62 hours 
for the basic velocity given. 

The writer has been asked the question—‘* Who 
would wish to travel half the circumference of the 
Earth, or even to Australia, without breaking his 
journey”’? As giving point to this, it is true that 
the freight or passenger capacity would be almost 
nil, and so the cost of making such a flight prohibi- 
tive. The writer does not think it necessary or 
incumbent upon him to answer this question ; there 
are so many other questions to be answered in the 
same breath. For example: What is the use of 
motor-car racing and record breaking at 300 miles 
per hour and over? What is the use of balloon 
competitions ? What is the use of polar expedi- 
tions, as distinct from Arctic exploration generally ? 
Sometimes such questions answer themselves in the 
light of history ; sometimes they remain unanswered. 
One thing, however, is certain: in the event of a 
world war, it might be a matter of immense national 
importance that an aeroplane carrying a King’s 
Messenger, or a naval or military officer, or perhaps 
only secret documents or dispatches, should be able 
to leave these shores, disappear into the blue, and 
in less than three days arrive at the Antipodes, no 
one knowing what route the pilot might be taking, 
for by all routes the distance is the same. 








INTERNATIONAL AIR CONGRESS, 1940.—An_ Inter- 
national Air Congress, organised by the Royal Aero- 


nautical Society, will be held at Stratford-on-Avon from 


it has been shown that this applies to the less/ July 8 to 13, 1940. 
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THE ADJUSTMENT OF TRAVERSE 
SURVEYS. 


By A. L. Hieetns, D.Se., A.M.Inst.C.E. 


PossisLy no surveying problem introduces such 
diversity of opinion or uncertainty of thought as 
the commonplace operation of adjusting traverse 
surveys, the treatment frequently being regarded as 
an indefinite means to a definite end. 

It is obviously impossible within the limits of a 
short article to cite the observations of the various 
authorities, or even to outline the better-known 
processes, which may be styled “ rational’ or 
“conventional,” according as the methods are 
based upon the theory of least squares, or are merely 
artifices inducing closure, either as a polygon or a 
series of courses between trigonometrical stations. 

Best known of all the rational methods is that 
due to Dr. Nathaniel Bowditch (1807), styled the 
“compass rule’’ in American textbooks, either 
on account of its association with the then prime 
surveying instrument or to distinguish the method 
from the conventional “ transit rule,” or method 
of proportional co-ordinates, in which the correc- 
tions in latitude (or departure) are made in the 
ratio of the individual latitude (or departure) to 
the arithmetical sum of the latitudes (or departures). 

To-day there appears to be a tendency to advance 
what may be styled the “ orthomorphic "’ methods 
on the grounds that the linear errors are normally 
inordinately higher than those arising from angular 
measurement. Accordingly, it is assumed that no 
error exists in the individual angles, the adjustment 
being made solely in the sides, sometimes after the 
observed total error has been distributed among the 
angles or bearings. Among these methods may be 
cited the rational rules of Crandall* and Rappleye,t 
and the conventional process due to Professor 
Ormsby,{ the graphical ‘‘ axis ’’ construction being 
&@ geometrical artifice. 

The hypothesis, that there are no individual 
angle errors when the conditional equation 
(2 N — 4) 90 deg. is satisfied, is unwarranted, small 
as the errors may be in comparison with those 
arising from linear sources. While it is possible 
that the individual accidental errors could have a 
zero sum, it is possible that the individual values 
would not be repeated in subsequent measurements ; 
a fact that would be evinced if the angles of a 
polygon were measured, say, five times, with instru- 
ments reading to 1’, 20’, and 10°. Further, the 
fact that the sum of the angle errors +e is zero is 
no criterion that the relevant displacement (say) 
tan 1’ Les will be zero, for in the imaginary 
absence of error in the lengths of the sides s, a 
polygon could assume a number of configurations 
and still fulfil the (2. N — 4) 90-deg. condition. 

Wherefore, the aim of this article is to show 
(1) that, contrary to a widespread belief, the Bow- 
ditch method generally, if anomalously, expresses 
an ideal unattainable even in theodolite traverses 
perfect co-ordination of linear and angular errors ; 
and (2) that the result would follow from a more 
general equation in least squares when the angular 
errors are assumed to be zero. 

Correlated Methods.—The writer has for many 
years held the opinion that the methods of adjust- 
ment should be co-ordinated with the principles of 
enunciating probable errors of closure, and accor- 
dingly has advanced the following method, the 
notation being generally :- 

&, & ... ete., the lengths of successive sides, or 

8 generally ; 

By, Bs . ete., the reduced bearings of these 
sides ; 

. ete., and d,, d, . ete., the relevant 
corrections in latitude and departure ; 
and Ky, the total errors in latitude and 
departure respectively, the actual linear 
error of closure being E = 4/(E;" + E,“); 
E, and E,, the probable errors of linear and 
angular measurement, as deduced from 
actual errors or assumed from independent 
observations, establishing the relation 


r (E22 + E,*)=4/(E? 4 


by ly 


E; 


=% 
* Geodesy and Least Squares. Wiley and Sons. 
t Proc. Am. Soc. C.E., vol. 55 (1929). 


t Surveying. By Middleton and Chadwick. Spon. 
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+ e, the error per angle in minutes, with cor- 

responding unit displacement a = e tan 1’ = 
3 x 10-*e conveniently. In this co-ordina- 
tion some assumption must be made for 
angular errors, also the extent to which the 
square-root law is justified in linear measure- 
ment. 


Now, on the assumption of + e\/s for chaining 
error and + s (8 8) for angular displacement, the 
probable displacement of the extremity B of a line 
AB will be + \/(c?s + s*(8 8)*); and with the 
theodolite it may be assumed that 4 will be 
constant over a very considerable range of distance, 
the reciprocal errors of distant sights and sight 
bisection balancing out with a reasonable margin 
for station eccentricity, and thus leaving the other 
accidental errors to produce a displacement propor- 
tional to the distance. 
observing a single angle, the linear displacement 
will be e tan 1’ = a per unit distance, leading to a 
total displacement of + SN (e 8 + a* s*), compared 
with Bowditch’s + . ‘2 e/ . 

When duplicate linear measurements are made 
with appropriate methods and precautions, the 
systematic (or cumulative) errors will be largely 
eliminated, and if sufficient lengths are laid down 
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so that the compensating uncertainty is effective, 

the accidental errors will control, warranting the 

use of the square root law c+/ s. But the conditions 

of crude and even fair chaining are normally such 

that the systematic errors are far more influential, 

and in general the linear law appears to obtain as 
8 . . . . 

¢ 8, OF 5 if chaining ratios areemployed.* Through- 
7 : 

out this article the terms “‘ coefficient * and “* ratio ” 

are used to denote the respective assumptions of 


the \/ s and s laws. 

General Theorem of Traverse Adjustment.—The 
following treatment is fundamental in the co- 
ordination of probable (or actual) errors in equa- 
tions based upon the theory of least squares, the 
symbol m indicating the mode by which angular 
measurement is made or assessed. 

(a) Chaining Coefficients.—Consider Fig. 1, here- 
with, where an error c,/8 in chaining displaces 
B to B’, while an error e,/ min the bearing displaces 
the point B ultimately to C, giving a total error 
BC. The displacement B’ C is proportional to s, 


andife = 1’, B°C =3 8, “m < 10-4 ft. = \ “m as. 
Hence the probable error in the position of B is 
tV/ (c?s + a* m s*). 

Let 1 and d be the rectangular projections of the 
error BC on the north and east axes, being the 
respective errors of latitude and departure in the 


line AB, so that BC = ,/(P + d*); then by the 
theory of least squares, weighting appropriately by 


the reciprocal of the combined probable error, 


- (i? + d*) 
2 (c? 8 + a® m s*) “ 
shall be a minimum. 
* The Field Manual. By A. L. Higgins. London: 


Sir Isaac Pitman and Sons, Limited. 
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(ii) andid=E, 





Also, 21 = E, (iii) 
Differentiating, 
> (32 oo (iv) 
c?s + a*ms* 
x (51) =0 (v) and X(6d) =0 (vi) 
Multiplying (v) and (vi) by — » and ¢, respec- 


tively, adding the last three equations, and then 
equating the coefficients of each 5/ and 4 d to zero, 





= h = Is ste. (vii) 
~ (8, +a*me-)  (c2 8, + a? ms-)’ _ 
, ae dy (viii) 


= (c? 8, + a?m 8) ~ (cs, + a?m 8°) 
Substituting these values in the original equations, 
E E, 
l t d 


S (c2s + a®ms*)’ ~ Z(es + ams?) 





7 = 














. ee Kix), (x) 
Thus if e is the error of | Whence the corrections in latitude and departure, 
respectively, 
F (Ps, + atmsi) 
1™ = S(e@st aims)!’ 
a (As, + ame) |. a) 
." S (2s + ams)! * 
Pe 
tS Z (ces + a? m s*) “a? 
rea (e 8, + a*m 8°) i. (2) 


(cs + atm at) 

(b) Chaining Ratios.—When, as in farm and estate 
surveying, the errors of chaining are justifiably 
assumed to follow the linear Jaw, equations (1) and 
(2) reduce, respectively, to 


(c? 8* + a? m 8°) 








l ———____'_ (3 
, Ett aimed & : o 
(c? 8? + a? m a*) 
d a. te ) § 
1 Z (ce? 8? + a? m s*) Ea ; - 4) 


Equations (1) to (4) are the fundamental equations 
| of the correlated method of adjustment, and these 

may be modified as hereafter to suit the various 
modes of angular measurement. A _ particular 
advantage of the foregoing rules is that a side or 
angle or both may be given an appropriate weight 
by merely varying the value of c and/or a, thus 
avoiding the dual weighting inseparable from the 
Bowditch method. 

Modes of Angular Measurement.—Before the 
fundamental equations can be reduced to a practical 
form the method of observing angles must be 
introduced through the medium of m. 

‘* Free-Needle*’ Observations may be defined as 
| magnetic bearings taken from the needle at all 
stations with the compass or mining dial, the 
bearing of each line being independent of the 
bearings of all other lines, with the result that 
magnetic interference distorts the configuration of 
the traverse. 


Correlated Compass Rule——Since m is unity, 
equations (1) and (2) reduce to 
2 o* 
1, (or d,) = £2 + **) gor Ey) . (5), (6) 


which are applicable to compass and mine surveys, 
provided the use of the square root law is justified. 


If, however, m is written on the equal- 


displacement assumption of a = c, the fundamental 
equations reduce to the common Bowditch rule :- 


4) - & = 
L =. E; and d, a. Be. 
pa. a8 
Also, if chaining ratios are assumed with m l 


and a = c, equations (3) and (4) reduce to what is 
styled the “‘ modified compass rule”? in America, 
namely, 
= Se 
‘* Fixed-Needle*’ Observations may be defined as 
those involved in theodolite traverses, whether the 
bearings are reduced from back angles or deflection 
angles, or are taken directly as whole circle bearings 
or reduced bearings from a meridian, true, magnetic 
or assumed. If magnetic bearings are observed in 
this manner, the configuration of a traverse will be 
unaffected by magnetic interference, though the 
whole will be displaced bodily with respect to the 
magnetic north. Also, when bearings are observed 
directly, the total angular error in the polygon will 
appear as a final reading on the horizontal circle. 


s* 
E; and d, = =,2 Eq  . (7), (8) 
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In fixed-needle work generally, the error of the 
preceding angle or bearing will be carried forward to 
the succeeding angles or bearings, following theoreti- 
cally the square-root law. Thus, if +e is the 
error in a single angle or bearing, the error in the 


first line will be +e; in the second + erv/ 2, in the 
third te/ 3 .°. . until the total probable error 


+e,/N is attained in the closing line. Hence 
m must be written progressively 1, 2, 3, etc., to N, 
the values being squared in the formule. 

Thus the Bowditch rule is theoretically inadmis- 
sible to theodolite practice, since the theory does 
not appreciate the summing of angular errors 
peculiar to fixed-needle observations. : 

Correlated Theodolite Rules.—It is evident in 
equations (1) to (4) that m will be inseparable from s, 
and the formule may be written as follows for 
convenience of calculation : 

Chaining coefficients— 


c* 8, + a® ms? 





1, (or d,) = ans as aa E; (or Eq) (9) 
Chaining ratios— 
2 2? 4 2 2 
1, (or d) = 2 +2" Bor Ey) . (10) 


When the individual angular error is zero in the 
former equation, the common Bowditch rule will 
result from a general theorem in least squares. 

Derived Rules.—The following rules are based 


term is appreciable and should be appropriately 
embodied in the correction formulz. 

Applications.—Apart from considerations as to 
the undesirability of superseding the easily-applied 
Bowditch rule, the correlated rule may commend 
itself in many cases by its closer adherence to 
theory and the more intimate knowledge of the 
fundamentals involved. 

The first difficulty is inherent in whether actual 
or assumed values should be assigned to the con- 
stants aandc. Concomitant with this is considera- 
tion of the common practice of pre-correctional 
distribution of angular error. This practice may be 
warranted in connection with the Bowditch method, 
also in those methods which presuppose no angular 
error; but in the correlated method this is not 
justified theoretically when actual angular errors 
are introduced, though it may be when the angular 
errors are assumed, as in the simplified methods, 
apart from the fact that the conditional equation 
(2. N — 4) 90 deg. is always satisfied in the final 
adjustment. 

Actual Values.—The actual linear closing error 
E= V(E? + E,*) is known, as also is the observed 
angular closing error «, which for equal weights is 
theoretically + eV N, and may be actually zero. 
In practice, however, « is seldom zero with the 
more precise theodolites, but is occasionally so with 
instruments reading to 1’ or }. In the latter 





upon the ideal assumption that the probable total 


Line. AB. 
m ee we l 
Length, s ft. .. 969-32 
#* x 10-* ‘ 0-00940 
ms* x 10-* .. 0- ) 
Observed bearing .. N 85° 5’ 20° E 
Observed latitude, ft. | 82-98 
Correction, / . . oR | 0-109 
Corrected latitude, ft. | 82-871 
Observed departure, ft. 965-76 
Correction, me 0-158 
Corrected departure, ft. 965-918 


displacements due to linear and angular errors 
should be equal, the assumption of c =a being 
admissible only to the case of free-needle obser- 
vations. 

Had Bowditch based his rule upon theodolite 
observations, this would have been equivalent to 


\/* and if ™ 
/ 8 


8 
written uniformly for m in the fundamental equation, 


writing the angular error as is 


7 ’ c?s, + a*ms 
this will become /, (or d,) 2 


aSoms iE, (or 
aims. 
=e 
this equation reduces to the simple form following, 
which may be styled the ‘‘ Bowditch Theodolite 
Rule ” : 
f at | 


h(ord)=4 158 } E; (or Eg) (11) 


Here the angular term becomes relatively negli- 
gible, or, alternatively, a high degree of linear 
precision is involved, being 1: 5-4 x 10* in the 
case of regular polygon of nine sides each of 900 ft. 
and an individual angular error of 10’, as com- 
pared with 1: 1-2 x 10* required in the Bowditch 
compass rule. 

In reducing the general equations (9 and 10) to 
the simplified form, a factor k could be applied to 


cS as + 


E,). On the further assumption that c? = 


m 8, 


x<ma 


4 


, kK? a? Sm s* 
the angular equivalent of c,so that? = ————— 
k? a? Ems? 


ds 
>» 


aie oome. leading, respectively, to the simpli- 


fied Vs and s rules :-— 


eventuality the problem becomes one of question- 





BC. Sums. 
Rie 
| 698-72 Xs = 0-5422 x 10¢ ft. 
0-00488 | = s* = 0-5259 x 10° 
0-00976 = ms* = 0-19527 x 10° 
N 36° 13’ 40° E & = 40"; e = + 16-32" ;a = + 0-816 
63-64 E: = + 0-66 ft. x10~* 
0-080 _— 
563-560 — 
412-94 Ea = — 0-95 ft. 
0-115 kK -339. 
413-055 | — 


able compromise. Thus, if in a total of N angles 
the error is + e per angle and the total error is zero, 
it might be assumed that » of these angles carry 
the plus sign and N — n the minus sign, so that 


+ en —ev/(N — n) = 0, or n 


| per angle being Vi of its necessarily assumed value e. 


- 4 N, the error 


Incidentally, this forms a criterion for the treat- 
ment of traverses by the correlated method, and 
actual values may be used when « is not less than 


ms Ay 
e Js or is not appreciably in excess of e JN, 


when generally the angular observations should be 
repeated. When the value of e (and hence a) 
hes been essigned, the value of c will be deter- 
minable from E? = c? Xs + a? X ms?. 

Assumed Valwes.—On the other hand, the values 
of a and ¢ may be assigned in any given case, 
either by comparative estimate or independent 
observation ; and froma purely theoretical point 
of view this is the more satisfactory procedure. Thus 
e may be taken at the following values for single 
sights and readings with the following divisions : 
1’ for 1’, }’ for 3’, 25” to 30” for 20” verniers, 
and 15” to 20” for 10” microscopes ; or the probable 
errors in back angles may be determined by 
appropriately measuring the angle ten (n) times, 
finding the mean value, and then subtracting the 
individual values from this mean for the residuals, 
d,, d,, d;, etc.; finally substituting in the formula 


e = 0-6745 /( xd? 


of a single observation. 


,) for the probable error 





1 ks m s* 
l, (ord,) Ean { = + : <i} E,(or Ey) (12) 

1 ke? 3° m s* 7 
— (2+1) lds . >» ne bey (or Bg) (13) | 


For equal displacements (k = 1) in the regular | 
polygon of the preceding case, but with an indi- in tacheometric traverses, 
vidual angular error of 20”, the ratio of precision | 


Cc 


J 1 
8 ; 4,460” 
there is a wide range of surveys in which the angular 


8 (or c) would be which suggests that 





(n—1 
In the simplified methods the values of k may 


| be taken to vary (to a limit of N = 25) from 3 to 1 | 


in good compass surveys, (6 _ 3) to (6 — 3) 


and from (5 — 0-2N) to 
(1-5 — 0-06N) in theodolite surveys with instru- 
ments reading from 1’ to 20”. 

The constants ¢ and a are conveniently expressed 


| tabular extract, where they systematically cancel 
out with s x 10° (ms* x 10°)', ete. In this 
connection, tables of squares will greatly facilitate 
the calculations. 








BUILDING RESEARCH. 


Amone the large number of lasting impressions 
received from a general survey of the current 
Annual Report of the Building Research Board,* 
probably none augurs more favourably for the 
development of building along right and enduring 
lines than the tremendous range of fundamental 
scientific knowledge which is nowadays being 
brought to bear upon the problems of this industry. 
Equally significant, on the other hand, of the 
influence which building research, as the term is 
interpreted by the Board and by its experimental 
staff at the Garston Station, can and does exert 
upon the industry of the country as a whole is the 
fact that the investigations in hand are, almost 
without exception, of interest to one or more 
branches of the engineering profession. This, of 
course, is only to be expected as regards large-scale 
construction where building and engineering overlap. 
It is more remarkable that an increasing proportion 
of building problems are now being attacked by 
methods that appeal to engineers and with results 
which are surely and steadily transforming the 
traditional art of the builder into a branch of applied 
science. As a consequence, the knowledge being 
discovered and accumulated at the Building Research 
Station is becoming of increasing use, not only to 
those engaged on public works, but to engineers 
everywhere who take an interest in the efficiency of 
their factories, the conditions of their employees, 
or even in the details of their own houses. 

One other aspect of the industrial value of building 
research, where results of increasing importance 
have been achieved during recent years, concerns 
the development of processes whereby waste pro- 
ducts can be turned into useful materials. Notable 
among such work is a comprehensive study of blast- 
furnace slag from which the utility and limitations 
of foamed slag have been established. Further 
work is now in progress upon air-cooled slag, with 
particular reference to its use as a heavy aggregate 
for concrete and as tar-macadam in road making. 
One of the major technical difficulties in producing 
such slag in stable form is its tendency to “ fall”’ 
or disintegrate, a feature which has been experi- 
mentally discovered to be fundamentally due to a 
calcium orthosilicate content that suffers a crystal- 
line inversion and expansion when it cools. With 
the co-operation of the industries concerned, an 
extensive survey of present methods of preparing 
and using slag is being carried out concurrently with 
laboratory investigations, one important purpose 
of the latter being the formulation of rapid tests 
whereby the suitability of slags for different purposes 
may be predetermined. A similar endeavour to 
utilise a by-product as building material has resulted 
in the production of artificial pozzolanas from burnt 
clays and shales ~f various types. Pozzolanic 
earths, all of whici: are essentially volcanic tuffs, do 
not occur naturally in this country, but they are 
well known to exert valuable corrosion-resisting 
properties when used in admixture with Portland 
cement for the manufacture of concrete. The 
introduction of pozzolanas also reduces the tem- 
| perature rise in mass concrete and consequently 
|tends to prevent thermal shrinkage cracking. On 
| account of their relatively high cost, largely inevit- 
lable in imported materials, very little use has 
| hitherto been made of them in England, so that 
|the development of a home-produced artificial 
pozzolana, obtainable from practically valueless 
raw materials, marks a doubly serviceable advance. 
Recent laboratory investigations have revealed 
rapid methods of testing which can be applied to 
mixtures of pozzolana and Portland cement ; and 
| with this final difficulty overcome there exists a 
| considerable field of application which, it is under- 
| stood, certain cement manufacturers are already 


| 
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Fie. 1. Drrecrionat Rarn Gavae. 


, man @ Cisne — — —— . 7 —_— ys » 
beginning to explore. It is interesting to note that, Fie. 2. Testing RECTANGULAR SLAB WITH FIXED EDGEs. 


incidentally to the study of the pozzolanic properties 
of shales, a method was discovered for making | Fig.3. STRAINS ALONG CENTRE LINES AT LOW Fig.4. 
bricks from the spent material of the Scottish . LOADS IN RECTANGULAR SLAB . 
shale-oil industry 

Evidence of the value of artificial pozzolanic “ 
cement is forthcoming from tests upon reinforced ] 

























concrete piles which the Station is carrying out, ? M,< >~M, ~~‘ 
in conjunction with the Institution of Civil Engi- = -3 ee ee ae 
neers, to determine the cause and cure of the deterio- s, of Sla 
ration of structures exposed to the action of sea =. Strains at renee 
water. ‘The resistance of brickwork to rain penetra- - i of Sla 
tion is also receiving a good deal of attention at 4 | 
the present time, one of the recent additions to the a-14 
testing equipment being a rain machine which 2 | . ; | 
enables 1 sq. ft. of wall to be exposed to a 30-m.p.h. | e E | Comcplete Fixity, Spring Holding 
wind accompanied by an artificial rainfall of any| & 5° \ atest Clones 
desired intensity. Results so far obtained with 4 2 t : : 
various types of wall-panel are not wholly con-| 5 et _— Facies. Spring Mount ——~=3 i i ‘Cnivlling 
clusive as regards the relative merits of different | E 3 | . With OU Damping = 1] Damping 
materials of construction, but point to the importance aw 3 a 4 TON MHUYE LZ y 
of workmanship in relation to damp penetration RB | s0nFixity 
into buildings. With a view to more detailed | 
studies of this problem the directional rain gauge 3/ 
illustrated by Fig. 1* has been designed to show| ©*¢¢) 
the relative extents of exposure to weather in any | rectangular slabs of two sizes, 6 ft. square and 
region where building is projected, and hence to| 6 ft. by 12 ft., built into heavy edge beams and 
enable precautions to be taken in connection with | rigidly supported to prevent bending along the 
the durability and other properties of walling | edges of the slabs. The testing assembly is illus- 
materials. Despite these examples to the contrary, |trated by Fig. 2, which shows the load applied 
the action of water upon buildings can serve useful | through a grillage to 64 points distributed over a 
purposes, one of them being to clean smoke-/| square slab. Typical behaviour of the slabs eyed 
blackened stonework. The method of prolonged cracking is shown, for a 6-ft. by 12-ft. slab, by the | 
water-spraying, developed by the Research Station load-strain curves of Fig. 3, where it is noteworthy | 
as a means of cleaning carved or weathered stone-| that the experimental results exhibit closely the | In.) — = : tinches 
work without the risk of damage inherent in the |same characteristics as the theoretical curve, and | - 
(ecr6. n> I NGINFERING 


use of chemical detergents or scrubbing, has been | that if allowance is made for the imperfect fixity 
successfully used on several buildings during the | of the slab edges, the theory gives good numerical 3 
past year, notably the Admiralty Screen in White-| values of strain. Once the concrete is cracked, | @ spring-controlled, maximum_-reading accelero- 
hall and the Central Telegraph Office. Experience | however, accurate theoretical prediction is no meter, oil-damped to be insensitive to high-frequency 
has revealed the most effective and economical size, | longer possible; and although the form of the| oscillations, and indirectly indicating head stresses 
shape and distribution of the nozzles. | deflection contours at high load is generally similar | by means of a neon lamp which, together with its 

Among a large and varied programme of structural | to that before cracking, the stiffness is found to be electric battery, is connected to the accelerometer 
work now in progress at the Station particular | only about one third of the initial value. At the | by leads. Two other new instruments, intended for 
interest from the engineering standpoint attaches | ultimate loading, failure is found to be primarily due | use in the field to ensure efficiency when concrete is 
to an investigation of the strength and mode of | to yield of the tension reinforcing steel. | being placed with the aid of vibrators, have also 
deformation of reinforced-conerete slabs, which is Valuable information for designers has also been | been designed recently and proved a serviceable 
being carried out on behalf of the Ministry of | obtained from tests of eccentrically-loaded long | means of fixing the disposition of vibrators or of 
Transport to provide data for the design of roads. | columns of reinforced concrete, and from measure-| comparing the characteristic effects of different 
Recently, attention has been directed to checking | ments of stress in concrete piles driven by means of a | types of vibrators. Laboratory studies of concrete 
the validity of the elastic theory of thin plates when | hydraulic pressure helmet, for comparison with felt | vibration have demonstrated that, for satisfactory 
applied to slabs fixed along the edges and carrying | packings. With a view to enabling stresses in the | consolidation, the concrete must be accelerated 
uniformly distributed loads. For this purpose, | heads of concrete piles to be controlled under working above a certain critical value, varying with the 
laboratory experiments have been made upon | conditions, a simple form of peak-stress indicator mix but in the region of 4 g- for normal mixes. 

® The permission of the Controller of H.M. Station- [has been devised for attachment to the upper One of the instruments, anagee = is an electro- 
ery Office has been obtained for the reproduction of the | surface of the hammer so that the maximum magnet-controlled — — jerometer — 
illustrations from the Report which accompany this | deceleration during impact may be readily indicated tained in the “bob” of a pendulum which —_ be 
article. ‘to those in charge of the driving operations. The! sunk into the body of the plastic concrete. The 


instrument, shown in Fig. 4, consists essentially of 
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other instrument incorporates an optical principle 
and measures the amplitude of the vibration at the 
surface of the concrete. 

Other work undertaken for the Ministry of 
Transport includes a series of tests on highway 
bridges in the Birmingham district. Seventeen of 
these bridges, typical of cast-iron, steel, brick, 
stone, and reinforced-concrete structures in service 
to-day, were tested by measuring deflections due to 
a lorry with a rear-axle load of 20 tons. In one 
other case, however, an old brick-arch bridge 
carrying the Birmingham-Alcester road over the 
Stratford-on-Avon canal was tested to destruction, 
the chief objects being to determine the dispersion 
and distribution of an applied load, and the strength 
contribution of the parapet wall and filling. Loads 
were applied by means of hydraulic jacks standing 
upon the road, the upward reactions being taken 
by a heavily-loaded superstructure carried clear 
of the bridge by cribbing at each of the approaches. 
Fig. 5 shows details of the loading arrangements, 
including the horizontal concrete pads providing a 
level bearing for the jacks, and the proving rings 
to measure the jack loads. Under the span a 
number of girders, supported from the bridge abut- 
ments at springing level, carried instruments for 
recording the deflection, spread and rotation of the 
arch under load. It is of interest to remark that 
although the bridge in its unmodified state supported 
80 tons, the bare arch ring failed under 57 tons after 
the parapet walls and all the fill had been removed. 

In connection with the subject of soil mechanics, 
to which the Building Research Board is directing 
special attention at present, field experiments have 
been conducted upon the settlement of a series of 
nine buildings of similar design erected by the War 
Office in various parts of the country, while two 
failures of earth embankments have been investi- 
gated in considerable detail. The latter observa- 
tions have contributed materially to the develop- 
ment of methods of analysing the stability of earth 
slopes, while in other directions useful progress is 
being achieved with the theoretical treatment of 
this class of problem, to the degree that assistance 
in a number of ways can now be offered by the 
Station to teachers, students and practising civil 
engineers. 

Experiments on the fire resistance of various 
types of construction, and upon the wind pressure 
on buildings, have been continued, while a variety 
of researches have been directed to improvements 
in the heating, ventilation and general efficiency of 
buildings from the standpoint of the occupant. 
As exemplifying the scope of such work, reference 
may be made to Fig. 6, which shows how, by 
graphical methods, the day-lighting of a proposed 
factory was improved as regards level and uniformity 
by a practicable modification of design. Fig. 7, by 


Loap BEING APPLIED TO BRIDGE 





BY HYDRAULIC JACKS. Fig. 7. 


Fig.6. ORIGINAL DESIGN 
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contrast, is of major interest to marine engineers. 
It depicts a simple apparatus which has been 
successfully employed to compare the merits of 
paints or other surface treatments intended to 
reduce condensation on metallic walls and ceilings 
such as commonly occur on ships. The preparations 
under test are applied to the outsides of conical 
copper canisters, which are kept filled with melting 
ice while suspended in an atmosphere of controlled 
humidity. The condensate, collected in graduated 
jars, is measured periodically until steady conditions 
have been achieved. Interesting resulte have already 
been obtained with this apparatus on the cork- 
cementing recommended by the Admiralty, revealing 
an important influence of the size of the cork 
granules. 

Examples of miscellaneous researches and routine 
test work, covering every activity of the building 
industry, could be multiplied almost indefinitely 
without fear of exhausting the interest of engineers 
or of covering ground with which they are already 
familiar. The subjects range from scientific studies 
of the fatigue of cement mortars, the acoustics of 
dwelling-houses, and the economics of alternative 
methods of applying external renderings, down to 
the testing of slippery floors, the development of 
putties for glazing steel-framed windows, and the 
consideration of aluminium alloy as a proposed 
material for glazing bars. In these and scores of 
similar problems nothing less than a careful study 











APPARATUS FOR TESTING ANTI-CONDENSATION TREATMENTS. 


of the Report itself can do justice to the work 
described. And as a concluding comment, it can . 
be truly remarked that the activities of the Building 
Research Station display a vigour, an enterprise 
and an unquestionable utility that testify most 
strikingly to the benefits which science and industry 
can render each to the other. 








LOCOMOTIVE RECONSTRUCTION 
ON THE CENTRAL URUGUAY 
RAILWAY. 


Tue process of “ rebuilding,”’ as applied to loco- 
motives, frequently involves considerable structural 
modification and the provision of new materia] to 
an extent perhaps only paralleled in the “ large 
repairs” of warships, with which recent Naval 
Estimates have made the public familiar. It is 
rare, however, to encounter a locomotive reconstruc- 
tion so comprehensive as to include an alteration 
in the wheel arrangement. Considerable interest 
attaches, therefore, to the conversions carried out on 
the Central Uruguay Railway by Mr. P. C. Dewhurst, 
M.I.Mech.E., the Chief Mechanical Engineer, by 
which a number of locomotives of the 2-6-0 type 
were altered to the 2-8-0 arrangement in order to 
extend their availability by reducing the axle load- 
ing, while producing, at the same time, a more 
powerful engine. We are indebted to Mr. Dewhurst 
for the following detailed account of the conversions, 
and for the accompanying illustrations. 

The diagram in Fig. 2, on page 222, shows the 
engines as originally built, with driving wheels 6 ft. 
in diameter and a maximum axle load of 15} tons. 
Some time before their reconstruction they had 
been modernised, as shown in Fig. 3, on the same 
page, by altering the injector deliveries to the top- 
feed pattern, fitting electric headlights, mechanical 
lubricators to the axle-boxes, and equipment for 
burning oil fuel. In addition, the subsidiary 
framing under the running plate was removed, as it 
obstructed access to the axle-boxes, and in place 
of the original plate-frame tender bogies there were 
substituted ‘‘ bar-and-pedestal’’ bogies having a 
longer wheel-base. Fig. 1, on page 222, shows the 
locomotives at this stage. Subsequently, as the 
introduction of railcars for many long-distance 
passenger workings made it unnecessary to retain 
engines with 6-ft. driving wheels, and as it was 
found that, by reducing the axle loading to a 
maximum of 13} tons, the relaying of some 130 
miles of line could be avoided, it was decided to 
convert these engines to bring them within the 
reduced axle-load limit, and to fit them with 5-ft, 
wheels. 

In some of the reconstructions a new boiler was 
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used, of one of the latest standards of the railway, 
but in other cases the original Belpaire-pattern 
boilers were retained, with the barrel lengthened 


by 6 in. to accommodate them to the new design. | 
This modification made all the boilers of both this | 


and the latest (larger) standard type interchangeable 


Central Uruguay Railway. Conversion of 2-6-0 Type 
Locomotives to 2-8-0 Type. 
Original Moditied 
Engines Engines 


Conditions 
Cauge 
Curves minimum radius 
Ruling gradient 
Rails, weight per yard 
Principal dimensions 
Cylinders, two 


40 ft. 8) in 

480 ft. O in 
1 in 70 
65 Ib 

26 in 


20 in. by 20 in, by 26 in 


Piston valves, diameters 10 in 10 in, 
Diameter of pony wheels 3 ft. OF in 3 ft. OF in 
Diameter of driving and 
coupled wheels 6 ft. 0 in 5 ft. Oin 
Firebox, shell width 4ft. lin 4ft. lin 
Grate length 7 ft. 1# in 7 ft. OF in 
Grate width 3 ft. jin 3 ft. 5 in 
Flues, number and outside 
diameter 21—5 in 24 -Sin 
Tubes, number and outside 
diameter 134—1]} in 139—-1j in 
Superheater tubes, number 
and outside diameter 84—1) in 96-—1) in 
Heating surfaces 
Tubes and flues 1,145 sq. ft 1,280 aq. ft 
Firebox 124-5 aq. ft 116-5 aq. ft 
Thermic syphon 22-5 “4 ft 
Total evaporative 1,260-5 aq. ft. | 1,419-0 sq, ft 
Superheater surface 276-5 aq. ft 330-0 sq. ft 
Equivalent H.8. total 
evaporative H.S8 1-33 | 
superheater surface 1,638 aq. ft 1,850 -0 aq. ft 
Grate area 25-0 aq. ft 24-0 aq. ft 
Boiler pressure per sq. in 160 Ib 180 Ib 
Tractive force 
Rated tractive force 
At 85 per cent. boiler pres- 
sure 19.644 Ib 26,520 Ib 
At 75 per cent. boiler pres- 
sure 17,332 Ib 23,400 Ib 
Tractive force (at 85 per 
cent.) per ton of engine 
weight 364 Ib 120 Ib 
Ratios 
Adhesion weight , 
ractive force (at 85 per cent ti: nfs 
B.P.) 
Rated tractive force (at 
fF, > re > 
85 per cent. B.P.) 12-0 14-2 
Equivalent heating surface (12-7)* 
rotal evaporative surface 
«8 9-0 
(irate area 
Potal evaporative surface P 4-3 
t 


Superheating surface 


* Adjusted effectiveness for oil-fuel combustion (equivalent 
1.8 : 


12 per cent.) 
between the new class of locomotives and two other 
classes previously existing. For purposes of com- 
parison an outline diagram is given in Fig. 
opposite, showing a reconstructed engine with the 
original boiler as modified, while Fig. 6, on the same 
page, shows the engines with the larger boiler. 
The description of the larger-boiler reconstructions 
covers also those with the smaller boiler, except 
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jembodying a blast-pipe 
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in regard to the boiler itself, as the reconstruction | ing well down towards the blast-pipe, which is 
in the latter case differs only in that the modified | equipped with a jumper and four “nibs.” It may 


smaller boiler has a total equivalent heating surface | 
of 1,684 sq. ft., a working pressure of 160 lb. per| 
square inch, gives a rated tractive force of 23,570 lb., 
and has axle weights which are some } ton 


less per axle throughout than in the case of the | 


large-boiler reconstruction. 

Fig. 4, opposite, illustrates the general appear- 
ance of the large-boiler reconstruction. 
details, together with the dimensions corresponding 
to the engines as originally built with the 2-6-0 wheel 
arrangement, are given in the accompanying table, 
from which will be seen also the various ratios applic- 
able to the engines. Perhaps the most outstanding 
ratio is that of the rated tractive force at 85 per 


| cent. of the boiler pressure, this representing 420 Ib. 


per ton of engine weight. 


The steam chest and the cylinder steam passages | 


of the original design were combined with the 
Central Uruguay Railway's present 
draughting arrangement in the smokebox, 
located well below the 
centre line of the boiler, a relatively large-diameter 


chimney, and a non-continuous * petticoat *’ reach- 


Further | 


standard | 
this | 


be mentioned that, by virtue of the ample height 
|of the loading gauge (14 ft. 44 in.), a reasonable 
|height of chimney and also of dome could be 
| obtained, although the height of the boiler and the 
engine generally is considerable. The firebox has 
|@ curved crown with well-rounded shoulders, radial 
| staying, and a single thermic syphon. One row of 
stays is on the centre line, necessitating an off- 
centre position for the regulator rod. The two 
| principal air-inlets to the firebox are situated at 
| about two-thirds of the length of the fire-pan side 
| towards the rear. The auxiliary air-door surrounds 
the oil-burner, which is placed at the front end of 
the firebox. The brickwork is of the usual form. 
with a relatively narrow trough in the fire-pan and 
walls extending up to about 1 ft. above the founda- 
tion ring at the sides (at the full width of the fire- 
box) and at the back. There is, of course, no brick 
arch. The oil burner is of the “flat under 
impulse type. A special protection plate is fitted 
at the door space. 

The boiler is of the straight-topped type. 
embodies various features developed by Mr. Dew- 


and 
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hurst in his previous experience of * difficult *’ rail- | device inside the boiler directs the flow to right and 


ways. Thus the inner firebox is of mild steel, and 
the saving of some 15 ewt. in weight afforded by 
the round-top design with direct radial staying, by 
comparison with the Belpaire pattern, is utilised 
in making the boiler larger than would have been 
possible otherwise, with the restricted conditions of 
axle loading. The large-diameter dome is seated 
at a point about two-fifths along the combined 
length of the boiler and firebox; and the safety 
valves, of the Ross “‘ Pop” type, are mounted on 
a base some 7 in. above the firebox shell in order 
to reduce, as far as possible, the water content of 
the blown-off steam. The boiler feed is supplied 
by two “submerged ”’ injectors which deliver to 
duplex top check-valves situated about 12 in. 
behind the smokebox tubeplate. A spraying 





left, towards the haunches of the boiler barrel and 
away from the internal steam-pipe. A turret is 
provided over the firebox, from which steam is 
taken for all auxiliaries except the steam-circulating 
valve and the other fittings connected with it, 
mention of which will be made in due course. The 
joints of the superheater elements are of the metal- 
to-metal ball type, without jointing rings. 

The original cylinders and valve gear were retained 
in the converted engines. In their original condi- 
tion they were rather unusual in having inside piston 
valves 10 in. in diameter, with inside admission, 
operated by link motion and having, for this method 
of operation, a fairly long travel. From the steam- 
consumption point of view, their performance was 
good even before conversion, and therefore these 








relatively expensive parts were retained. In the 
reconstructed engines, however, the pistons are 
provided with tail rods working in bronze bushes, 
7 in. long, which can be turned through 180 deg. 
to allow for wear. The tail rod works in a steam- 
tight casing designed to by-pass the pumping effect. 


(J'o be continued.) 








WILLIAM SMITH AND THE 
SCIENCE OF GEOLOGY. 


In his day, William Smith, the centenary of 
whose death falls on August 28, was well known as 
a mineral surveyor and civil engineer, but he is 
now remembered almost solely as one of the founders 
of the science of geology. Like his famous contem- 
poraries, Telford and Macadam, he travelled 
throughout the length and breadth of the land, but 
while his business was the construction of canals, 
embankments, drainage works and the like, his 
main interest was always the study of the various 
geological strata, the sequence in which they 
occurred, and the fossils they contained, and his 
observations of these things have made every civil 
engineer his debtor. As a boy, like many others, 
he had collected fossils, but mere collecting could 
not satisfy his inquiring mind. The fossils raised 
questions which he saw could only be answered by 
long and exhaustive research, and to this he deli- 
berately devoted himself. His name has long been 
honoured among geologists and the eminent German 
professor, Karl von Zittel, wrote of him: ‘ Without 
much intellectual cultivation, without any intro- 
ductory teaching, without any means at his disposal, 
and at first even without the encouragement and 
sympathy of his colleagues in the study which he 
loved, his own unflinching determination, noble 
enthusiasm and remarkable insight enabled him to 
elucidate the structure of his native land and with 
such clearness and accuracy that no important 
alteration has had to be made in his work. Smith 
confined himself to the empirical investigation of 
his country and was never tempted into general 
speculations about the history of formation of the 
earth. His greatness is based upon this wise 
restraint and the steady adherence to his definite 
purpose; to these qualities, the modest, self- 
sacrificing and open-hearted student of nature owes 
his well-deserved reputation as the * Father of 
English Geology.’ ”’ 
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Smith was born in the Oxfordshire village of 
Churchill on March 23, 1769, and died at North- 
ampton on August 28, 1839. He was buried in the 
ancient church of St. Peter's in that town, and a 
memorial tablet therein recalls his labours. His 
father, a farmer in a small way, died when Smith | 
was eight years old, and it was an uncle who looked | 
after him. He had little schooling, but managed | 
to learn something of geometry and surveying, and 
at eighteen became assistant to a surveyor at 
Stow-in-the-Wold, Gloucestershire. No occupation | 
could have been more suitable and more likely to| 
further his interest in his fossils. By the age of 
twenty-four he had progressed far enough to be 
employed on the surveys and construction of the 
Somerset Coal Canal. Starting from the Avon and 
Kennet Canal, at Bradford, Wilts, this canal ran 
by one branch to Dunkerton, Camerton, and High | 
Littleton, about 8 miles, and by another past 
Radstock to the collieries at Welton, about 74 miles, 
with a rise of 138 ft. The canal was built for the 
conveyance of coal to Bath, Bristol and other 
towns and villages. In 1794, in connection with 
the canal, two of the committee took their surveyor 
a 900-miles tour to Newcastle and back to inspect 
similar works. The party went by chaise and of 
the trip Smith wrote: ‘No journey, purposely 
contrived, could have better answered my purpose. 
To sit forward on the chaise was a favour readily 
granted ; my eager eyes were never idle a moment ; 
and post-haste travelling only put me upon new 
resources, My friends being both concerned 
in working coal, were interested in two objects ; 
but I had three, and the most important one to me 
I pursued unknown to them; though I was con- 
tinually talking about the rocks and other strata, 
they seemed not desirous of knowing the guiding 
principles or objects of these remarks. ” In 
later years, Smith travelled as much as 10,000 miles 
a year, but this was his start in geological explora- 
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attack of paralysis. He recovered, however, and 
for six years, 1828 to 1834, acted as land-steward 
on an estate at Hackness, Yorkshire. The award 
to him by the Geological Society, in 1831, of the 
first Wollaston Medal, and the eloquent tribute to 
him by Adam Sedgwick, made his claims to recog- 
nition widely known, and the following year he was 
awarded a Civil List pension of 100/. a year. Through 
good and ill fortune he had pursued his geological 
investigations and his last work was undertaken in 
connection with the committee appointed to report 
on building stone for the new Houses of Parliament, 
his colleagues on the committee being Mr. (after- 
wards Sir Charles) Barry, De la Veche, the first 
director of the Geological Survey of Great Britain, 
and the architect and sculptor, Charles Harriot 
Smith. Their report was being published in 
The Civil Engineer and Architect's Journal just 
at the time that Smith died in Northampton. 

In person, Smith was tall and broadly built. 
“ His face,” wrote Sir Archibald Geikie, “‘ was that 


of an honest, sagacious farmer, whose broad brow | 


and firm lips betokened great capacity and decision, ithe relief of unemployment. About the middle of 
but would hardly have suggested the enthusiastic | 1937, however, prices began to fall and the effect of 
student of science.” A memoir of him was published | this was increased by poor producing seasons. 


eS. ee. 


ECONOMIC AND COMMERCIAL 
CONDITIONS IN AUSTRALIA. 


THE steady fall during the past months in the inter- 
national price level of primary commodities has 
gradually been forced on the attention of many 
people throughout the civilised world. The variations 
in the price of wheat have been particularly prominent. 
The countries dependent on these commodities as 
staple exports are naturally the ones to be immediately 
affected, although the loss of purchasing power will 
make the countries that sell them manufactured 
products feel the reaction. The effects of this decline 
in the price levels of wheat and wool upon the economic 
conditions in Australia are clearly shown in a report 
recently issued by the Department of Overseas Trade.* 
As these two products form the basis of Australia’s 
economic structure, they naturally form an index by 
means of which the country’s economic position may 
be gauged. At the time the previous report was 
compiled, in November, 1937, the outlook for the 
following year was highly promising. Previous seasons 
had been good ones and the national income was 
satisfactory ; the prices of wheat and wool had been 
rising and this had helped to finance public works for 


It is 


in 1844 by his nephew, the geologist John Phillips | estimated that the return to growers in the present 
(1800-74), who for several years was his constant | 84son will be less than half that of each of the previous 


companion, and there is a portrait of him in the 
rooms of the Geological Society. His figure was 


included in the well-known engraving of Eminent | by the 


two seasons in the case of wheat, and less than two- 
thirds that of two seasons ago in the case of wool. 
These adverse effects have been offset, to some extent, 
activities of local manufacturing industries, 


Men of Science, living in the years 1807-8, shown as | which have developed considerably during recent years. 
assembled in the library of the Royal Institution. | The economic position of the Commonwealth rapidly 
In the group are included famous scientific dis-| deteriorated during the period under review, that is, 
coverers, like Herschel, Davy, Cavendish, and | to December, 1938, although, because of its marked 


Young, and great engineers, such as Telford, Rennie, | cuperative capacity, it 


Trevithick and Watt. 

Smith’s work was done in what von Zittel called 
the “ Heroic Age of Geology.”’ The very terms, 
geology and geologist, had only just come into use. 
It was the age of the controversies of the Neptunists, 


tion. For six years, 1793-99, he was engaged on | the Vulcanists and the Plutonists. True, the pro- 
the construction of the canal, and it was during | hlems of the formation of the surface of the earth 
this period that, as regards the formations with | had occupied attention since antiquity, and, 
which he had to deal, he discovered that “each | jater, such great thinkers as Leonardo da Vinci, 
stratum contained organised fossils peculiar to! Descartes, Agricola and Leibnitz had expressed 
itself, and might, in cases otherwise doubtful, be| their views on them. Hooke had remarked that 
recognised and discriminated from others like it,| fossils were organic and were tokens of antiquity, 
but in a different part of the series, by examination | and Martin Lister, in 1684, proposed the making of 
of them.” He also began to arrange his observa-| maps with the strata shown on them. One of the 
tions for publication and to mark the position of | difficulties in the path of inquirers was the ingrained 
groups of rocks on maps. In 1799, he became | belief in the Mosaic record. Palissy, the famous 
acquainted, first with the Rev. Benjamin Richard- 
son, and then with the Rev. Joseph Townsend, the | fossils, and long afterwards Buffon was censured by 
former being interested in the fossils found near! the Sorbonne. The shackles of tradition, however, 
Bath, and the latter being a much-travelled student | were gradually loosened by the spirit of free inquiry, 
of mineralogy, acquainted with many Continental) and the Eighteenth Century saw great advances. 
men of science. After hearing Smith explain his} When Smith was a boy. Werner was drawing pupils 
discovery, Townsend declared it unknown to all! from all corners of the civilised world to his lectures 
his acquaintance, and he believed to the rest of! at the Mining School at Freiburg, and James Hutton 
the world. At a dinner at which the three were| was making his geological excursions in Scotland. 
present, a table of the formations from the coal! [pn France, Guettard and Desmarets, men after 
up to the chalk, as described by Smith, was drawn} Smith’s own heart, were unravelling the secrets of 
up. This was freely circulated among geologists. | the ancient volcanoes of Auvergne. Smith’s imme- 

His work on the canal finished, Smith easily | diate contemporaries included the great French 
found other employment in Suffolk, Norfolk, | naturalists, Cuvier and Brongniart, who determined 








Yorkshire, the Forest of Dean, and elsewhere, his | 
headquarters for fourteen vears, 1805-19, being a 
house in Buckingham-street, Strand, London. It 
was here, in 1815, that he completed his great 
geological map of England and Wales, with a 
part of Scotland “ exhibiting the collieries, mines 
and canals, the marshes and fen lands originally 
overflowed by the sea; and the varieties of soil, 
according to the variation of the substrata, etc.”’| 
“What the most distinguished mineralogists,”’ 
said a French geologist, ‘‘ during a period of half 
a century had done for a little part of Germany, 
had been undertaken and acccmplished for the 
whole of England by one man.”’ From the time that 
his map appeared, Smith’s fame was secure. 

The great undertaking, had not been completed 
without much difficulty, however, and Smith's 
financial position had become precarious. In 1816, 
he sold his collection of fossils to the British Museum, 
and three years later he parted with his furniture 
and books and removed to the north of England, 
securing what professional occupation he could. | 
To add to his difficulties, the health of his wife 
failed, and he himself, when fifty-five, had an| 


the divisions of the older Tertiary strata as Smith 
had determined those of the Secondary strata. 
Geology was then gaining recruits daily. In 1807, 
the Geological Society of London was founded, and 
a few years later Buckland and Sedgwick began 
their lectures at Oxford and Cambridge, respectively. 
The inauguration of the British Association in 1831 
provided a platform for the ever-increasing band 
of enthusiasts, and another landmark was set up 
in 1835 by the founding of the Geological Survey of 
Great Britain. The vast additions to geological 
science in the last century tend to obscure the 
labours of the pioneers, such as Smith, but it is only 
fit and proper that on suitable occasions, due homage 
should be paid to those who so truly laid the founda- 
tions of a most important science. 

In connection with the centenary of Smith’s 
death, the Geologists’ Association are holding a 
Field Meeting at Bath on September 23 and 24, when 
excursions will be made in the district associated 
with his discoveries. The arrangements have 
been made by Dr. W. R. Cox, of the Natural 
History Museum, South Kensington, where 
Smith's fossils are preserved. 


| 
| 
| 
| 


potter, was denounced as a heretic for his views on | 


would just as quickly 
respond to any improvement in international conditions. 
The prosperity of the country is so closely linked with 
that of the main product, wool, that any change abroad 


| for the better would be reflected immediately in higher 


external and internal income. 

A broad picture of the course of production of 
primary commodities is obtained by a consideration 
of trends during the past few years. For the five-year 
period ending June, 1936, the volume of production 
showed considerable increases over the previous period, 
though low price levels prevented total values from 
following a corresponding upward curve. During the 
next year, not only did volume increase but values 
also increased noticeably owing to rising prices. In 
the following year, 1937-38, however, in spite of a further 
increase in volume, prices fell so much that total values 
proved disappointing. These fluctuations also had 
their effect on general conditions in the country through 
calls made by producers for assistance from the Govern- 
ments ; for example, in the good year of 1936-37, the 
country benefited materially through the decrease in 
financial aids that had to be provided by Governments, 
but in the following year the serious fall in prices caused 
another set-back to primary industries with renewed 
calls for Government help, imposing additional burdens 
on the rest of the community. This important 
question of price levels is illustrated strikingly by 
reference to the index numbers of export prices, taking 
the year 1927 as 100. In December, 1932, the index 
was 54-8, from which point it rose rapidly to 101-9 at 
April, 1937. The decline then set in and was still 
continuing in December, 1938, when it reached 64-9, 
the latest record available. It will be realised from 
these trends, coupled with the large demands for defence 
purposes, that the budgetary position is a serious one, 
for yield from exports is an important factor in deter- 
mining the financial stability of the Commonwealth. 
Passing over the items of agricultural products as 
being of less direct interest to the engineer, the value, 
in Australian pounds, of mineral production in 1937 
was double that in 1932, having risen at an increasing 
rate in the interval. The principal groups, and their 
approximate proportion of the whole, are: gold 
37-5 per cent., silver and lead 18-2 per cent., copper 
3-6 per cent., tin 2-7 per cent., coal (black and brown) 
24-0 per cent., and all other minerals 14-0 per cent. 
A large part of the rise in value of production was due 
to the continued high price of gold, which encouraged its 
output. The search for oil has been continued, and the 
Governments have purchased recently three modern 
drilling plants, to be hired to prospectors. The exist- 
ence of oil-bearing lands has been confirmed, although, 
so far, no outstanding commercial success has been 
achieved in finding flow-oil. The importance of an 
adequate source of oil within the country is obvious, 
for the nearest present available supplies are fairly 


* Report on Economic and Commercial Conditions in 
Australia, to December 1938. No. 724, Department of 
Overseas Trade. London: H.M. Stationery Office. 
(Price 3s. 6d. net.) 
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and codes. In the field of electric supply, power- | 
station extensions have been completed at Bunnerong 
near Sydney, and at Yallourn in Victoria, and a hydro- 


remote, being in the Persian Gulf and the Dutch Archi- 
pelago, increasing the cost of fuel and adversely affect- 
ing the balance of trade. In common with other 
progressive countries, Australia is using fuel oil to a electric station also has been constructed at Tarraleah 
rapidly increasing extent and some of the country’s | in Tasmania, Additional developments in New South 
important production processes are dependent on it | Wales, that are projected, include a hydro-electric | 
for power. | scheme on the Snowy River, extensions of the New- | 
Turning now to manufacturing activities: the peak | castle power station, a hydro-electric installation at | 
value of output, before the depression, occurred in| Wyangala, and the extension of transmission lines to 
1928-29, whence it shrunk in value and in the number | various inland towns. 
of persons employed by about one-third until 1931-32. 
Since that time, expansion has been steady and rapid. | 
An early effect of the depression was to cause costs 
to be examined, waste eliminated and a general increase | KL 
in economy and efficiency of production, so that even 
before the bottom of the depression was reached | 
financial results began to show an improvement. THE sixteenth Annual Report of the Electricity | 
A powerful influence in the expansion of local manufac- | Supply Commission of South Africa, the headquarters | 
turing capacity resulted from the depressed external | of which are at Escom House, Johannesburg, records 
financial conditions, which compelled restriction of | that during the year ended December 31, 1938, the | 
imports. Local industries quickly embraced the | total output from its six generating stations was | 
opportunities thus afforded and developed the manu- | 3,175,434,133 kWh. This figure established a new 
facture of complementary products for which their| record and represents an increase of 15-4 per cent. | 
existing plant was suitable. The increasing tendency over the output for 1937. The capacity of the stations 
of purchasers to buy home-manufactured goods has | was increased by 103,387 kW during the year, and 
also exercised a considerable influence in this direction. | now amounts to 782,230 kW. It is to be still further 
While the depreciation of the currency at first encourag- | increased by building a new station, to be known as | 
ed the increased output of goods, the inevitable rise in | the Vaal, at Bankfontein, in the Heilbron district of the | 
costs has been an adverse factor. It is likely, therefore, Orange Free State; work on this station was begun | 
that the results of the present year (1939), with its | on March 23, 1939. When completed, it will form yet | 
serious reduction in income from primary production | another link in the chain of stations supplying the | 
and its lower general purchasing power, will be less | Witwatersrand gold mines, towns and industries. The 
satisfactory for industrial companies. Increased taxa- | jnitial capacity will be 108,000 kW and the ultimate 
tion for defence must also be included when forming capacity, 400,000 kW. It will assist in supplying an 
an estimate of financial results. The total value of increasing demand, which is expected to reach at 
output for 1936-37 from manufactures within the | Jeast 763,000 kW by the end of next year. A plentiful 
Commonwealth showed that, roughly, 74 per cent. of supply of coal is available near-by, and water will be 
the industries were concentrated in New South Wales | obtained from the Vaal river, which also supplies the 
and Victoria, about 12 per cent. in South Australia, Klip station, but this will be supplemented by 320 ft. 
7-6 per cent. in Queensland, approximately 4-1 per | cooling towers with a throughput of 4,000,000 gallons of 
cent. in Western Australia, and 2-3 per cent. in| water per hour. It is hoped that the plant will be 
Tasmania. For some time past Commonwealth and 


: a ; ready by 1941. 

State Governments have actively encouraged the A feature of the Commission’s activities is, of course, 
establishment and development of secondary industries, | the large railway load that is supplied. The conversion 
and the urgent need for consolidating defence has | to electric traction of the Germiston-Pretoria line, a 
imparted additional vigour in this direction. Valuable 


. C ’ distance of 37 miles, was completed during the year 
aid for manufacturers will result from the establishment | under review, as was the short length of line between 
by the Federal Government, early in 1938, of a technical- 


by ; Pinelands and Langa. In all, 590 route-miles and 
information department under the Council for Scientific | 1,217 track-miles are operated in this way, and more 
and Industrial Research. — | than 25 per cent. of the traffic handled by the South 

The following brief references to some of the more} African Railways is now hauled by electric power. 
important industrial developments may be of interest. | Considerable development is also taking place in the 
An aircraft factory established near Melbourne is | field of rural electrification. Practically all the towns, 
expected to be in production this year. A United | villages and groups of farms within economic reach of 
Kingdom company proposes to make aeroplanes, pro-| the sub-stations along the routes of the electrified 
bably in Sydney, and to import engines for them | railways in Natal and the Orange Free State are being 
from the United Kingdom. An alkali industry is| supplied with electricity, and during the year a scheme 
being established in South Australia, and this, when | for supplying more than 1,000 scattered farms, within an 
fully developed, is estimated to be capable of producing | area of 15 miles on either side of lines, was inaugurated. 
50,000 tons of such products per year. A plant is being | An 11-kV distributor, with tappings at suitable points, 
erected near Melbourne to produce synthetic ammonia, | jg to be erected for this purpose. To reduce the cost 
nitric acid and derivatives, and is expected to be in| potential consumers are being asked to provide trans- 
operation in 1940. Near Sydney, a plant is to be| port and native labour for erecting the poles, and 
erected for the rolling and extruding of aluminium | investigations into cheap types of transmission lines 
alloys. Blast furnaces are to be erected at Whyalla,| and methods of construction are being undertaken. 
while others, which are established at Port Kembla,| On the Natal coast the Commission has extended its 
are said to be the largest in Australia and to have a| activities as far south as Margate, about 100 miles from 
capacity of 1,000 tons of pig iron a day. Cardboard is} Durban, most of the seaside resorts en route being 
being manufactured in Botany Bay, cotton fabric for| connected. Rural electrification has also progressed 
tyres in Melbourne, where special yarns are also} steadily in the Cape Province. The average consump- 
being made for towels. An American-owned factory | tion of electricity for domestic purposes increased from 
at Geelong will produce farm implements. The | 1,385 kWh per consumer in 1937, to 1,484 kWh in 1938. 
manufacture of motor bodies and plant for motor-| This increase of 7-1 per cent. may be regarded as 
vehicle assembly have been increased. The manufac-| highly satisfactory, most of these consumers being 
ture of a wide range of munitions has been extended. | located in the 75 rural or semi-rural areas. In the 
A paper mill has been completed and another planned, | Maritzburg district, where there are 3,837 consumers, 
both in Tasmania. A factory is to be established at | the average consumption was as high as 2,874 kWh. 
Islington, South Australia, for making steel tubes} During the year the Colenso station, which was 
for aeroplanes, bicycles and general commercial pur- | built in 1924, primarily to supply power for the Maritz- 
poses. At Pyrmont, Sydney, sugar cane is to be| burg-Glencoe section of the railways, supplied 
converted into building boards. At Mascot, Sydney, | 253,080,056 kWh, an increase of 12-7 per cent. over 
a factory has been completed for producing tung oil| the output of the previous year. Of this, 193,515,650 
from tung nuts grown in New South Wales and in| kWh was used for traction purposes, an increase of 
Queensland ; it is claimed to be the first plant of its} 10-7 per cent. The load factor was 61-2 per cent., 
kind in the British Empire. and the thermal efficiency 17-7 per cent. The plant 

The railway systems of Australia are almost entirely | capacity at present amounts to 60,000 kW, and the 
controlled by Federal and State Governments, only | increase in the amount of circulating water drawn from 
about 800 miles being privately owned out of a total of | the Tugela river has led to excessively high tempera- 
27,081 miles open for traffic. While gross earnings 


; tures at the intake. It was therefore decided to 
have expanded during the past three years, working | construct an alternative discharge duct with outfall 
expenses have increased at a greater rate; thus the 








ECTRICITY SUPPLY IN SOUTH. 
AFRICA. | 








pense works about one mile upstream, and thus to increase 
ratio of the latter to the former has risen from 72 per| the cooling-surface area by about 1,250,000 sq. ft. 
cent. in 1935-36, to 73-45 per cent. in 1936-37, and to} At Witbank the output was 705,712,440 kWh, an | 
76-7 per cent. in 1937-38. In the development of | increase of 4-6 per cent. over 1937. Over 88 per cent. | 
aerial services, the outstanding event of the year was| of this output was consumed in the gold mines, in- | 
the inauguration of the flying-boat mail service to 


ina at dustries and towns along the Reef. The present | 
the United Kingdom. Civil aviation within the country | capacity of the station is 108,000 kW, the average 
has continued to make rapid strides in the scope and | maximum hourly demand amounting to 99,020 kW, 
use of the services and in efficiency of operation. The | while the load factor was 81-4 per cent. The thermal 
Standards Association of Australia has issued during | efficiency, however, did not exceed 16-2 per cent. 

the year a number of important standard specifications 








The favourable weather conditions and the absence 
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of any major plant troubles, such as were experienced 
during 1937, enabled the Salt River and Dock Road 


| stations to supply the increased requirements of Cape 


Town without the assistance of the new Table Bay 
station. This station, which has an initial capacity 
of 150,000 kW, will supersede the Dock Road station 
and was expected to be ready to take the 1938 peak 
loads. Actually it only began partial operation a year 
later, owing to rearmament activities interfering with 
the manufacturers’ programmes. The Salt River 
station supplied the record output of 333,587,582 kWh, 
the half-hourly maximum demand being 78,000 kW, the 
load factor 48-8 per cent., and the thermal efficiency 
20-3 per cent. The output of the Dock Road station 
was 11,315,782 kWh. Of the combined output of the 
two stations, 239,422,907 kWh were supplied to Cape 
Town. Good progress was made during the year 
with the reconstruction of the hollow mole and other 
works in connection with the supplementary circulating 
water system at Salt River. The Congella station, from 
which Durban is supplied, now has a capacity of 
98,000 kW, while a further 40,000-kW set is shortly 
to be installed. During 1938, 208,529,561 kWh were 
sent out, an increase of 10-5 per cent. over the 1937 
igures. The maximum half-hourly demand was 
53,600 kW, the load factor was 44-4 per cent., and 
the thermal efficiency 18-9 per cent. Eight of the 
twelve 33,000-kW sets at the Klip station were in 
operation at the end of 1938, and three of the four 
7,000-kW house sets were also running. This plant 
was supplied by 18 of the 22 boilers, while all 10 cooling 
towers, each of which is 220 ft. high and is designed 
to deal with 2,000,000 gallons of water per hour, were 
at work. The output was 1,666,852.594 kWh, or 
23-5 per cent. more than in 1937, and was sold to the 
Victoria Falls and Transvaal Power Company for 
use on the Witwatersrand. The average maximum 
demand was 218,645 kW, the average load factor 87 per 
cent., and the thermal efficiency 21-38 per cent. In 
addition, the Commission operated the Sabie hydro- 
electric station, which has a capacity of 1,350 kW and 
recorded an output during 1938 of 7,671,900 kWh. 








THE IMPERIAL DAM AND DESILT- 
ING WORKS ON THE COLORADO 
RIVER. 


Tue Imperial dam and its associated desilting 
works and canal, together form one of the important 
engineering projects which were authorised by the 
Boulder Canyon Act of 1928 to improve the utility of 
the Colorado River. This river rises in the Rocky 
Mountains, though 72 per cent. of its total average 
annual flow of 17,780,000 acre-ft. comes from the 
mountain slopes of Wyoming and Colorado, which only 
comprise 26 per cent. of its total drainage area. About 
90 per cent., too, comes from the upper river basin 
above Lees Ferry, the remainder of the valley having 
an annual run off of less than 1-5 in. In the spring 
and early summer the melting snow in the mountains 
is liable to cause severe flooding in the Imperial Valley, 
a distance of 1,700 miles downstream, while an equally 
severe water famine usually occurs in the same area 
about mid-summer. To mitigate these variations, 
as well as to provide the metropolitan area of Southern 
California with extra domestic supplies, the Act men- 
tioned above provided for the construction of a dam 
in the Black Canyon, about 300 miles from the mouth 
of the river. This dam is the well-known Boulder 
dam, which has already been fully described in 
ENGINEERING.* In addition, a second dam, the Parker 
dam, has been constructed some 150 miles farther 
down stream and from this point an aqueduct, 242 
miles long, supplies certain cities of California.t The 
third dam, the Imperial dam, lies some 305 miles down- 
stream from Boulder dam, and will be employed to 
divert water from the river into a canal some 80 miles 
long, and thus provide for the irrigation of the Imperial 
Valley. The positions of these three dams are shown 
in the map reproduced in Fig. 1, on page 226, while 
Fig. 2 shows the area served by the two stretches of 
the All-American Canal in more detail. 

It will be seen from this map that the new canal lies 
entirely within United States territory. On the other 
hand, the canal, which has served this area for many 
years, ran for some 60 miles through Mexico before 
reaching the part of Colorado it was designed to 
supply. The operation and maintenance of this portion 
of the canal has always given rise to difficulties and ex- 
pense, while another serious disadvantage was that the 
Mexican Government had the first call on the water 


| available, so that the United States farmers frequently 


experienced serious shortage. Further, the Colorado 
River, as it nears its mouth, runs along the crest of a 
ridge which has gradually built up as the delta has 





* See ENGINEERING, vol. 143, page 1, et seg. (1937). 
+ See ENGINEERING, vol. 142, page 215 (1936). 
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extended. In the course of time, the water on the 
northern side of the delta, which was dammed off by 
this bank, evaporated and exposed the ancient sea 
bed, thus forming the rich sub-sea level agricultural 
lands of the Imperial Valley. An enormous burden 
of silt, amounting to over 300,000,000 tons per annum, 
is, however, still deposited on the southern slope of the 
ridge, with the result that the channels have become 
clogged and the river tends to break through the 
northern bank and flood the valley. The removal 
of the silt from the branch canals and the maintenance 
of the levees, so as to form a protection against the 
floods, have been costing about 125,000/. per annum. 
The All-American Canal has therefore been designed, 
not only to overcome international difficulties but, 
with the assistance of mechanical clarifiers, to deliver 
silt-free water both to the Imperial Valley and the 
Coachella Valley, which, as will be seen from Figs. | and 
2, lies to the north of the large lake, known as the 
Salton Sea. 

An aerial view of the works on the Colorado River, 
looking towards the de-silting works and the canal, 
appears in Fig. 4, Plate VIII, while a view of the dam, 
taken from the opposite bank and showing the canal- 
intake works in the foreground, appears in Fig. 5, on 
the same Plate. The dam is designed to divert 15,155 
cusecs of water into the All-American Canal on the 
Californian side and 6,000 cusecs into the Gila Canal on 
the Arizona side of the river, when the Gila irrigation 
project, which is referred to below, has been completed. 
At this point the alluvial flood plain is 160 ft. above sea 
level and 2,300 ft. wide between the rocky abutments. 
he alluvium consists mainly of very fine sandy silt 
with some layers of clay and, of course, sand or gravel. 
it is probable that this water-borne material reaches 
a depth of about 200 ft. The rocky abutments, which 
rise at the sides of the flood plain, consist of old forma- 
tions of gneiss and schist. These formations have been 
much contorted and fractured, so that they show little 
continuity. Overlying the uneven gneiss and schist 
is rhyolite, which is encountered on both sides of the 
river. The site of the dam was surveyed by sinking a 
number of boreholes and test pits to ensure that there 
were no underlying strata of plastic mud; and undis- 
turbed samples of the material were taken out and 
tested to determine the load-carrying potentialities and 
percolation factor. The percolation factor and a flow net 
under the dam were developed by the electric analogy 
method and after checking by a model, gave a measure 
of the possible seepage. Test piles were also driven 
und tested both for compressive and uplift resistance. 

The dam itself is of the slab and buttress type and is 
3,450 ft. long, including the intake works, flood-gate 
structure, flood channel and spillway. The maximum 
thickness at the base is 75 ft. The spillway, which is 
of open section, is 1,198 ft. long, with a maximum 
height of 31 ft., while the crest of the dam is 45 ft. 
high. The construction of the dam has enabled the 
upstream level of the river to be raised by 23 ft., and, 
as a result, a reservoir with a surface area of 7,500 acres 
and a storage capacity of 85,000 acre-ft. has been 
created, This, however, is entirely fortuitous, as the 
storage of water does not form a part of the project, 
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sq. miles is controlled by Boulder Dam and that from 
another 10,000 sq. miles is controlled by the Parker 
Dam. Though the uncontrolled drainage area con- 
tributing to the flow at Imperial Dam will, therefore, 
only be 10,000 sq. miles, it is estimated that the maxi- 
mum flood will be 150,000 cusecs. 

As regards construction, several panels of the dam 
at each end adjoining the abutments were founded on 
the rock; otherwise the structure is of the hollow 
floating type and rests on the sandy bed of the river. 
Rubber joint seals were placed between the panels, to 
give flexibility, while damage due to the settlement, 
which it is anticipated will occur to some extent, has 
been guarded against by inserting a mastic filler seal. 
This seal is placed at the top of the sheet piling, 
which is used for cut-off purposes under the structure. 
The standard panels of the overflow weir are 78 ft. 6 in. 
long, with four buttresses at 20-ft. centres. There 
are cantilever slab overhangs at each end. These 
overhangs are monolithic with the buttresses and are 
designed as continuous bearers, so that the fixed end 
moments approximately balance the moments from 
the overhanging cantilevers, thus relieving the but- 
tresses of any appreciable bending moment. All the 
gate structures have pile foundations, so as to prevent 
any chance of unequal settlement. Some of these piles 
are battered upstream and some downstream, so as to 
sustain the horizontal as well as the vertical loads in 
pure compression and tension. The dam is provided 
with an upstream apron under which three rows of 
sheet steel piling have been driven to provide a weighted 
path of percolation equal to eight times the head. 
The path of percolation under the horizontal surface 
has been given a weight equal to one-third of that 
along the vertical surface. 

An interesting feature of the design is the provision 
made for the drainage of percolation water under the 
structure, so as to reduce the uplift pressure and prevent 
blow-outs, not only under the dam proper but also 
under the downstream apron. This, it is claimed, will 
increase the factor of safety, besides having enabled a 
considerable saving to be effected in the thickness of 
| the apron. The drain pipes installed for this purpose 
j}are surrounded by filters, to prevent the fine sand 
|from being washed out from under the structure. 
| These filters consist of four layers of sand and gravel, 
| which are graded in size, so that the material of each 
| layer prevents that of the layer outside it from being 
| washed into the drains. The drains discharge through 
| ejectors in the downstream slab of the overflow weir, 
|@ pressure considerably less than that corresponding 
|to the flood-water level downstream being maintained 
| by the suction created by the water flowing over the 
|spillway. With the gates open, the maximum anti- 
cipated flood of 150,000 cusecs should be discharged 





and, in any event, it is anticipated that the reservoir | with a depth of 8-5 ft. of water over the spillway crest. 


will soon become filled with silt. The total drainage 
area above the dam is 187,000 sq. miles, but as has 
already the run-off from 167,000 


been mentioned, 


For design purposes, however, the maximum water 
surface was assumed to be 10 ft. above the crest and 
the spillway portions of the dam were given an 





additional freeboard of 6 ft. The overflow weir has 
a heavy downstream apron with a stepped sill, and the 
bed of the stream is protected by rip-rap. It may be 
added that models were made of each structure of 
the dam and headworks, and were individually studied. 
Finally, a 1 in 40 scale model was constructed, and the 
river conditions were tested over a stretch of 1} miles 
at Montrose, Colorado. 

The flood-gate structure is located between the 
western end of the spillway and the canal headworks. 
It is equipped with twelve 16 ft. by 7 ft. radial gates, 
the sills of which are 16-5 ft. below normal water 
level, so that it was necessary to equip them with top 
seals. The total discharge capacity of these gates 
with the water at normal water level is 31,000 cusecs. 
Under flood conditions this will be increased to 42,000 
cusecs. The gates are automatically controlled by a 
float switch, so as to maintain the normal water level 
in the reservoir. They discharge into a channel. which 
can be seen, spanned by a bridge, in the centre of Fig. 5, 
Plate VIII, and, as explained later, this channel also 
receives the sludge which has been extracted from 
the water in the desilting works. This extra flow of 
water helps to carry the sludge downstream from the 
tail-water area. 

At the extreme western end of the dam, and visible 
in the foreground of Fig. 4, Plate VIII, are three gates 
through which water can be diverted into the Gila 
canal. As already explained, this canal will have a 
capacity of 6,000 cusecs and will be used for the 
irrigation of 150,000 acres of desert in the neighbour- 
hood of Yuma, Arizona, as shown in Fig. 2. Each 
gate is of the radial type and measures 35 ft. 8 in. by 
14 ft. 6 in. At present, however, only one gate will 
be used, permitting an initial diversion of 2,000 cusecs. 
From these gates the water will pass into a gravity 
desilting basin, through which it will flow at a velocity 
of 0-7 ft. per second. At intervals, the gates at the lower 
end of this basin will be closed and the flood gates 
opened, so as to increase the velocity of the water 
through the basin to about 15 ft. per second, and thus 
run the silt into the river channel below the dam. 

The headworks through which water is admitted 
from the river to the All-American Canal are situated 
just above the Imperial dam, as will be clear from the 
aerial photograph reproduced in Fig. 4, Plate VIII. 
and in more detail in Fig. 3, opposite, which shows 
the trash rack protecting the entrance to the intake. 
This trash rack is 575 ft. long and has a clear opening 
of 2, in. between the bars. Its position, together 
with that of the concrete wall upon which it is founded, 
was selected as the result of model tests, which were 
made to ascertain the best hydraulic conditions con- 
sonant with the exclusion of the maximum amount of 
silt. After passing through the trash rack, the water 
enters the collecting basin on the upstream side of the 
four headgates controlling the entrance to the canal. 
This basin, with the gates on the right, is illustrated in 
Fig. 7. Plate VITT, while Fig. 8, on the same Plate 
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|to carry a load of 60,000 kW. One of these dams is 
shown under construction in Fig. 15, on page 230, at a 
point 52 miles below the intake. In the foreground, 
| the 50-ft. bearing piles, which are to be used as a sub- 
| structure for the power-house, can be seen embedded 
in the sand, while in the background are the 25-ft. 
| bearing piles for the gate. 

The Imperial dam and desilting works were formally 
opened by Mr. H. W. Ickes, Secretary of the United 
States Department of the Interior, on October 18, 1938, 
on- which date the excavation of the 80-mile stretch of 

| main canal had also been completed. Six weeks later, 
‘all the structures on the first 35-mile stretch of the 
| canal had been finished, including four major syphons, 
eight culverts to carry flood water across the canal, 
| three highway and one railway bridges, and a measur- 
|ing station at Pilot Knob, as well as several minor 
| structures. Since that date, work has been continued 
|on the dams for the power stations, as already men- 
' tioned, and on a syphon consisting of two 15 ft. 6 in. 
| steel pipes which crosses the New River. The con- 
| struction of the branch canal to the Coachella Valley, 
which will be 130 miles long, was begun on August 4, 
1938. As will be seen from Fig. 2, this canal leaves the 
All-American Canal to the west of a range of sand hills 
between Andrade and Midway, and extends north to 
the upper end of the Salton Sea before curving west. 

The Imperial dam and desilting works were de- 
signed by the United States Bureau of Reclamation 
and were constructed by the Morrison-Knudsen Com- 
pany, Boise, Idaho, the Utah Construction Company, 
Ogden, Utah, and Winston Brothers Company, Minne- 
apolis, Minnesota, who submitted a joint tender. 
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BRITISH STANDARD 
SPECIFICATIONS. 


Amone the specifications issued by the British Stan- 
| dards Institution, the following may be of interest to 
our readers. Copies are obtainable from the Publica- 
| tions Department of the Institution, 28, Victoria-street, 
| London, S.W.1, and, unless otherwise stated, the price 


is 2s. net, or 2s. 2d., post free. 
Commercial Acceptance Tests for Steam Boilers. 


The object of this standard code, which is designated 





Fie. 3. Front 
is a downstream view of the gate structures. Each | 
gate is 75 ft. by 22 ft. and is of the rolling type. They 


are designed for a normal discharge of 4,000 cusecs 
and each controls the access to individual channels 
which lead to the desilting basins. The lay-out of 
these channels will be clear from Fig. 6, Plate VIII, 
while a nearer view of one of them is given in Fig. 12, 
on page 230. 

Contrary to the popular impression, the construction 
of the Boulder and Parker reservoirs will have no great 
effect on the silt content of the river at the Imperial 
dam, as although clear water is discharged at both 
these works, fresh silt is soon picked up from the bed. 
It has therefore been necessary to construct desilting 
works at the Imperial dam in order to remove material 
larger than 300 mesh, though the finer material is 
passed to the main and subsidiary channels and finally 
to the irrigated land. How important this is will be 
shown by the statement that a flow of 12,000 cusecs, 
which is the initial amount of water that will be 
diverted from the river, will carry with it 60,000 tons 
of silt a day, and if not dealt with in the way described, 
would cause a rapid silting of the canals and the 
necessity for almost continuous excavation. Put in 
another way, it is estimated that though the desilting 
works have cost 1,500,000 dols., they will save about 
1,000,000 dols. per annum. The layout of these works 
will be clear from the aerial photograph reproduced in 
Fig. 6, Plate VIII, while their general character will 
be clear from Fig. 9, on the same Plate. As will 
be seen, the initial installation consists of three basins, 
each of which covers an area of 500 ft. by 800 ft. and 
is 12} ft. deep. Provision has been made for the 
addition of a fourth basin, if necessary, when the 
ultimate diversion of 15,000 cusecs from the river is 
reached. As will be clear from Fig. 6, the water from 
the headworks flows through the inlet canal through 
twin 21-ft. by 17-ft. radial gates to tapering inlet 
channels which extend down the centres of the desilting 
basins. As will also be seen from Fig. 12, on page 230, 
the inlet canal is divided by concrete sheet piles into 
four channels so as to ensure that the water flows at a 
velocity sufficiently high to prevent silting when one or 
two of the basins are closed down. Gates similar to 
those at the entrance of the basins are provided at the 
end of the channel from the headworks so that the 
desilting basins can be by-passed and the water flow 
direct to the All-American Canal. These gates are 
visible in the background of Fig. 10, Plate VITI. 





| No. 845-1939, is to indicate the methods which should 
| be adopted and the data which it is desirable to obtain 
| when carrying out a simple efficiency test. at minimum 
cost, on steam-raising plants using solid fuel, to secure 
a satisfactory measure of performance under reasonably - 
steady load conditions. The code is not intended for 
use in the very comprehensive tests carried out on 
large power-station boilers, for which the code included 
in the report of the Heat-Engine Trials Committee of 
the Institution of Civil Engineers should be employed. 


oF TRASH Rack. 


Normally, however, the water will enter the inlet 
channels, from which it will be distributed to the half- 
basin on each side through vertical slots. These slots 
have the threefold purpose of reducing the velocity, 
and therefore the turbulence, of the water entering the 
basins, of distributing the inflow uniformly both as 
regards depth and width, and of recovering nearly } ft. 


of head from the high-velocity water in the channels. 

As will be seen from Fig. 9, Plate VIII, each half 
basin is provided with 12 centre-drive rotating scrapers. 
Each of these scrapers is 125 ft. in diameter and revolves 
at a peripheral speed of 30 ft. per minute, making 
one complete revolution in 13 minutes. In this way, | 
it will continuously feed the settled silt into a central 


collecting trench, from which it will flow through | 


sludge-collecting pipes into the river. As already | 


| It is recommended that, if, in addition to the efficiency 
test, an overload test is required, it is sufficient to 
collect data to establish the capacity of the boiler 
only, as the overload period is in most cases too short 
to allow of accurate results being obtained. 





Pump Tests.—A revision of Specification No. 
dealing with pump tests, has now been issued. ‘This 
revision has been undertaken to bring the specification 
into line with the more recent specifications for bore- 


explained, it will then be carried down stream by the | hole and well-pump tests (No. 722), sewage-pump tests 
flood water over the dam. Provision has been made | (No, 723), and vaporising-liquid pump tests (No. 724). 
for sampling and measuring the sludge discharge. An The main amendments to the specification are the 
interesting feature of these scrapers is the overload | inclusion of two new clauses, respectively dealing with 
limiting arrangement with which they are equipped. | the “ standing-wave ” flume and with the suction and 
This causes the hinged arms to rise, so that they scrape | delivery head. The appendix entitled ** Information 
less deeply into the silt, if the load becomes too great, | Required with Inquiry or Order” has been deleted, 
while at the same time visual warning of the condition | and the table giving the properties of water at tempera- 
is given. The scrapers are driven electrically and each tures up to 400 deg. F. has been considerably amplified. 





of the 72 motors can be controlled either individually | 


from a control house on each basin or in groups of | 


twenty-four from the central control house at the 
western end of the dam. This house also contains the 
scraper-overload indicators, water-level indicators and 
gate controls, so that all the operations connected 
with diversion and desilting of the water are centralised: 
On completion of the desilting operation, the water 
flows over the skimming weir, illustrated in Fig. 10, | 
Plate VIII, into a channel leading to the canal proper. 
The construction of this canal, which has now been 
excavated for its total length of 80 miles in the sands 
of the Colorado desert, will be clear from Figs. 11, on 
Plate VIII, and Figs. 13 and 14, on page 230. Its 
bottom is 200 ft. wide, and it will have an initial capa- | 
city of 15,000 cusecs. As indicated in Fig. 14, the | 
slopes will be faced with rubble and, further, a pro- | 
tection will be provided by passing the water from the | 
river directly into it instead of through the desilting | 
basins for about a year, so that the sediment may line | 
the bottom and sides. At intervals along the canal, five | 
dams will be constructed, and the water impounded for | 
generating electrical energy for use in the neighbour- | 
hood. In this way it is hoped that it will be possible | 


[Price 3s. 6d. net, or 3s. 8d, post free.] 


The Testing of Fans.—The method of assessing the 
performance of fans has always been a subject. for 
discussion, and various authorities have had different 
ideas regarding the most suitable method to employ. 
A new specification, which deals with the testing of 
fans for general purposes, excluding mine fans, and 
is designated No. 848-1939, should go a long way 
towards settling the present differences. The test 
methods have been so arranged that a true picture 
can be obtained of the performance of a fan. It is 
hoped that as the new code comes to be used through- 
out the industry, it will result in the performance 
figures given by the various fan makers in tenders and 
catalogues being strictly and directly comparable. 
The specification does not cover the testing of air 
compressors, for which a separate specification is in 
course of preparation. For the testing of mine fans 
another separate specification (No. 707) has been 
issued. 

Copper Conduit and Fittings for Hlectrical Wiring.- 
Specification No. 840-1939 refers to light-gauge seam- 
less copper and copper-alloy conduits and fittings for 
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electrical wiring. It prescribes the quality of the 
copper or copper alloy from which the conduit should 
be made, and gives data regarding manufacture and 
tests. A table has been included giving a comparison 
of the inside and outside dimensions of copper conduit 
as against those of steel conduit covered by specifica- 
tion No. 31. Conduit if made of copper or 
copper alloy, are required to comply with the dimen- 
sions laid down in specification No. 31, and in order 
that and malleable or may be 
used with copper conduits, details of suitable couplers 
are also given. In addition, details of other copper 
fittings, such as saddles and clips, are included. 
Toolmakers’ Straightedges.—A third specification in 
the series of standards for engineers’ precision tools has 
now This, which is designated No. 852 
1939, is for toolmakers’ straightedges. In common with 
others in this series, the primary object of the specifica- 
vecuracy, and, whilst 
are given as to suitable sections for various 
lengths of straightedges, from 4 to 12 in., such 
limitations as are imposed in regard to design are con- 
only with details affecting the accuracy and 
suitability of the straightedges for their intended use. 


boxes, 


cast-iron boxes 


steel 


been issued 


tion is to establish a standard of 
indications 
in 


Irchitectural Lamp Caps and Lampholders. In this 
per ification, No, 841-1939, are set out details of the 
dimensions of the caps for 30 mm 40 mm. dia 
meter tubular lamps. In addition, the essential 
requirements for the corresponding lampholders, from 
the points of view of safety and interchangeability, are 
prescribed 

Hydrated Oxides of Iron.—In the of the revi- 
sion of the series of standards for pigments for paints, 
it was felt that there was a need for a standard to pro- 


and 


course 


for chemically-prepared hydrated oxides of iron 
Spec ihcation 


vick 
which are now being increasingly used. 
No, 851-1939 has now been issued to meet this need, 
and it provides for marigold, maroon, and yellow pig- 
ments of the pure and reduced types. 
specification follows that of other standards for pig- 
ments and includes requirements relating to composi- 
tion, coarse particles, oil absorption, colour, staining 
volatile matter, matter soluble in water, and 
carbonates. Standard methods of testing to deter- 
mine these requirements are given in appendices. 
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Sir John Caas Technical Inatitute The Calendar 
for the session 1939—40 of the Sir John Cass Technical 
Institute, Jewry-street, Aldgate, London, E.C.3, has 
recently been published rhe Institute provides 


evening instruction in pure and applied mathematics, 


physics, chemistry, brewing, petroleum technology, 
fuel technology (including coal carbonisation and gas 
engineering), chemical engineering, metallurgy, assay- 
ing, geology, modern languages, navigation and sea- 


manship and a number of other subjects. The science 
irranged to meet the re quirements of those 
the metallurgical, electrical and 
industries, held from 
ilso provided in physics, 


cCOUrst ure 


ged 
petroleum 
ito 10 pom are 
mathematics, chemistry, metallurgy and in navigation 
ind seamanship, and facilities are provided for special 


chemical, 
and, 
Dav courses 


enya in 


in general, are 


investigation and research. The instruction in experi 
mental science provides systematic courses for the 
degree examinations of the University of London and 


ilso meets the re quirements of those preparing for the 
examinations of the Institute of Physics, the Institute 
of Chemistry, the Institution of Engineers, the 
ind Guilds of London Institute, and other bodies. 


Gas 


City 
he new sesssion, which extends over about 36 weeks, 
will begin on Monday, September 25, and students will 


be enrolled on and after September 20 


rue Works or Messrs. W. Sisson AND COMPANY 
LIMITED, GLOUCESTER A brochure entitled Fiffy Vears 
f Engineering has been issued to mark the attainment 


of their jubilee year by Messrs. W. Sisson and Company, 
Limited, Elmbridge-road, Gloucester, who commenced 
operations in 1889 as Messrs. W. sisson and Company 
nd became a limited company in 1904 A brief bio 


graphical sketch is given of the founder of the firm, the 


late Mr. William Sisson, who was born in 1853 and died 
in 1935 The present chairman is Mr. H. T. Sisson 
brother of the late Mr. W. Sisson he brochure contains 
several illustrations of the firm's steam engines utilising 
waste heat for driving electric generators and for other 
purposes, triple-expansion marine engines for ship 
propulsion and for dredger pumps, experimental steam 
engines for technical colleges and marine-engineering 
chools, machinery for food and confectionery manu 
facture, and the Sisson water-tube boiler It is interest 
ing to note that two of these boilers, with complete 
equipment, have been made and sent in sections. by 
Wr transport, to the New Guinea gold fields. 


The form of the 
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CONTRACTS. 


Messrs. HEAD, WRIGHTSON AND COMPANY, LIMITED, 
Teesdale Iron Works, Thornaby-on-Tees, have received 
an order from Eire for a special type of lift bridge. The 


first bridge of this type to be manufactured by the firm | 


small experimental structure erected in South 
In recent weeks, Messrs. Head, 


was a 
America some years ago. 


Wrightson have also secured orders, for equipment for | 


steelworks and the non-ferrous metal industries, from 
France, Turkey, Sweden, Holland and Poland. 

Messrs. THe ENGLISH ELECTRIC COMPANY, LIMITED: 
Stafford, have received a contract for a number of 
single-deck omnibus bodies from Messrs. The Lancashire 
United Transport and Power Company, Limited. In 
addition, repeat orders have been received from Warring- 
ton Corporation for double-deck all-metal omnibus 
from Preston Corporation for double-deck com- 
omnibus and from the 
Traction single-deck composite 


bodies, 
bodies, 


for 


posite 
Company 
bodies 
English Electric Company’s Dick Kerr Works, Preston. 

Ad- 
of a 


Subject to the settlement of certain details, the 
miralty has decided to entrust the construction 
battleship of the 1939 programme to MESSsRs. 
BROWN AND Company, LimrreD, Clydebank. 








TENDERS. 


We have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, particulars 
of the undermentioned tenders, the closing dates of 


which are stated. Details may be obtained on applica- 
tion to the Department at the above address, quoting 
the reference numbers given. 

Boilers, 20, superheated, for M '(2-10-0) 
class non-standard engines. The General Manager, 
North Western Railway, Lahore, India; September 18. 


Locomotive 


(T. 26,054/39.) 
Steam Engine, double-cylinder, horizontal, medium- 
stroke, or, alternatively, couple-compound, horizontal, 


Tender and Supplies Board, 
(T. 26,119/39.) 

Boiler, locomotive-type, two Weir feed pumps and a 
steel stack. Union Tender and Supplies Board, Pre- 
toria: September 7. (T. 26,121/39.) 

Vachine Tools and Generating Sets, comprising lathes, 
planing drilling machines, screw-cutting 
lathes, metal-shearing machines and grinding 
electric sand sifter, spring-tempering 


medium-stroke. Union 


Pretoria ; September 14. 


machines, 
saws, 
machines, furnaces 
electric welding set, steam hammer, 
press, woodworking machinery, electric motors for 
operating the various machines, hand riveting hammers, 
460-h.p. generating 
and a 140-h.p. 
crude-oil engine—all for the 
Noroeste do Brazil 


Brazil ; Septem- 


oven, 


drills and emery wheels, two 
by 
driven 
Lagoas railway 
Bauru, State 


(T. 26,034 /39.) 


hand 


sets driven producer-gas engines 


generating set by a 
workshops. 
of Sao Paulo, 


Tres 
Railway. 
ber 12. 

Trolley Omnibus Overhead Equipment including pull- 
offs, ears, bolts and clamps. The City Council, Municipal 
September 16. (T. 26,113/39.) 

Electrical Equipment for the extension of the existing 
electric network at Damietta Town. Municipalities 
Department, Ministry of Public Health, Cairo ; October 
18 (T. 26,152/39.) 


Offices, Johannesburg ; 








BOOKS RECEIVED. 
Publication du Laboratoire de Connaissance des Matériaur 
de Ul Libre de Les Soudures par 
Résistance Mécanique des et T dles 


niversite Brurelles. 


Points Soudés des 


| 


AUG. 25, 


1939. 


PERSONAL. 


Dr. L. G. A. Sims, M.I.E.E., at present head of the 
Department of Electrical Engineering at the North- 
ampton Polytechnic Institute, St. John-street, Clerken- 
well, London, E.C.1, has been appointed Professor of 
Physics and Electrical Engineering at the Royal Naval 
College, Greenwich, London, 8.E.10. Dr. Sims will 
take up his appointment on September 1, and will be 
succeeded at the Northampton Polytechnic by Dr. 
J. Greic, A.M.1.E.E., at present on the staff of the 
Electrical Engineering Department of the University 
of Birmingham. 

Messrs. THE BRITISH ALUMINIUM COMPANY, LIMITED, 
will be removing their head office from Adelaide House, 
King William-street, London, E.C.4, to new and larger 


| quarters at Norfolk House, St. James’s-square, London, 


| S.W.1, as from September 18. 
Potteries Motor | 
omnibus | 
These contracts will be carried out at Messrs. The | 


JouN | 


hydraulic | 


issemblées. Brussels : Maisons d’Editions A. de Boeck. 
Paris Librairie Polytechnique Ch. Béranger. [Price 
20 Belgian francs. 

Winistero dei Labori Pubbdlici. Servizio Idrografico. 
Ufiicio Idrografico del Po, Palma. Annali Idrologici, 
1937. Parte Seconda. Rome: Istituto Poligrafico | 
dello Stato. Price 40 lire. 

United States Department of the Interior. Geological | 
Surrey. Professional Paper No. 191. .4 Monograph 
of the Foraminiferal Family Nonionidae. By J. A. 
CusHMAN. [Price 30 cents.) Professional Paper 
No. 193-B. Notes on Fossils from the Eocene of the 


Gulf Province. By JULIA GARDNER. [Price 10 cents.) 
Professional Paper No. 193-C. Some Linguloid Shells 
from the Late Deronian and Early Carboniferous Rocks 
of Pennsylvania and Ohio. By G. H. Girry. [Price 
10 Washington: Superintendent of Docu- 
ments 
innual Report of the 
of British Columbia for the 


cents. | 


Vinister of Mines of the Province 
Year Ended 31st December, 


1938 Part <A. The Mining Industry: Statiatical 
Review By J. F. WALKER. Part B. North-Western 
District. By J. T. MANDY. Part G. Inspection of 
Mines. By James Dickson. Victoria, B.C.: British 


Columbia Department of Mines. [Price 10 cents each 


part. 


The new head office will 
be the registered address of the Company. 


Mr. C. D. WATERS, until recently director in charge of 


outside sales of Messrs. Wellworthy Piston Rings, 
Limited, has now been appointed sales director at the 
head office and works at Lymington, Hants. 

Mr. FE. S. Woop, Deputy Director of Stores, will 
succeed Mr. W. J. Gick, C.B., C.B.E., as Director of 
Stores, Admiralty, on January 1, 1940, when Mr. Gick 
retires. 

Following the amalgamation between Messrs. Davy 
and UNIrep ENGINEERING COMPANY, LIMITED, Park 


Iron Works, Sheffield, and Messrs. DUNCAN STEWART 
AND COMPANY, LIMITED, London Road _ Lronworks, 
Glasgow, Mr. J. B. TALBOT-CROSBIE and Mr. W. KIL- 
PATRICK, directors of Messrs. Duncan Stewart. have 
joined the board of Messrs. Davy and United Engineering 
Company. Mr. Kilpatrick, as director and commercial 
manager, has taken up his position at Messrs. Davy’'s 
head office in Sheffield. 








NOTES FROM THE SOUTH-WEST. 
CARDIFF, Wednesday. 

The Welsh Coal Trade.—The most important develop- 
ment on the Welsh steam-coal market last week was the de- 
cision taken by the Portuguese Railways to purchase 36,000 
tons of through coals from local shippers for delivery over 
October-December next. These buyers had originally 
invited offers for the supply of about 220,000 tons for 
alternatively about 
The reason advanced 


shipment over twelve months, or 
half that quantity over six months. 

for the reduced purchases was the heavy coal stocks the 
railways had on hand. The placing of the order locally 
gave rise to considerable satisfaction, as during recent 
years German shippers, on account of their price advan- 
tage, have made big inroads into the business which was 
once held almost exclusively for Welsh coals. A year 
ago, when the railways last issued orders, German pro- 
ducers the whole of the business. On this 
occasion, no part of the order has been placed in Germany. 
Business remained extremely difficult negotiate 
throughout the whole of the week. Holiday stoppage at 
various pits were still exerting a restrictive influence, 
and although demand in all the principal foreign trades 
remained at a low ebb, shippers found it anything but 
easy to meet even present limited requirements. In the 
case of some of the more popular sorts, owing to the lack 
in a position to accept 
month or so, while 


secured 


of supplies, producers were not 
much further business over the next 
prices generally were firmly maintained at full late levels. 
Outputs of best large were almost completely 
taken under deliveries which were being made on account 
of previous contract bookings. Offers were conse- 
quently only sparingly made over some 
and prices were steady. The dry large kinds could be 
obtained without much difficulty, but sellers were still 
not pressing, and quotations remained unchanged. Duffs 
were extremely Sellers had almost completely 
disposed of outputs of these sorts over the remainder of 


coals 


while ahead, 


scarce. 


the year, and the occasional odd lots that became avail- 
able continued to command very high figures. Sized 
descriptions were also extremely limited and firm. 
Among smalls the bituminous kinds were steadily 
absorbed, but the drys lacked support and remained 
dull. Cokes continued to find a ready outlet, while 
patent fuel was busy. 

The Iron and Steel Trades.—<Active conditions con- 


tinued to rule in the iron and steel and allied industries 
of South Wales and Monmouthshire last week. Works 
remained employed practically to capacity. and in some 
impossible to arrange further 


sections it almost 


business over a long time to come. 


was 








REGISTRATION OF ROAD VEHICLES IN GREAT BRITAIN. 
A return issued by the Ministry of Transport, Metropole 


W.C.2, 


Buildings, Northumberland-avenue, London, 
shows that 45.000 new mechanically-propelled road 
vehicles were registered in this country in May last, 


37,583 vehicles in May, 1938. 


against 











AUG. 


NOTES 


25, 1939. 


| 
FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Iron and Steel.—Intense activity is the keynote of the 
staple industries of this area, and there appears to be 
every prospect of this state of affairs continuing. What 
proportion of current output is due to emergency needs 
it is impossible to ascertain, but a careful survey leaves 
the impression that while armament and related orders 
account for a more substantial share of local production 
than was the case a year ago, gratifying progress is also 
being made in business of a purely commercial character. 
Both inland and export connections are being strength- 
ened, the latter in face of obvious difficulties. One thing 
certain, namely, that not only are manufacturing 
operations more intensive in the case of works large and 
small, but they cover a steadily broadening acreage. 
Firms, the activity of which is apparently dissociated 
from the re-armament demand—* apparently ” because 
the ultimate destination of many iron and steel products 
leaving this area is often unknown to the manufacturers 
themselves—are able to report larger sales of various 
classes of steel, machinery, and implements, and to 
state that prospects are bright. One of the major 
troubles of works’ managers is the maintenance of plant. 
Apart from a few holiday periods there has been little 
opportunity, for many months, to restore equipment, 
with the result that breakdowns from time to time occur 
in the busiest sections, and output is inevitably impeded. 
Bulk steel manufacture is maintained at an exceptionally 
high level. In and around Sheffield, big batteries of 
furnaces are accounting for double the tonnage of nine 
years ago, and still have a ready outlet for their output. 
Forges, foundries, rolling-mills, and press-shops are, in 
the main, operating at or near capacity; there are, 
indeed, periods of pressure when even plant which was 
modernised and extended in the post-war slump is taxed 
to its limit. Makers of special steels have few grounds 
for complaint. Electric-furnace production contributes 
a substantial quota, and the current range of alloy steels 
is wider than at any preceding period. For instance, 
one of the leading foundries manufactures castings in | 
10 different types—stainless, heat-resisting, manganese, | 
chromium alloy, cobalt magnet, nickel-chromium, 
* dynamo magnet, tungsten magnet, cast steel, and 
toughened cast steel. Actually some of these 
classes of steel themselves comprise as many as eight or | 
nine different compositions. Good business is being | 
done in railway and tramway trackwork, cement-mixing, | 
crushing, grinding, and pulverising machinery and plant. 
There is a heavy run on machine eutting tools for general 
engineering purposes, and more orders have been received 
One of the latest developments 
in constructional engineering the manufacture of 
battery-driven vehicles of a type specially suitable for 
milk and food distribution, and one of Sheffield’s co- 
operative societies has ordered 24 of these, and another 13, | 
South Yorkshire Coal Trade.—While the market 
lower-grade house coal continues easy, there is a distinct 
improvement in best qualities, householders being anxious | 
to secure stocks against the possibility of advanced prices | 
next month. Industrial steams and locomotive hards | 
freely on inland account. The export position | 
shows no material change, though prospects are “nr 
| 


is 





” 


best 


for electrical equipment. 


is 





in | 


move 


a shade better than last week, owing to the fact that 
competing districts nearer the seaboard are now com- 
mitted to substantial forward business. Colliery holidays 
have helped to reduce of smalls. There is a} 
healthy demand for coking coal, and the market in 
furnace coke has strengthened appreciably as a result 
of the expansion in pig-iron production. In accordance 
with the Coal Act, 1938, a meeting has been arranged 
to discuss a scheme for the amalgamation of 37 small | 
privately-owned collieries situate between Sheffield and 
Nottingham. 


stocks 








| plates, 101. 10s. 64d. ; 


ASSOCIATION OF SPECIAL LIBRARIES AND INFORMATION | 
BUREAUX.—The Association of Special Libraries and 
information Bureaux will hold its sixteenth annual 
conference at the Hugh Stewart Hall, University College, 
Nottingham, during the week-end September 15 to 18, 
under the Presidency of Sir Harry Lindsay, K.C.I.E., 
C.B.E., Director of the Imperial Institute. An address 
by Sir Harry Lindsay on “‘ The Information Services of 
the Imperial Institute,’ will be given at 8.30 p.m. on 
September 15, and other contributions to the proceedings 
will include a symposium on “ The Accessibility of | 
Thesis Literature of the World ” and papers on “‘ Library 
Services in Times of Emergency ”; ‘‘ Review of Micro- 
photography in Great Britain * Agriculture: an 
Art or an Industry ?”’; ‘‘ The Use of Films in Technical | 
Instruction’; and ‘“‘ The Information Services of the 
B.B.C.”" Visits will be paid to the Beeston Works of 
Messrs. Boots Pure Drug Company, Limited, to the 
Beeston factory of Messrs. Ericsson Telephones, Limited, 
and to the Nottingham University College and Notting- 
ham Public Libraries. Further information regarding 
the conference can be obtained from the general secretary 
of the Association, Miss E. M. R. Ditmas, M.A., 31, 
Museum-street, London, W.C.1. 


%. 


| supplies, and are covered well ahead. 





ENGINEERING 


NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 





| 


General Situation.—Several descriptions of material 
are in demand for general industrial work, but conditions 
prohibit anything approaching extensive commercial 
business. International complications, which continue 
to compel Government absorption of material in request, 
leaves little tonnage available for other purposes. 

The Cleveland Iron Trade.—Prospect of material change 
for the better in the unsatisfactory state of the Cleveland | 
pig iron industry continues remote. While local users 
of foundry iron are using slightly more Tees-side pig than 
recently, consumption of products of other areas is 
increasing at North of England works, and Cleveland 
ironmasters have little occasion to enlarge their light 
and irregular output. Stocks at the blast furnaces are | 
very small, and producers continue to pursue their 
policy of keeping accumulations low by regulating the 
make to the demand as it arises. Merchants are distribut- | 
ing moderate tonnage of Tees-side brands to regular home | 
customers, but are unable to renew negotiations with | 
firms abroad owing to the continued comparative cheap- 
ness of Continental foundry iron. Stabilised quotations | 
for Cleveland pig remain on the basis of No. 3 description | 
at 99s. delivered to local firms. } 

Hematite.—The statistical movement in the EKast- 
Coast hematite department is in the direction much 
desired, but is slight. While stocks at makers’ yards are 
steadily decreasing, considerable quickening of rate of 
reduction is essential to strengthen the hands of sellers. 
Tonnage accumulations are still heavy. Producers’ own 
consuming works are using rather more iron than recently, 
and deliveries to home buyers are on a somewhat improved 
scale, but new business still develops slowly and outlook 
is not too encouraging. Export trade is difficult to put 
through. Transactions with customers abroad are still 
confined to sale of odd cargoes by merchants to Con- 
tinental firms in need of occasional supply of special- 
quality iron. Fixed minimum market values of hematite 
are ruled by No. 1 grade of iron at 115s. 6d. delivered to 
North of England areas. 


Basic Iron.—There is no basic iron on the market, the 
whole of the huge production being absorbed by the 
very considerable needs of makers’ adjoining steelworks. 

Foreign Ore.—Imports of foreign ore against old | 
contracts, several of which are much overdue for comple- | 
tion—are maintained at a high level, but consumers | 
have still a great deal of tonnage to take up before they | 
can return to the market. Unloadings on Tees-side, to | 
date this month, amount to 153,891 tons, compared with 
125,803 tons for the corresponding part of July. 





Blast-Furnace Coke.—Durham blast-furnace coke con- 
tinues plentiful. Local users are receiving regular, ample 
Sellers are keen to 
unload holdings and offer parcels at the equivalent of 
good medium qualities at 24s. 3d. at the ovens. 

Manufactured Iron and Steel.—Agegregate tonnage out- 
put of semi-finished and finished iron and steel continues 
on an enormous scale, but production of some descrip- 
tions of material still fails to satisfy requirements. Supply 
of home-made steel semies falls considerably short of 
re-rollers’ urgent needs, and further substantial imports 
from overseas are essential. Production of finished | 
steel, though near record level, does not fully meet 
delivery demand. Sheet makers are too fully employed 
to accept further orders for supply this year; construc- 
tional steel manufacturers are pressed for larger deliveries; 
and producers of shipbuilding requisites have substantial 
contracts to execute. Among the principal market 
quotations for home trade are :—Common iron bars, 
121. 5s.; steel bars, 111.; soft steel billets, 71. 7s. 6d. ; 
hard steel billets, 8/. 10s.; steel ship, bridge and tank 
steel ship rivets, 14/.; iron ship 
rivets, 15l.: steel constructional rivets, 151. 5s.; steel 
boiler plates, 111. 8s. ; steel angles, 101. 8s. ; steel joists, 
101, 88. ; tees, 111. 8s. ; fish plates, 131. 10s. ; black sheets, 
No. 24 gauge, 141. 15s. ; and galvanised corrugated sheets, 
No. 24 gauge, 171. 5s. 





Scrap.—Light iron scrap is in better request than of | 


late, and the price has advanced to 60s. Quotations for 
other iron and steel scrap are unchanged. There is 
continued scarcity of steel. 





RECONSTRUCTION OF CREWE SIGNAL-BOXES.—The | 
famous signal-boxes at Crewe North and South junctions 
are to be rebuilt shortly by the London Midland and 
Scottish Railway. Both boxes, which stand at heights 
of 28 ft. and 22 ft., respectively, above rail level, will 
be re-sited in suitable positions and will be considerably | 
reduced in size. When the reconstruction is complete | 
the existing clectrically-operated semaphore signals will 
be replaced by the colour-light type, which, supplemented | 
by route indicators, will enable 274 signal arms.to be 
reduced to 72 colour-light units and will, at fhe same 
time. improve visibility to engine drivers. 














| number of new aerodromes for the Government. 


NOTES FROM THE NORTH. 
GLasGow, Wednesday. 

Scottish Steel. Trade.—Great activity continues to 
prevail in the Scottish steel trade, and consumers of all 
classes of material are pressing for deliveries, as so 
many of their orders are of an urgent nature. The output 
of heavy material amounts to a very large tonnage, and 
not only have quite a number of new contracts been 
booked recently, but many important export inquiries 
are now in circulation, and despite the fact that the 


| home demand is so heavy, makers are very anxious to 
| secure these orders, and thus maintain their overseas 


connections. The tonnage being specified for the ship- 
building industry is very heavy, and the demands of 
structural engineers are also of large dimensions, as they 
have many important orders on hand, including a 
There 
is no falling off in the urgency of the demand for light 
sheets, and makers are hard pressed to overtake all the 
requirements of buyers. The raw material position is 
now more assured, and makers, being better placed for 
supplies, can look forward with more confidence to the 
next few months. The following are the current quota- 
tions :—Boiler plates, 11/7. 8s. per ton; ship plates, 
101. 10s. 6d. per ton ; sections, 101. 8s. per ton ; medium 
plates, 121. 2s. 6d. per ton; black-steel sheets, No. 24 
gauge, 141. 15s. per ton; and galvanised corrugated 
sheets, No. 24 gauge, 171. 5s. per ton, all delivered at 
Glasgow stations. 

Malleable-Iron Trade.—Conditions in the West of 
Scotland malleable-iron trade continue to show improve- 
ment, and quite a fair amount of business is going 
through each week. The demand for re-rolled steel bars 
is as strong as ever, but recent arrivals of semies from 
overseas have eased the position, and maximum outputs 
will be general for some months at least. Order books 
are very full, and forward bookings are quite satisfactory. 
Prices are as follows :—Crown bars, 12/1. 15s. per ton 
for home delivery or export ; re-rolled steel bars, 111. 15s. 
per ton for home delivery, and 111. per ton for export ; 
No. 3 bars, 121. per ton, and No. 4 bars, 12/. 5s. per ton, 
both for home delivery. 

Scottish Pig-Iron Trade.—A very steady demand is 
being experienced by the Scottish pig-iron makers at 
the present time, and the current output is being rapidly 
absorbed. Both hematite and basic iron are moving 
freely because of the activity in the steel trade, and 
foundry grades are also in better request all round. 
Prices are unchanged, and the following are to-day’s 
market quotations :—Hematite, 51. 15s. 6d. per ton, 
and basic iron, 41. 12s. 6d. per ton, both delivered at the 
steel works; foundry iron, No. 1, 51. 3s. per ton, and 


| No. 3, 51. 0s. 6d. per ton, both on trucks at makers’ yards. 


Battleship Building at Clydebank.—Next month the 
35,000-ton battleship Duke of York, which is being built 
by Messrs. John Brown and Company, Limited, Clyde- 
bank, will be launched in the presence of their Majesties 
the King and Queen, and the Queen will perform the 
naming ceremony. The new battleship referred to in 


our “ Contracts “‘ Column, will make nine Admiralty 
vessels now on order from the above firm. 
Clyde Shipbuilding Contract.—A contract for a 


steamer of 9,000 tons deadweight carrying capacity has 
been placed with Messrs. Barclay, Curle and Company, 
Limited, Whiteinch, Glasgow, by Messre. Burns, Philp 
and Company, Sydney, New South Wales The pro- 
pelling machinery will be supplied by Messrs. John G. 
Kincaid and Company, Greenock. 

Rolls-Royce Factory Contract.—One of the major 
contracts for the erection of the new Rolls-Royce factory 
at the Industrial Estate at Hillington, Glasgow, has been 
placed with Messrs. Melville, Dundas and Whitson, civil 
engineers and building contractors, Glasgow. It is 
understood that the structural work will commence 
within three weeks, and that partial production will 
probably begin during the month of October. 








THE MODERN ROADS MOVEMENT.— With a view to stimu- 
lating interest in modern motor roads, the Modern Roads 
Movement has invited a number of gentlemen, prominent 
in administration, transport, and other spheres, to join 
in a tour of the roads round New York and Washington, 
U.S.A., which the Movement is arranging. The object 
of the tour is similar to that of the tour of the German 
Autobahnen undertaken in 1937. In addition to the 
inspection of the principal road developments in and 
around New York, opportunity will be given for visits 
to the World’s Fair. The party includes members of 
both Houses of Parliament, county councillors, county 
surveyora, chief constables and municipal authorities, 
and will be headed by the Chairman of the Movement, 
Lord Eltisley, K.B.E. They will sail from Southampton 
on September 20 by the 8.8. Montrose and return to 
Liverpool on October 16 by the 8.S. Samaria. The joint 
honorary secretaries of the Movement are Messrs. R. 
Gresham Cooke and Malcolm Brereton, and the offices 
are at 9, Charles II-street, St. James’s-square, 8 W.1, 
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Orders should be made payable at Bedford Street, | Merely to arrange for the support of a structure 
Strand, W.C.2. | weighing twenty or thirty thousand tons is a} 


problem in foundation design with which few archi- 
AGENTS FOR “ ENGINEERING.” tects of buildings have to contend. To transfer 
AUSTRALIA: Gordon and Gotch, Limited, Melbourne; Sydney, 


such a weight, mainly by the labour of men’s 
Brisbane, Perth. Angus and Robertson, Limited, Sydney ; 3 ; +x . 
H. A. Goddard, Limited, 2254, George-street, Sydney : hands, from its fixed support to one capable of 
Tait Book Compeny, 8, Spring-street, Sydney ; d arsons | being moved, is a task of the first magnitude, even 
Bros. Publishing Company, 280, Castle: -street, Sydney ; | > wee ° " 
T. Willmett and Company, Townsville, North Queensland, | though no more were needed: but the mass must 
w.C. nigh, Aadats, wl Austral ; Tait Book Com- | be held until the desired moment, then allowed to 
pany, 349, Collins-street, Melbourne, C.1. peers : = it P ae 
Beiaium: Brussels: E. F. Satchell, "5, Avenue Defré-Uceie, | @¢¢elerate freely to a velocity of 12 or 14 m.p.h., 
W. H. Smith and Sons, 71-75, Bid. Adolphe Max. |and finally must be checked without injury when 
Qe 9 . 4 = r . reo: TL: 
Cane ta 70, Kio cnet, Bat, Toe Oe Service, / waterborne. The late Sir William White once 
Dasmens, Copesiogant a 4 Godsbanegade, 1. recalled an admission by Lord Armstrong, as they 
SDINBURGH : John Menzies and Company, Limited, Rose-street. | . . » ida t ve tet 
YRANCE, Paris: Ricour, Chevillet et Cie, 22, Rue de la Banque. stood side by side at Elswick awaiting the launch 
GERMANY : ALA Anzeigen-Aktiengeselischaft, Potsdamer Strasse | of H.M.S. Victoria, that “‘ I never am present at the 
: launching of a ship without wondering that such an 
operation is carried to a successful termination.” | 
|In relating the incident, Sir William added that, | 
for all his own familiarity with shipbuilding practice, | 
* he was not ashamed to say that he never attended | 
a launch without feeling himself deeply moved 
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GLaseGow : William Love, 219A, Argyle-street. John Menzies and 
Company, Limited, West Nile-street. 
Inpia: D. B. Taraporevala, Sons and Company, Hornby-road, 
ba: 


ombay. 
ITALY: U. Hoepli, Milan. Anonima Libraria Italiana, Torino, | 
and any post office. 
JAPAN, Tokio: Maruzen Company, Limited, and all branches. 
LIVERPOOL : Mrs. hay oe Landing Stages. 
MANCHESTER : John Heywood, Limited, Deansgate. 
NEw ZEALAND: Gordon and Gotch, Limited, Wellington, 
Auckland and Christchurch. 
Norway, Oslo: Cammermeyer’s Boghandel, Carl Johans Gade, 
41 and 43. 
SouTH AFRICA : 
J burg; a , Cape Town, Port Elizabeth. 
Bloemfontein, Durban and various branches and boo * 4 - | 
stalls throughout South Africa. Wm. Dawson and Sons| the regrettable accident which occurred to H.MLS. | 
7 : . } 
(South Africa), Limited, 29, Long-street, Cape Town. | Formidable on the occasion of her launch from 
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SouTH AMERICA: Mitchell’s English Book Store, Cangallo, , 

“ 57 580, Buenos Aires. {the Belfast yard of Messrs. Harland and Wolff, | 
SHEED Beara few York + ie oieeninn ke Limited, on Thursday of last week. We incline | 
to stress this aspect, not from any desire to minimise 


quite beyond control.” 


UniTgep States, New York : For subscriptions, The International 
News ae. 131, Varick-street. For advertisements, 
—— Publishers Representatives, Inc., 19-25, West 44th- 

street, 


| shores. 
}even with the launching cradles intact, is a very 


when what had been fixed became a living mass | Standing ways, but remained fast while the closely- 


grouped 


It requires a deliberate consideration of the pro- vertical position into an échélon formation, still 
Central News Agency, Limited. Head Office—| blems involved in the launching of a large vessel | linked by the steel-channel “ daggers, 
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death of one bystander and injuries to some twenty 
others, but because it appears that there is hardly a 
sufficient appreciation of the high degree of safety 
regularly attained in this complex operation, nor 
a full realisation of the exceptional character of this 
particular failure. It is not entirely without 
precedent, but in the ship-launching annals of the 
last fifty years we can recall only one other, and 
that more than forty years ago, which presents 
at all a parallel case. The vessel concerned was a 
small paddle steamer, built on the Tyne by the 
late firm of Palmer’s Shipbuilding and Iron Company, 
Limited, and, like the Formidable, she left the ways 
before the appointed time, leaving the fore poppets 
behind. There, however, the similarity ends, as 
there is no comparison between the relative sizes 


|of the ships, and the arrangements for retaining 


the earlier vessel, it may be supposed, probably 
consisted of no more than one pair of simple dog- 
For a vessel to leave the ways prematurely, 


uncommon occurrence, especially in this country, 
where extremes of heat are less frequent than 
unexpected and unseasonable spells of cold weather. 
Hence, in British yards, it is not an unusual experi- 
ence to find that a period of cold has congealed the 
grease and other lubricants on the ways, with the 
result that the ship moves only sluggishly or per- 
haps, not at all. Ulster enjoys an equable and 
generally a mild climate, and there is no obvious 


|reason to suppose that the weather conditions 


obtaining immediately before the launch exercised 
any material influence on the fluidity of the lubri- 
cants used. Certainly, the exposed areas at the 
head of the ways, where the grease extended beyond 
the sliding ways, showed no indication of such a 
condition. 

The system of launching triggers employed in 
the case of the Formidable was presumably that 


| developed by Messrs. Harland and Wolff to hold 


the large Atlantic and other liners, in the building 
of which they have long specialised ; and in this 
connection it may be noted that the launching 
weight of the Formidable, for all her imposing 
bulk, was probably less than half that of the 
Olympic and the Titanic, launched by the same 
firm nearly 30 years ago. This disposes at once 
of the suggestion, which was given an undeserved 
publicity in some sections of the daily Press, that 
excessive launching weight might have contributed 
to the breaking-away of the vessel, if it were not 
actually the prime cause. Of the other suggestion, 
current in some quarters, that wind pressure on the 
unusually lofty hull might have been responsible, 
it need only be said that this theory can have no 
justification in fact. Such wind as prevailed was 
no more than a gentle breeze, quite insufficient 
to exert any appreciable effect on a mass of at 
least 10,000 tons. 

The extent of the personal injuries caused was 
undoubtedly lessened by the fact that the vessel 
left the ways so far in advance of the scheduled 
time. Many thousands of intending spectators 
were still making their way to the slip, and a large 
proportion of the crowd to be seen in our illustration, 
Fig. 2, on page 235, taken about a quarter of an 
hour later, had gathered after the launch was over. 
Many of the guests holding tickets of admission to 
the launching platform, among them our own 
representative, saw the launch as they were proceed- 
ing along the approach roadway, and in some 
respects these were better situated to see the 
successive stages in the collapse of the fore poppets 
than if they had been in their allotted place. It 
was apparent, from ground level and at a distance 
of about 200 yards, that the triggers effectively 
held the forward end of the cradle. That portion 
of the sliding ways did not move at all down the 


poppets were dragged over from the 


” 


until finally 


x. | to place in its proper perspective an event such as | they fell aft in a mass. 


The wreck of the forward cradle was completed 
when the securing wires, intended for its recovery 
from the water, were drawn taut. The illustration, 
Fig. 3, on page 235, shows the forward end of the 
port sliding way very little displaced from its 


‘the seriousness of an accident which caused the| original position ; but, in fact, the pull of the wire 
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ropes caused this massive assembly of heavy baulks, 
20 ft. or more in length, to rear up almost vertically 
before falling back into the position illustrated. 
This was well shown in the cinematograph news- 
films, to which reference is made in our article. 
The corresponding length of the starboard sliding 
way, as viewed from the launching platform, ap- 
peared to have been picked up similarly and flung 
inward, as the whorls of oil on the surface of the 
grease-covered groundway evidently were lying as 
originally applied, providing further evidence that 
neither side of the forward cradle had broken away 
with the ship. 

Pending the conclusion of the investigation which 
was immediately instituted, the officials of Messrs. 
Harland and Wolff naturally observe complete 
reticence regarding the reason for the separation 
of the cradle. From one point of view, of course, 
and apart from any question of personal injury 
to individuals, it is a domestic matter, concerning 
only the firm, as builders, and the Admiralty, as 
customers; but the exceptional interest of the 
technical aspects, due to the very unusual character 
of the accident, places it in a category of its own. For 
this reason it is to be hoped that some properly- 
authenticated statement will be eventually issued, 
communiaue to the technical Press, or 
in a before the Institution of Naval Archi- 
tects, giving as full an account of the circumstances 
as may be practicable. This is desirable, both for 
the guidance of other and future shipyard officials, 
and to counteract inaccuracies 
which are so difficult to overtake when once they 
have started to circulate. In while 
offering to the builders, and all others concerned, 
the fullest sympathy in this unfortunate occurrence, 
would desire also to congratulate them on the 
relatively restricted extent of accident which 
might easily have become a catastrophe even more 
serious than that associated with the launch 
H.M.S. Albion, at Millwall, 41 years ago, when 
thirty-five persons lost their lives. 
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ACCIDENTS IN FACTORIES. 

Factories Act, 1937, which came into force 
1938, opened a new chapter in a volume 
ot which dates back for than a 
hundred Unlike its predecessors, the latest 
of which had remained unrevised for more than a 
quarter of a century, it embodied precise and detailed, 
rather than general, requirements, especially in that 
important part of it which related to safety. The 
latitude, which is, of course, in some circumstances 
necessary, is secured by providing extensive powers 
of exemption, and at the other end of the scale, 
powers are available to enforce additional restric- 


rue 
on July 1, 
legislation more 


vears, 


tions when these appear to be called for. An 
important point about the new Act is that it was 
largely an agreed measure, thus marking a step 
forward from the days when factory inspectors 


were generally regarded as a form of public enemy. 
Che period between its reaching the statute book in 
July, 1937, and its coming into force, has, in con- 
sequence, been largely occupied by firms in making 
arrangements to secure compliance with its provi- 
sions, by modifying their hours of work and altering 
their machines and premises so as to bring them 
into line, where necessary, with the new safety and 
requirements, Though it is still a little too 
to record definitely what the effect of the 
new Act will be, the Annual Report* of the Chief 
Inspector of Factories for the year 1938, which was 
published last week, clearly shows that good progress 
has made towards raisin, an already high 
standard. The only difficulty appears to have been 
that there was some confusion regarding the precise 


welfare 


SOOT 


been 


meaning of some of the clauses relating to hours of 


work, and matters were rendered more difficult by 
the international crisis in September. By the end 
of the most of the difficulties had, however, 
been surmounted 

As usual, the 


yea 


number of accidents which occurred 


may be taken as a good criterion of the value or 
Annual Report of the Chief Inspector of Factories for 
the Year 1938. London: H.M. Stationery Office. 
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otherwise of the protective legislation which it is 
the duty of H.M. Factory Inspectors to administer. 
On this basis, 1938 was a satisfactory year, for 
though the total number of accidents reported 
reached the large number of 180,013 (of which 944 
were fatal), this showed a decrease of about 7 per 
cent. on the figure of 193,542 for 1937 ; in that year 
there were 1,003 fatal accidents, a reduction of 6 per 
cent. For manufacturing industries alone the 
decreases were as much as 10 per cent. for non-fatal 
and 12} per cent. for fatal accidents, and in some 
industries the improvement was still more pro- 
nounced. In metal-rolling mills, for instance, the 
number of accidents fell by no less than 30 per cent., 
while on power presses and transmission machinery 
the corresponding figures were 25 per cent. and 
17 per cent. On the other hand, the number of 
accidents associated with building operations 
increased by 20 per cent., and no less than 17 persons 
were killed as the result of falling through roofs 
made of asbestos-cement sheeting. We are therefore 
glad to learn that the British Standards Institution 
is taking steps to revise the specification relating 
to roof construction with this material, an action 
which it is hoped will tend to prevent this type of 
accident. 

It is also satisfactory to learn that greater interest 
is generally being taken in the subject of accident 
prevention. The number of Safety Committees 
has increased from 1,246 to 1,449, and figures are 
given showing the useful work that such bodies 
can do. For instance, in a paper mill employing 
some 300 workers the severity rate was reduced 
from 942 to 200 and the frequency rate from 2-13 
to 1-186 in five years, while in a firm occupying a 
large number of cement factories the severity rate 
fell from 3,665 in 1937 to 1,018 in 1938 and the 
frequency rate from 3-52 to 2-84. While it is 
true that an active and responsible safety committee 
is the most effective way of combating accident 
incidence in a large works, much can be done in 
smaller works by the appointment of a safety 
officer whose duty it is to see that fencing and other 
safeguards are properly maintained and that safety 
generally is promoted. Another way of attaining 
the desired end is the formation of a joint committee 
covering the whole of a particular industry. This 
has already been done in the cotton-spinning, 
cotton-weaving, flour-milling. and paper-making 
industries. 

Nevertheless, though much has been done, it is 
clear that much remains to be done and there are 
still a large number of distressing and, we assume, 
preventable accidents to report. The case of the 
laundry engineer who was oiling an overhead bear- 
ing when the collar of his overall was caught by 
a 2-in. smooth shaft, with fatal results, has, un- 
fortunately, a familiar ring, as has that of the 
boy who put his hand through the lattice gate of a 
hoist o interfere with the interlock, in order that 
the cage might be stopped at a level suitable for 
loading lorries. One cannot read of a girl suspended 
by the head between a moving cage floor and the 
hoist shaft, of a man suspended by the leg, an 
f persons stepping blindly into a hoist shaft, 
without feeling that, combined with a tightening of 
the regulations, more common care and a little 
thoughtfulness are demanded from the workers 
themselves. 


A further important factor, especially in the case 
of young workers, is rather ignorance than careless- 
ness. Happily, it is now possible to report that the 
results of the special work that has been done in the 
past to prevent accidents to young workers are now 
becoming apparent. Interest in the subject is much 
more widespread, and what was formerly regarded 
as a matter primarily concerning the inspectors of 
factories is now recognised as being a subject in 
which all concerned with the safety and welfare of 
young people have a vital interest. It is now 
more generally recognised than it used to be that 
the change from a school to a factory is very 
profound. Many education authorities are there- 
fore endeavouring to prepare boys and girls for the 
risks of their future employment by giving them 
such training as is in their power. With this end 
in view, the instructors are being made cognisant 
of the precautions regarding fencing and are being 
supplied with copies of all safety pamphlets and 
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codes of regulations applicable to the processes 
carried on at their respective colleges. 

Preliminary training in works schools is also 
becoming increasingly common, and recruits are 
taken round the various sections of the factory and 
made acquainted with the attendant dangers and 
precautions. That such a policy is well worth 
trying is shown by the fact that one firm of agricul- 
tural engineers who employ nearly 400 workers 
under 18 years of age have succeeded in reducing 
the accident rate per hundred from 9-5 to 5-4 in 
the course of twelve months. It is important, 
however, to emphasise that training with regard 
solely to machine risks is quite insufficient. The 
juvenile mentality must also be taken into account, 
and the fact must be recognised that it is frequently 
the smartest and most intelligent workers who are 
the sufferers. This should, however, cause no 
surprise to a works: official with an understanding 
of young people, for the intelligent boy or girl is 
usually very inquisitive and eager to try out ideas 
of his own. The result is that, not infrequently, 
curiosity, ambition or zeal, none of them bad 
qualities in their place, are the causes of accident. 
Again, the fact that young people are imitative often 
leads them into trouble. It is necessary, therefore, 
that rules which forbid certain persons doing certain 
things should be rigorously administered and that 
disobedience in this respect should not be over- 
looked. 

The duties of H.M. Inspectors are not, however. 
solely concerned with accidents, and a_ useful 
chapter in the Report deals with the health of 
those engaged in dangerous occupations. Under 
the new Act, the Secretary of State is empowered 
to require reasonable arrangements to be made for 
medical supervision where he has cause to believe 
that illness is due to the nature of the work, or 
where the introduction of a new process or sub- 
stance may give rise to such risk. It was hardly 
to be expected that these new requirements would 
be fully complied with directly the Act came into 
force. Nevertheless, we are glad to learn there 
has been, in general, a willingness to conform with 
them, and what is even more satisfactory, employers 
have frequently inquired what is the best way of 
fulfilling some obligation rather than questioning 
the necessity of it. On the other hand, there are 
still a distressingly large number of fatal and non- 
fatal cases of poisoning from lead, phosphorous, 
mercury and other substances, while silicosis and 
asbestosis, not to speak of tetanus, dermatitis and 
gassing from various causes, all take their toll, and 
there is still evidently need for more care and 
more research in many directions. 

The section of the Report which deals with hours 
of employment is, as usual, of interest. The new 
Act made a number of drastic changes in the 
permissible working hours of women and young 
persons, and the adjustment which would, in any 
event, have been necessary was rendered more 
difficult by the international crisis, which led to 
an inordinate defhand for some articles and in a 
falling off in the requirements for others. The 
legal reduction of the weekly hours to forty-eight 
did not in itself create much difficulty, but the 
removal of the flexibility which was allowed with 
regard to overtime has rendered the exercise of some 
ingenuity necessary in certain cases. In one 
instance, an enforced reduction in the hours of 
working, including overtime, led to an increase in 
production, a state of affairs which might well be 
made widely known. Generally speaking, it is 
rather early to estimate the effect of the new 
provisions, but there is no indication that they 
have given rise to any insuperable difficulty. Con- 
siderable use has been made of the regulations 
which allow separation into different departments 
for the purpose of calculating overtime, and this 
has solved the problem in many cases where it was 
feared the allowance for overtime would be inade- 
quate. 

Generally speaking, the Report gives good grounds 
for believing that conditions are gradually improving 
and that given goodwill and co-operation in greater 
measures than they exist even at present, the safety, 
health and welfare of the workers in our factories 
may all be increased at a greater rate than has been 
common in the past. 
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NOTES. | greatly to the successful form, experiments having 
, | been performed in the Admiralty tank at Haslar 

BRITISH OVERSEAS AIRWAYS. | and in the Weybridge wind-tunnel of Messrs. Vickers 

Sir Jonn Rerrs, chairman of Messrs. Imperial} Limited. In view of the prominence that is being 
Airways, Limited, announced, on Saturday, that | given just now to the production of fast motor 
a joint company, designated Imperial Airways | torpedo boats for the Royal Navy, the experience 
Atlantic, Limited, would shortly be formed. The | gained by Sir Malcolm Campbell will no doubt be 
recent inauguration of the Atlantic air-mail service, | fruitful. It is likely that the new boat will be 
described on page 173, ante, which operates between | capable of even higher speeds, since alternative 
Southampton and New York via Foynes (Ireland), | propellers are still to be tried and a more powerful 
Botwood (Newfoundland), and Montreal, is, no| engine is available. The system of three-point 
doubt, responsible for the formation of a company /suspension, in which contact with the water is 


to include the interests of Great Britain, Canada| made at the two forward stabilisers and the after | 


and Eire. As already announced, Messrs. Imperial | planing surface, has certainly compared well with 
Airways, Limited, and Messrs. British Airways,|the more conventional design. 
Limited, have received Government approval for a | . 

; , app . . _| APPRENTICESHIP IN THE ENGINEERING TRADES. 
merger now in course of preparation, the joint | 


company to be known as British Overseas Airways| Considerable stress is rightly laid in the Annual 


Corporation. Under the new plan, Messrs. British | Report of H.M. Chief Inspector of Factories, on the | 


Overseas Airways Corporation will take 51 per cent. | necessity of making the transition from school to 
of the shares and Canada and Eire will have 24 } per | working life easier for young people. This question 
cent. each. From the British Overseas Airways Bil!, | W@8 also dealt with from rather a different angle in 


published at the end of May, among the reasons | ¢ . , £ 
for the British merger we may quote : ‘*‘ Both under- | Paley Yorke on T uesday, August 15, in the Ques- 
takings have large and desirable schemes of expan- | tions in the Air” series. Dividing the recruits for 
sion in view which require a big increase in their | the engineering industry into the broad categories 


capital resources. It is in the public interest that |of skilled and unskilled, he emphasised the desir- | 


this additional capital shall be raised and remune- | @bility of the former being taught the job by men 
rated on the most economical terms. This can, who already knew it; im other words, they must 
without doubt, be best secured by a Treasury | have some kind of apprenticeship. The difficulty 
guarantee. The proposed new Corporation will | Of putting this desirable principle into practice was, 
accordingly borrow by the issue of Airways Stock, | however, bound up with the problem of deciding at 


the principal and interest being guaranteed by the | What age apprenticeship should begin. In the | 


Treasury.” From this, it appears that the first | report of the Spens Committee, an appeal had been 
merger will enable the two leading British companies | made for the formulation of considered policies for 
to qualify for a Government subsidy to assist their | the recruitment of young people into industry, both 


rate of expansion. What effect the formation of | by employers and trades unions. The vital ques- | 
the Atlantic company will have on the subsidy | tion of deciding at what stage, or at what age, the | 


we do not know. but in view of the fact that a| youngster should be given his chance should be 


considerable proportion of the operation of the | factor in such policies, and if it could be clearly | 


Atlantic services will take place from bases in | 8et out that at some definite point so many should 


Eire and Canada, it seems reasonable that these | &° one way and so many the other, according to 
countries should be represented as holders of share | aptitudes and needs, something really useful would 


capital. A similar scheme is already in operation | have been done. Considering the case of the 
on the Empire air service from Singapore to Australia. | youngster who was entering by the apprenticeship 
The operating company is known as Qantas Empire | door, Mr. Yorke emphasised the point that though 
Airways, and Messrs. Imperial Airways, by having | less was being earned at first, more was being learnt. 
a majority of shares, possess a controlling interest. | T he period of apprenticeship should be for five 
| years, and should be completed by the age of 


JATE tE .ORD. 
Water Srrep Recor! twenty-one. There should not, however, be too 


|a broadcast address, which was delivered by Mr. J. | 
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On Saturday morning, August 19, Sir Malcolm | 
Campbell established in his new boat, Bluebird I, | 
a world record for speed on the water, by averaging | 
141-74 m.p.h. in two runs on Coniston Water, | 
Lancashire. Sir Malcolm Campbell has now held | 
the record since 1937, when he achieved a speed of 
129-5 m.p.h. on Lake Locarno, Switzerland. Last | 
September he broke this record, again in Switzer- | 
land, by averaging 130-93 m.p.h. on Lake Hallwil. | 
With each successive improvement in the speed | 
obtained, it is to be expected that the margin of 
success will grow smaller, and indeed, between 1929 
when the record stood at 93-12 m.p.h., and last 
year when 130-93 m.p.h. was reached, no new record 
exceeded its predecessor by more than 8 m.p.h. 
The new increase of nearly 11 m.p.h. must be 
regarded as a very satisfactory achievement, and 
since the engine installed, a Rolls-Royce of approxi- 
mately 2,000 b.h.p., is twelve years old, the great 
increase in speed must be regarded as due to im- 
proved hull design. The hull was designed and 
constructed by Messrs. Vosper, Limited, Portsmouth, 
and is based on the principle of the Ventnor hydro- 
plane which has proved very successful in the 
United States of America. Wood is largely em- 
ployed in the construction, except for light-alloy 
trusses which give both longitudinal and lateral 
stiffening. In this record attempt very little 
adjustment was necessary in trial runs, and on the 
previous day, when a single run was made at 
134 m.p.h., the only trouble experienced was over- 
heating of the cooling water. This was remedied by 
lowering the intake scoop half an inch, but even so, 
the water temperature was gradually increasing on 
the second run. As a result of these record-breaking 
attempts, Sir Malcolm Campbell has shown how 
much the scientific approach to hull design can 
yield greater efficiency. In the evolution of the 
hull of Bluebird II, the information derived from | 
water tank and wind tunnel tests contributed | 


much rigidity in interpreting the age for starting, | 


M. W. 8. Wilson, who was formerly administrative 
assistant of the Department of Road Transport and 
Tramways in New South Wales. The Associate 
Commissioners are Mr. F. P. St. Hill, who was 
formerly the Commissioner for Railways in Tas- 
mania, and Colonel J. E. C. Lord, the present 
Commissioner of Police in Tasmania. The Act 
provides for the appointment of a general manager 
for the railways, and Mr. C. J. Rollins, who has 
| been Secretary for Railways for a number of years, 
has been confirmed to that office. Other executive 
appointments made by the Commission, include 
| the confirmation of Mr. H. B. Bennett in his present 
position as chief engineer of the railways and 
| Mr. A. W. Newton as administrator of road transport, 
to provide for the administration of the Commission's 
functions with respect to motor vehicles and the 
control of commercial road transport. The secre- 
tary and accountant to the Commission is Mr. A. K. 
Reid, formerly the research officer of the Depart- 
ment of Road Transport and Tramways in Sydney, 
and the offices are in Argyle Street, Hobart. 
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(Continued from page 207). 


Carburetter Jets. Specific Heat of Gases at High 
Temperatures. Road-Vehicle Impacts.—While the 
work of the Engineering Department, as a whole, 
is very varied, there is nowadays evident an 
increasing tendency for the researches to bear upon 
the improvement of the internal-combustion engine. 
In many cases the bearing is indirect, but there are 
| a number of rather important investigations directed 
specifically towards motor engines and _ vehicles, 
while an important proportion of the miscellaneous 
test work is concerned with the same subject. 
For instance, air cleaners for internal-combustion 
engines, radiators, Diesel-engine cylinder liners, rear 
axles of heavy tractors and brake-lining materials, 
are among the components submitted by industrial 
| firms for testing. Of rather more importance is the 
| permanent installation, in a specially constructed, 
air-conditioned test room, of a new machine for 
calibrating, up to a maximum capacity of 10,000 
ml. per second, the reference jets used by engine 
makers for testing carburetter jets. 

On the more fundamental side, a valuable piece 
of research has lately been completed, in the course 


and a boy who had completed a technical school : : : f 
course at the age of sixteen plus, might well be of which numerical values have been determined for 
allowed a remission of a few weeks or months, so | *2® — heats of gases at temperatures, of or 
that his apprenticeship could still be completed by | order of 2,000 deg. se 3,000 deg. ( 0 Sree “re 
his twenty-first birthday. Another question was | with those which obtain during the explosion and 
whethe wader wedern conditions of engineering firing of the charge in an internal-combustion engine. 
the craftsman could be trained as thoroughly as he This work has been in progress for some time, and 
was in the past, and whether this work chant ant | latterly consideration has been given to the effect of 
therefore be undertaken in a special type of school. | “2° temperature gradient in the explosion mixture, 
Of course, such schools would be costly to build | the outcome, briefly, being to demonstrate that the 
equip and maintain, but it might pay industry as gem y on 7 hig pees aah ee ee parse 
a whole to finance them and to use them as a pool | UP % “SU deg. \., ang hence tae ene fe o 
from which to draw craftsmen and technicians. method of arriving at the specific heats of carbon 
| monoxide, carbon dioxide and nitrogen by deter- 





INLAND TRANSPORT CO-ORDINATION IN TASMANIA. | mining the argon equivalents of these gases is valid. 
We are officially informed that, on July | last, | Values for these specific heats have accordingly 
the management and operation of the Tasmanian | been determined by a series of “ matched ”’ explo- 
Government Railways was transferred from the | sions in a special form of bomb calorimeter, the 
Commissioner for Railways to a newly-constituted |“ matching ” consisting of an adjustment of condi- 
Transport Commission, comprising a Commissioner | tions so that the time and temperature of the 
for Transport and two Associate Commissioners. | ¢xplosion, and the percentage heat loss during a 
The Transport Commission has also taken over the | short period immediately after the maximum explo- 
control of the registration of motor vehicles, the | sion pressure, were roughly constant for each of the 
licensing of drivers and the licensing and control | experimental mixtures. The difficult measurement, 
of commercial road transport, and it will also | by direct means, of heat loss during the explosion 
determine the road policy, all of which were pre- | has thus been avoided and the values obtained agree 
viously in the hands of separate authorities. This | within 1 per cent. of those deduced by other investi- 
change has been effected as the result of the passing | gators from band spectra of the gases concerned. 
of the Transport Act, 1938, which also provides for | In the cases of hydrogen and steam, where the 
the inclusion of all ancillary vehicles, with the |“ matching” procedure could not be adopted, heat 
exception of those used in agriculture, within the | loss during the spread of the explosion flame had 
scope of licensing. In addition, the Transport | to be inferred from a rather inaccurate experimental 
Commission has a limited control over commercial- device, and the numerical values for specific heat 
aircraft operations in the State, and thus, with the | consequently differ by some 3 per cent. from the 
exception of municipal passenger transport and | corresponding spectrographic data. , 
inland and coastal shipping, it has complete super-| The mechanical aspect of the motor vehicle, as 
vision of all transport undertakings within Tas- | distinct from its engine, is represented by a valuable 
mania. The Commissioner for Transport and |development in the work on road impacts upon 
Chairman of the Transport Commission is Mr.! which the Laboratory has been engaged for a number 
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of years, in co-operation with the Road Research 
Board. It may be recalled that, after long experience 
in the experimental determination of the impact 
forces to which the wheels and bodies of various 
types of road vehicles are subject as the result of 
inequalities of road surface, an analytical method 
of approach was developed last year by means of 
which a large proportion of the laborious work of 
testing actual vehicles fitted with accelerometers | 
and load gauges could be eliminated. The vehicles 
at present undergoing consideration are a heavy 
six-wheeled lorry, a 16-h.p. passenger car, and a 
light four-wheeled truck, of which only the last 
remains to be extensively tested by accelerometer 
trials. As part of the checking of the accuracy of 
theoretical predictions, this test work on so repre- 
sentative a vehicle is of great value and the requisite 
experimental equipment is in course of construction, 

\s regards the theoretical determination of impact 
loads, it may remarked that there are three 
stages of computation. First, the dynamic constants 
of the vehicle must be determined, calling for a 
measurement of the spring characteristics, masses, 
and damping factors. The latter have been found to 
he affected by the forward movement of the vehicle, 
and cannot, in consequence, be measured by simple 
laboratory methods at present. Determination of 
the other dynamic constants is a more straight- 
forward operation, and once these are known, the 
second stage of the procedure is to evaluate the 
relation between wheel load and time for a basic 
obstacle shape. A type solution of the theoretical 
equations is thus obtained and is employed, in the 
third stage, to yield the correct load-time curve for 
any actual shape of obstacle upon the road. 

It will be apparent that, although the analytical 
method offers an alternative to prolonged and 
expensive testing, the computations are themselves 
quite extensive and demand a certain amount of 
experimental data for a basis. Remarkably good | 
agreement is, however, being obtained between 
theoretical and test results for the vehicles actually 
under consideration as types. Among the diffi- 
culties recently encountered is the complication, in 
the case of the six-wheeled lorry, of mutual inter- 
action between the middle and rear-axle assemblies 
when the vehicle is travelling over rough road at 
high speed. The effects which ensue when one or 
more wheels are thrown off the road by an obstacle 
are also being taken into account theoretically, but 
the solution for this case has been worked out up 
to and beyond the point when mutual interaction 
occurs, and the results check well with those 
obtained by accelerometer trials for the two cases 
of 24-in. diameter twin tyres and 20-in. diameter 
single tyres. Slight discrepancies are present, of | 
course, but they are ascribed to the unevenness of 
a nominally smooth road prior to the obstruction 
being encountered, and the errors introduced are 
of so relatively minor a character as not to warrant 
the attempt to take account of such imperfections 
in the mathematics. 


be 


METALLURGY DEPARTMENT 


Light Alloys. Age-Hardening. Intercrystalline 
(‘racking.—For a proper appreciation of the value 
to the engineering and allied industries of the metal- 
lurgical researches conducted at the Laboratory, it 
must be borne in mind that many important pro- 
perties of structural metals and alloys are subject 
to secular changes, and that the Laboratory conse- 
quently fulfils a most valuable function by being 
organised and equipped to conduct long-term 
investigations under carefully and continuously 
controlled conditions. At the same time, the great 
importance attaching to a precise knowledge of the 
materials undergoing experiment nowadays 
widely recognised, and in this direction also, the 
facilities developed at the Laboratory for the pre- 
paration of metals and alloying ingredients in a 
high state of purity represent an asset of verv great 
ultimate value to industrial progress. 

These aspects of high-class research are well 
exemplified by the work which the Metallurgical 
Department has been conducting for a number of 
vears on the phenomena associated with the age- 
hardening of aluminium alloys. The precise 
mechanism of age-hardening is still a matter for 
debate, but it is generally agreed that the process 


Is 


t 
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involves a rearrangement of the atoms within the 
crystals, and the development of particles forming 
a new phase and having different chemical properties 
from the metal in which they are embedded. The 
age-hardening process can be controlled by the 
so-called “‘ solution treatment,” in which the alloy is 
heated to such a temperature that the hardening 
constituent passes into solid solution, and is then 
quenched in order to preserve the solution of the 
constituent in a supersaturated state. Experiments 
at the Laboratory upon alloys containing 4 per cent. 
of copper along with aluminium of exceptionally 
high purity, however, have revealed certain anoma- 


| lies not observed with commercial alloys. The normal 


procedure, for example, of hot-forging the alloy at 
450 deg. C. prior to the solution treatment, led to 


an entire absence of subsequent age-hardening when | 


the material was maintained at room temperature. 
A similar result was obtained if the alloy was hot 
pressed at 500 deg. C. If, however, the alloy were 
pre-treated by cold-working it, then age-hardening 
ensued after solution treatment. The explanation 


advanced for this behaviour depends upon the | 


important effects on the physical properties of 
aluminium produced by relatively minute propor- 
tions of the impurities present in the commercial 


metal, and the remarkable softness of pure alu- | 


minium. This last property, an integral factor in 
the Laboratory trials, enables the aluminium to 
flow over the rounded particles of copper without 
crushing them, so long as the temperature of the 
metal being forged or pressed is high. 
time, recrystallisation and grain growth proceed 
very rapidly during hot working, and the supersatu- 
rated condition of solid solution, necessary for 
subsequent age-hardening, is not achieved. 
Another example of previously unsuspected be- 


haviour revealed by experiments with metals of high | 


purity has been discovered during an investigation 


of the transformations in alloys of aluminium and | 


zinc, where the materials alloyed were spectroscopic- 
ally pure zinc and aluminium containing no more 


than 1 part in 10,000 of impurities. A significant heat | 
change was observed at 443 deg. C., but thermal and | 


microscopical tests showed that it was not due to a 


peritectic reaction, but was associated with a marked | 


variation, at that temperature, of the solid solu- 
bility of zine. 

Research of immediate value to engineers is 
represented by studies of the intercrystalline 


cracking, which is a serious detrimental feature of | 


certain aluminium alloys having good properties in 


other respects, including high strength. This type | 


of failure, which is quite different from ordinary 
corrosion, takes the form of cracking between the 
crystal grains of the alloy, especially if the latter is 
under stress and simultaneously exposed to air or 
water. The effect is, obviously, of great moment 
in metal aircraft construction, not only for its 
eventual destructive results, but also because failure, 


| when it does occur, is sudden and correspondingly 


difficult to detect during its progress to a critical 
stage. Experiments have reveaied that the origin 
and development of intercrystalline cracking depend 
very largely on the heat treatment to which the alloy 
has been subjecte, and the determination of these 
and other conditions which promote or encourage 
intercrystalline failure has been the objective of 
extensive work by the Metallurgy Department. It 
has been found that a very severe form of test is to 
maintain a specimen of the alloy under load while 
exposing it to an intermittent spray of salt water. 
Along these lines, an aluminium alloy containing 
3 per cent. of copper and 20 per cent. of zinc, has 
been studied in considerable detail, with special 
reference to the effects of heat treatment. The tests 
have shown that this alloy is highly susceptible to 
intererystalline cracking, both when it is in the 
quenched, homogeneous, condition and equally so 
when heat treated in such a manner as to allow pre- 
cipitation of the copper constituent. If the tensile 
stress in a test specimen is high, failure occurs more 
rapidly than if the stress is low, but even if no 


external stress whatever js applied, cracking will 
, occur if the alloy is exposed to salt solution. The 


characteristic features of the failure are similar 
whether the environment is air or salt solution, the 
lower severity of the air serving merely to retard the 


rate of attack. The significance of the influence of | 


At the same | 


25, 


1939. 
| the ordinary atmosphere has been remarkably demon- 
| strated by experiments in which specimens were 
| stressed in the absence of air. So long as this condi- 
| tion was maintained, no cracking occurred, but when 
| sir was admitted later, intercrystalline failure took 
place in the usual way. 
| Other experiments have revealed a striking influ- 
ence of the rate of cooling during heat treatment 
on the susceptibility to intercrystalline cracking. 
In the cases of Y-alloy, for example, and of a 4 per 
cent. copper-aluminium alloy, both tested by expo- 
sure to a spray of saline solution, it has been found 
that the greatest resistance to attack, whether com- 
bined with stress or otherwise, is obtained by quench- 
ing the hot metal in cold water. 
As regards light metals other than aluminium, it 
is perhaps worth remarking that beryllium, upon 
| which a good deal of exploratory work was carried 
| out a few years ago, has proved most disappointing, 
and no satisfactory method has been discovered 
whereby the metal can be prepared in a form suit- 
able for forging or rolling. 
Apart from aluminium, the major interest of the 
Laboratory centres around magnesium in this con- 
nection, and attention is being particularly directed 


| to the improvement of the mechanical properties of 


magnesium alloys by alternative forging treatments. 
The initial reduction of magnesium alloys is carried 
out at about 400 deg. C., and it has been found that 
200 deg. C. represents about the lowest practicable 
temperature for forging. Between these two ex- 
tremes of forging temperature, annealing has been 
| found generally detrimental to the mechanical pro- 
perties. A varied investigation* has been made 
into the effects of the ordinary double forging pro- 
| cess upon the mechanical strength and ductility of 
|a range of magnesium alloys. The best of them, 
from the strength standpoint, appears to be a ternary 
alloy including up to 10 per cent. of aluminium and 
up to 4 per cent. of silver, which has been studied 
in some detail, its constitution being now completely 
determined up to the limits of the ternary eutectic 
field. 

As regards mechanical properties, it has been 
| found that an initial reduction of 40 per cent. to 
50 per cent. causes the “ hot work ” effect to pene- 
trate to the centre of an ingot 3-5 in. in diameter, 
and that a further increase of hardness can be 
| achieved by reduction to the extent of 90 per cent. 
| Ifa preliminary reduction, carried out at 380 deg. C., 
be followed by forging at 200 deg. C., however, a 
valuable increase in breaking strength can be ob- 
tained with little loss of ductility, the addition of 
silver having the effect of further increasing the 
tensile strength as compared with the binary mag- 
nesium-aluminium alloy. Some typical results 
illustrating the influence of additions of aluminium 
and silver are tabulated below :— 


Properties of Wrought Silver-Aluminium-Magnesium 
Alloys. 


} | 
Analysis, per cent. } 
| 


Tensile Strength, Elongation, 


tons per per cent. 
Aluminium. Silver. square inch. 
5°5 4-2 over 30 5 
6-5 5 | » 27 Te 
4 | 1-5 24 13-4 
| } 


These alloys, however, are not altogether without 
disadvantageous features from the structural point 
of view. In particular, they are rather expensive 
to produce and tend to corrode a little too readily 
under service conditions. Of the cheaper, and hence 
more commercially attractive, alloys, quite a number 
have been found to approach the silver-aluminium 
alloy in strength and ductility, and the more promis- 
ing ones have accordingly been passed to the Royal 
Aircraft Establishment where they are under- 
going service corrosion tests. 


(T'o be continued.) 





NICKEL PRODUCTION IN CANADA.—The production of 
nickel in Canada averaged 17,500,000 lb. per month in 
1938, as compared with 8,000,000 Ib. a month in 1929. 


* “ Alloys of Magnesium-——Part VII.” J. Inet. Met., 
vol. Ixii., No. 1. 
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THE LAUNCH OF H.M.S. 
‘**FORMIDABLE.”’ 


| Tue launch of H.M. aircraft-carrier Formidable, 
| which took place on August 17 at the Belfast shipyard 
|of Messrs. Harland and Wolff, Limited, was, unfor 
| tunately, accompanied by an accident almost without 
| parallel in the long history of British shipbuilding. 
| From some cause which has not been explained at the 
| time of writing, the vessel moved down the ways 
| nearly half an hour before the appointed time, the 
forward cradle collapsing as she did so, and projecting 
| among the spectators a shower of splinters and othe: 
| debris by which a woman was killed and about a score 
| of other bystanders were injured. The vessel hersell 
| appears to have escaped serious damage, and, indeed, 
apart from the collapse of the fore poppets and the 
| personal injuries thus caused, the launch was accom 
| plished smoothly. It did not seem, in fact, that any 
| excessive bearing pressure was set up as the stern 
lifted, nor was there any noticeable firing of the grease 
or other untoward feature in the vessel’s progress 
that could be directly attributed to the lack of th« 
forward cradle. Greatly as the accident is to be re 
gretted, it was gene rally recognised that the conse 
quences might have been very much more serious, 
| both in loss of life and in material damage. 

The Formidable was ordered under the 1937 pro- 

| gramme of naval construction, and is designed to have 
|a standard displacement of 23.000 tons, or about 
1,000 tons more than H.M.S. Ark Royal, which may be 
| regarded as the prototype ship of the new fleet of 
| aireraft-carriers. The contract for the vessel and her 
| propelling machinery was placed by the Admiralty 
with Messrs. Harland and Wolff, Limited, in March, 
1937, the keel being laid in the builders’ East Yard 
in June of that year. Very little technical information 
| has been released by the Admiralty regarding the 
| vessels of this class, but it is announced that the 
| principal armament will consist of 4-5-in. guns. It 
| will be seen from the illustration in Fig. | above, show 
ing the Formidable after her launch, that the hull 
structure is generally on similar lines to that of the 
| Ark Royal, which we illustrated on page 387 of our 
147th volume. 

According to the programme, the customary religious 
ceremony was to begin at 12.10 p.m., after which the 
vessel was to be named, and the launching triggers 
released, by Lady Wood, wife of the Rt. Hon. Sir 
Kingsley Wood, M.P., Secretary of State for Air. 
Sir Kingsley and Lady Wood, together with Sir Edward 
Campbell, Bart., M.P., and Vice-Admiral the Hon. Sir 
Alexander Ramsay, Fifth Sea Lord and Chief of Naval 
Air Services, arrived by aeroplane at the Harbour 
Airport at 11 a.m. and, after inspecting the aircraft 
factory of Messrs. Short and Harland, Limited, reached 
iS launching platform in the adjacent East Yard 




















Fig. 2. GENERAL View oF WRECKED Fore Poppets. 
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shortly before noon. Many of the guests, and a 
large number of employees and their families were still 
making their way to the building berth when the vessel 





Fie. 3. Upper Enp or Ways IMMEDIATELY AFTER COLLAPSE OF POPPETS. 
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began to move. Lady Wood was able to name the 
ship and to break the customary bottle of wine on 
the stem before the ship had travelled more than a few 
feet. started, the Formidable gathered way 
rapidly and immediately it was seen that the forward 
end of the cradle, still held by the triggers, had not 
moved with the ship. For a moment the poppets 
stood upright, only the steel brackets at their heads 
falling as the hull ceased to hold them in place; but 
as the various wire ropes provided for the recovery 
of the cradle after the launch were pulled taut, the 
whole structure collapsed. The greater part of the 
debris fell on or between the ways, as shown in Figs. 2 
and 3, but as the wires and tie-bolts parted, some frag- 
ments were flung outwards, and it was these which 
caused the injuries to spectators on the ground. The 


(inece 


shipwrights engaged in removing the keel blocks, of 


course, had the first warning, and their hasty dash for 
safety was the first general indication to the bystanders 
that the ship had taken charge; although she must 
have been moving slightly at an earlier stage, the original 
bottle of wine being pulled away from its support and 
broken. There was time, however, for another to be 
obtained and placed in position, indicating that the 


vessel must have been “alive” for an appreciable 
period, 
Since returning from Belfast, our representative 


has been able to check his personal impressions of the 
sequence of events by reference to the cinematograph 
records afforded by the various news-reels. These 
show conclusively that the fore cradle did not move 
at all down the standing ways, evidently being securely 
held by the forward triggers. How it was that the 
other triggers failed to hold the ship has not been 
disclosed at the time of going to press. The indications 
are, however, that the mishap is one that could hardly 
have been foreseen, especially as the launching weight 
of the vessel, considerable though it was, by no means 
constituted a record. 


AIRCRAFT FIRE-FIGHTING 
EQUIPMENT. 


Desrire the appearance in recent years of many 


devices for making flying safer, the chief danger has 
been, and stillis, that of fire. There are many instances 
of comparatively slight crashes which have proved 
fatal, solely on account of the rapidity with which 
intense fires have broken out due to petrol having been 
ignited by hot parts of the engine or by an electric 
spark. Many inventions are recorded of petrol tanks 
which will not explode under severe impact, and which 
are lagged so as to be fireproof. Even if effective, 
these devices merely constitute one method of dealing 
with the fire menace, since a serious conflagration may 
be started by a leaking fuel pipe allowing a compara- 
tively small quantity of petrol to run on to an exhaust 
pipe. The Air Ministry have now taken definite steps 
to combat the fire risk by ordering a type of automatic 
fire extinguisher as a standard fitting for R.A.F. 
sircraft. This extinguisher system has been de 
veloped by Messrs. Graviner Manufacturing Company, 
Limited, First Avenue House, High Holborn, London, 
W.C.1, following the invention of Captain H. M. 
Salmond, five years ago, of a safety switch which would 
break all electric circuits on a motor vehicle in the 
event of violent impact or overturning. 

The new automatic equipment causes the immediate 
discharge, at suitable points in the machine, of a 
quantity of methyl bromide under pressure, if any of 
the following three conditions should arise : (1) In the 
event of a crash; (2) if the aeroplane turns upside 
down on landing; (3) if a fire breaks out in the air or 
on land. In addition to these fully automatic actions, 
the pilot is able to operate the extinguisher by pressing 
a switch if he crash imminent, or if he 
detects some other defect in flight that might lead to a 
fire. The Graviner equipment has been tested at Farn- 
borough and has been found to satisfy the above con- 
dlitions satisfactorily. The system is suitable both for 
single or multi-engined aircraft, and in the latter case, 
1 crash or the overturning of the machine will operate 
all the extinguishers, while a local fire on any engine 
will dealt with individually. All the switches 
initiate the extinguisher system in :he same manner, 
i.e., they close an electrical circuit which brings about 
the discharge of liquid methyl bromide through a pipe- 
line system, the liquid evaporating on coming into 
contact with the atmosphere. The evaporation of the 
liquid cools the hot metal surfaces with which it comes 
into contact, and the vapour effectively extinguishes 
any flames that exist. Another important feature is 
that the methyl-bromide vapour does not corrode the 
metal surfaces on which it is sprayed, and tests have 
shown that no corrosion is caused even by injecting 
the vapour into the induction system of the engine. 
In tests at Farnborough on a Bristol Pegasus engine 
it was observed that when the vapour was injected 
into the engine, the inhibitory action caused the engine 
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to stop, but it was subsequently restarted in the normal 
manner. In an aircraft installation, a spray is directed 
into the carburettor intake, and } in. perforated piping 
circulates round the engine accessories, cowlings, and 
exhaust-pipe systems. 

The extinguisher bottle, constructed of drawn copper, 
contains 6 lb. of methyl bromide under pressure of 
nitrogen at 60 Ib. per square inch, and is mounted 
vertically with the discharge head downwards. An 
interior tube is incorporated, so that the contents can 
be completely drained whether the machine is in the 
normal position or inverted. The closing of the electri- 
cal circuit connected to the battery supply of the air- 
craft, ignites a small fuse pellet which causes a retaining 
plug to be blown out against a stop inside the neck 
of the bottle. This effects the instantaneous release 
of the liquid which is forced under pressure through 
the pipe system. As already mentioned, the system is 
automatically brought into action by switches energised 
by inertia, gravity, or flame ; and the construction of 
these switches is shown in Figs. 1, 2 and 3, respectively. 
The manual operation of the system by the pilot is 
effected by a press-button switch protected by a spring 
cover which must be raised before the press button 
can be reached. 

The impact switch, Fig. 1, which is enclosed in a 
light aluminium-alloy casing, is mounted at the base 
ot the fuselage or hull, so that on severe impact with 
the ground or the sea, all the extinguishers are brought 
into action. A steel pendulum a, with a cone-shaped 
base, is mounted on a cross shaft } so that it is free to 
move in all directions. A steel peg integral with a 
lever c, rests in the apex of the conical base in the 

set ’’ position, with the contacts d open, this position 
being maintained by a coil spring attached to the lever 
which is mounted on the cross shaft e. An impact 
giving rise to a deceleration greater than a pre-deter- 
mined value (6 g in the case of R.A.F. machines), either 
in the direction of flight of the aircraft or at some angle 
to it, causes the pendulum to deflect. This, in turn, 
releases the lever c, which then rotates on its shaft 
under the action of the helical spring. The shaft e 
also has a vulcanite cam f mounted on it which, when 
rotated, allows the leaf springs carrying the contacts d 
to spring up to the closed position. Three sets of double 
contacts are provided so that, in all, six separate 
extinguisher bottles can be operated. A quadrant 
plate, mounted at the end of the cross shaft e outside 
the case, has several positions which enable the required 
deceleration at which the switch operates to be set 
without dismantling it. 

The gravity switch, Fig. 2, can be mounted in any 
part of an aircraft and only operates when the machine 
is upside down on the ground. It consists essentially 





of a mass g pivoted about a cross shaft A, which carries a 
ratchet lever i and a vuleanite cam j. The switch is 
shown in the open position that it occupies with the 
machine in normal flight. When inverted, the mass 
under the force of gravity, causes the cross shaft to 
rotate, which, in turn, lets the cam j release the leaf 
springs carrying the contacts k so as to close the circuit. 
To prevent the switch from operating on a bounce or 
air bump, the ratchet lever + engages with a pinion 
connected by a shaft to the flywheel /. Thus a definite 
amount of energy must be put into the flywheel before 
the switch can be closed, ensuring safety from operation 
under a chance bump. In order that the switch should 
not bring the extinguisher into play in inverted flight 
or aerobatics, the electrical circuit is controlled by the 
switch which operates the retractable undercarriage 
gear. Thus, with the undercarriage in the retracted 
position, as it would normally be in aerobatics, the 
gravity switch is inoperative. 

The flame switch, Fig. 3, is designed to operate within 
2 seconds of exposure to temperatures above 140 deg. C. 
Two switches are fitted to each engine, one being 
mounted at the rear of the engine accessories and 
the other beside the carburettor system. They must 
obviously not be exposed to minor flash backs or to 
the normal heat from the exhaust-pipe system. The 
body of the switch is made of aluminium alloy, and the 
sensitive end is protected by waterproof priming m. 
The heat of the flame detonates the charge », which 
causes the steel plunger o to travel under the action 
of the compression spring p, taking with it the shaft q 
and the collarr. The vulcanite plug s, resting between 
the flanges of the collar, flexes the leaf spring ¢ about 
its clamped end u, thus closing the single contacts v. 
The sensitive end screws into the main body of the 
switch, and after operation, unless the body is seriously 
damaged, the spare end can be easily replaced. 

The system seems to provide well for the contin- 
gencies likely to cause fire in an aircraft, whether on 
the ground or in flight, and being extremely rapid in 
operation, an incipient fire is extinguished before it 
can spredd. Another application of the equipment 
is for refuelling in the air, since in the course of the 
recent experiments by Messrs. Flight Refuelling. 
Limited, it was considered that the quantity of petrol 
released into the atmosphere on completion of the 
process might become ignited by static discharge. 
We are informed that in the refuelling operations for 
the Atlantic air-mail service, referred to on page 173, 
ante, a Graviner apparatus was installed in the tail of 
the flying boat and operated by the pilot at the instant 
of uncoupling. In future operations it is hoped that 
the extinguisher in the tail will be brought into action 
automatically when the hose-pipe is uncoupled. 
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PORTABLE EMERGENCY POWER 
PLANT. 


A TyPe of portable power plant has been developed, 
particularly for air-raid precautions work, by Messrs. 
R. A. Dyson and Company, Limited, Grafton-street, 
Liverpool, in conjunction with Messrs. Crossley 
Brothers, Limited, Openshaw, Manchester. Portable 
power plants have been on the market for some time, 
but the unit shown in the illustration has been designed 
to incorporate compactness and mobility, both of 
which features are essential for A.R.P. work. Another 
requirement is that the set should be of substantial 
construction yet sufficiently mobile for rapid transport 
over uneven road surfaces. As can be seen in the illus- 
tration, no space has been wasted, although the design 
allows easy access to the various components. The 
framework enclosing the power unit is built of light 
T-section girders bolted to the chassis, the side and end 
plates being hinged and detachable. The roof is fitted 
with eyebolts, so that in the event of engine replacement 
becoming necessary, it can be removed, enabling the 
power units to be lifted off the chassis. The length of 
the chassis is 11 ft. 8} in. ; the loading level 2 ft. 4 in., 
and the outfit conforms to the regulations of the Road 
Traffic Act regarding trailers. Semi-elliptic leaf springs 
are fitted to both front and rear axles, and the pro- 
vision of Timken taper-roller bearings for the hubs 
reduces friction to a minimum for manhandling and 
allows easy adjustment for wear. Pneumatic tyres 
25 in. by 6 in. are fitted throughout, the rear axle 
having twin tyres, and the braking system, on the 
Girling principle, is adequate for severe gradients. 
A light ramp can be seen over the draw bar and this 
ramp serves as a platform for the switchboard operator 
and can be folded upwards to afford a guard for 
the switchgear when in transit. The power plant 
consists of a Crossley six-cylinder Diesel engine, 
developing 120 brake horse-power at 1,500 r.p.m., 
coupled direct to the generator. The fuel supply, from 
an underslung tank, is delivered by a Crossley port- 
controlled fuel pump, and efficient combustion with 
low fuel consumption is achieved by a Comet type 
combustion chamber. The generator set, of 80 kW 
capacity, was supplied by Messrs. Bruce Peebles and 
Company, Limited, Edinburgh, the output being 
100 kVA at a power factor of 0-8. The direct con- 
nected exciter for the alternator can be seen in the 
illustration just below the switchboard. The output 
is sufficient for emergency A.R.P. lighting and can be 
used as a standby for lighting supply to outlying single- 
line electric services during mains repairs. 








MINERAL PRODUCTION IN QUEBEC.—During the first 
six months of the present year 484,414 oz. of gold, 
545,878 oz. of silver, 54,542,125 lb. of copper, and 
144,208 tons of asbestos were produced in the Province 
of Quebec. During the corresponding period of 1938 
there were produced 424,536 oz. of gold, 518,271 oz. of 
silver, 54,093,561 lb. of copper, and 132,170 tons of 
asbestos. 
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THE BARNSLEY-WARREN HOUSE 

SEAM OF THE YORKSHIRE, NOT- 

TINGHAMSHIRE AND DERBYSHIRE 
COALFIELD. 


A RECENTLY published Fuel Research Survey Report* 
deals with the Barnsley or Warren House seam, which 
is the West Yorkshire equivalent of the Barnsley seam 
of South Yorkshire and the Top Hard of Nottingham- 
shire and Derbyshire. Under these various names this 
seam occupies a total area of at least 600 square miles 
and is one of the most important in the country. On 
the western side of the coalfield, which extends con- 
tinuously for a distance of 70 miles, from Leeds to 
Nottingham, the coal measures are exposed at the 
surface, but on the east they are concealed beneath a 
cover of newer rocks. This deposit can be traced 
with considerable certainty in a manner which is 
unusual with other coalfields in this country over so 
large an area ; this explains the commercial importance 
which it has attained and the fact that it accounts 
for some 45 per cent. of the 70 million tons which 
was produced in this field during 1936. It does not, 
however, hold the same leading position in West 
Yorkshire, with which the present report deals, as 
it does in South Yorkshire, and in Nottingham and 
Derbyshire, although its output has increased con- 
siderably in recent years. The most complete develop- 
ment of the seam is found in the Barnsley district of 
the South Yorkshire area, which is taken as the type 
area of its occurrence. It retains this characteristic 
structure for some distance across the West Yorkshire 
area, being divided into Bottom Softs, Hards, Top 
Softs, and Day Bed. In the north, however, con- 
siderable changes occur, the lower part separating off 
and deteriorating, only the upper part with the over- 
lying Day Bed being worked. 

Ten complete samples were taken from the under- 
ground workings; the methods of sampling, both at 
the coal face and in the laboratory, were those in 
general use for the Physical and Chemical Survey of 
the National Coal Resources. The ideal saimpe Is a 
pillar of coal with a square section of about 18 in. 
sides, which gives a sufficient exposure of face for the 
investigator to measure the banded constituents fairly 
accurately and to help him to decide whether certain 
features of the seam, such as dull bands, fusain, dirt 
or stone bands, are persistent or whether they are 
only of very local extent. A thoroughly reliable 
sample can then be cut away for analysis, determina- 
tion of the forms of sulphur, of carbon dioxide, calorific 
value, chlorides, agglutinating value, specific gravity, 
and fusion point of the ash. In addition to this, a 
study of the behaviour of the samples on carbonisation 
at 600 deg. C. in the Grey-King apparatus was made. 

The ultimate analysis and calorific values are reported 
on a coal-substance basis instead of the dry ash-free 





* Department of Scientific and Industrial Research, 
Physical and Chemical Survey of the National Coal 
Resources, No. 46. The Barnsley-Warren House Seam. 
London: H.M. Stationery Office. [Price 2s. net.] 





coal basis formerly used. This basis has been adopted 
as yielding more comparable results, especially in regard 
to the important question of coal classification, while 
being at the same time less artificial than the basis 
it has replaced. The essential difference is that when 
coal is analysed by standard methods the figure obtained 
for ash does not represent the amount of mineral 
matter originally present in the coal, because certain 
changes take place during incineration. 

Although only three pillar samples of the lower 
part of the Barnsley seam were investigated in the 
laboratory, other sections were measured and examined 
in situ, and as a result it was clear that, owing to 
deterioration of the quality of the coal or to thinning 
and interstratification with dirt, this portion of the 
Barnsley seam is unworkable north of a line through 
High Ackworth. The analytical data show that the 
three sections examined in the laboratory consist of 
coal of high quality. The ash and sulphur contents 
are low and the calorific value is high. The carbon 
content varies between 84-5 per cent. and 86-1 per 
cent. on a coal-substance basis, The “ Hards”’ is of 
uniformly good quality, being also low in ash and 
sulphur content and high in calorific value, Over the 
northern part of the area, where it is mostly known 
as the Warren House seam, it is of good quality in 
the east, but poor in the west, with an improvement 
in the extreme west near the outcrop. There is a 
general tendency for the caking properties of the 
seam to fall off towards the north. The total sulphur 
content ranges from 1-1 per cent. to 2-4 per cent., 
and the chlorine content from 0 -05 per cent. to 0 -66 per 


| cent., the variation in each case being rather erratic. 








It is of interest to note that a considerable proportion 
of the output is exported to Germany, France, Belgium, 
Holland, and the Scandinavian countries. 








IMPROVEMENTS ON THE 
GREAT NORTH ROAD. 


A GENERAL summary of the various improvement 
works now in hand or authorised along the Great North 
Road, which has been issued recently by the Ministry 
of Transport, shows that they will involve an expendi- 
ture of more than 2,000,000/. The programme thus 
covered represents the first stage in the reconstruction 
of this main trunk route under the control of the 
Ministry and includes 26 items, on 14 of which work 
has already begun. The length of road affected 
amounts to about 50 miles. 

The route known as A.1 begins at St. Paul’s Cathedral, 
but the trunk road for which the Ministry is responsible 
starts from the London County Council boundary 
and does not finally merge into A.1 until the end of the 
Barnet by-pass is reached. The first mile of the by- 
pass is now in process of rebuilding, with a 44-ft. 
dual carriageway and separate cycle tracks. Doubling 
of the carriageway and the provision of cycle tracks 
is to begin shortly over a length of two miles in Hertford- 
shire and for three miles in Bedfordshire. The narrow 
bridge over the River Ivel at Biggleswade is to be 
supplemented by a temporary bridge, pending a more 
comprehensive improvement at this point. In Hunting- 
donshire, 54 miles are to be reconstructed with dual 
carriageways and cycle tracks, north of Alconbury 
Hill. Similar reconstructions are in hand or in imme- 
diate prospect on the Doncaster-Tadcaster section 


| in the West Riding of Yorkshire, at the junction with 


the Pontefract road (A.645), for seven miles from the 
junction with the Ripon road (A.61) to Londonderry, 
and between Ferryhill and Croxdale. New by-passes 
are being provided at Stamford (4 miles long), Gran- 
tham and Great Gonerby (6 miles), Retford (8 miles). 
Darlington is to be by-passed in due course, and a 
number of diversions are scheduled in the North of 
England and in Scotland. In addition to the new 
bridge at Biggleswade, previously mentioned, bridges 
are to be built in England at Sinderby and Milby, 
and in Scotland at Linlithgow, Bridge of Allan, A beruth- 


| ven, and Dunblane. 


The aim of the Ministry is ultimately to provide, 
from London to Edinburgh, a road with dual carriage- 
ways, cycle tracks and footpaths, and having an overall 
width of 120 ft., although some modification of this 
standard may be necessary on the outskirts of London 
and in Scotland. At the present time, over the greater 
part of the distance, the carriageway varies in width 
from 22 ft. to 30 ft., and for two-thirds of the way 
there is room for only two vehicles to pass. Such 
variations in width, and the equally undesirable 
changes in the character of the surface, were among 
the principal reasons which led to the passing of the 
Trunk Roads Act, 1936, under which the control of 
these main traffic arteries was transferred to the 
Ministry of Transport. The Great North Road has 
undergone various local changes from the original 
course of Ermine Street as the Romans knew it, but 
the reconstructed road will follow the same general 
line. 








LABOUR NOTES. 


On Tuesday this week there were significant con- 
ferences of trade-union representatives which suggested 
that the differences between the main-line railway 
companies and the railwaymen’s unions might be 
amicably adjusted. A national delegate conference of 
the National Union of Railwaymen decided to defer 
action on their claim for an increase of the 45s. per 
week on the minimum wage. The executive committee 
of the Associated Society of Locomotive Engineers and 
Firemen decided, on the other hand, to call a strike 
for the week-end with the object of pressing their full 
claims—which go far beyond those of the National 
Union of Railwaymen. 


Discussing “ Trade Conditions,”’ the writer of the 
editorial notes in the August issue of Man and Metal, 
the journal of the [ron and Steel Trades Confederation, 
says : The rate of production of steel is being 
maintained at a record level, and the total output for 
the first half of the year has amounted to 6,405,600 
tons. This exceeds the total for the corresponding 
period of 1938 by 479,100 tons, and all branches of the 
industry are working under high pressure. Supplies of 
raw material, which a few weeks ago caused a certain 
imount of concern, are now being imported from the 
Continent, the U.S.A., and Australia with considerable 
frealom. <A cargo of 8,250 tons of sheet bars from the 
latter country, unloaded on Tees-side, represents the 
largest consignment of imported steel ever brought to 
the Tees. Practically the whole of the galvanised sheet 
output is being taken for air-raid shelters, and a con- 
siderable tonnage of this commodity is being imported. 
\ matter of concern to the tin-plate trade is the sug- 
uested establishment of a tin-plate industry in Australia. 
When a similar proposal was mooted some years ago, 
representations from the home country were of sufficient 
weight to bring the matter to a standstill. It remains 
to be seen whether the Australians will again be per- 
suaded to give up a project which would have a harmful 
effect on the Welsh industry.” 


The latest official report of the United Pattern 
makers’ Association records that in July the number 
of unemployed members decreased to 75, while the 
number who were on sick benefit remained unchanged 
at 225. The number of members in receipt of super- 
annuation benefit was 682. The membership of the 
organisation was increased by 72 during the month to 
11,918, so that the 982 members on benefit represented 
8-2 percent. That, Mr. Findlay, the general secretary, 
observes, brings us very “ near to the peak figures of 


the four yvears——1920 to 1923.” 


The annual report of the Federation of Swiss Em- 
ployers’ Associations states that without any legal 
obligation or pressure from the trade unions, Swiss 
industry granted, in 1937, holidays with pay to 238,000 
workers out of the total of 360,000 covered by the 
Factory Act—that is to say, to 66 per cent. of their 
total staffs. In addition, practically all salaried 
employees in wholesale trade, banking and insurance 
ire granted paid annual leave. At the same time, it 
is pointed out, the Federation is opposed to the generali- 
sation of holidays with pay through legal channels, as 
to do so, it is argued, would be an injustice to many 
lirtns 


The weekly organ of the International Labour Office 
at Geneva states that a draft Bill relating to holidays 
with pay has been circulated by the New Zealand 
Minister of Labour, Mr. Webb, to the industrial 
aivisory councils for comment. The Bill covers all 
workers, including apprentices, employed for hire or 
reward, A two weeks’ holiday is provided for, with 
*& proportionate holiday where the employment is for 
one week or more. The period of holiday must not 
inelude any public or statutory holidays. Full pay 
must be given, calculated on the basis of the average 
earnings over the six months preceding the holiday or 
over the period of employment, whichever is the 
The cash equivalent of board and lodgings or 
other special allowances, if any, must be given 


ureater. 


No worker is allowed to contract himself out of the 
provisions of the Act, nor is he to engage in paid em 
ployment during any annual holiday of a week or more. 
Special provision is made in respect of casual waterside 
work, The draft provides that where a man works for 
various employers for less than a week at a time, the 
periods shall be added together and each employer 
shall be liable to contribute towards the annual holiday 
in the proportion which the total period of service, 
calculated in weeks, bears to fifty-two weeks. Where 
the provisions of any award or agreement or conditions 
ot service are less favourable to the worker than the 
provisions of the Bill, the Bill shall prevail. 


ENGINEERING. 


The Egyptian Government has drafted a Bill relating 
to trade unions. The measure defines a worker as 
any skilled or unskilled worker or salaried employee 
engaged in industrial or commercial work by hand or 
brain in return for pay. All workers engaged in a 
particular industry or trade are entitled to set up 
trade unions, each of which must be composed of not 
less than 50 members. Membership is open to Egyptians 
and foreigners living in Egypt, but not to persons under 
twenty-one, women or employers. Only one union may 
be established for any particular industry or trade in the 
same town. The unions must be registered with the 
Ministry of Commerce. They may set up councils of 
discipline, to pass judgment on their own members. 
The members may meet at the Unions’ headquarters 
without applying for the permission of the authorities. 
Unions may not undertake any commercial or financial 
business for profit without the previous consent of the 
Ministry of Commerce. 


The workers are free to join or not to join the Union, 
and no compulsion may be imposed on them. Employers 
may not dismiss a worker or impose any penalty upon 
him for joining or refusing to join a union. Any provi- 
sion of a contract of employment restricting the rights 
of workers in regard to unions is null and void. The 
unions may be dissolved by sentence passed by a court 
of law in certain cases specified in the Bill. When a 
union is dissolved, its funds must be distributed 
according to its own regulations. 


The Ministry of Labour Gazette records that among 
insured persons between the ages of 16 and 64, the 
percentage unemployed in Great Britain and Northern 
Ireland at July 10 was 8-8, as compared with 9-4 at 
June 12, and 12-5 at July 18, 1938. For persons 
insured under the general scheme, the corresponding 
percentages were 9-1 at July 10, 9-7 at June 12, and 
12-9 at July 18, 1938. For the agricultural scheme 
the percentages were 3-9, 4-2, and 4-3, respectively. 

At July 10, there were 1,013,636 persons on the 
registers of employment exchanges in Great Britain 
who were out of a situation. This was 85,157 less 
than at June 12, and 230,825 less than at July 18, 
1938. There were registered as unemployed in Great 
Britain, 190,364 persons who were on short time or 
otherwise temporarily suspended from work. This 
was 5,261 less than at June 12, and 277,409 less than 
at July 18, 1938. Of persons who normally seek a 
livelihood by means of jobs of short duration, there 
were the registers in Great Britain, 52,424 un- 
employed. This was 2,737 less than at June 12, and 
8,458 less than at July 18, 1938. 


on 


The total of 1,256,424 on the registers at July 10 
included 634,151 persons with claims admitted for 
insurance benefit, 462,474 persons with applications 
authorised for unemployment allowances, 28,015 per- 
sons with applications for benefit or allowances under 
consideration, and 131,874 other persons, of whom 
27,449 were under 16 years of age. 


In the industries for which statistics are regularly 
compiled by the Ministry of Labour, the changes in 
rates of wages reported to have come into operation 
in July are estimated to have resulted in an increase 
of about 11,0001. in the weekly full-time wages of 
202,000 workpeople, and in a decrease of 20,5001. in 
those of 291,000 workpeople. The principal groups of 
workpeople whose wages were increased were coal 
miners in Northumberland and the Forest of Dean, 
workpeople employed in the textile bleaching, dyeing, 
printing and finishing industries, timeworkers employed 
in the electrical cable-making industry, and machine- 
made paper makers. The decreases mainly affected 
coal miners in Lancashire and Cheshire, Nottingham- 
shire, Derbyshire, Cannock Chase, North Staffordshire 
and Scotland. The changes so far reported in the seven 
completed months of 1939 are estimated to have 
resulted in a net increase of about 122,500/1. a week in 
the full-time wages of 1,412,000 workpeople, and in 
a net decrease of 29,0001. in those of 291,000 work- 
people. Of the 291,000 workpeople whose rates of 
wages were reduced in July, the great majority, mostly 
coal miners, had received increases of greater or equal 
amounts during the earlier months of 1939. 


The number of trade disputes involving stoppages of 
work reported to the Department as beginning in July 
was 74. 
July were still in progress at the beginning of that 
month. The approximate number of workpeople 
involved in these 87 disputes, including workpeople 
thrown out of work at the establishments where the 
disputes occurred, was 34,000, and an aggregate of 
about 134,000 working days was lost. 


In addition, 13 disputes which began before | 


AUG. 25, 1939. 


At the recent congress in Zurich of the International 
Federation of Trade Unions—over which Sir Walter 
Citrine presided—the following resolution was adopted : 
The Eighth International Trade Union Congress . 
notes the decision of the last International Labour 
Conference to postpone, owing to the present situation, 
the examination of the draft for the reduction of the 
working week. It notes that the question thus 
remains open, and that, as soon as events permit, the 
question must be taken up again at the point where 
it now rests, so that it can be equitably settled in the 
way expected by the workers and in accordance with 
economic and social reasons which are particularly 
urgent. The Congress invites the various national 
trade union movements to follow events carefully, so as 
to be able, at the opportune moment, to bring to bear on 
their respective Governments the pressure which is 
necessary to get the problem placed again on the agenda 
of the International Labour Conference. The Congress 
also requests the different national trade union move- 
ments to maintain the efforts they have carried on up 
till now in order, in their own countries, to achieve a 
substantial improvement in hours of work or to safe- 
guard the maximum of what they have already attained 
in this field. an. 

Apprenticeship laws have recently been enacted |) 
four American States—California, Minnesota, Nevada 
and North Carolina. All follow the general pattern o! 
the Draft Voluntary Apprenticeship Bill suggested fo 
State use by the Third National Conference on Labour 
Legislation, although each differs in some particulars 
from the model. The California Act authorises the 
Governor to appoint an Apprenticeship Council and to 
designate its chairman. The Council is directed to 
establish standards for minimum wages, maximum 
hours and working conditions for apprenticeship 
agreements. The official in charge of trade and indus- 
trial education and the Director of Industrial Relations 
must be members of the State Council. The Minnesota 
Act establishes a State Apprenticeship Council and 
local and State joint apprenticeship committees 
appointed by the Industrial Commission, composed of 
three representatives each from employers’ and 
workers’ organisations respectively, and two represen- 
tatives of the general public. The State official 
designated by the State Board for Vocational Education, 
in charge of trade and industrial education, will be an 
ex officio member of the Council. The Council is to 
meet at the call of the Industrial Commission and is 
charged with establishing standards for apprenticeship 
agreements. The Commission must appoint a Director 
of Apprenticeship to administer the Act and to act as 
the secretary of the Council to approve or cancel 
agreements and to issue certificates of completion. 


Related and supplemental instruction will be the 
responsibility of the State and local boards for voca- 
tional education. The Act includes a definition of an 
* apprentice ” and specifies the contents of apprentice- 
ship agreements. Any agreement to be legally effective 
within the State must be approved by the Director of 
Apprenticeship. The Director may investigate viola- 
tions of agreements and all hearings, investigations and 
determinations shall be made by the Apprenticeship 
Council, subject to the approval of the Commission and 
subject to appeal to the courts. The Nevada Act 
provides that only one member of the public will be 
represented on the State Apprenticeship Council and 
that his appointment must be approved by the six 
employer and labour members of the Council. A 
representative of the State Board for Vocational 
Education is a member of the Council but without 
vote. Otherwise the Act follows, for the most part, 
the suggested provisions for a State Voluntary Appren- 
ticeship Bill. The North Carolina Act is also in sub- 
stantial agreement with the model Bill, but differs in 
that it makes no provision for a representative of the 
general public on the State Apprenticeship Council. 
Under this Act, also, the representative of the State 
Board for Vocational Education serves without vote. 





According to returns received by the United States 
Bureau of Labour Statistics from employers covering 
over one-half of the aggregate number of wage-earners 
in manufacturing industries, the number of workpeople 
employed at the middle of May showed a decrease of 
1-2 per cent., as compared with the previous month. 
Aggregate weekly earnings in the establishments 
covered fell during the same period by 0-6 per cent. 
If the average monthly index of employment in manu- 
facturing industries for the three years 1923 to 1925 
be taken as 100, the corresponding index for May was 
90-1, as compared with 91-2 for the previous month 
and 83-4 for May, 1938. Reports received by the 
American Federation of Labour from affiliated trade 
unions in 24 cities showed that, in June, 11 per cent. 
of the membership of these unions covered by the 





returns were unemployed, as compared with 12 per cent. 
| jn May and 19 per cent. in June, 1938. 
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IGNITRON CONTROL OF RESIS- 
TANCE-WELDING MACHINES. 


Tue Ignitron is a mercury-vapour arc rectifier, in 
which the are is started by a special igniter without 
any moving parts. It enables precise control of the 
are to be obtained, and, as it can also supply very 
high peak currents, it is suitable for the control of 
resistance-welding equipment. In addition, it has a 
low voltage drop and hence a high efficiency. Two 
patterns of Ignitron are manufactured by Messrs. The 
British Thomson-Houston Company, Limited, Rugby. 
One of these, which is illustrated in Fig. 1, has a glass 
envelope through which the mercury-pool cathode, the 
anode and the igniter, attached to a side arm, can be 
seen. The other type, which is shown cut away in 
Fig. 2, to make the general arrangement clear, has a 
steel envelope with an annular cooling chamber between 
it and the outer jacket. As in the conventional type of 
mercury rectifier, the Ignitron may have two or more 
anodes, but single-anode patterns are the more usual, 
partly because of their extensive employment for the 
control of resistance welding and partly because of 


BRITISH THOMSON-HOUSTON 





their greater flexibility, even on polyphase circuits. 
The difference between the Ignitron and the ordinary 
type of mercury rectifier lies in the method of producing 
the bright cathode spot from which the electron 
emission takes place. In the rectifier, an ignition 
electrode is momentarily dipped into the cathode and 
then withdrawn, so that a small arc is formed on the 
mercury cathode spot. Ifthe anode is at the necessary 
potential an are then forms between it and the spot, 
thus giving rise to a unidirectional current in the main 
circuit. In the Ignitron the “igniter” electrode is 
stationary and is permanently immersed in the mercury 
pool. As above stated, there are no moving parts. 
The required cathode spot is produced by passing 
a current through the igniter and the mercury from 
an auxiliary circuit. A small cathode spot forms at 
the junction of the igniter and the mercury surface, | 
and an are flows to this spot from the main anode, | 
if the latter is at a suitable positive potential. The | 
igniter itself is a rod of semi-conducting material, such 
as a carbide of silicon, tungsten or boron, or a mixture 
of graphite and clay. It is designed to produce the 
cathode spot with the lowest possible igniter current, 
consistent with reliability and mechanical strength. 
Although the current in the igniter circuit may reach 
a peak value of 10 am c 
a small fraction of a « 
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current has been established, the cathode spot is 
formed within a few micro-seconds and the main arc 
strikes to it within less than 100 micro-seconds, the 
time depending on the anode potential. As shown in 
Fig. 3, in the usual circuit the igniter is supplied in 
parallel with the anode. When the main are strikes 
it short-circuits the igniter circuit, so that the igniter 
current falls to zero. The duration of the latter is, 
therefore, about 100 micro-seconds, or less, and its 
mean value may be less than 1 ampere. As the igniter 
current should be unidirectional, it is generally supplied 
through a hot-cathode thyratron. A minute amount of 
controlling power supplied to the grid of the thyratron 
causes the igniter current to flow, thus establishing the 
arc in the main circuit. 

In addition to providing a means of producing the 


forms an ideal method of controlling the arc. The 
supply to the anode is generally alternating and the 
main arc only flows during the positive half-cycle of 
voltage. When, or soon after, the voltage reverses, 
the arc ceases and the cathode spot disappears. There 
is practically no ionisation present in the Ignitron 
while the anode voltage is passing through the negative 
half-cycle. The Ignitron controlled by the thyratron 


| therefore, be insulated from the metal envelope. This 
| simplifies the construction. 
Some two years ago, Messrs. The British Thomson- 
Houston Company started using glass Ignitrons for the 
control of spot welders, the adjustment of the welding 
time being effected by increments of one cycle, though 
| welds of a half-cycle duration would have been possible 
| The particular Ignitron used in this equipment has a 
| peak rating of 2,500 amperes and a mean rating of 
| 90 amperes. Owing to the wide discrepancy between 
the peak rating and the mean rating, the control will 
only operate at its maximum rating of 780 kVA at a 
low duty cycle. The duty cycle is defined as the ratio 
, of the “ welding time” to “ welding time plus non- 
| welding time.”” On a spot welder, duty cycles .of 
| from 10 per cent. to 20 per cent. are common, but on 
| seam welders, duty cycles as high as 60 per cent. are 
| usual, and even 80 per cent. is not unknown Two 
Ignitrons only capable of supplying 60 amperes between 
| them are therefore of too low a rating to be employed 
| on high-power seam welders. This problem has been 
solved by the production of the steel Ignitron, two of 
which can handle, say, 130 kVA at 440 volts con- 
tinuously, while on a duty cycle of 60 per cent., the 
rating is 230 kVA, and on a 10 per cent. duty cycle it 
is 1000kVA. Ina large size 1,500 kVA can be handled 
on a 10 per cent. duty cycle. 

With thyratron tube control the welding time can 
be adjusted only in increments of one cycle. In other 
words, only the duration of the current flow, and not 
its value, is controlled. With Ignitron control, on the 
other hand, the value of the current and the duration 
of its flow can both be readily varied. This is a great 
advantage, since even when a welding machine is 
equipped with as many as 16 heat settings, it may 
be found that the correct heat cannot be obtained, 
one setting being too hot and the next not hot enough. 
Though this can be partly overcome by altering the 
welding time, the adjustment that can be obtained 
in this way is limited by the harm that may be caused 
to the weld. It is obviously impracticable to equip 
the welding machine with still more heat steps, and 
the addition of some auto-transformer device raises 
fresh problems, apart from commercial considerations. 
If, however, instead of arranging for each Ignitron with 
which the control panel is fitted to fire over a full 
half-cycle, one is arranged to fire, say, 30 deg. after 
the other has ceased to pass current, then the duration 
of each current loop will be less and the average current 
value will be reduced. The current will not now be 
a complete sine wave, but each loop will have a dura- 
tion of 150 deg., followed by a zero current for a period 
of 30 deg. If the firing point is still further delayed, 
so that the current flow is initiated in one tube, say, 
70 deg. after current has ceased to flow in the pre- 
viously conducting tube, then the average value of 
the current, and hence the heat, will be proportion. 
ately reduced. In this case each current loop will be 
of 110 deg. duration, followed by zero current for a 
period of 70 deg. 

In practice, the tubes are fired by a peaked voltage, 
which is obtained from a transformer supplied from a 
| phase shifting bridge. The peaked voltage is capable 
of being shifted in phase over some 100 deg., so that 
phase advance can give a continuous sine wave of 
current with a welder of which the power factor is as 
high as 70 per cent. Taking the voltage wave as a 
reference, this means that the peak will occur 45 deg. 
from the start of the voltage wave to give maximum 
heat. It can be extended in phase to a point 145 deg. 
from the start of the voltage wave to give minimum 
heat. Since the phase is shifted by a rotary rheostat 
| of the stepless type, an infinite number of heat settings 
| are available between the limits of phase shift specified. 

Extremely fine adjustments of the heat are therefore 
| possible without altering the “cycles on.” The 
| number of taps on the welder transformer can also be 





| cathode spot necessary for the arc, the igniter also | reduced or altogether dispensed with. Fractional half- 


prt welds can be arranged very readily. It is only 
necessary to cut out one [gnitron, set the control for 
| ‘one cycle on,” and the equipment will then deliver 
| a fraction of a half-cycle of current, depending on the 
| heat control setting. 

The function of the Ignitron-control equipment is to 
| control accurately the duration of the welding time 
of spot welds and of the welding time and non-welding 
time of seam welds, as well as to vary the heat in the 


peres, its duration need only be | spot is re-formed every cycle, there is no time for the | 
-vcle , | “f ~ . 6 
ycle. When the necessary arc | are to wander to the wall. The cathode need not,' over a wide range of pressures between 200 volts and 





re-establishes the cathode spot in any positive half- 
cycle in which the main are is required. By simple | weld by means of a heat control phase-shifting circuit 
control arrangements in the thyratron grid circuit, | operating in the Ignitrons. For these purposes two 
any required series of positive half-cycles of current | Ignitrons are connected in reverse parallel in one 
may be obtained in the main arc. Further, the timing | supply line to the primary of the welder transformer. 
of the Ignitron is so precise that the arc may be started | Two time ranges are arranged, both for seam and spot 
at any required point in the half-cycle. By retarding | welder control, and two heat-control ranges are also 
the striking point, it is, therefore, possible to reduce | provided. All the controls are mounted under a 
the effective value of the current passed by the arc. | hinged cover on the door of the cubicle. The equip- 
As there is practically no ionisation in the Ignitron| ment will handle up to a maximum of 1,200 kVA at 
when the anode is negative, there is hardly any danger | 440 volts 50 cycles, single-phase, or 2,400 kVA at the 


of back-firing except with high voltages or very heavy | same voltage depending on the type of Ignitron used. 


A further advantage is that, as the cathode | Either type can be employed in the equipment, which 


currents. 
| is supplied with a control auto-transformer for operation 
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550 volts. Two water-cooled steel Ignitrons, which are | per minute. In addition, control of the heat is possible ; from the peaking transformer o overcomes the negative 


controlled by two firing thyratrons, are mounted on the 
back of a panel housed in a steel cubicle, a rear view 
of which is shown in Fig. 4. The firing thyratrons 
are mounted on the front of the panel where the syn- 
chronous timing thyratron, its associated rectifier tubes 
and the duty-cycle control thyratrons are also placed, 
as well as the spot-weld initiating relay and the time 
delay relay that ensures that a weld cannot be made | 
until the cathodes of the control thyratrons have 
reached their operating temperature. A water flow 
switch mounted on the cubicle prevents the operation | 
of the panel should the cooling water for the Ignitrons 
fall below a specified limit. For the normal working of 
the equipment the only controls that need be operated 
are those under the hinged cove~ on the door of the 
cubicle and this small panel hes a “dead front” 
when the equipment is operating. An interlock is | 
provided on the door of the cubicle, so that when the 
latter is opened a contactor or circuit-breaker also 
opens, and makes the panel dead. To enable the 
equipment to control either a seam welder or a spot 
welder, certain connections have to be altered. This 
is done by six change-over links. Each link is merely 
swung round the middle of three terminals so as to 
connect the centre with one or other of the two on 
each side 


When operating in conjunction with a spot welder, | is closed and relay e is energised. 


the control will deliver from 1 cycle to 25 cycles in 
two ranges at speeds up to a maximum of 500 welds 


| from the steady state power-factor point of the welder | voltage and fires the tube f. At this instant, the anodic 
down to retarded firing at a point 145 deg. from the | voltage of the tube & is at its negative peak. Since 
start of the voltage wave (minimum heat). The circuit | the capacitor d is discharged when the tube f fires, the 
utilised under these conditions is shown diagram | cathode potential of tube & is raised so that it is 
matically in Fig. 5. The 460-volt direct-current supply, | substantially the same as that of the direct-current 
which is derived from a rectifier incorporated in the | positive ‘bus bar. Tube & will therefore fire as soon as 
equipment, serves to energise the potential divider for | its anode voltage becomes sufficiently positive. Tube / 
the welding-time adjusting rheostat a. The charging | will fire on subsequent half-cycles. When the voltage 
circuit comprises the charging resistances b and c| across capacitor d has risen to such a value that the 
and the capacitor d, the relay contacts e and the | cathode of tube & is once more positive with respect 
timing tube f. The discharging resistance g for the | | to its grid, then tubes k and / will become non-conducting 
capacitor d is discharged through the normally closed | |again. The time taken for this to occur will depend 
contacts of relay e. The resistance A is a by- roy] on the position of the slider of the rheostat a and the 
resistance, which serves to maintain the arc in tu range switch +. When the weld is completed the 
when the capacitor d is fully charged. The range | relay e is de-energised and capacitor d is completely 
switch i gives two ranges of welding times for the | discharged. It will be seen that the rheostat a and 
rheostat a. The leading control thyratron & is under| the range switch i determine the number of cycles 
the control of the charging circuit of the capacitor d, | during which the transformer m is energised in ‘each 
while the follower control tube | is arranged to pass | welding period. 

current on each half-cycle following that during which When operating in conjunction with a seam welder, 
the leading control tube & passes current. Tubes &| the control will give ‘total welding cycles” from 


and | serve to energise the transformer m, which fires 2 cycles (1,500 welds per minute) to 30 cycles (100 welds 


|the main tubes. The operation of this will be de-| per minute) in two ranges. The welding period can be 
scribed later. | adjusted by a ratio control which = a * per cent.” 
The control circuit operates as follows :—When it | calibration ‘and gives the ratio of the “‘ on ” time to the 


is desired to make a weld, the weld-centralising switch | “ total”’ time, as shown on the a. wih cycle dial. 
This applies voltage | Control of the heat is, of course, possible, as when 
to tube f, which is held non-conducting by the negative | working with a spot welder. The control current is 
voltage across the resistance n, until a firing peak | rearranged by the change-over tubes, as shown in 
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THE SUREFLEX FLEXIBLE TUBE. 


A Form of flexible armoured pipe or tube which differs 
in principle from the conventional forms, has been 
recently introduced by Messrs. Clarovan, Limited, 35, 
Cannon-street, London, E.C.4, under the name of 
“ Sureflex,” for use with gas, water, or chemicals at 
pressures up to 200 lb. per square inch. The accom- 
panying illustration, of the end of a }-in. tube fitted 
with a union, shows the construction. The armouring 
consists of a flat section helically-wound spring, of steel, 
stainless steel, phosphor-bronze, etc., as desired, which 
is inserted at the ends into a ferrule a. Through the 
spring is threaded the tube proper, which is made 
from a synthetic rubber resistant to the action of all 
motor fuels and impervious to vegetable and mineral 
oils, animal fats and most dilute acids and alkalis. It 
is claimed that the low permeability, which laboratory | 
tests have shown to be very much less than that of | 
natural rubber, makes the tube particularly suitable for | 
use in the presence of fixed gases and volatile liquids. | 
The tube is not attached to the armouring in any way, | 
and can be removed and replaced by a new length with- 
out using special tools, should it become accidentally | 
a 


SIT Vy , 
A <7 


aS 


Fig. 6. The timing tube f is now connected in a 
simple inverter circuit, in which the capacitors d and d, 
are allowed to charge through the resistances 6 and c 
and are discharged by the firing of tube f, the inductance 
@ serving to extinguish the arc when the discharge is 
complete. The frequency of the conducting impulses of 
the tube f is set by the value of the resistance b and by 
the amount of capacity in the circuit, as set by t, the 
range switch. Resistance 6, therefore, determines the 
number of welds per minute, its dial being calibrated 
in cycles to show the duration of the welding cycle. 
The leading and following control tubes & and / control 
the supply to the firing transformer m in precisely 
the same way as when spot welding. The grid of the 
leading control tube & is connected to the inverter 
circuit in such as way that when the tube f is fired it 
is positive with respect to its cathode and the tube will 
fire as soon as its anode voltage is sufficiently positive. 

The timing-tube circuit voltage conditions are shown 
in Fig. 7 and the operation of the circuit shown in Fig. 6, 
is as follows: Assume that the timing tube f is just 
fired by the peak voltage from transformer o at point Y, 
Fig. 7. The timing-tube cathode potential B, which is 
the same as the grid potential of tube k, will then rise 
positive and when B becomes positive with respect to 
D, as set by the slides of rheostat, the tube k will fire. 
When the capacitors d and d, have been discharged, 
tube f will be extinguished at Z and the capacitors 








Villy 





will then start to charge through resistances 6 and c. % | 
B will thus gradually become more negative until the| {iii C8 
peaked voltage from transformer o is once again able | ANN PDP p> > pes ~~ Y¥ 
to make the grid of tube f positive with respect to B.| (777/77 a 
Tube f will now fire again at Y,. The cycle of opera- 6021) ———— 
tions will then be repeated. It will be seen that while punctured. It is indicated at } in the illustration, and | 


rheostat 6 and switch i set the number of cycles for 
each complete welding cycle, rheostat h sets the number 
of cycles that tubes & and I conduct in each welding 
cycle and rheostat A is therefore known as the ratio 
control and is calibrated in percentages of the welding- 
cycle setting of rheostat 6. 

The elementary circuit diagram for the power circuit 
is shown in Fig. 8. The two steel Ignitrons a and 6 
are connected in reverse parallel, in series with the 
power supply and the welder-transformer primary. 
Each Ignitron has its igniter energised by a thyratron, 
which is vertically connected in parallel with the 
Ignitron. These thyratrons are known as the firing 
tubes c and d. Each firing-tube grid-circuit voltage 
consists of four voltages in series: An alternating 
hold-off bias e and e¢,, a direct-current hold-off bias 
f and f,, an alternating-current firing bias g and 4g), 
and a peaked voltage handh,. The alternating-current 
hold-off bias e and e,, in conjunction with the direct- 
current hold-off bias f and f,, serves to hold the firing 
tubes non-conducting, since the peaking voltages 
h and h, are insufficient to overcome the hold-off bias 
voltages. When the control tubes energise the firing | 
transformer, the firing bias g and g, appears, tending 
partially to overcome the hold-off bias and so enable 
the peaked voltage to cause the tubes to conduct. 
The peaked voltage is derived from a transformer, | 
which is fed from a phase-shifting network, thus enabling | 
the peak to be shifted in phase by about 100 deg. The 
firing tubes may, therefore, be fired at a point in the 
voltage wave corresponding to a power factor angle | 
of 45 deg. (maximum heat) or the phase may be retarded | 
to cause the firing tubes to pret me at page os in the | UTILISATION OF SOLAR ENERGY. 
voltage wave of 145 deg. (minimum heat). This phase} Amone the exhibits shown at the Paris Fair this | 
shift is accomplished in two heat ranges, the change- | year, we described, on page 82, ante, an apparatus for | 


is stretched over the conical end of the nipple c. The | 
process of drawing the tube through the spring extends 
it, and when it is stretched over the cone it grips this 
tightly and, on retracting, pulls the nipple into the 
ferrule. The nipple is then screwed into the ferrule | 
and the tube is firmly gripped between two conical 
surfaces. No cement or sealing material is used, the 
joint being perfectly tight and, moreover, resistant to | 
| any pull upon it. 

The nipple is finished with the usual nut, screwed 
|to British Standard gas thread, and cone, but the tube 
| can be supplied with a male union if desired, instead 
|of that shown. The retraction of the tube also brings 
| the coils of the armouring closer together, thus ensuring 
a greater measure of protection, but this does not imply 
a decrease in flexibility. On the contrary, the “ Sure- 
flex ’’ tube can be bent to a much sharper radius than 
the conventional armoured tube. Thus, it is stated 
that tubing of #-in. bore can be bent to a radius of 
1 in. without damage or fracture, whereas the British 
Standard Specification No. 669 for flexible metallic 
tubing lays down a limit of 6-in. radius for tubes of | 
this bore. As a matter of fact, the ‘‘ Sureflex ” tubing | 
can be tied into knots without damage. The tubes are | 
made, at present, in 8 bores, from ¥ in. to 1 in., and 
for the maximum pressure stated above, but reinforce- 
ment for pressures up to 1,500 Ib. per square inch, is 
in process of development. 











over point between the two being the 90-deg. power- | heating water by means of solar radiation, which had 
factor point. Provision is made for limiting the} been successfully employed in the south of France, 
amount of phase advance beyond the 90 deg. power-| where the clear air and absence of cloud enables the | 
factor point so that in the maximum heat (full advance) | installation to be of practical value. A recent paper* | 
position the firing point is not in advance of the steady gives interesting descriptions of many types of appa- | 
power-factor point of the particular welding machine | ratus that have been devised in the United States for | 
with which the control is operating. Should an | utilising solar radiation. Although it is estimated that 
attempt be made to operate the control with a phase about 15 per cent. of the solar energy falling on an 
shift setting in advance of the steady-state power-factor interceptor can be converted into mechanical work, 
point of the welder then, obviously, one tube would | in the design of a scheme to put this energy to practical | 
fail to fire. | use on a large scale, consideration must be given to the 
When the firing tubes become conducting the current | obvious fact that the reception ceases both at night | 
through the igniters causes the Ignitrons to fire, and | and when the sun is obscured by clouds. For purposes 
these immediately short-circuit the firing tubes which | such as pumping water for irrigation, this intermittency | 
are, therefore, extinguished. The Ignitrons then | is no drawback, but, in general, arrangements must be 
pass current to the welder-transformer primary. The | made to store the received energy in some form. 
number of cycles of current is thus set by the control| One of the most obvious ways of using the sun's | 
tubes and the mean value of the current passed in | energy is by allowing it to heat a water-supply system ; 
each half cycle is set by the heat-control phase shifter, | and where hot, and not boiling, water is required this 
which decides the firing point of the firing tubes and| may be done very simply for domestic purposes by 
then of the Ignitrons. | letting the rays fall on a system of blackened pipes 
| placed inside the south roof of a building. Losses by 
| radiation from the pipes are minimised by enclosing 
them in a compartment, and allowing the sun’s rays 
to reach them through a glass cover. The heated 
water, which circulates by a thermo-syphon system, is 
stored in lagged tanks, and this method is extensively 











ALUMINIUM-TIN BEARING METAL: ERRATUM.—In an | 
article on page 789 of our issue of June 30, 1939, giving | 
an account of some tests on aluminium-tin bearing metals, | 
& white metal was described as consisting of tin 87-3 Per | used in Florida and Southern California. In order to 
eent., antimony 3-2 per cent., copper 3-2 per cent., and | ’ 
lead 0-1 per cent. The figure given for antimony * Utilising Heat from the Sun. By C. G. Abbot, 
is erroneous, the correct percentage of this element | Secretary, Smithsonian Institution. Smithsonian Miscel- 
being 9-4. laneous Collections, vol. 98, No. 5 (1939). | 








attain temperatures of and above that of boiling water 
mirrors must be used to concentrate the radiation, 
but the glass mirrors embodied in the early devices 
were both heavy and costly. The potenadere f develop- 
ment of aluminium products for mirrors, and the 
moderately priced vacuum containers now available 
for use as boilers, have aided the economic production 
of solar heaters. In all apparatus which makes use of 
concave mirrors to concentrate the sun’s rays on some 
form of boiler, attention must be given to ensure that 
the system follows the sun, and if a spheriéal boiler and 
concave mirror are employed, both the diurnal and 
annual apparent motions of the sun must be followed 
by mechanical means. If, however, a tubular boiler is 
placed parallel to the axis of the earth, the annual 
adjustment is unnecessary and the daily following may 
be effected by rotating the parabolic mirror about an 
axis coincident with that of the boiler tubes, at a rate 
of 15 deg. per hour. 

Solar cooking requires temperatures far above that 
of boiling water, so some other liquid must be employed 
to absorb the heat and circulate it through the cooking 
system. Certain grades of oil containing lamp black 
in suspension have proved very effective for absorption, 
and a patent black liquid has been evolved, which 
does not boil below 350 deg. C. and absorbs the radia- 
tion almost completely. The research on this form 
of cooking has yielded representative figures for the 
average amounts of heat that can be expected from a 


| solar cooker. In clear sky conditions, about 1-2 calories 


to 1-4 calories per square centimetre per minute can 


| be obtained from the solar beam, and 18 per cent. 
| of this is lost in mirror absorption. The vacuum jacket 


transmission has an etiiciency of about 89 per cent., 
so from 0-79 calorie to 0-87 calorie per square centi- 


| metre per minute is received as net energy. In practice, 


it has been found that a well designed mirror, 4 ft, by 
8 ft., with heat storage, will keep two ovens of normal 
size sufficiently hot to bake biscuits by night as well 
as by day in temperate zones. 

Although water heaters and cookers are interesting 
examples of the ways in which the heat from the sun 
may be usefully employed for domestic purposes, the 
utilisation of solar energy for the production of mech- 
anical power is a far more ambitious scheme. A boiler 
of large capacity will function well in long periods of 
unobscured sunshine, but in temporary obscurations 
by clouds, the utility of the plant may be consider- 
ably reduced by the time taken for the boiler to raise 
steam again when the cloud has passed. The most 
satisfactory scheme involves the use of an automatio 
flash boiler, in which the supply of water passing through 
the boiler is regulated by the temperature of the boiler. 
Full steam pressure is generated after five minutes’ 
exposure to the sun, and when the sun is obscured, 
the water supply is withheld. With such an arrange- 
ment, it has been computed that the overall efficiency 
of conversion from solar energy to mechanical power 
is 15-5 per cent., and power can be had at a cost not 
exceeding one farthing per horse-power hour. For 
storage purposes, many methods suggest themselves, 
but are not necessarily practicable for economic reasons. 


| The electrical storage accumulator is an obvious method, 


but the capital cost of the installation is high. Another 
system suggested is to electrolyse water, store the 


| evolved hydrogen, and re-convert the hydrogen into 


power by burning it with air so as to raise steam in a 
boiler. Mechanical storage can be arranged by pumping 
water to an elevated reservoir, and transforming the 
potential energy thus accumulated into useful work 
by means of a water turbine. Probably, however, the 
most practicable method would be to heat the water 
far above boiling point and transfer it to an insulated 
pressure tank during the hours of sunshine, and then 
allow the superheated water to produce steam during 
the night. Although it is most unlikely that solar 
energy will ever be used for power production in this 
country, the possible applications for the generation of 
power in small installations of, say, 2 brake horse- 
power to 5 brake horse-power, in tropical countries 
may be worth considering. 








THE AUTUMN PRAGUE Fairn.—The Prague Fair will be 
held, as usual, from September 3-10. Detailed infor- 
mation and Fair vouchers, giving rights to reductions 
on fares and facilities for entering the Protectorate of 
Bohemia and Moravia, may be obtained from the Fair 
Offices at Prague. 





THE PRODUCTION OF IRON AND STEEL IN GREAT 
BRITAIN.—The monthly memorandum of the British 
Iron and Steel Federation, Steel House, Tothill-street, 
London, S.W.1, shows that there were 115 blast furnaces 
in operation at the end of July, an increase of one since 
the beginning of the month. The production of pig iron 
during July was 743,600 tons, compared with 715,700 tons 
in June, and 507,800 tons in July, 1938. The July 
output of steel ingots and castings was 1,153,100 tons, 
against 1,175,600 tons in June and 683,200 tons in July, 
1938. The usual annual holiday stoppages occurred at 
a number of works during July, especially in Scotland. 
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THE DESIGN OF COOLING TOWERS.* 
By G. Russet, Nance. 

Tue use of cooling towers for the solution of indus- 
trial-cooling problems of all types is now so general 
that engineers are becoming more familiar with their 
importance in both old and new fields of industry. 
When water is cooled atmospherically, one of the two 
following conditions exist: (a) ty > ty or (b)ty < tgp, 
where ¢,. = tower-water temperature and t= dry- 
bulb air temperature. Under nearly all conditions the 
wet-bulb temperature of the air ¢,,» is less than tg, and 
represents the lowest value which ¢, can approach. 
When the temperature of the water is greater than the 
temperature of the ambient air, as in condition (a), 
cooling occurs both by the evaporation of some of the 
water being cooled and by a heat transfer through 
convection, conduction and radiation from the water 
to the air. Heat exchange by any or all of the last 
three processes is usually spoken of as sensible-heat 
transfer. When the temperature of the water being 
cooled is less than that of the ambient air, as in condi- 
tion (4), cooling takes place by evaporation only, since 
the sensible-heat transfer is from the air to the water. 
Water may be cooled under condition (6) because the 
amount of heat extracted by evaporation is much 
greater than that which is added by sensible-heat 
transfer. 

In order to predict the performance which may be 
expected under various operating conditions, several 
methods have been proposed for aiding the engineer in 
the co-ordination of the initial and final water tempera- 
tures and the wet-bulb temperature. The problem 
resolves itself into a measurement of the so-called 
‘cooling head,” or the atmospheric cooling effect, 
under a given set of conditions. An _ in‘eresting 
method of co-ordination has been derived from the 
Ferrel psychrometric equation, by means of which the 
total cooling head H relative to a datum condition is 
exovressed as 

H = (Py — Pyp) + O-O115 (4) — tya) . (1) 
where ¢ is the water temperature, deg. F ; t,.» is the 
wet-bulb temperature, deg. F.; P; is the water-vapour 
pressure at condition t;, in. Hg; Py» is the water- 
vapour pressure at the wet-bulb temperature, in. Hg. 
Physically, this equation represents the sum of the 
vapour-pressure difference between any two conditions 
of water and wet-bulb temperatures, or the evaporation 
effect, and the temperature difference for the same 
condition, or the sensible-heat effect. It is also 
representative of the relative cooling proportions 
between the evaporative and sensible-cooling effects. 
The cooling performances of similar towers may be 
compared by a factor representing the cooling efficiency 


E, defined as 
Ss 
*-l(e-0)™ 
Si Dud 
in which S = P — 0-0155 ¢, the subscripts i and f refer 
to the initial and final water temperatures, respectively, 
and wé refers to the wet-bulb temperature. Increasing 
values of E represent closer approaches of the final 


a (2) 


TABLE I.—l'alues of EB. 
Case ta t t ae EK, 
ie ‘ 9 wb. ¥ per cent 
4 oo a TO 73-5 
BK yuo a oo 60-4 
( wo To 6u 73-2 


water temperature to the wet-bulb temperature. The 
values of E given in Table I are obtained for water 
cooled under the conditions shown. Cases A and C are 
conditions in which the temperature differences and 
approaches are equal. The approach is defined as the 
difference between the final water temperature and the 
wet-bulb temperature. In case B, the temperature 
drop is equal to that of either A or C, but the approach 
is twice as large. Under actual test conditions it has 
been found that conditions A and C are harder to obtain 
than B, which would indicate that higher efficiencies 
represent cooling conditions more difficult to obtain. 
As the wet-bulb temperature decreases, the efficiency 
relative to a fixed temperature range also decreases, 
with a corresponding increase in tive ease of cooling. 
Under such conditions it would appear that the lower 
the wet-bulb temperature, the greater would be the 
quantity of water which could be cooled atmos- 
pherically through a given range, or the lower the final 
water temperature which could be obtained if a constant 
quantity of water were circulated. This is not strictly 
true, for in practice it appears that, in spite of the larger 


* Contributed by the Power Division for presentation 
at the Semi-Annual Meeting of The American Society of 
Mechanical Engineers in San Francisco, Calif. July 10-15. 
1939. Abridged. 

t “ Water Cooling System Efficiency,” by V. J. 
Mechanical Engineering, vol. 46, page 799 (1924), 
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cooling potentials attendant with lower wet-bulb 
temperatures, there is a portion of this energy difference 
which is not available for cooling. Thus the efficiency 
concept must be somewhat modified for operation in 
the lower wet-bulb ranges. Procedure in actual prac- 
tice may be simplified by expressing the amount of 
cooling available under a given set of conditions as 
a function of the allowable water concentration per 
unit of deck (or tower) area which will produce these 
temperature conditions in actual tower performance. 
This empirical concentration factor may be expressed 
as a function of the cooling head after suitable modifi- 
cations have been made to take into account physical 
characteristics of the tower and certain cooling dis- 
crepancies such as those previously noted, although its 
use as a concentration factor is more convenient. 
Fig. 1 illustrates a typical relation between concentra- 
tion and temperature range. The curves represent 
constant approaches or values of t7— twp. 
ences between the initial and final water temperatures 
are expressed as ordinates, and values of the allowable 
water concentration C are shown as abscisse. These 
curves have been based on a 70-deg. F. wet-bulb tem- 
perature, but they may be referred to other wet-bulb 


The differ- | 





| tomporntuse range, provided that the circulation 
remains constant. 

| The method of rating shown in equation (3) is not 
| only useful in determining the size of tower required 
for a given condition but may also be applied in other 
| ways. Thus, if a tower of known size is available, the 
performance for a given water rate can be calculated. 
It is also useful in deciding whether a tower is meeting 
its guaranteed performance. It is very difficult to find 
| the temperature ranges and wind velocities men- 
tioned in tower specifications all occurring simul- 
taneously. By this method suitable values are chosen 
for the atmospheric conditions, and the tower length, 
circulation, or temperature range can be checked 
against either of the other two variables. Solutions 
which satisfy the equation constitute a satisfactory 
check. 

| In specifying tower operating ranges, there should 
be borne in mind certain points, the application of 
which will result in more economical installations. 
The size of a tower required to handle a ‘given heat 
load varies with the performance required, and care 
should be used in specifying the wet-bulb temperature, 
the approach of the final water temperature to the wet- 





temperatures by multiplying the values of C by Kw, | bulb temperature, the quantity and temperature range 


the values of which are shown in Fig. 2. A Fluor tower, | of the water being circulated, and the wind velocity. 
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12 ft. wide and 35 ft. high, having 12 equally-spaced | 
| horizontal decks was used in obtaining these curves. 
| An empirical method of determining the size of a 

tower is to consider the length L as 


QdDW 
~ (3) 
CA 
in which Q = water circulated per unit of time; | 
D =a design factor which varies with the physical | 


characteristics of the towers; W =a factor which | 
takes into account variations in wind velocity; C = 
water concentration, gallons per minute per square foot; | 
and A horizontally projected deck area corre- 
sponding to a unit of tower length, sq. ft. A check 
on equation (3) shows that it balances dimensionally, 
since D and W are dimensionless factors. The design 
factor D is used to correlate the relative effectiveness | 
of towers of different widths, heights, and deck spacing. | 
For a tower 12 ft. wide and having a deck spacing of | 
from 24 ft. to 3 ft., the factor varies with tower height 
approximately as shown in Fig. 3. Changes in width | 
also affect the design factor, but not in. any direct | Plant operation is often dependent upon the mainten- 
relation. Fig. 4, opposite, shows the relation between | ance of a fixed minimum water temperature, and care 
tower length and wind velocity. It is apparent that | should be exercised in selecting the most economical 
it is important to select a wind velocity which is' vacuum to maintain, or temperature at which to 
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TABLE Il.—Darta ror TOwER TO HANDLE 10° B.TH.U. PER Hour. 


. Wind 
. Length, . Temperature ’ Approach, Projected wate. + oll 
cane. Ky F. i Desa, F. fwd. F. Y. Area, sq. ft. Velocity. 
m.p.h 
l 55-0 ot 6y 25 ou 9 660 5 
2 60-5 sv 69 20 60 it) 725 5 
3 68-5 84 69 15 60 9 822 5 
4 77-0 79 69 10 60 9 924 5 


representative of the actual conditions existing at the | operate equipment, if such flexibility is allowable. It 
proposed tower site. If too high a value is used, the|is generally preferable to base operation upon the 
tower will not be sufficiently large to cool the imposed | worst atmospheric conditions experienced during the 
heat load, while if the value is unnecessarily low, a| year in order that plant operation will not be impeded 
tower large and more expensive than actually war- | during the summer months when the wet-bu!b tempera- 
ranted will be indicated. For unobstructed locations | ture is the highest. This results in the selection of a 
and average conditions a 3 miles per hour wind velocity | larger tower than is necessary for operation during the 
is a safe figure to use, although Weather Bureau reports | winter months, but during this time the circulation 
will usually show a 5 miles per hour average. The | may be decreased and a compensating economy effected. 
values of C shown in Fig. 1 may be corrected to a/| Fig. 5 shows the relation between tower size and 
3 miles per hour wind velocity by changing the abscissa | approach of the final temperature to a given wet-bulb 

temperature. It is apparent that as large an approach 
The | as is feasible should be used in order to keep the size 
|of the tower within reasonable limits. In specifying 
operating conditions, an approach not less than 5 deg.. 
}and preferably greater than 10 deg. is recommended, 
depending upon the type of tower service. 


A calculation for a constant thermal load of 10,000,000 


as obtained from Fig. 4. 


scale by the ratio i 


circumstances under which the plant is operating 
will in the last analysis decide whether an increase in 
tower size is justified by the savings resulting from a 
supply of lower-temperature water. Changes in wind 
velocity result in corresponding changes in the | 
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B.Th.U. per hour follows. Operating conditions make 
it undesirable to have more than a 25-deg. or less than 
a 10-deg. temperature drop. The following selections 
could be made. 

Heat load, B.Th.U. per hour 
Temperature drop, deg. F, x 8-33 x 60° 
Table II, opposite, shows the lengths of tower, 12 ft. 

wide and 35 ft. high, required to handle these quan- 
tities, the approach to the wet-bulb temperature and 
the wind velocity being constant. If the wet-bulb 
temperature were 65 deg. F., the approach to the wet- 
bulb temperature would be decreased to 7 deg. F., 
making the final water temperature 72 deg. F., and if 
the wet-bulb temperature were 70 deg. F., the approach 
would be decreased to 6 deg., making the final water 
temperature 76 deg. F. Fig. 6 illustrates the relation 
between capacity, range, and tower size. These curves 
have been computed for conditions in which the wet- 
bulb temperature, approach of the final temperature 
to the wet-bulb temperature, and the wind velocity 
have been held constant. With the exception of the 
broken-line curve, these values have not been based 
on constant heat loads. In general, it may be con- 
cluded that, for the same heat load, less tower is 
required for cooling a small quantity of water through 
a large temperature range than is required to cool a 
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large quantity of water through a small temperature 
range. 

In arriving at a final decision on a cooling system, 
it would be worth while to consider the relative econo- 
mies of cooling ponds, spray ponds, and atmospheric | 
and mechanical-draught towers. Cooling ponds are 
generally economical to use only when a natural pond 


(e0es.F.) 





is available. If the required capacity is large, the | 
initial cost will be high if any extensive excavation 
work is necessary, and since the cooling capacities of | 
ponds are low per unit area, a more economical type | 
of cooling system could be installed. Spray ponds 
have a larger capacity per unit area than cooling 
ponds, and frequently are used when a large amount 
of space is available and the temperature range through 
which the water is being cooled is small. As in the 
case of a cooling pond, the initial cost of a spray pond 
will usually exceed that of any type of cooling tower. 
In comparing a spray system with an atmospheric 
tower, it should be remembered that the pumping 
charges for the former will be about one-half of those 
for a tower, and the prevailing power rates will probably 
determine which installation is the more suitable to 
install and operate over a given period of time. If 
a large temperature drop is required, respraying will 
be necessary, and the pumping charges will then be 
comparable to those of a tower. Modern mechanical- 
draught cooling towers have practically the same total 
pumping head as spray ponds when a low-head pressure- 
distributing system is used. In the majority of cases 
an atmospheric tower will be an economical installation, 
since its performance is dependable over a large range 
of conditions and the cost of maintenance is low. In | 
selecting a site it will be necessary to place the tower 
broadside to the prevailing winds if the best perform- 





ance is required. As far as water cooling is concerned, 
tower height has little effect, since the length is corre- | 
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spondingly increased, according to the curve of Fig. 3, CATALOGUES. 
for towers having a given capacity. 

In selecting the economical size of tower to install, | Electric Light and Power Accessories.—We have received 
a check should be made of the initial cost of towers and | a copy of a priced catalogue of electrical accessories 
basins in comparison with the costs of pumping water | from Messrs. Baxendale and Company, Limited, Miller- 
over the towers. Table III outlines a suggested | street Works and Warehouses, Manchester, 4. 
method of comparison. In this study, atmospheric Chain-Stinge.—Meeers. Herbert Morris, Limited, Lough- 
borough, have sent us a pamphlet describing their various 
| chain-slings, including the joist-sling which was the 








TABLE III.—-Cost Comparison of Atmospheric Cooling 


Towers. 
—— _—- - —_—__-— | subject of an illustrated article on page 176, ante. 

—< > ony . 12 } 15 18 Steel Storage Equipment.—Messrs. Constructors, 
loa ~ 108 84 66 | Limited, Nickel Works, Tyburn-road, Erdington, 
Width 18 | 18 18 | Birmingham, 24, have sent us a catalogue of steel 
Height .. = 35 | 43 51 shelving and lockers, cycle parks, tool stands, etc. 

Concrete basin, cub. yd. 32 29 26 - vd : 5 P : 

Pumping horse-power - bh s . Propeller Fans.—We have received from Messrs. 

Jols. | . ris >. . ) - . 7 » 

Cost of tower and basin (approxi- | | Sturtevant Engineering Company, Limited, 147, Queen 
mately) .. ae og ..| 6.1200 | 5,825 5.450 | Victoria-street, London, E.C.4, a catalogue dealing 

Pumping cost* ws os 2-280 2-715 3-150 | with propeller fans and small electric ventilating sets. 

Depreciation, tower and basin* 0-387 | 0-369 0-346 | 

Total cost* , ve 2-667 | 3-084 3-496 | A.R.P. Fan Units.—We have received a folder illus- 


ee. ee a ee : | trating the ventilating plants which Messrs. Keith 
* Cost per 1,000,000 gallons of water pumped. | Blackman, Limited, Mill Mead-Road, Ferry-lane, Tot- 
tenham, London, N.17, have designed for use in air-raid 


towers of various heights have been selected to cool | 
shelters. 


3,000 galls. per minute from an initial temperature of | 
120 deg. F. to a final temperature of 90 deg. F. based | Aluminium Alloys.—Messrs. Northern Aluminium 
| Company, Limited, Bush House, Aldwych, London, 
5. W.C.2, have sent us a pamphlet dealing with the use of 
their ‘“‘ Noral’”’ aluminium alloys in shipbuilding and 
marine engineering. 

Relay Interlocking.——We have received from Messrs. 
Westinghouse Brake and Signal Company, Limited, 
| 82, York-way, King’s Cross, London, N.1, a brochure 
entitled *‘ The ABC of Westinghouse Relay Interlocking.”’ 


Marine Diesel Engines.—Messrs. F. Perkins, Limited, 
| Queen-street, Peterborough, have sent us a leaflet 
| describing the high-speed marine Diesel engines. which 
|they are now manufacturing in sizes ranging from 20 
| brake horse-power to 70 brake horse-power. 

Are-Welding and Aircraft Electrical Equipment.— 
Messrs. The General Electric Company, Limited, Magnet 
House, Kingsway, London, W.C.2, have sent us a folder 
describing arc-welding equipment and also a 78-page 
catalogue of electrical equipment for airports and aircraft 
factories. 


to Wet Bulb Temp...DegE. 
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Tower Length 


on a wet-bulb temperature of 73 deg. F. and a wind 
velocity of 3 miles per hour. An arbitrary power rate 
of 1 cent per kWh has been selected, and it is assumed 
that the initial cost of the tower and basin will be 
depreciated over a ten-year period. The values are 
applicable only in this case, and will vary for different 
cooling ranges, tower prices, and power rates. The 
cost of the make-up water required to replace that lost 
by evaporation and windage and the cost of chemically | Heavy-Oil Engines.—We have received from Messrs. 
treating this water have not been included in the total | The National Gas and Oil Engine Company, Limited, 
cost per million gallons circulated since they would be | Ashton-under-Lyne, a brochure giving specifications of 
approximately the same for each tower. The property | their heavy-oil engines and also a copy of the “ National "” 
value of the tower site has not been included because | Bulletin for July, dealing with the correction of engine 
of the difficulty in assigning a reliable value. The | rating according to atmospheric conditions. 
conclusion —_ he drawn that high towers _— most | Pig Iron.—Messrs. The United Steel Companies, 
economical in so far as the initial installation 18 CON | | imited, 17, Westbourne-road, Sheffield, 10, have sent 
cerned, but that low towers are — economical to us an illustrated catalogue relating to their Workington 
eget Se period of — If water is very expensive, and Distingtone machine-cast hematite irons and ** Uco ” 
it would be worth while to select a type of tower from | li-mine irons. The catalogue also contains a con- 
which little water is blown out by the wind. A windage | pe ¢ nea a 4 7 ree 
rs : : : siderable amount of research data. 
loss as small as 0-5 per cent. of the water being circu- | 
lated will often exceed in value the original price of | Electric Space Heating.—Messrs. E. K. Cole, Limited, 
the tower within a few years. The water lost by | Southend-on-Sea, Essex, having carried out tests of 
evaporation is of course the same for any tower cooling | the relative efficiency of different electrical methods of 
water under the same conditions. | space heating, have sent us a copy of a report by their 
Forced- and induced-draught towers have a greater | Thermovent technical department and also a copy of 
unit concentration than atmospheric towers, and | “ Thermovent News,” the first of a new series. 
because of this find a great application under conditions | Measuring Flumes.—Written by Mr. J. W. Horner, 
in which space is limited. A Positive cooling effect is B.Se., “‘ The Standing-Wave Flume ”’ is the subject of 
assured by the use of fans which force air through the a booklet we have received from Messrs. Lea Recorder 
tower, and when the wind is not blowing this is often | Company, Limited, Recorder House, Cornbrook Park- 
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Marine Hydraulic Machinery. — Messrs. Hyland, 
Limited, Doncaster-road, Wakefield, have sent us a 
brochure published on the occasion of the opening of 
their new works, in which are also described their steering 
gear, windlasses and capstans, and the ‘ Panther” 
and “* Hylander ”’ marine Diesel engines. 








of paramount importance in plant operation. In cOM- | »oad, Manchester, 15. The booklet is a reprint of a 
paring mechanical-draught towers with atmospheric | » fn , 

: | lecture by Mr. Horner. 
towers, a tabulation of the same general type as shown 
in Table III may be used. In order to obtain a satis-| Core-Making Machines.—Messrs. The Constructional 
factory comparison, the atmospheric tower should be | Engineering Company, Limited, Titan Works, Bir- 


based on a wind velocity of from zero to 2 miles per | mingham, 12, have sent us a folder which illustrates and 
hour, since it is assumed that if the wind velocity were | describes the “ Titan” universal core-making machine. 
greater, an atmospheric tower would be less expensive |The machine is designed to be handled by unskilled 
to install and operate, providing the space were avail- | labour and incorporates an aeration system to ensure 
able. In this comparison, it will be necessary to take | cores of uniform density. 
ee B ng ogg means oe - | Electromagnetic Valves.— We have received from Messrs. 
head on & pashosieel aaa ame wal ~ i thos The British Thermostat Company, Limited, Teddington 
= am atmospheric tower, 80 that the over-all rer | Works, Windmill-road, Sunbury-on-Thames, a leaflet 
paca ‘bia he fi ° ‘ill ° nad 1 power describing “‘ Teddington ” electromagnetic valves for gas, 
consumption “it “ ad ] rv a — ay be as a toe ” | water, steam and oil. With the exception of the smallest 
Hegre ey nt © et ibe dios gas valves, they are qveliete for standard supply 
of a mechanical-draught tower is usually less than that | eager tenyprenre dae meres oy 
of an atmospheric tower for the same capacities and | Woodworking Machinery.—Messrs. Thomas Robinson 
cooling conditions. An installation should be selected | and Son, Limited, Rochdale, have sent us a catalogue 
which will give the least total annual cost, including | of woodworking machines which they have been engaged 
both operating cost and fixed charges, and only a| in manufacturing for over a century. A separate cata- 
careful study of all the factors involved will show | logue issued by this firm deals with electrically-driven 
whether an atmospheric tower or forced-draught tower | reciprocating cross-cut and log band saws, as well as with 
should be installed. ' circular saws, planing and moulding machines. 
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ELECTRICAL APPARATUS. 


505,570. High-Speed Arc Gap. A. Reyrolle and 
Company, Limited, of Hebburn-on-Tyne, B. H. Leeson, 
of Gosforth, and H. Leyburn, of Newcastle-on-Tyne. 
(2 Figs.) November 12, 1937.—-The are gap is designed 
for use on overhead lines for protecting sub-station 
apparatus against surges. In view of the extreme 
rapidity with which voltage surges reach their crest 
value, the gap is designed to have no time-lag, and is 
also arranged so as to be capable of handling any heavy 
follow-through current without risk of impairing the 
arcing surfaces. A vertical metal casing G with a conical 
upper part constitutes the outer electrode of the gap. 
It is supported on a bracket G', and is connected to 
earth. A hollow insulator H is suspended from the 
bracket G' and carries at its lower end a metal fitting H' 
connected to one of the line conductors, one are gap being 
provided between each such conductor and earth. 
Through a collar in the fitting H' passes a metal tube J', 
which can be locked in position by a nut. The tube is 
provided at its upper end with a spherical terminal J 
located within the outer electrode G and constituting 
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the inner electrode The spacing X between the surfaces 
of the two electrodes G and J, which determines the flash- 
over value of the gap, is materially smaller than the 
diameter of the terminal J, in order to provide a uniform 
clectrostatic field and thereby to ensure that flash-over 
will ocour without a time-lag. The eiectrode J is slightly 
flattened into cylindrical or conical form where it lies 
nearest to the outer electrode G. The spacing X can 
varied, in accordance with the flash-over voltage 
required, by vertical adjustment of the tube within the 
collar. In the event of a lightning surge, flash-over will 
take place between the electrodes G and J, and the arc 
will rapidly travel up the electrode surfaces, owing not 
only to the convection effect of the heat generated by 
the are, but also to the electrodynamic forces due to 
the current loop fofined by the rising connections from 
the two conductors ‘and the arc itself. This prevents 
burning of the striking parts of the electrode surfaces, 
since any burning whith may occur will take place above 
the determining the flash-over value. At the 


he 


zones 
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upper end of the outer electrode G is a cap with a vent | 
to atmosphere and an arcing tip K* having an internal 
bore in alignment with an opening at the upper end of | 
the inner electrode J, the lower end of which has a pivoted 
vent J? which is biased to remain normally closed. Vents 
are also provided in the collar. The arc thus travels 


into a more or less vertical position between the top of | 


the inner electrode and the arcing tip K*. In the event 
of a heavy follow-through current the are will tend to 
persist and develop fairly heavy pressure within the 


casing. This pressure is relieved by exhausting through | 


the tube and the normally closed vent J*, the opening 
of which operates an indicator which shows that a heavy 
follow-through current has passed. Consistent instan- 
taneous operation is ensured, since risk of alteration of 
the flashover value due to burning is avoided. (Accepted 
May 12, 1939.) 


MACHINE AND OTHER TOOLS, SHAFTING, 
ETC. 


Surface Broaching Machine. Weatherley 
(Oilgear), Limited, of London, and H. E. Weatherley, 
ofLondon. (2 Figs.) November 10, 1937.—In machines 
used hitherto for surface broaching, the teeth of the 
broach have generally been arranged with their cutting 
edges parallel to the required finished surface, each tooth 
moving over the whole surface and removing a definite 
depth of material from the work. The total depth of 
metal removed has been limited by the number of teeth 
on the broach, and increased depth of cut has necessitated 
increasing the number of teeth. The invention is a 
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machine in which the depth of cut is variable at will 
while maintaining the number of teeth constant. Two 
similar pairs of broaches are used, each pair working 
on either a distinct workpiece or a separate surface of 
the same workpiece. The broaches 1, 2 of a pair are 
mounted on a base fixed to a slide of the machine and 
move vertically downward during the cutting operation. 
Each broach is composed of a number of sections a, b, c. 
The two broaches are oppositely inclined to the vertical 
to fourm an inverted V, and are clamped at their top 
ends. A _ thrust-plece 6 without teeth forms a con- 
tinuation of one of the broaches at the apex of the V 
and is so shaped as to permit close approach at the 
apex of the working faces of the two broaches. Each 
broach has teeth 7 of equal height on the face inside 
the V and perpendicular to its plane. The workpiece 8 
is clamped on a table so that the surface to be broached 
is parallel to the plane of the V, and the broaches are 
arranged so that their bottom ends span the material 
to be removed. The workpiece projects into the space 
swept by the broaches by an amount equal to the depth 
of metal to be removed. As the broaches move down- | 
wards each tooth in turn removes a strip of metal of 
width equal to the depth of cut, this strip being perpen- 
dicular to the finished surface. The broaches cut into | 
the workpiece from each side, finally leaving a broached 
surface which is perpendicular to the teeth of the broach. 
The sides of the broaches, which come into contact with 
the finished surface, are grooved at intervals to prevent 
excessive friction. The angle which the broaches make 
with their direction of motion is variable to allow for 
varying width of surfaces to be cut. (Accepted May 10, 
1939.) 
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506,440. Soaking-Pit Cover. Stein and Atkinson 
Limited, of London, and J. S. Atkinson, of London. 
(1 Fig.) January 21, 1938.—The invention is a cover 
for a soaking pit for the heat treatment of metal ingots. 
Phe pit and the cover are both circular and, generally, 
of usual construction, there being no central cover- 
supporting column in the pit. The cover has a series of 
rollers 3 around its outer edge which move on a circular 
runway 4 at the top of the wall of the pit, and which 
support the cover. A depending plate 5 which moves 
in a trough of sand, forms a seal. The cover has an 
aperture 7 closed by a lid 8 of brickwork in a metal fram- 


8 
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ling. The lid also has a sand seal 9. The lid rests on a 
|} seat and has a mushroom-shaped projection 11 on its 
upper surface which is engaged by alifting hook. The lid 
can, however, be arranged to move backwards and forwards 
to uncover and cover the aperture and to drop slightly 
when it reaches its final covering position, in order to 
seal the aperture, by means of depressions in the track. 
The cover is rotated by a rack and pinion mechanism 
on its outer edge, driven by a motor 15. The soaking 
| pit can be uncovered at any desired position, the aperture 
being sufficiently large to permit the removal of one or 
more ingots from the pit, while at the same time only 
| the required portion of the pit is uncovered and heat loss 
is thereby reduced. (Accepted May 30, 1939.) 


MOTOR ROAD VEHICLES. 

506,752. Motor-Car Brakes. The Rover Company, 
Limited, of Coventry, and P. A. Scott-Iversen, of Coventry. 
(7 Figs.) December 3, 1937.—-The invention is a con- 
struction which distributes the braking pressure equally 
between the shoes, and also enables the shoes to be 
actuated with a minimum of effort. At their adjacent 
ends the brake shoes abut against fixed stops c which 
locate the shoes, and which are fixed to a non-rotatable 
supporting plate d, the latter being secured to the inner 
end of the road-wheel axle. The shoes are held in their 


retracted position against the stops c by tension springs, 
the stops being on a horizontal diameter of the drum. 
The springs f are stronger than the springs g, so that when 
the brake is applied while the car is moving in the direc- 
tion of the arrow they 
contact with the adjacent stop. 
arranged in different planes, 


hold one end of each shoe in 
The webs A of the two 


shoes are and their ends 
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form the thrust pieces by which the operating movements 
are transmitted. A wish-bone lever having a pair of 
arms j actuates the shoes. Each end of the lever is 


| formed on its upper side with a rounded recess k to engage 


the thrust piece of the upper shoe, and on its underside 
with a rounded recess m to engage the thrust piece of 
the lower shoe. A curved portion bears against and 
rocks on an abutment o on the plate d, which gives 
lateral support to the lever. At the junction of the arms 
the lever j is connected to a rod passing through an aper- 
When the rod is pulled the lever 
arms j press in opposite directions on the thrust pieces 
of the two shoes, causing them to be pressed against the 
drum, the arms being laterally supported in this action 
by the abutment pieces 0. Rotation of the shoes with 
the drum is prevented by the stops. (Accepted June 5, 
1939.) 
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LOCOMOTIVE 


RECONSTRUCTION 
ON THE CENTRAL URUGUAY 
RAILWAY. 


(Concluded from page 223.) 


THE new deep main frames are | in. in thickness, 
and are carried out horizontally at the top from 
a point forward of the smokebox to the extreme 
rear of the engine, thus carrying the running plate 
over the wheels without the need for splashers, and 
providing a good base from which the footplate is 
built up and the cab supported. The cab has doors 
at the front, opening on to the running plate. The 
axle-box guides are of the wedge pattern, with the 
wedges to the front, and the axle-boxes are of 
bronze, cast in chills. This combination is standard 
on the Central Uruguay Railway, and is found to 
enable 120,000 miles to be run between general 
repairs without intermediate shopping for overhaul 
of the axle-boxes and wheels. The pony-truck 


swing links are of the three-point type and, as 
shown in Fig. 7, on this page, are designed to 
obtain a considerable curving effect, thus utilising 
to the full the weight available on the pony wheels 
and minimising the curving work to be done by the 
flanges of the leading coupled wheels. 








10-5 per cent., as compared with the more usual 
arrangement of the cotter in front of the crankpin. 

The foregoing constitute the major construc- 
tional features of the rebuilt locomotives, but in 
addition a number of special details have been 
adopted, some of which have been also introduced 
in other classes of engines on the Central Uruguay 
Railway. For example, the fluctuating gradients 
of the system cause rapidly recurrent periods of 
“ drifting,” with the consequent necessity of main- 
taining a circulation of steam through the super- 
heater elements when the regulator is shut. The 
method adopted to meet this condition, and now 
standardised as the result of a series of “‘ drifting ” 
tests, is to place two air-snifting valves on the super- 
heated side of the header, thus avoiding the extreme 
heating of the air when it is drawn through the 
superheater or, alternatively, the extreme varia- 
tions of temperature produced when air is drawn 
through anti-vacuum valves fitted directly to the 
steam chests or when the vacuum is detroyed by 
by-passing the air between the ends of the cylinders. 
Secondly, a steam-circulating valve is provided, as 
previously mentioned, and so arranged that, when 
the regulator valve is shut and the engine is drifting, 
a small amount of saturated steam circulates 
through the superheater elements, thereafter com- 


Fig 8. 
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The balancing has been so arranged that all} bining in the header and steam pipes with cool air 
revolving masses have static and cross-balance at | drawn in through the snifting valves. 


the respective coupled wheels ; 53 per cent. of the 
reciprocating weight has been similarly balanced. 
The over-balance resulting from the latter arrange- 
ment is divided over the four coupled wheels in the 
ratio of 125: 14: 14: 12} per cent., as shown in the 
wheel-balancing diagram, Fig. 9, on page 246. 
The most usual method of evenly dividing among 
the coupled wheels the overbalance derived from 
the reciprocating parts has been departed from, 
because it was considered desirable to distribute 
this weight so that a somewhat greater proportion 
is located nearer to the actual source of reaction 
and to the longitudinal centre of gravity of the 
engine. This arrangement is possible owing to the 
relatively low wheel hammer-blow at 5 revolutions 
per second, equal to a speed of 53 m.p.h., this 
speed being slightly higher than the maximum 
actually required. 

Particular attention was given to the question of 
hammer-blow, having regard to the effects produced 
on bridges and on the track. 
the diagram, the wheel hammer-blow, axle hammer- 
blow, and whole-engine hammer-blow are all well 
within the limits recommended by the Bridge Stress 
Committee of 1928, in no case being higher than 
16 per cent. of the static weight upon any wheel 
at the maximum designed speed. In practice, the 
arrangement is stated to have produced a very 
steady-riding engine. In the same connection, 
special consideration was given to the design of the 
connecting-rod big-ends, both the cotter and the 
bolt fastening being arranged behind the driving 
crankpin, thus placing a greater proportion of the 
weight of the rod among the revolving masses. 
This design reduced the reciprocating weight by 


As can be seen from | 





The advantage of this arrangement is that, 
although the air is heated somewhat before reaching 
the cylinders, the steam is so reduced in temperature 
by the air entering at the later stage that it con- 
denses and so assists the lubrication of the cylinder 
walls. Provision is also made so that, when the 
engine is standing, the steam-circulating valve opens 
automatically and allows a small quantity of steam 
to flow through the elements and out through the 
snifting valves and the vent of the steam-circulating 
valve. The blower valve, fuel atomiser and steam- 
circulating valve are so interconnected that it is 
impossible to have the blower on and the fuel- 
atomising steam valve open together, unless the 
circulating valve is also open to pass steam through 
the superheater when the regulator is closed. When 
the regulator is open, the circulating valve, of course, 
closes automatically. 

The smokebox front is constructed with a circular 
plate and a relatively small door, the plate being 
detachable for general repairs, etc., by removing the 
nuts by which it is secured. It has been found that 
the usual method of attaching roof stays to the 
crown plate of the firebox is not suitable for oil- 
burning engines on heavy work and the pattern 
shown in Figs. 10, 11 and 12, on page 246, has been 
adopted. It will be observed from the illustrations 
that the threaded portion is considerably tapered, 
being lightly hammered over when in place. The 
method of fixing roof stays in the outer shell where 
the angle is acute is also shown. The three front 
rows are expansive stays of the pattern illustrated, 
with the exception of those nearest to the shoulders 
of the firebox, which are of the Tate type. 


The washing-out holes in the boiler barrel and the 
i 
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firebox shell are tapped for plain screwed plugs, 
those above the running plate having a supplemental 
collar-piece electrically welded to the plate, giving 
a depth of plug thread rather more than twice the 
thickness of the plate. There is a mud door under 
the barrel about 15 in. in front of the throat plate, 
the orifice being about 5 in. in diameter. Additional 
holes are provided in the haunches of the barrel 
about 12 in. away from the firebox and smokebox 
tube-plates, for observation purposes and for 
removing scale close to the entrance of the tubes 
in the tube-plates. Blow-down valves, operated by 
handwheels, are fitted on each side of the firebox, 
where they can be easily actuated by the enginemen 
on the road. 

The centres of the driving and coupled wheels are 
specially reinforced, as shown in Fig. 8, below. 
It will be seen from the illustration that not only 
is the section 6f the rim between the spokes re- 
inforced at the back, but that additional ribs are 
introdueed at all the corners, particularly round 
the spokes and corner adjacent to the crankpin 
box. Experience has shown that this is the region 
in which the spokes tend to crack on heavily- 
worked locomotives. The main driving-wheel tyres 
are flangeless, and are 63 in. wide, with treads 
inclined at 1 in 80. The treads of the other tyres 





are inclined at 1 in 40. The springs are longer in 
relation to the axle weights than is usual in loco- 
motives of this type, those of the coupled wheels 
measuring 3 ft. between the centres of the pins, 
and the loading being 4} tons per spring. The use 
of such long springs has been justified, we under- 
stand, by the excellent riding qualities of the engines 
and by the fact that there have been fewer spring 
troubles than on similar engines with shorter 
springs. The springing of the coupled wheels is 
divided into two groups, compensation levers being 
provided between the front and main drivers and 
between the intermediate and rear coupled wheels, 
respectively. 

The connecting rods are of I-section, the small- 
ends having horizontal adjusting wedges and the 
big-ends being of the special design mentioned in 
connection with the balancing. The coupling rods 
are of plain slab section in order to avoid excessive 
lateral resistance, in relation to that of the main 
frames, and the development of side play on the 
axle-boxes. An interesting detail is the type of 
crankpin cap nut employed, which has been 
developed over a number of years on the Central 
Uruguay Railway. Locking is effected by a bolt, 
the shank of which fits tangentially in a circum- 
ferential groove in the screwed end of the pin. 
The tolerance allowed permits J, in. “draw” on 
the nut, to take up axial wear on the crankpin brass. 

The axle-boxes of the coupled wheels are lubri- 
cated mechanically, the lubricator being mounted 
on the left-side running plate and operated from 
the crosshead. The boxes on the pony truck and 
the tender are under-lubricated by means of oil- 
impregnated elastic packing. Another mechanical 
lubricator, situated on the right-hand running plate 
and driven from the crosshead on that side, supplies 
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the steam chests and cylinders. 
is used for the big-ends and all the coupling-rod 
bearings. 

The brake gear is of the usual pattern, with two 
vacuum cylinders located under the drag plate ; 
push-rods are used for the control. The brackets, 
and the arrangements for securing the suspension 
pins, however, have been modified, not only to 
facilitate removal of the pins and the easy observa- 
tion of their security, but also to enable the pins to 
be turned through 180 deg. to increase their service- 
able life. Vacuum-brake equipment is provided 
on the engine, and both engine and tender brakes 
are vacuum-applied, the Central Uruguay Railway 
being one of the few in the world on which the whole 
of the rolling stock is fitted with vacuum brakes. 
This enables considerably higher freight-train speeds 
to be maintained than are usual on similar railways 
elsewhere. Four sand boxes are provided for 
forward running. Two, placed inside the frames 
as in the original engines, deliver to the main 
driving wheels, and the other two, which are carried 
on the running plates at the side of the smoke-box, 
deliver to the first pair of coupled wheels. Both 
pairs of boxes are operated independently by hand 
gear, and have butterfly valves. 

The tender bogies differ from those originally 





Grease lubrication | 


supplied with the engines and were fitted some three | 


years ago. They are of the bar and pedestal type, 
with inverted-in-cradle plate springs. The cast- 
steel bogie-bolsters have two-point swing links. 
Side bearers are fitted, of course, only to the trailing 
bogies. From the illustrations previously published 
it will have been noticed that the engines have heavy 
coweatchers and swing-up buffers. The vacuum- 
brake 
special design. These three features are rendered 
necessary by the relative frequency with which 
cattle are encountered. The special hose-coupling 


an automatic coupling at each end, to be carried 
elsewhere on the engine and fitted, when necessary, 
as readily as an ordinary hose-coupling can be con- 
nected. When the hose is not attached, the weight 
of the heavy cap keeps the brake-pipe sealed. 

We are informed by Mr. Dewhurst that the 
reconstructed engines are proving very effective as 
load-haulers, and in the tonnage hauled per unit 
of fuel. Over sections of the line in which the ruling 
gradients of 1 in 70 are situated they can take 25 
and 29 double-bogie wagons of cattle (i.e., 450 head 


as compared with 21 wagons, containing 376 head 
of cattle, before reconstruction. The fact that they 
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Higher Mathematics, with 
Engineering. By Proressor R. 8. 
Cc. C. Torrance. London: 
Company, Limited. [Price 30s. net.] 

A souUND 

applicable 


knowledge of applied—or, at least, 


mathematics is indispensable to serious 
of recent developments that an 


appertaining exclusively to pure mathematics, are 


: }now entering the province of applicable mathe- 
enables a brake hose of standard length, but with | S E PI 


matics. 
common with the physicist, now finds it necessary to 
be able to handle matrices and to follow the methods 
of tensor analysis. The attempt to extract what 


is, for their purpose, the relevant information from | 


works written by pure mathematicians for the benefit 
of others of their own kind is apt to prove dis- 
couraging. It is desirable, of course, that the formal 
arguments there encountered should be hedged 
about with the meticulous provisos needed to render 
the demonstrations rigorous; but the practising 


" : e |engineer and the experimental physicist, viewing 
and 522 head of cattle) in the case of the small- | 
boilered and the large-boilered types, respectively, | 


are now able to operate over sections of the line | 


from which they were previously excluded is a great 
advantage, and it is found tnat, with the 5-ft. 
diameter wheels, they are still able to keep satisfac- 
tory time with heavy passenger trains when required. 





HOTEL, RESTAURANT AND CATERING EXHIBITION. 
Organised by Messrs. Trade and Technical Exhibitions, 
Limited, Drury House, Russell-street, London, W.C.2. 
the Hotel, Restaurant and Catering Exhibition will be 
held at Earl's Court, London, 8.W.5, trom November 23 
until December 1. The exhibits will include machinery 


and labour-saving equipment employed in the kitchens, | 


stillroome and service rooms of hotels, restaurants, 


and clubs. 


mathematics in the light of a tool for use rather | 


than as an end in itself, do not respond kindly to so 
austerely abstract an approach. Their objective is 
more limited ; they require an insight into the scope 
of mathematical methods, and sufficient practice to 
acquire confidence in applying them. 

That the authors of this admirable text sympa- 
thetically appreciate this point of view is evident 
throughout its 825 pages. While taking pains in 
the enunciation of the various theorems to show the 
extent of their validity, they include illustrations, 
appealing to the geometrical or physical intuitions of 
the reader, to indicate why the various restrictions 
are essential. This does not imply that points of 
difficulty are avoided by ignoring their existence ; 


on the contrary, the treatment is unusually thorough. | 
The careful discussion of the convergence and | 


divergence of series, for example, enables certain 
of the difficulties inherent in the Fourier expansion 


McGraw-Hill Publishing | 


For instance, the electrical engineer, in| 
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|to be much more adequately investigated than is 
customary in a course of this kind. 
| The fundamentals of the differential and integral 
calculus are expounded in the first two chapters. 
Ordinary and partial differential equations occupy 
Chapters LI and VII, respectively, Chapter IV 
treats of infinite sequences and series, and Chapter V 
is devoted to functions of a complex variable. 
Chapter VI covers the algebra of arrays (deter- 
minants and matrices) and includes a masterly 
exposition of vector analysis, together with some 
differential geometry and a section on _ tensor 
enalysis. The calculus of variations and analy- 
tical dynamics are discussed in Chapter VIII, while 
the short concluding chapter provides a_ brief 
| introduction to real-variable theory. The numerous 
exercises interspersed throughout the text are well 
| chosen, and include a large number of problems of 
| direct interest to the engineer and physicist. Hints 
are provided for the solution of such as are likely 
to present special difficulties, and, in a number of 
cases, answers are appended. 

Only a few minor points of criticism suggest them- 
selves. It is a pity that the standard right-hand 
axis convention is not used as consistently in the 
figures in the early part of the text as it is through- 
out those in the later part; also that the sin-* 
notation is employed instead of the arc sin notation, 
| which has certain advantages and is now firmly 
established. Although it may seem ungrateful to 
ask for more where so much has been provided, a 
section on probability and the theory of errors would 
be a welcome addition to a second edition, in view 
| of its considerable practical importance. The very 
rare misprints noted involve little beyond an 
| omitted or misplaced index or subscript—a real 
| achievement in a work of this length and typographic 
complexity. In short, this is a book that can be 
| fully commended, while its moderate cost places 
it within the reach of those whom it can best serve. 


The Principles of Electric Power Transmission oy 
Alternating Currents. By H. Wappicor, B.Sc., 
A.M.1.E.E. London: Chapman and Hall, Limited. 
(Price, 21s. net.) 

Tuts book is primarily intended for students pur- 
suing courses of study in electric-power trans- 
mission at universities and technical colleges, and 
|the fact that it has reached a fourth edition in 
|eleven years may be taken as evidence that it has 
| proved useful in this respect. There is less obvious 
| justification, however, for the author’s claim that 
the practical side has been kept in view, or for the 
| hope that the subject matter of the fifteen chapters 
| will be of direct utility to designers and to engineers 
responsible for the operation of power-transmission 
systems ; there are, in fact, several matters of con- 
siderable importance to transmission-line designers, 
of which the book says little or nothing. 
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The opening chapters deal with the elementary | not so easy to arrange. Other chapters deal with | 


been grouted the space at the top between the pin 


economic and electrical principles of power trans-| wet and dry ash-handling, engine turning, sand | and the inside of the 8-in. hole was filled with rust 
mission, the calculation of the inductance and capaci- | driers, and plant for coaling, boiler-washing, and ‘cement. After the tower had been partly erected, 
tance of parallel conductors, and the effect of spacing. | water-softening. The author is an advocate of| the vertical plates of the shafts were arc-welded to 
The performance of long and short overhead trans-| portable weighing balances for adjusting springs,|the base slabs to complete the positive shear 


mission lines is discussed in a chapter which assumes | and in this connection quite definitely answers the | 
in the reader some facility in the use of complex | question, “Do spring equalisers equalise ?” ; in | 
quantities, and a knowledge of the application of| his opinion, based on numerous tests, it is “a 
hyperbolic functions. Another chapter deals with | cherished fallacy.” The practical quality of his 
line conductors and supporting structures; but | recommendations is particularly in evidence in the 
the last-named subject is dismissed in about three | twenty pages in which failures and breakdowns 
pages, no reference at all being made to the ter-| are considered, and in the emphasis laid on the 
minating ends, or to sag formulz, or to the effects of | advantages of forestalling trouble by examination 





wind, ice, and variations of temperature. In the 


consideration of the insulation of overhead lines, | 


critical voltage and corona formation are fairly well 
explained and the testing of insulators is touched 


upon, but more might have been said about the | 


apparatus for testing and the methods of test. 
A chapter is devoted to apparatus for the preven- 
tion of dangerous currents, descriptions being given 
of various forms of relays and simple protective- 
gear circuits, together with short-circuit calcula- 
tions and the location of reactor systems; but 
more attention might well have been given to the 
division of short-circuit currents in systems, while 
excluding protective gear, which is really a separate 
and specialised subject. 

The causes of pressure rises, and the means 
whereby the lines and terminal apparatus may be 
protected, are widely discussed in two chapters ; 
and two more are concerned with the various types, 


systems of laying, and thermal characteristics of 


underground cables, but here again no mention is 
made of joints or the terminating ends—two items 
of considerable importance. Examples are included 
to show the application of Kelvin’s law and its 
modifications in determining the economical size 


of conductor for a given purpose. This use of 


illustrative examples, and the bibliographies ap- 
pended to the chapters, constitute two of the more 
useful features of the book from the student’s 
point of view. Other instances of the apt in- 
clusion of examples occur in the chapter dealing 
with voltage control of overhead lines by synchro- 
nous phase-modifiers, where the method of ascer- 
taining the required rating of the modifier is demon- 
strated ; and in the concluding chapter, which is 
devoted to the methods of determining the power 
limits of transmission lines. 
be made, however, that a preferable arrangement 
would have been to deal with this subject in a 
chapter adjacent to the survey of synchronous 
modifiers. Generally, the book is well written and 


it does not entirely meet the needs of the practising 
designer of transmission lines, the student will find 
in it a serviceable introduction to this rather com- 
plex subject. 


| THE GOLDEN GATE BRIDGE, 
SAN FRANCISCO. 


| about 45 ft. long and each consisting of two, four 


The suggestion may | 
| builders, Messrs. The Bethlehem Steel Company, 
|and were shipped by boat to San Francisco. 
| units were unloaded and stored 12 miles from the 
it will be gathered from the foregoing that, although bridge cite until required, when they were loaded on 


or replacement of parts after a stated time or 
mileage. Both here and in the short section | 
allotted to ‘“‘ Operation,’ the reader cannot fail to 
| realise the extent to which the running of a railway 
depends on paper, and how seriously the clerical 
| work curtails the time that the locomotive-running 
staff can spend in personal attendance on their 
| charges. 

With the author’s views on one subject, that of 
|engine cleaning, all engineers will agree. It is 
depressing to staff and public alike to see dirty and 
apparently uncared-for locomotives, but it is 
difficult to suggest, in present circumstances, how 
| railway companies can increase the expenditure allo- 
cated to engine cleaning. Yet the benefits are not 
| confined to considerations of public good will; as 
the author observes, the moral effect of cleanliness 
| on all grades of staff is an influence not to be over- 
looked. It will be gathered that the book is one 
| to be recommended, though it is curious to find such 
| an essentially practical work sent out with neither a 
| list of contents nor an index. 








By Cuirrorp E. Parnes. 
(Continued from page 192.) 
ERECTION OF THE MAIn TOWERS. 
Tue shafts of the towers were built-up in units 
or six cells. The average weight of a unit was 40 tons, 


but the heaviest weighed 76 tons. They were 
abricated in Pennsylvania, in the works of the 


The 





to barges having a carrying capacity of 450 tons and 
were towed to the appropriate town site where they 


with a 100-ft. jib. This crane, which was also used | 


derrick cranes of the tower traveller, is clearly | 


The Locomotive Running Department. By Joun G. B.| shown in Fig. 56, on Plate IX, which is a view of | 
Sams. London: The Locomotive Publishing Company, | the Marin tower during erection. One of the trans- | 
Limited. (Price 3s. 6d. net.) | porting barges is partly visible in this illustration. 


anchorage of the tower to the pier. 

In addition to the provision for shear, structural- 
steel anchorages were provided to take the bending 
moments. These will probably only become opera- 
tive in the case of a severe earthquake, as wind 
moments are not sufficient to produce stress in them. 
The anchorage for each shaft consists of eight angles 
arranged in two groups placed symmetrically with 
respect to the transverse centre line of the shaft, 
the centre of each group being 22 ft. 9 in. from that 
line. The angles, which are 6 in. by 4 in. by } in. 
and 6 in. by 4 in. by ? in., extend 52 ft. into the 
concrete of the pier and project above it for a short 
distance. The spacing of the angles is arranged 
so that they could be riveted directly to longitudinal 
web plates of the tower shafts while initial tension 
was applied to them. When the tower had been 
erected to a height of 200 ft., structural-steel 
brackets were attached to the angles. By means of 
jacks, the 6-in. by 4-in. by 4-in. angles were then 
stressed to a load of 27 tons, and the 6-in. by 4-in. 
by }-in. angles to a load of 47 tons. Holes were 
then drilled in the webs and the anchorages riveted 
to the towers. 

Each tower was erected by means of two derricks 
carried on a traveller, which spanned the space 
between the two shafts of the tower. Drawings of 
the arrangement are reproduced in Figs, 60 and 61, 
on page 248, and the derricks and traveller are 
clearly shown in Fig. 56, which has already been 
referred to. Other views of the towers in course of 
erection are given in Figs. 57, 58 and 59, on Plate 
IX. Of these, Fig. 57 shows the work in progress 
on the anchorages, pylons, Marin tower and San 
Francisco pier, while Figs. 58 and 59 show later 
stages in the erection of the San Francisco tower. 
Fig. 58, it will be noted, shows both towers, the 
Marin tower being nearly completed, while the 
San Francisco tower is still in a relatively early 
stage. Figs. 58 and 59 both show the derricks and 
traveller. The derricks, as shown in Fig. 60, had 
90-ft. jibs, each of a lifting capacity of 76 tons. The 
derricks were spaced 35 ft. apart on the traveller, 
which consisted of two Warren trusses 79 ft. long 
and 33 ft. deep. The trusses were spaced 28 ft. 
apart and were connected by sway bracing as well 
as top and bottom laterals. At each end of each 
truss, just below the bottom chords, a heavy sliding 
bar was provided which could be cantilevered out 
from the end of the truss, so that it entered an 
opening in the outer web plate of the tower shaft. 


| were unloaded by an 80-ton electric derrick crane | A seating was provided inside the opening on which 


the sliding bar rested and this seating was designed 


| to lift the units into a position for handling by the | to take the weight of the traveller and of any loads 


which it might be carrying. 

The arrangement of these sliding bars is indicated 
in Fig. 60, but will be better understood from the 
| detail drawings reproduced in Figs. 62 to 65, on 





THERE is an attractive simplicity in the way that; The tower contractors were required to grind the | page 249. The front truss on which the derricks 
this little book approaches its subject. The heart of | bearing area of the pier top to a finished surface | were mounted carried a heavier load than the rear 
the running department is the running shed itself ; | within limits of ,{, in. above or below the finished | truss and the dimensions of the front and rear sliding 
the author describes only one example but, having| datum. This work was carried out with a carbor-| bars differed accordingly. The supporting seating 
done so, he proceeds to criticise it in a manner| undum grinding wheel, 24 in. in diameter and 4 in. | for the front truss carried a maximum load of 336 
calculated to make the least experienced member | thick. The grinder was mounted on a supporting | tons and that for the rear truss a downward load of 
of @ running-department staff more observant of | bridge which travelled on rails and spanned the| 136 tons and an upward load of 129 tons. The 
the things that matter. This is not to say that the | work. The wheel was driven at a peripheral speed | arrangement of the front truss support is shown in 
book is one for the student alone; the author’s| of from 6,600 ft. to 8,300 ft. per minute, the rate | Figs. 62 and 63. The sliding bars were 16} in. deep 
experience of steam-locomotive working at home| of traverse being from 3 ft. to 54 ft. per minute, | and 8 ft. 4 in. long, the width varying from 12 in. to 
and abroad is widely based, and most running | and from ,); in. to } in. of material being removed | 4}in. A groove 2} in. deep was formed on the under- 
superintendents are likely to find in it something| at each cut. An area of about 1,200 sq. ft. was|side of the bar 6 in. from the front end. This 


Each shaft stands on 19) 


engaged with the bearing on the web plate and 


worth consideration, even though the machine-tool ground for each shaft. 
side of shed equipment is barely mentioned and | carbon-steel base slabs, 5 in. thick. These, which 


| prevented unintentional withdrawal of the bar. To 





nothing is said of electrified railways. Incidentally, | are shown in Fig. 47 and 51, on Plate VII ante, were ‘secure uniform bearing, the bars were supported at 
the time is fully ripe for a book like this, dealing | set on a thick layer of freshly spread red-lead paste | the end panel points, 15 in. from the tower webs, by 
with the equivalent of locomotive running in| and were lined up to an accuracy of 0-003 in. As | self-aligning hemispherical rockers. Other bearings 
electric-railway operation. | explained in the previous article, the design includes | for the sliding bars were about 4 in. wide and were 

A clear account is given of the routine of loco- | provision for anchoring the tower to the pier, shear| supported by diaphragms riveted between the 
motive maintenance, rostering and overhaul, the | across the plane between the steel and the concrete | gussets of the trusses. The bars were operated by 
duties of shed supervisory staff, storekeepers, road | being resisted by 39 dowels, 64 in. in diameter and | hand levers, as shown in Fig. 63, which could only 
crews, and special crews for the preparation and | 4 ft. 6 in. long, at each shaft of each tower. After | be operated when the travellers had been slightly 
disposal of engines. Rostering of engines and| the setting of the base slabs, these dowels were | raised by the lifting mechanism. The sliding bars 
crews is made to appear a relatively simple and | placed and grouted in holes 4 ft. deep, which had | on the rear truss were 14 in. deep, 6 ft. 8 in. long, 
almost an attractive problem. Unfortunately, in| been left in the pier. The dowel pins entered 8 in.| and varied in width from 10 in. to 4} in. The 
average practice good engine workings are really | diameter holes in the base slabs and after they had rocker support was not used, however, but bearings 
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were provided above and below the sliding bars 
in the tower webs as these bars had to deal with 
lift as well as dead weight. The arrangement is 
shown in Figs. 64 and 65. The sliding bars were 
nickel-steel forgings, heat-treated to obtain an 
elastic limit of 22-3 tons per square inch. 

When all the steel which could be placed from 
one position of the traveller had been erected, 
catheads were placed above each end of the traveller 
at the top of the steel already erected. Each 
cathead, which consisted of a box girder supported 
near each end by diaphragms extending below the 
girder and bolted to the vertical web plates of the 
tower shafts, carried four sheaves at each end, which 
were directly over four other sheaves at the corners 
of the traveller. These sheaves were rove with a/ 
l-in. wire rope, the lead lines of which were carried 
to hoisting engines at the base of the tower. In all, 
15 lifts of the traveller were made for each tower, 
the length of each lift being about 35 ft. and the 
speed of lift 6 ft. per minute. The travellers are 
shown in various positions on the towers in Figs. 
56, 58 and 59, Plate IX. Each of the two derricks 
was operated by an electric motor-driven four-drum 
hoist located at the base of the tower. There was 
a hoisting gang for each derrick, hoisting being 
controlled by a system of electric lights by which 
signals were transmitted from a man in a crows’-nest 
on top of the derrick mast to the operator on the 
ground. The heavy column sections were hoisted 
at a speed of 30 ft. per minute. The traveller was 
not able to reach a sufficiently high position to erect 
the top strut, and this work was accordingly carried 
out by means of 90-ft. jibs mounted on the towers, 
as shown on the left of Fig. 60. These jibs were also 
used to dismantle the travellers. 

Almost perfect bearing between the milled sur- | 
faces of the abutting cell-group sections was secured. 
In general, to obtain close contact it was only 
necessary to strike the upper sections with a pile 
driver. In a few cases, heated structural hitches had 
to be attached to the two sections, which were drawn | 
together as the hitch cooled. After the opening of | 
the joint had been reduced to 0-006 in., the shock | 
and heat of riveting were sufficient to close it} 
entirely. In all, there are about 1,200,000 field | 
rivets in the two towers. They were heated in| 
coal-fired hearths situated on double-deck scaffolds | 
carried outside the towers. Where necessary, the 
rivets were conveyed inside the towers by pneumatic 
rivet-passers through holes which had been provided 
for that purpose in the webs. Rivets in vertical 
seams were not driven until all horizontal joints 
below had been riveted. Owing to the difficulties 
met with in the construction of the San Francisco 
pier, which have already been explained and which 
delayed its completion, the building of the San 
Francisco tower lagged behind that of the Marin 
tower, as is clearly shown in Figs. 57 and 58, Plate 
1X. Inorderto make up for this lost time, the con 
tractor was offered a bonus for the speedy erection of 
the San Francisco tower. The pier was completed on 
January 8, 1935, and the tower was erected ready 
for the cable contractor by June 28 of the same year. 
he greatest weight of steel erected in a single 
eight-hour shift was 778 tons. In spite of this rate 
of progress, the safety of the workmen was carefully 
considered at all times, and actually the 39,000 tons 
of steel contained in the two 700-ft. towers was 
erected without a single facal accident. 


(To be continued.) 





City AND GUILDS or LONDON INSTITUT! The 
Council of the City and Guilds of London Institute, 
Gresham College, Basinghall-street, London, E.C.2, has 
conferred the distinction of Fellow of the Institute upon 
Mr. C. R. Fairey, M.B.E., Mr. E. Fawssett, Dr. L. F. 
Goodwin, Sir Follett Holt, K.B.E., Sir Gilbert T. Morgan, 
O.B.E., F.RS.. Mr. F. Handley Page, C.B.E., and 
Sir Leonard Pearce, C.B.E. 


APPROVED ELECTRODES FOR S#HIPRUILDING.—The 
British Corporation Register of Shipping and Aircraft, 
14, Blythswood-square, Glasgow, has issued a new list of 
approved electrodes, the list being dated August, 1939. As 
has been the case with previous lists, the name of the 
electrode and of its makers are given, together with 
particulars regarding distinguishing marks, etc., and, 
where necessary, the limitations in the use of the 
particular electrode. 
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rate, tensile strength and Izod impact value through- 
out prolonged tests under load at high temperature. 
| Other work has been carried out to study the - 
effects of the condition and heat-treatment of steel 
| upon creep behaviour, and to determine data for 
design purposes relative to the oxidation and scaling 
| of steels in steam, flue gas, and air under conditions 
| likely to be encountered in electric and other power 
| plants. As regards the effects of superheated steam, 
| for example, several types of material in ordinary 
| use have now been subjected to tests of 1,000 hours’ 
| duration at temperatures in the region of 550 deg. C. 
| In addition to the extent and mode of deformation 
| under these conditions, the character of the oxide 
| film produced is of considerable interest, and micro- 
|scopic examination is revealing that both these 
features vary a good deal from one class of steel to 
|another. No evidence is forthcoming, as yet, that 
| thin specimens, of the order of 0-01 in. in thickness, 
|suffer more rapid reduction of strength, due to 
| oxidation, than thick ones; but in either case, the 
| effects of oxidation are sufficiently marked to call 
| for separate consideration, and experiments are 
accordingly being conducted with oxygen-free steam 
| at a pressure of 1,000 Ib. per square inch. The appa- 
| ratus has been modified to achieve this condition and 
| tests are in hand upon various carbon, molybdenum 
| and high-chromium steels. 
| The necessity for testing a rather wide range of 
| alloy steels in all high-temperature research is exem- 
| plified by the results of detailed examinations, carried 
|out upon materials undergoing high-temperature 
| creep trials, which have revealed that alloy steels 
|in general are more prone than carbon steels to 
failure by cracking. Microscopic inspection shows 
that such cracking takes the form of a widely distri- 
| buted separation of the grain boundaries at right 
angles to the direction of tensile stress, and fhat 
|those grain boundaries which lie parallel to the 
| direction of the stress are usually the last to fracture. 
a, | This type of cracking can thus be distinguished 
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from the long, branching inter-crystalline cracks 
which are typical of the so-called “‘ caustic embrittle- 
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(Continued from page 234.) 
METALLURGY DEPARTMENT—(continued). 


Steel. Performance at Elevated Temperatures. 
Caustic Embrittlement of Boiler Plates.—Of the 
large number of investigations at present in progress 
upon steels and ferrous materials generally, by 
far the greater proportion are concerned with 
various aspects of the performance of engineering 
materials subjected in normal service to simul- 
taneous application of high temperature and stress. 
For the most part, this work is of immediate prac- 
tical application, conducted on behalf of the British 
Electrical and Allied Industries Research Associa- 
tion, and may be regarded as embracing all the 
metallurgical requirements of an_ electric-power 
station. Hence, the department is concerned not 
only with steel of many kinds, but also with iron 
and iron alloys of the heat-resisting types employed 
in furnace construction ; and not only with perform- 
ance under conditions encountered in steam genera- 
tion, but also with the metallurgical aspects of 
metals and refractories at boiler-furnace tempera- 
tures. To meet the need for comprehensive data 
over this high range of temperature, and at the 
same time to allow oxidizing effects to be studied 
under controlled conditions, six vacuum creep units 
were installed some time ago. They were designed 
for experiments over the range from 350 deg. C. 
to 950 deg. C. and have been very successfully used 
for a comprehensive study of the mode of deformation 
first of pure iron, and subsequently of steels having 
carbon contents ranging from 0-4 per cent. upwards. 


ment’ of boiler plates—a further aspect of the 
im | | behaviour of engineering materials at high tempera- 
4 fi ture which has for some years been the subject of 
os | extensive research at the Laboratory. It may be 
recalled that, in the early experiments on a small 
scale, specimens of iron and steel were exposed to 
prolonged stress while immersed in hot solutions of 
|sodium hydroxide. Under these conditions the 
pressure was low and the characteristic intercrystal- 
line cracks which occurred in actual boilers were not 
|The general influence of carbon content on creep! produced. Later experiments were, therefore, made 
| properties has been thus determined. | with similar specimens, stresses and solutions, this 
| Certain of the samples supplied by steel manu- | time, however, with small cylinders in which high 
| facturers, however, have revealed under test abnorm- | pressures could be attained. Intercrystalline failures 
|ally high creep rates for which no obvious explana- | were frequently achieved under these conditions and 
| tion exists. It appears that such anomalous steels | the general results, while in some respects inexplic- 
are only infrequently produced, but their possible | ably erratic, were nevertheless considered promising 
occurrence, quite unknown to either manufacturer | enough for the investigation to be developed. A 
or user, presents a serious problem to the engineering | further study, therefore, has been made recently of 
industry, and cases have been discovered fairly | the reaction between iron and sodium-hydroxide 
recently where such material, but for prior laboratory | solution in a silver-lined tube, fitted with water- 
examination, would have been incorporated in high- | cooled seals and heated electrically. With thie 
temperature plant. The Metallurgy Department is | apparatus, typical intercrystalline cracking has been 
accordingly undertaking a thorough investigation | freely and rapidly induced in steels of different cvm- 
of the matter along fundamental lines and the pro- | positions. This very successful result has suggested 
gress of this work will be awaited with widespread | theory for intercrystalline failure in boiler plates, 
interest. | and experiments to confirm the detailed mechanism 
Meanwhile, substantial progress has been achieved | of the effects in question are now in active progress, 
in a research to examine the effects of steam and| Among the more fundamental research upon 
hydrogen on the deformation of molybdenum-bear- | steel, mention may be made of a determination of 
ing steels and carbon steels. Among the outstanding | the heating and cooling curves of a series of 21 steels, 
results obtained is the discovery that the influence | of which 5 are now undergoing more detailed investi- 
of molybdenum is greatly modified by the incor- | gation with the view to correlating the forms of their 
poration in the alloy steel of small additions of| thermal curves with their microstructure. X-ray 
other elements, some of which (e.g., vanadium) | observations have been conducted upon the steels at 
have proved to strengthen the steel very valuably. | high temperatures, up to 930 deg. C., by means of 
Some of the molybdenum steels, it has been decided, | an X-ray camera, specially designed by the metal- 
are capable of sustaining prolonged stresses at tem- | lurgical staff for this class of work, and used in 
peratures as high as 550 deg. C. In many cases, how- | combination with a continuously evacuated tube. 
ever, the properties of the steels at elevated tempera- | The thorough examination of the steels also involves 
tures are determined by their carbide condition. specific heat and dilatometric determinations, which 
The investigation is still in progress, and is neces-| have been made in collaboration with the Physics 
sarily of a long-term character since the degree of | Department. 
permanence under service conditions is of prime| Other fundamental work upon ferrous materials 
importance. Particular attention, consequently, is | includes a redetermination of the thermal equili- 











being given to the periodic measurement of creep! brium diagram of the iron-nickel system. The dia- 











gram was determined some 16 years ago, at the 
Laboratory, with the ingredients then available, but 
the critical effects of minute traces of impurities have 
made it desirable to repeat this very important piece 
of work with the exceptionally pure iron and nickel 
that have only recently become available. The pro- 
duction of iron of known, and exceedingly high, 
purity has in itself involved a very considerable 
research, but a most successful one, inasmuch as this 
material can now be manufactured quite readily 
at the Laboratory in quantities large enough to 
supply the demand for a variety of researches. With 
the help of thes» materials, the liquidus and solidus 
curves of the iron-nickel system have been deter- 
mined as far as 15 per cent. of nickel, the new results 
being in generally close concordance with those pre- 
viously obtained. The transformations in the delta 
region, however, have now been determined success- 
fully for the first time. 

The value of X-ray methods for investigating 
complex alloys may be further exemplified by refer- 
ence to studies of the binary and ternary systems 
which form parts of the quaternary system : iron- 
nickel-aluminium-copper. Within this system, of 
course, are a number of alloys having great indus- 
trial value as permanent magnets, and these have 
received special consideration. 

Gas Cylinders, Refractories, Metallurgical Chem- 
istry.—The Laboratory's investigation of containers 
and transportation vessels for compressed gases, to 
which reference was briefly made under Engineering 
Research, presents a number of points of more directly 
metallurgical interest with which the Gas Cylinders 
and Containers Committee of the Department of 
Scientific and Industrial Research is increasingly 
concerned, Quite recently a number of oxygen and 
coal-gas cylinders, varying in age from 10 to 40 
years, have been thoroughly examined, revealing 
that all these vessels, irrespective of the gas they 
had been used to contain, had deteriorated in respect 
of bursting pressure. While this result could be 
associated, in the case of the coal-gas cylinders, with 
corrosion of the internal surface accompanied by 
longitudinal fissures, no such defects were apparent 
in the oxygen cylinders and the cause of their deterio- 
ration is still under investigation. In the meantime, 
constructive work is in hand to improve the strength 
and durability of large gas containers constructed 
in alloy steel, and to discover the most satisfactory 
technique for welding the materials in common use 
at present for fabricated cylinders. 

The Metallurgical Department's work on refrac- 
tory materials illustrates an activity, the importance 
of which may legitimately be stressed. A great deal 
of metallurgical research calls for refined materials, 
precise methods of measurement, and special 
apparatus which is not elsewhere available, with 
the result that, more often than not, a fundamental 
investigation can neither be undertaken nor brought 
to a successful conclusion without extensive pre- 
paration along new lines, which, in itself, constitutes 
a research of considerable magnitude. It is parti- 
cularly to be noted, however, that the value of such 
preliminary work is not restricted, in many cases, to 
the major research for which it was undertaken, nor 
even to the Laboratory as a whole, but is made 
available to industrial laboratories elsewhere with 
advantage to metallurgy and to engineering in 
general, 

The point is well exemplified by recent develop- 
ments in the technique of manufacturing gas-tight, 
sintered-alumina ware for metallurgical experiments, 
on which a paper* has been presented to the Ceramic 
Society. The raw material for these vessels is 
calcined pure alumina powder, which is dry-ground 
in a steel ball mill and then washed successively 
with hydrochloric acid and water to remove all 
traces of iron impurities. Most articles are then 
made by slip casting, following by firing in a furnace 
to a temperature of about 1,800 deg. C. Electric 
heating of the furnace with carbon elements may 
be satisfactory if the presence of traces of carbon in 
the finished product are not detrimental, but for 
most purposes gas firing has given the best results, 
the burner employed, shown in Fig. 7, being an 
improved yet simplified form of an injector burner 
designed some years ago by the late Dr. Rosenhain. 





* Trans. Ceramic Society, vol. xxxviii, page 346 (1938), 


‘employed for determining the composition of, and 


ee 


It is constructed, as far as possible, from standard 
gas fittings, the nozzle n being of “ Crownmax” 
steel. Gas enters from a l-in. supply pipe at g, 
while extra air is suppliel through the 14-in. 
inlet b, the main air supply, at pressures up to 80 
lb. per square inch, being fed to the induction 
pipe a. On account of the relatively air pressure, 
good mixing of gas and air is readily achieved | 
and the risk of a furnace blockage, causing air 
to enter the gas mains, is minimised. The rapid 
flow of gas-air mixture, moreover, serves to cool 
and prevent damage to the nozzle even when 
the furnace temperature is as high as 1,900 deg. C. | 
With this same object, it has been found advan- | 
tageous to make the nozzle fit closely into the alumina 
brick of the furnace, so that heat reaching the sides | 
of the nozzle is restricted in amount. The —— 





used at the Laboratory are small, and rectangular 
in shape, measuring some 6 in. square in plan and | 
being either 9 in. or 14 in. high. Outside the fused- | 
alumina bricks which form the inner furnace walls | 
is an outer layer of highly refractory sillimanite 
bricks. The furnaces have a very small exit flue, a 





SEPT. I, 1939. 


Iron and Steel Institute.* Special attention, on 
account of their wide range of utility, has also been 
given to the development of micro-chemical methods 
of quantitative analysis. This procedure has found 
many valuable applications in the examination of 
segregation in ingots and castings, but the combus- 
tion method has also received detailed consideration 
as a means of estimating the total carbon content 


|of small samples of ferrous material, or of deter- 


mining minute traces of carbon in purified iron and 
its alloys. The quartz spectrograph is mainly used 


|for qualitative analysis, but its possibilities of 


accurate quantitative measurements are being ex- 
plored with special reference to copper, the experi- 
mental procedure here being to analyse spectro- 
graphically a series of specimens of copper contain- 
ing known proportions of various added elements. 
METROLOGY DEPARTMENT. 

Gauge Testing. Aircraft Spline Gauges. Screw 
Gauges. Surface Plates.—The increase in specialised 
industrial activity throughout the country, more 
particularly with reference to the extension of 
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cross section of 0-5 sq. 
in. having been found 
sufficient. For firing, 
the ware is placed in a 
cylindrical saggar and 
completely buried in 
loose raw alumina. The 
resulting refractory ware 
has a specific gravity of 
about 3-9 and contains 
about 2 per cent. of pore 
space. It displays re- 
markably good imperme- 
ability, including resis 
tance to gas penetration 
at high temperature, 
and this property com 
bined with great mecha 
nical strength and a high 
squatting point, in the 
neighbourhood of Seger 
cone No. 42, represents 
a very considerable advance in the technique of 
small-scale refractories. In addition, the sintered-| 
alumina ware is translucent and exhibits great | 
resistance to chemical action at all temperatures, 
while it possesses the further advantagcs of high | 
thermal conductivity, great hardness and resistance | 
to abrasion, and, finally, high electrical resistance 
even at high temperatures. 

The degree of accuracy obtainable by the use of | 
Seger cones is a matter of considerable importance | 
to the ceramic industries, and on behalf of the | 
British Refractories Research Association, the 
Metallurgical Department has designed a gas-fired 
furnace, giving good “ black-body ” conditions, in 
which the actual squatting points of the range of 
Seger cones employed by firebrick manufacturers are 
being calibrated against the readings of an optical 
pyrometer. Cones Nos. 26 to 35, covering the tem- 
perature range from 1,560 deg. C. to 1,760 deg. C.. | 
have now been examined and have given results | 
which, provided the cones are properly used, allow | 
temperatures to be measured with almost as good | 
accuracy as that obtained with the optical 
pyrometer. 

As a concluding example of research in the Metal- | 
lurgy Department, reference may be made to some 
recent advances in the methods of chemical analysis 
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more especially for estimating the proportions of, | 
oxygen, nitrogen and hydrogen in steel. Experi- | 
ments have been made to appraise the relative 
merits and accuracies of the vacuum fusion process | 
and the iodine method, and the results have been 
communicated to the Oxygen Sub-Committee of the | 











Fig. 8. EXPERIMENTAL PNEUMATIC SLIP GAUGE COMPARATOR 
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modern methods of mass production involving the 
widespread manufacture of separate machine com- 
ponents within close dimensional limits of accuracy 
for subsequent assembly, has given the Metrology 
Department a great deal of test work on almost 
all kinds of gauges, varying from simple ring and 
plug gauges to the more complicated forms of 


| screw, form and position gauges. With a view to 


accelerating such work to the utmost, a number of 
new measuring machines have been designed and 
constructed for dealing rapidly with all the com- 
moner types of gauges to an adequate degree of 
precision. Routine measurement of reference slip 
gauges by interferometric apparatus has been 
introduced, with improvements in accuracy as well 
as some increase in rapidity of testing. Individual 
gauges of special forms have necessitated direct 
measurement, often with recourse to novel assemblies 
of apparatus for the purpose. Among the more 
interesting of such tests, as representing the scope 
of metrology for which the department is equipped, 
may be mentioned a survey of the precision of a 
new type of British-made jig boring machine, and 
of a measuring block, also of British manufacture, 


|which is so designed as greatly to facilitate the 


verification of the more complicated forms of 
position gauges. As regards precise measuring 
devices made in the Laboratory workshops to 
facilitate and improve metrological testing, engin- 
eers will be attracted by a 30-in. diameter surface 
plate of unusually robust construction for use in 
precision work on heavy articles. Its rigidity is 


 ® Iron and Steel Institute “ Special Report," No. 25, 
page 43 and page 141 (1939). 
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such as to reduce within permissible limits errors 
which were found to occur with the surface plates 
normally in use, on account of their deflection 
under load. 

One of the most interesting of the rapid-gauging a a a 
methods now in course of development is the experi- ‘9 
mental pneumatic slip-gauge comparator illustrated 
in Fig. 8. The apparatus, somewhat analogous in 32 — ] 





principle to a Wheatstone bridge, incorporates a 
forked glass tube a, mounted horizontally for con- 
venience, having two similar limbs of about }-in. bore L t 
into each of which are sealed two aerodynamic / 





resistances in the form of short lengths of fine- | 
bore capillary tubing b. The spaces between these 
pairs of resistances are connected to the opposite 
sides of a mercury manometer c in which changes 
of level of one meniscus are projected, with high 
magnification, by means of a lamp d and optical 
system e, upon a graduated scale f. Air is supplied 
to the forked tube from a compressed-air bottle g, 
the supply pressure being indicated by the mercury 
manometer A and finely controlled by a valve j| 
fitted in a leakage tube k, the open end of which 
is inverted well below the surface of mercury con- 
tained in a vessel /. One limb of the forked tube 
is connected by flexible tubing-to a short length of | 
thick-walled brass capillary tubing m, the exit end | 
of which is precisely lapped flat and normal to the 
bore. This tube is mounted vertically above a 
3-ball horizontal table » upon which the slip 
gauges o under examination are placed in succes- y 
sion, the vertical adjustment of the tube m being 

such that its lower orifice is only a minute distance 

from the upper face of the slip gauge. The resist- $3455 a0 1000 Reis 
ance to the flow of air through the gap so formed (cosi.a) MVA “ENGINEERING” 
provides a measure of the width of the gap which 
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is indicated by the position of the meniscus in the 
manometer c. 

Before comparing a series of slip gauges of the 
same nominal size, a calibration is conducted by 
means of a number of reference gauges of pre- 
cisely known and slightly differing thicknesses, the 
width of the gap between the orifice and the gauge 
being adjusted to give Sensitive deflections of the 
image of the meniscus projected upon the scale f, 
and then fixed. Subsequently the series of slip 
gauges under examination are placed in position, 
one at a time, and scale readings are observed which 
represent their thicknesses with reference to the 
calibration standards. Once the apparatus is 





The opportunity has, been taken therefore, to 
revise the pamphlet, bringing its subject matter 
entirely up to date, and a fourth edition has been 
issued by H.M. Stationery Office at a net price of 
4s. 6d. Its purpose is to assist gauge users and manu- 
facturers generally to understand the principles 
underlying the practice of limit gauging as applied 
to screw threads; to provide concise information 
on the various types of errors encountered in screw 
gauges ; and to describe modern methods and instru- 
ments for gauge testing. 

Particulars have recently become available of 
a new machine, designed in the Metrology Depart- 
ment, for rapidly measuring batches of plug screw 





adjusted and calibrated, comparisons of slip gauges | 8uges having the same nominal size. The instru- 
can be rapidly made, the accuracy being such that | ment 1s very similar to the floating micrometer 
a difference of one hundred-thousandth of an inch | type of screw measuring machine, but has an adjust- 


in thickness gives a reading of half an inch on the able anvil and a measuring indicator instead of a 


graduated scale f. Adequate precision in slip-gauge micrometer head and fiducial indicator. The new 
thickness to the nearest micro-inch is therefore | @ppatatus is, thus, a simple form of comparator 
readily obtainable. The method offers the addi. | in which the full, effective and core diameters 
tional advantage that comparisons involve no risk of a batch of plug screw gauges can quickly be 
of damage to the faces of the slip gauges. |compared with the corresponding dimensions of 

Gear- and hob- testing has been responsible for a | one of the batch, selected as a temporary standard, 
large output of work, mostly along normal lines, | Which has itself been previously verified with great 
but necessitating an additional measuring machine, accuracy by means of a floating-micrometer machine 
which is now in service, and the design of a new} of the usual type. With this temporary standard 
type of projection protractor which gives improved | in the new machine, the anvil is adjusted until the 


accuracy in the metrology of gear-tooth angles. indicator reads the known error. The errors of the 


More novel developments have taken place in| temaining gauges, subsequently inserted into the 
connection with the measurement of spline gauges | machine, are thus shown directly by the indicator, 
for airscrew shafts and bosses. Owing to the un- | which is graduated to read to 0-0001 in. over a range 
usually fine tolerances imposed on this class of | of 0-0015 in. on each side of a central zero. 
work, the gauges are commonly required to be (To be continued.) 
accurate within 0-0001 in., with the result that) 
the precision of the gauge-testing apparatus must be | 
to the order of 0 -00002 im. After careful thought} yrrep srares Couuery InpusTRY.—The daily 
and fine craftsmanship, satisfactory apparatus has | output of bituminous coal in the United States during 
been made in the gauge workshop and the Labora-| the week ending August 12 averaged 1,233,000 tons, 
tory is now competent to inspect adequately any | against 1,217,000 in the previous week and 990,000 in the 
type of spline gauge that may be submitted to it. | corresponding week of 1938. 
The instruments for diameter and pitch measure- | 
ments consist of sensitive callipers, by means of} werrare WorK aT STANTON.—Messrs. The Stanton 
which the dimensions are recorded on a smoked | Ironworks Company, Limited, near Nottingham, have 
glass plate which is examined under large magni-| sent us an illustrated brochure which bears the title 
fication upon the screen of an optical projector. | Welfare at Stanton and Some Stanton Products. This 
The Metrology Department has always en- | deals with the Works Committees, first formed in April, 


deavoured to maintain a close contact with manu- | 1919, whereby each of their 14,000 employees has a 
facturers i ; . . . | channel of direct access to the management ; with ambu- 
and with —_ sa _ pate lance work and “ safety first ’’ measures ; with apeete and 
many years ago. entitled “ Notes on Screw Gauges.” recreational activities, works canteens and catering ; and 

vy ago, 4 2 ug | with pit-head baths for miners. Numerous interesting 
The pamphlet has been reprinted at intervals, but | reproductions of photographs are given, and the 
of late the demand for it has grown so considerably | prochure concludes with illustrations of some of the 


as to make an enlarged edition necessary. firm’s typical products and plant. 
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FORCE TRIPS ON CIRCUIT BREAKERS. 





Fia. 2. 


FORCE TRIPS ON CIRCUIT- 
BREAKERS. 


By W. A. Coartns, M.J.E.E. 


Tuere is fairly general appreciation of the 
desirability of closing circuit-breakers of any but 
quite small sizes by auxiliary power. British 
Standard Specification No. 116-1937, Part I, 
clause 74, recommends this practice for all breakers 
rated in excess of 150 MVA or 10,000 amperes 
(r.m.s., symmetrical) breaking capacity. Primarily 
this recommendation is a safety measure, and the 
exception of the smaller-capacity apparatus is 
dictated by commercial considerations; power- 
closing gear for a small breaker might well cost as 
much as the breaker itself. The corresponding 
clause in British Standard Specification No. 116- 
1937, Part II, makes power closing mandatory. 
The importance of the ruling, in fact, increases with 
the rated breaking currents, largely because of the 
increase in the electromagnetic effects. In all 
designs of breaker in which the moving contacts 
and leading-in conductors form parts of a looped 
circuit there is a very real limit to the short-circuit 
current against which the strongest man can close 
completely a breaker. 

To give an idea of the extent to which electro- 
magnetic repulsion might affect the closing opera- 
tion, the curves in Fig. 1 have been prepared, on 
the basis of dimensions of bushings and contacts 
representative of usual designs. The normal closing 
effort, of course, may vary rather widely according 
to the type of contact used, and to the strength of 
the accelerating springs which are needed to give 
sufficiently quick movement when breaking current 
in normal switching operations. On gear of quite 
small capacity, the effort required to close is doubled. 
With large breakers, the increase may be of the 
order of 10, 20 or 30 times that required when 
closing on no-load. A more detailed consideration 
of the circumstances which exist in a supply system 
when part of the network is short-circuited shows 
that only rarely is it necessary, or even desirable, 
for a circuit-breaker to be closed and held closed 
on a short-circuit. Switchboard operators in many 
stations are instructed to reclose any feeder breaker 
which trips automatically, in case the fault has 
been self-clearing. If not, the breaker should, of 
course, trip again, and would then be left open 
until feeder repairs were effected. The one exception 
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to the foregoing general rule is where group switching 
is employed. Here there is just a possibility that 
a amall feeder breaker might be closed unwittingly 
a bad fault. It would then 
it to stay closed until the larger group breaker 
behind it had cleared the circuit. In the last 


on be essential for 


instance only it is important for the power-closing 


device to be able to overcome the electromagnetic 
force on the breaker contacts. Usually it is imma- 
terial—and even advantageous—if the breaker be 
released the instant the contacts touch when being 
reclosed on a short-circuit, without waiting for the 
protective relays to operate normally. This is the 
purpose of the newly introduced mechanisms known 
variously as “ force,” “ inertia,” or “ momentum ” 
trips. 

rhe manner in which these trips operate varies 
with different designs. In principle, it is usual to 
link a partly-free member to the breaker-closing 
lever, which is put in motion when that lever is 
moved, If a heavy current passes as the contacts 
touch (which is before the mechanism has been 
latched in the completely closed position) the speed 


|} at the end of the stroke, when the breaker latches 
|in normally, the flywheel and pinion are attached 
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Fig. 4. 
A. Blue Phase Amperes p. True 50-Cycle Timing Wave 
i . Voltage 1 Contacts Close 
f Watts 2 ‘ Separate 
l Fluid Preasure in Tank 3. Current Interruption 
n. Movement of Breaker Contacts 4. Trip Coil Excited 
” Closing-Coil Current ‘5. Reclosing Movement, Period to Trip Plunger Causing 


rip Release. 
Normally the reaction on the rack,“ pump.” It will be apparent that if the closing 
If the | solenoid is not strong enough to force the breaker 


lright home against the added electromagnetic 
| 


the flywheel. 
assists the spring-control of the loose link. 
closing lever movement is arrested by the magnetic 
effect, the flywheel continues to rotate forwards, | repulsion, there must be a risk of the solenoid and 
driving the rack against the spring control on the | short-circuit forces balancing. The breaker would 
loose link and so releasing the tripping latch. To| then hover, with the contacts lightly touching or 
ease the shock on the teeth of the rack and pinion | just separated. Fig. 4 records such an occurrence 
lin a test station. Contact movement is shown by 
| the stepped trace m, fourth from the bottom. The 
| moving contact was blown back at the first major 
current peak, carrying the solenoid plunger with 
it, as is shown by the change in closing-coil current. 
After interruption of the short circuit, the closing 
solenoid again started to pull the breaker closed, 


through a spring-loaded friction disc, which permits 
relative movement. In another design the magnetic 
forces are used to separate the contacts, at the 
contacts themselves; the motion of the closing | 
link-work does not have to reverse. Again, a high- 





| speed electrical release operated by the short-circuit | but in this case, fortunately, the trip coil had been 
’ 


current may be employed to obtain the same relief. | pre-excited from an outside source, and released 

Whatever means be used, the speed of operation | the breaker mechanism before the contacts actually 
must be such that the circuit-breaker contacts never | touched a second time. This lucky circumstance 
reach their fully-closed position. That this is {could not, of course, be relied on in actual service. 
actually being accomplished has been clearly proved |The need for mechanical maintenance and repair 
by oscillograms taken on make-break shots in| is reduced by the use of forced trips. If a large 
short-circuit testing stations. Fig. 3 is typical.| breaker is designed to close on a short-circuit by 


| This shows that in 0-011 second after the short-| brute force, that same effort will be applied when 


at which the closing lever is moving will be reduced. | 


The free member, however, is unaffected, and the 
relative movement is used to operate the trip catch 
mechanically. 
is shown in Fig. 2. The free member takes the form 
of a flywheel, which is driven through a pinion by a 
rack which is coupled to the tripping latch through 
a spring-controlled loose link. When the breaker 
is being closed the rack is driven downwards, rotating 


A particular mechanism of this type | 


circuit current commenced, the motion of the moving | it is being closed in the course of normal switching 
contacts had reversed, the short-circuit being finally | operations. The dash-pot which is equally effective 
interrupted in 0-04 second. In other words, the | when the energy it has to absorb varies in the ratio 
inertia trip had been effective while the moving |of possibly 1 to 30 has yet to be designed. In 


| contacts travelled rather less than a quarter of an | normal use such a breaker would be battered about 


inch, | very severely. By “ side-stepping ’—avoiding the 
To the user of large circuit-breakers, perhaps the | full impact of the short-circuit forces—a more 
most important advantage of this latest develop-| economical design may often be achieved. The 


ment is the certainty that the breaker cannot! extra cost of the force-trip device is more than 
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offset by the reduction in the size of closing solenoid | 
necessary. 

This last point, perhaps, has its most important | 
hearing on the employment of spring-closing 
mechanisms. The pull of a direct-current solenoid | 
tends to increase towards the end of the stroke, | 
when the gap is rapidly getting smaller. It is a 
maximum at the point where the necessary closing | 
effect is largest, because of the frictional resistance 
of the contacts and because the accelerating springs 
are almost fully compressed. On the other hand, | 
a closing spring exerts its maximum force at the | 
start and is weakest at the end of its motion. The 
use of an inertia trip, by virtually eliminating | 
additional load due to short-circuit repulsion, makes 
it practicable and economical to apply spring- 
closing mechanisms to much larger breakers than 
hitherto. 








TRACK-RECORDING CAR ON THE 
GREAT INDIAN PENINSULAR 
RAILWAY. 


By M. F. O. DE MELLOorR. 

THE subject of railway track and its maintenance 
has been brought prominently into notice by the 
numerous railway accidents which have occurred in 
India in recent years, the most serious of which—that 
at Bihta, in 1937—led to the appointment of the 
Pacific Locomotive Committee, whose report has just 
been published. The track-recording car illustrated in 
Figs. 1 to 9 on this page and on pages 254 and 255, 
which was designed and put into service by Mr. 
H. J. Mulleneux, A.M.I.E.E., Chief Electrical Engineer 
of the Great Indian Peninsular Railway, was con- 
templated before these accidents occurred, for the 
purpose of tracing the causes of reported uncomfortable 
riding of passenger vehicles. The travelling public are 
apt to complain of the state of a railway track without 
considering what may be the reasons for the dis- 
comfort, attributing it broadly to slackness on the part 
of the administration. It is not generally appreciated | 
that a demand for improved railway services may | 
involve not only improvement of the individual | 
vehicles, but the development of a higher standard in | 
thousands of miles of track. 





Fig.4. 
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In the proper inspection of track, a large proportion 
of satisfactory details must be examined to find a few 


|that are defective, and any method, therefore, that 


will bring only the defects to notice must lead to better 
maintenance for the same expenditure. Further, the 
movements which may possibly take place in any 
railway track (which is not a rigid structure) are accen- 


| tuated in a country such as India, with its big differ- 


ences between day and night temperatures, and severe 
climatic variations due to the monsoons. A great part 
of track inspection is visual, and its quality depends 
upon the human element. 


| low joints, lateral swings, and vertical swings. 
| realised that a recording apparatus which recorded 
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2) jolts or violent lateral swings ; and (3) rolling or 
vertical swings, which sometimes induced * train sick - 
ness.”’ On analysis, it was found that jars were 
traceable to low joints; jolts or swinging, to faulty 
alignment, uneven variation of gauge, or faulty curva 
ture; and rolling, to faulty transverse levels, faulty 
packing of ballast, or incorrect super-elevation on 
curves. Detectors were required, therefore, for low 
| joints, lateral movement, curvature of track, transverse 
levels of track, gauge, and vertical movement. Records 
were required of low joints, lateral swings, variation of 
| gauge, curvature, super-elevation and transverse levels. 
| and vertical swings. A track marking was required for 
It was 


| 
| 


every defect without discrimination would fail in its 
main object of improving the track, as the staff would 
have no opportunity to work to a progressive schedule. 
| It was ensured, therefore, that every detecting instru- 
|ment should be capable of adjustment over a wide 
range of sensitivity, so that the defects located could 
be gradually reduced to finer and finer limits. 

The car, as constructed, consists of a standard bogie 
coach with an observation verandah arranged at one 
end, as shown in Fig. 1. Communicating with the 
verandah is the instrument room, views of which 
appear in Figs. 5 and 6, on page 254; at the end of 
this room is the compressed-air plant, and the white- 
wash-mixing room. These, together occupy half the 
length of the car. A corridor leading from the instru- 
ment room provides access to the living accommodation 
for the car staff, comprising a sleeping compartment, 
kitchen, and lavatory. Wardrobes for their effects 
are fitted in the corridor. A plan of the car is shown 
in Fig. 2 on this page, from which will be seen the 
| positions, in the instrument room, of the main instru- 
ment table, the power switchboard, the lateral, vertical! 
and curvature detectors, and the Hallade recorder. 
The disposition of the gear on the recording bogie is 
shown in Fig. 9, on page 255. The equipment includes 
a standard 100-ampere train-lighting dynamo and its 
| switchgear, and two 320 ampere-hour 24-volt batteries. 
| At the main power panel, the various supply circuits 
| are divided into two groups, one supplying all circuits, 
| such as those of the air compressor, gauging magnets 
| (to be described in due course) and whitewash valves, 

which are liable to cause a surge in voltage due to 
sudden demand, and the other supplying the instru 
ment circuits for which a constant voltage is necessary. 

By operating two small switches the electrical equip- 
| ment can run as an ordinary train set when tests are 

not being made, the batteries being connected alterna- 

| tively to the dynamo for charging. When the car is 
|on a test, operation of these switches, which control 
the contactor change-over switch, ensures that one of 
the batteries will cut-in to supply the heavy circuits, 
while the other is completely isolated from the dynamo 
and supplies the instrument circuits. The voltage of 
both can be read on the calibration panel at the main 
instrument table. 

Compressed air is supplied by a |-brake horse-power 
electrically-driven compressor fitted with an automatic 
control to maintain a pressure of 45 Ib. to 50 Ib. per 
square inch. The delivery ‘bus pipe has branch valves 
connecting it to the four whitewash tanks, placed below 
the floor, the air being led into the bottom of each tank 
so as to agitate the liquid and prevent sedimentation. 
The whitewash is mixed in a 50-gallon tank fitted 
with a hand mixer, and is fed by gravity to the four 
marking tanks. The pipes can be cleared of sediment 
by compressed air after use, and the two pipes leading 
to the lateral-swing and vertical-sw'ng wash tanks are 
also connected to colour tanks, so that the wash in 
these two tanks can be distinctively coloured, if 
desired. In each whitewash tank there is a float 
chamber containing two cork floats, Fig 3, one at 





Precision instruments for | the top and the other at the bottom, fixed to a push- 


track testing are of comparatively recent introduction, | Td which actuates change over contacts and indicates 
the best known being, of course, the recorder invented | the working limits of level in the tank by means of 


by the French engineer, Mr. Jean Hallade. 


|red and green lights at the instrument table. Each 


The Hallade recorder depends for its action on the | tank has a capacity of 110 shots between thé green 


movement of pendulums, actuating pencils which, in 
turn, trace records on a moving strip of paper. Separate 
pendulums record the rocking of the vehicle, the lateral 


shocks, the vertical shocks, and the acceleration or | 


retardation. A visual examination of the track is still 
necessary, however, to determine which of the possible 
alternatives is the actual cause of the indicated fault. 
Location marks have to be made on the chart at 


| (full) light and the red (empty) light, with a margin 
of a further 35 shots between the red indication and 
| complete emptiness. The whitewash valves are 
operated by ironclad solenoids, and are fitted with 
auxiliary contacts which close the primary circuit of an 
induction coil, these condary winding of which energises 
a spark point on the Hallade recorder and burns a 
pin-hole through the chart whenever a valve opens. 





frequent intervals to facilitate the identification of the | By this means, the Hallade recorder is linked with the 
points on the track, and in practice it is found that | electrical gear and direct comparisons of readings can 
only a track engineer of considerable experience can | be made. 


correctly interpret the records. 


The existing clockwork drive of the Hallade instru- 


The policy followed by Mr. Mulleneux in the design | ment was disconnected to avoid the disadvantage of 
of his recording car, which was evolved as the result | a time-element drive whereby a very short length of 


of experiments with a number of models, was to record | chart is used at high speeds. 
Maintenance of such a/| the discomforts experienced by the traveller, separate | of the electrical recorder are driven from one of the 


Both this chart and that 


standard is particularly difficult in sparsely-populated | their technical causes, record these, and make a mark | axles at such a rate that 8 in. of chart are covered per 


country, where constant supervision of maintenance | 
gangs is impracticable and so much must be left to the | 
conscientiousness of the individual worker. 


at or near the actual spot on the track for the 


guidance of the maintenance staff. The principal dis- ' 


comforts caused by the track were found to be (1) jars ; 


mile of track, irrespective of the speed of the car. 
A speedometer of the motor-car type is also driven 
from this source to indicate the speed of the vehicl 
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and to record the mileage. This arrangement called | This is actuated by an ironclad solenoid, connected to| 
for mechanical equipment of a somewhat intricate | push buttons on the calibration panel, the observer's | 


nature, because, in addition to converting the speed | 
of the axle to three different instrument speeds to | 
suit the speedometer, the electrical recorder and the | 
Hallade recorder, the drive had to be so designed | 
that the instruments were driven always in the same 
direction, irrespective of the direction of travel of the | 
ear along the track. An outline diagram of the drive 
is shown in Fig. 4. The automatic reversing gearbox | 
was provided, as stated, to obviate the necessity for | 
manual reversing whenever the car was shunted, etc. 
It is driven by a 2-in. belt from a pulley on the axle, 
ind is fitted with a spring-loaded clutch by which the | 
drive can be disconnected.when no test is in progress. | 
Under the initial pressure of the springs, this clutch | 
brings into action a simple cork-inset plate clutch of 
the motor-cycle type which picks up the drive until 
synchronous speed is attained, when the remaining | 

of the springs engages a dog-clutch and so | 
provides a direct solid drive. Che automatic | 
reversal is effected by two bevel gears, each having a| 
free-wheel and being mounted so as to drive in opposite 
The bevel gears are in constant mesh with | 
ratio on the vertical shaft | 


pressure 


directions 
a pinion which gives a 2; | 
passing upwards into the car. 
The speedome ter is connected ny a flexible drive to 


this vertical shaft, which also drives by spur gearing | 


two other shafts making 1,020 and 1,130 revs 
per mile, respectively. This drive was adopted 
because it was found that flexible drives were not 
satisfactory at more than 1,000 revs, per mile, The | 


1,020-revolutions shaft drives the electrical recorder | 


drum through a small 100;1 reduction gear, thus | 
giving the required movement of 8 in. of chart per | 
mile, and the 1,130-revolutions shaft drives the | 
Hallade recorder through a 1,000; 1 reduction gear. 


Both recorders are fitted with small dog clutches, so 
that either can be thrown out of gear individually. 
rhe accuracy of the arrangement may be judged from | 
the fact that, on a trial run of 28 miles, requiring 228 in. | 
of chart paper, the error was ¥ in. 

In order to give an indelible record of the speed 
during a test, a clockwork mechanism is arranged to 
energise an induction coil, which, at intervals of 15 
seconds, burns a pin-hole through both charts. The 
operation of each detector is signalled by a small electric 
motor horn and a visual light signal which can be seen 
from both ends of the instrument room. The relays 
operating the signal lights can be reset by means of | 
a common bar which lifts all relay arms that are down. 
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Fie. 6. View 


desk and the observation verandah, respectively. The 
observation gear consists of two mirrors, swivelling on 
a central pivot, and set in windows on opposite sides 
of the car. They can be set at a suitable angle to 
reflect a view of the side of the track for a considerable 
distance ahead, 
to two small mirrors set on the end of the instrument 
table so that the observer seated there can see both 
sides of the track ahead and can pick up location 
points, such as stations, mile-posts, etc. The double 
reflection has the advantage that all figures, etc., are 
shown in their proper sequence, and are not reversed. 

The car is wired with V.I.R. cable laid in troughs 
along the sides of the underframe just below the body, 
where it is easily accessible from ground level. The 
troughs are closed by removable sheet-steel covers. 
There are 117 electrical circuits on the car, all of 
which are brought to a central junction panel set at 
floor level under the instrument table so as to facilitate 
maintenance and testing. The circuits run in groups 
to the various detectors, every five cables in a group 
being provided with a spare cable connected to proper 
terminals. All circuits are thus readily accessible for 
testing and emergency jumper connections can be 
made at short notice to substitute a spare cable for 
a faulty one. The wiring of the instrument table is 
carried out in motor-car wiring cable on the unit 
system; that is, each unit is wired to its own ter- 
minals, which, in turn, are permanently interconnected 
with those of other units, enabling any unit to be 
individually removed. 

It was observed that, when a vehicle passed over a 
low joint in a rail at a speed below 10 m.p.h. or 12 m.p.h., 
the whole bogie dipped to the fall in the rail level, and 


| nothing was preceptible in the coach, but as the speed 


increased the bogie tended to ride more and more level 
and the wheel, in following the rail level, caused the 
axlebox to move in the horn cheeks under the pressure 
of its laminated spring. Advantage was taken of this 
movement, which was magnified twofold by levers 


pressing against the underside of the axlebox at one | 


end, to operate, at the other end, a push rod which, 
in turn, rose and completed an electric circuit. The 
electrical contacts are adjustable for height by Bowden- 
wire controls operated from the coach above. The 
levers and push rods, therefore, although they move 
at practically every joint, do not close the circuit 
unless the movement of the axlebox exceeds the height- 
setting of the contacts. The time element of this gear 


and the reflection is again reflected on | 


or INSTRUMENT ROOM FROM VERANDAH. 


is an important factor, as, with rails 30 ft in length, 
three joints are traversed per second at a speed of 
60 m.p.h. Both axleboxes on each bogie are fitted 
with levers in order to overcome this time element, 
as one contact of approximately 1/100th of a second’s 
duration was found to be insufficient to build up the 
magnetism of the relays. The second contact, follow- 
ing closely on the first, re-energises the circuit before 
| the initial magnetism fails and enables the relays to 
function. To overcome the time lag still further, 
both bogies are fitted with levers to operate two white- 
wash tanks set 35 ft. back along the coach. The 
change-over of bogies and tanks is effected by simple 
switches on the instrument table, set to the direction 
of travel. The closing of the electrical circuit by the 
lever energises the whitewash valve through a time-lag 
relay, the recorder coil and the signal-indicator coil. 
On test it has been found that, at 32 m.p.h., the jet 
of whitewash hits the fishplate of the faulty joint. 

The main consideration in designing the lateral-swing 
detector, illustrated in Fig. 7, opposite, was the 
speed component of the movement; a lateral swing of 
8 in. at a speed of } in. per second is imperceptible by 
the passenger, but a swing of } in. at 8 in. per second 
will be most uncomfortable. The lateral movement is 
caused by the bogie following the line of the track and 
diverging from the line of the coach, and the detection 
must rest, therefore, in the relative lateral movement 
between the bogie and the body. A bell-crank lever 
pivoted to the body has one arm terminating in a steel 
ball resting against a steel plate on the side of the 
bogie at its centre. This converts the lateral move- 
ment into a vertical one, which is transmitted by a 
vertical rod into the instrument room. The upper end 
of this vertical rod engages with a quick-thread Archi- 
median screw, so converting the vertical movement 
back into a rotary one. This shaft drives the armature 
of a small dynamo, the field of which is rheostatically 
controlled from the calibration panel on the instrument 
table. The current thus generated operates two polar- 
ised relays which, in turn, throw the whitewash time-lag 
relays, the recorder coil and the signal gear into opera- 
tion. The circuit to the polarised relays having a fixed 
| resistance, and the relays requiring a definite current 
| to operate them, the voltage necessary to overcome 
| the resistance becomes a function of the speed of rota- 
| tion of the armature, and so the speed component of 
| the lateral movement is provided for. 

The curvature and track detector depends for its 
action on the movement of the bogie in following the 
track ; in other words, on the angle of deflection of the 
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Fie. 8. TRANSVERSE-LEVEL DETECTOR. 

















Fie. 9. Detecting APPARATUS ON BOGIE. 


bogie and thus on the deviation between the centre line 
of the body and that of the bogie. There are, how- 
ever, certain obstacles to be overcome, as it is not a 
simple deviation between a rigid and a moving body. 
The body is only semi-rigid as, resting on its two 
pivoting points on the bolsters, it is capable of (1) a 
slight movement, some 3 in., about a mid-point due 
to the end play of the bogie and bolsters; (2) a small 
movement, which may be from ¥ in. to ~ in., back- 
wards and forwards along its longitudinal centre line 
due to the play between the bolster rubbing plates ; 
and (3) a movement which affects the accuracy of 
readings, due to the play in the moving parts of the bogie 
itself, the total of which may amount to as much as 
14 in. as wear takes place in service. 

If the direction of these movements is analysed, 
their effect on the deflection of the bogie on a curved 
track can be divided into two classes, namely (a) move- 
ments (1) and (3), which affect the radius of the point 
of deflection, selected on the bogie, from the centre 
pivot of the bogie; and (b) movement (2), which 
affects the radial movement of the point selected, 
along its are. As the amount of deflection of the bogie 
is a direct function of the radius of the curves, if the 
deflection is reduced to a ratio in radians for each 
radius of curve, and the point on the bogie, selected 
for measurement, is fixed at as large a radius from 
the bogie pivot as is practicable under the working 
conditions, then the action (a) produces an inherent 
or unvarying error of approximately 3 per cent. on 
all curves, and can be easily compensated. The action 
(6), however, produces an error of widely varying 
magnitude, ranging from about 65 per cent. on wide- 
radius curves to 5 per cent. on small-radius curves. 
A further complication is the behaviour of the bolster 
itself, which may lead, lag, or remain centred, depending 
on friction, the gradient of the track, and whether the 
vehicle is coasting or being hauled. 

It was found that the electrical method of measure- 
ment and correction was the most reliable, and a 
bridge circuit of slide wires in all arms was used. Two 





arms of a bridge circuit are varied by the movement 
of the bogie, and the remaining two arms are varied 
for correction purposes by the movement of the bolster, 
the bridge out-of-balance being read on a milli-volt- 


meter giving a direct indication of the radius of the | 


curve. For the convenience of the various classes of 
staff which are likely to use the information indicated, 
the scale shows the radius in feet, chains, and in degrees 
and minutes. It also indicates two ranges of super- 
elevation theoretically required for the radii indicated, 
one at 45 m.p.h. for main-line sections, and the other 
at 30 m.p.h. for Ghat sections. The instrument is in 
series with a recording element on the recorder, and 
this marks the theoretically correct super-elevation for 
the curve traversed, for direct comparison with the 
actual super elevation shown by another instrument. 
A simple arrangement of ballast resistances in the 
recorder circuit, under the control of a change-over 
switch, meets the 30-m.p.h. requirements. Not only 
was it necessary to amplify the movements of the bogie 
and the bolster to the same degree in order to obtain 
greater accuracy, but both movements had to be 
provided with draw gear which allowed free vertical 
and lateral movements of several inches; and this 
gear, although of a universal nature, had to be designed 
with unvarying centres. The detector also had to 
be incorporated with the vertical-movement detector, 
as both had to be on the centre line of the bogie. 
On test, the instrument has proved accurate within | 
2 per cent. 

The transverse-level detector, shown in Fig. 8, on 
this page, serves to indicate actual super-elevation as | 
well. Various mechanical and electrical arrangements | 
were tried in conjunction with the curvature detector | 
and the vertical-movement detector, both singly and | 
in combination. An electrical system employing a 
triple bridge circuit operated successfully, but it was 
thought likely to become inaccurate under normal 
service conditions, and finally a simple instrument was | 
devised which was purely mechanical in action. A | 
steel beam, pivoted at its centre, and having two| 
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| : : 
| pendulums suspended from it, was found to remain 


| level under all conditions, and was not affected by 
centrifugal force when the vehicle moved round a 
curve. Oil dashpots, in which the pendulums work, 
damp out undue lateral swings, and small magnetic 
|eddy-current brakes render the instrument more 
| dead-beat. A light pointer, 16} in. long (or a quarter 
| of the gauge of the track) is fixed vertically on the 
| centre of the beam and carries a recording pen which 
| marks on the chart a quarter of the actual difference 
|in transverse level of the two running rails. This 
| instrument is placed below the instrument table with 
the pointer working through a slot in the table top, 
adjacent to the theoretical super-elevation pen. 

The main difficulty in designing a gauge detector of 
a mechanical nature lies in the fact that anything in 

contact with the rails restricts the speed at which it 

| can be operated, as an encounter with any mechanical 
| defect or obstruction would wreck the detector gear 
|}and might even wreck the vehicle. An instrument 
| was devised, therefore, which does not touch the 
|rails. It was found that an electromagnet, of a 
| design suitable to the average section of the rails to 
be gauged, when suspended longitudinally 1 in. above 
| the rail, so that the head of the rail completed the 
| magnetic circuit, faithfully followed any relative lateral 
movement of the rail if the magnet were pivoted at 
|a certain point in relation to its centre of gravity. 
| This movement of the magnet was employed to vary 
| the balance of an electrical circuit. In order to avoid 
| inaccuracies due to friction, the position of an iron 
| plug in the air gap of an electromagnetic circuit is 
| varied by the moving magnets, in preference to varying 
the resistance. To obtain the desired result, alternating 
| current had to be used to produce an inductive effect, 
| but, as the wave form of the current was of prime 
|importance and the provision of an alternator to 
| produce a true or nearly true sine wave would have 
been expensive, experiments were made in other 
| directions, and a reactance effect was obtained by 
pulsating a direct current by means of a magnetic 
| interrupter. There are four reactance coils, two having 
their plugs actuated by the swinging magnets over the 
rails, and two with manually-controlled plugs on the 
instrument table. An _ electrical balance is thus 
obtained which is undisturbed so long as the magnets 
swing in unison, thus allowing the bogie free and 
unlimited lateral movement over the track. Should 
| the gauge vary, the magnets do not swing in unison 
and the out-of-balance current varies. 

The out-of-balance current is rectified by a small 
metal rectifier and a direct-current milliammeter ele- 
ment actuates a recording pen on the chart. When not in 
use for testing, the magnets can be raised by a screw 
gear. The instrument has been found to be accurate 
to within 4 in. In order to meet working conditions, 
under which certain sections of the track are specified, 
for technical reasons, to be slightly out of gauge, a 
small moving-coil relay, in series with the recorder, 
can be set to the dimension ordered. All variations of 
gauge are recorded, but if the variation exceeds that 
specified, the signal-gear circuit is energised. 

The vertical-movement detector is actuated by the 
relative vertical displacement of the body and the 
bogie, as it follows the track inequalities. A vertical 
rod, resting on a small table fixed to the bogie, slides 
in guides fixed to the body, and in so doing moves 
two roller contacts. Each contact bridges two contact 
strips, one of which is adjustable so that, when the 
roller leaves it, the electrical circuit is broken and the 
relay gear falls into action. The limits of the vertical 
motion can thus be set, and the detector circuit operates 
only on movements which exceed this setting. 

The relays on the lateral and the vertical detectors 
| operate on the “ fall-out ” system, being held open by 
a small current in a closed circuit. If the circuit is 
broken, the relay falls out and closes the next stage 
circuit. It was found that this arrangement reduces 
| the time lag by approximately 35 per cent. If the 
| movement is one requiring whitewash marking, the 
| first-stage relay closes the whitewash-valve timing 
| relay and the recorder-element circuit. This timing 
| relay opens the whitewash-valve relay; but, after 
a time lag controlled by a small air cylinder and at the 
end of its stroke, another small relay is closed, resetting 
| the circuit by energising the first-stage relay circuit. 
That relay, when closed, in turn, opens the reset-relay 
circuit. On test it was found that the whole operation 
could be set to function in one-fifth of a second, and 





| to discharge a pint of whitewash ; this corresponds to 
|a speed of 70 m.p.h. The audible and visual signals 


can be individually or collectively isolated from any 
particular detector. 

Repeated tests with the car showed remarkably 
consistent readings, successive runs over the same 
track resulting in track marking at identical spots. 
Two records on gauge, for the same 5 miles of track, 
taken at an interval of a week, and at speeds varying 
from 27 m.p.h. to 55 m.p.h., showed almost identical 
indications on the two charts, although the variation 
in gauge was not more than } in, at any point, 
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LATE MR. H. W. B. 


COTTERILL. 


We note with regret the sudden death, on August 21, 
it his home at Llandough, Penarth, of Mr. Henry 
William Bland Cotterill, engineer and manager of the 
Cardiff Corporation Waterworks Mr. Cotterill 
was born on October 18, 1879, and received his general 
education at private schools and at Sheffield Technical 
College After spending four years at the University 
of Sheffield, he was articled for three years to the late 
Mr. Edward M. Eaton, M.Inst.C.E., of Westminster 
und Sheffield, in 1897. In 1900, he became engineering 
assistant on the Little Don Valley works for the Sheffield 
Corporation Water Department, and four years later 
was appointed chief assistant on the construction of 
Langsett reservoir, this being the larger of the two 
reservoirs in the Little Don Valley. His long associa- 
tion with Cardiff began in 1907 when he was made 
assistant to the waterworks engineer \fter spending 
a few months as resident engineer on waterworks exten- 
sions for the Blaenavon Urban District Council, Mr. 
Cotterill was promoted to the position of chief assistant 
to the waterworks engineer of Cardiff in 1908. The 
succeeding two years were spent on the preparation of 
Parliamentary plans, surveys and drawings for the 
Llwyn-on reservoir, Breconshire, and from 1910 to 1915 
Mr. Cotterill was engaged on the construction of these 


THE 


works 


During the succeeding two years, Mr. Cotterill, who, 


incidentally, had been medically rejected for military | 


service, was employed under the direction of Mr. C. H. 
Priestley, the engineer responsible, upon the prepara- 
tion of Parliamentary surveys, plans and estimates for 
the Taf Fawr conduit, and for a second pipe line between 
Cantref reservoir and Cardiff. From 1918 to 1926 he 
was resident engineeron works at the Llwyn-on reservoir, 


and was also engineer and manager of the Cantref 
roughing filters. Some years later Mr. Cotterill was 


appointed deputy water engineer of the Cardiff Corpora- 
tion Waterworks, and little more than a year ago 
succeeded Mr. Neil James Peters, M.Inst.C.E., as 
engineer and manager of the waterworks department at 
City Hall, Cardiff. He was elected an associate member 
of the Institution of Civil Engineers on January II, 
1¥10, and was transferred to the class of member on 
\pril 27, 1926. He was also a member of the Institution 
of Water Engineers, and was registered as a qualified 
civil engineer at the Home Office under the Reservoir 
(Safety Provisions) Act, 1930 


THE LATE MR. H. G. RIDDLE. 


Ir is with great regret that record the death, 
on August 26, of Mr. H. G. Riddle, who had been for 
21 years secretary of the Junior Institution of Engineers. 
Mr. Riddle, in his 65th year, had been in 
poor health for some months and had expressed to the 
Council of the Institution the desire to relinquish his 
appointment in the near future \ serious breakdown 
which he suffered in June of this year confirmed him 
in this intention, and the Council therefore accepted 


we 


who was 


his resignation, which was to have taken effect on 
September 30 
Herbert George Riddle, although not trained as an 


engineer, possessed a practical knowledge of engineering 
in various branches which admirably fitted him for the 
secretaryship of a society so varied in its membership 
the Junior Institution. For some twenty years 
he was a of the staff London firm of 
solicitors, an experience which not only provided a 
good training for the duties of a secretary, but allowed 
sufficient leisure for his hobby of engineering model 
making. In 1903, he was appcinted honorary secretary 
of the Society of Model and x perimental Engineers 


is 


mem ber of a 


and held this office until 1907, when he was made 
secretary, a position which he retained until 1918, 
From 1918 to 1920 he was a vice-chairman of the 
Society. Early in the war he undertook, in his own 


workshop, the spare-time production of various metal 
parts required by the War Office and other Government 
departments, and displayed craftsmanship of such an 
order that he was invited to take a whole-time appoint 
ment in a munition works. This he did for a while, 
and, not unnaturally, was not attracced by the prospect 
of a return to legal work when the war should end. 
It chanced at this juncture that the Junior Institution 
of Engineers required a secretary, and in March, 1918, 
Riddle was appointed to this position. The termination 
of hostilities and the post-war in 
led an immediate the 
membership, and the secretarial 
were consequently onerous, but Riddle possessed 
considerable ability in organisation and his varied 
technical knowledge proved of particular service in 
the recurrent task of securing programmes of suitable 
papers. The depression which succeeded the short- 
lived boom brought him into contact with the Profes- 
sional Classes’ Aid Council, to which he was nominated 
as representative of the Junior Institution of Engineers 


boom 
increase in 
expanding 


engineering 
institution's 
duties 
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and honorary secretary of its Benevolent Fund. Fora 
number of years he had taken an active part in the 
work of the Council, being a member of the Executive 
Committee and of the Press and Publicity Committee, 
as well as chairman of the Case Committee. Many, 
therefore, in addition to the members of the Junior 
Institution of Engineers, will share their and our regret 
at the loss of his broad sympathies and genial 
personality. 








ENGINEERING TRAINING AND 
EDUCATION. 


Westminster Technical Institute.—The prospectus for 
the session 1939-1940 of the evening technical classes 
held at Westminster Technical Institute, Vincent- 
square, London, 8.W.1, has been recently published. 
The Institute provides evening instruction in architec- 
ture, construction and surveying ; civil and structural 
engineering and gas fitting, gas supply and gas engineer- 
ing. The courses lead to the examinations of the 
Royal Institute of British Architects, the Surveyors’ 
Institution, the Institution of Civil Engineers, the 
Institution of Gas Engineers, and other bodies, and the 
instruction in certain subjects is up to the standard 
of the B.Sc. (Eng.) degree examination. The first 


' term of the forthcoming session begins on September 25, 


but students are requested to enrol during the week 
commencing September 18 when the Principal and his 
staff will attend from 6.30 p.m. to 8.30 p.m. to 
advise students as to their courses of study. Copies 
of the prospectus are available on application to the 
Principal at the address given above. 








CONTRACTS. 

Messrs. THE GENERAL ELECTRIC COMPANY, LIMITED, 
Magnet House, Kingsway, London, W.C.2, have received 
a second repeat order from the Passenger Transport 
Department of the Durban Corporation for the electrical 


equipment for thirteen 70-72 seater, six-wheel, double- 
deck trolley omnibuses. The chassis and mechanical 
parts will be supplied by Messrs. LEYLAND Morors, 


Limtrep, Leyland, Lancs. Each vehicle will be equipped 
with a 100-h.p. compound-wound traction motor, 
type W.T.26, with electromagnetic control gear, circuit 
resistances and trolley collector gear. The 
equipment also includes both single-speed coasting 
and run-back brakes, lightning arrester and a radio- 
suppression device. 


breakers, 


MESSRS. MERRYWEATHER AND SONS, LIMITED, Green- 
wich High-road, London, 8.E.10, have received an order 
from the Walthamstow Borough Council for a motor 
turn-table fire ladder, capable of extension to a height 
of 85 ft. It will be fitted with a monitor nozzle for use as a 
water tower and the machine will also be furnished with a 
tire pump to deliver 550 gallons per minute. The ladder 
movements can be carried out either simultaneously with, 
or independently of, the operation of the pump. The 
machine will also carry a 40-gallon first-aid outfit and a 


powerful electric searchlight 


TENDERS. 


We have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, particulars 
of the undermentioned tenders, the closing dates of 
which are stated. Details may be obtained on applica- 
tion to the Department at the above address, quoting 
the reference numbers given 

Hydraulic Drop-pit Jacks 
with trucks for 5-ft. 6in. gauge locomotives, required 
for the North Western Railway Indian Stores Depart- 
September 27 (T. 26,272/39.) 


three, 30-ton, complete 


ment, Simla ; 


Cutter and Tool Grinding Machine of the plain type 


and suitable for use on spiral mills, gang cutters, face 


mills, end mills, shell end mills, taps, and reamers—to be 
delivered at Goods Sheds, Spencer-street Railway 
Station. Melbourne Secretary, Victorian Railway 


Commissioners, Melbourne, C.1, Australia ; September 13. 
(T. 26,318 /39.) 

Ash Sluicing Plant, low-pressure, including ash chutes, 
troughs, water piping. circulating-water pumps, 20-ton 


per hour capacity telpher greh for dry ash and 100-ton 


dry-ash capacity elevated ash bunker. City Electric 
Light Company. Limited, Boundary-street, Brisbane, 
Australia ; November 15. (T. 26,323/39.) 

Ventilating Plant for the central telegraph office, 


New G.P.O., Bloemfontein, South Africa. Union Tender 
and Supplies Board, Pretoria; September 28. (T. 
26,.370/39.) 


Structural Steelwork for the Underframe Shop, Uiten- 


hage. including columns. roof principals and girders, 
erane girders and bracing, sliding and swing doors, 
steel windows, and bolts and rivets. South African 


Railways and Harbours, Johannesburg; November 6. 


(T. 26,461 /39.) 


SEPT. TI, 1939. 


PERSONAL. 


Mr. A. KINGWELL has been transferred, as 
area manager, to the new London depot at 92, Tottenham 
Court-road, W.1, of Messrs. B.E.N. Patents, Limited. 
Hughenden-avenue, High Wycombe, Bucks. 


London 








NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

General Situation..—_With pressure for delivery of 
material for defence purposes intensified, little tonnage 
of nearly all commodities is available for distribution 

| for ordinary industrial purposes, and general commercial 
business has shrunk to very narrow limits. 

The Cleveland Iron Trade.—Production of Cleveland 
foundry iron—for some considerable time irregular and 

| light—has ceased, and the outlook is unsatisfactory and 
discouraging, as consumers of foundry pig, who used to 
rely on Tees-side for supplies, are taking substantial and 
increasing amounts from other iron centres and there seems 
little likelihood of return to general use of Cleveland 
brands. Customers’ delivery demands for local iron are 

| supplied from stocks which are at a low ebb. Merchants 

| have still command of moderate parcels, which they are 
regularly distributing among home customers. They 

| have small export orders for shipment to Scandinavia to 

| fulfil. Fixed prices remain or stand on the basis of 
No. 3 quality of iron at 99s. delivered within the Tees-side 
zone. 

Hematite.—Movement in the East Coast hematite 
department continues in favour of sellers. Makers’ heavy 
tonnage accumulations are steadily falling, and expanding 
needs of home users promise to necessitate substantial 
increase of withdrawals from stocks. Tees-side works are 
absorbing the bulk of the supply, but home consumers 
elsewhere are accepting larger deliveries than recently. 
and further growth of their requirements is expected. 

| The practice of direct sale from producer to consumer 
has expanded to an extent that has vastly curtailed 
| transactions by second hands who, however, manage to 
| retain a fair number of domestic customers of long 
| standing and continue to keep in touch with old and 
much-valued Continental buyers. Sales for shipment 
abroad, however, are very few and small. Stabilised 
quotations keep at the level of No. 1 grade of hematite 
j at 115s. 6d. delivered to North of England firms. 

| Basic Iron.—The whole of the enormous production 
of basic iron is promptly taken up by the insatiable 
demand of makers’ own steel works. 

Blast-Furnaces in Operation.—There are in operation 
31 of the 53 blast-furnaces on the North-East Coast. Of 
the stacks blowing, 20 are making basic, 9 hematite and 
2 special kinds of iron. 





Foreign Ore.—-Consumers of foreign ore have still no 
occasion to return to the market, but imports against old 
contracts are heavy and are rapidly reducing overdue 
acceptance of tonnage. 

Blast-Furnace Coke.—Durham blast-furnace coke con- 
tinues in ample supply and good medium qualities are 
on sale at 24s. 3d. at the ovens. 

Manufactured Iron and _ Steel..-Manufactured-iron 
works are turning out increasing tonnage and producers 
of semi-finished and finished steel have more orders to 
execute than they can deal with. Shortage of home- 
made steel great. but substantial import of 
material from overseas enables re-rollers to keep plant 
busily occupied. Delivery demand for finished steel is 
severely taxing output capacity of plant in action. 
| Principal market quotations stand : common iron bars, 


is 


semies 


12/. 5s.; steel bars, 111.; soft steel billets, 7/. 7s. 6d. ; 
hard steel billets, 8/. 10s. ; steel ship, bridge and tank 
plates, 101. 10s. 6d.; steel ship rivets, 14/.; iron ship 
rivets, 15/.; steel constructional rivets, 151. 5s. ; steel 
boiler plates, 11/. 8s. ; steel angles, 101. 8s. ; steel joists. 
101. 8s.; fish plates, 13/7. 10s.; black sheets. No. 24 
gauge. 14/. i5s.; and galvanised corrugated sheets, 


No. 24 gauge. 17/. 5s. 








Exports 
weekly 


EXPORTS OF TIN-PLATE FROM SOUTH WALES. 
of tin-plate from Swansea Harbour for the 
period ending August 17 totalled 5,747 tons, as compared 
with 6.182 tons in the corresponding week last year. 


THe Ruston-BucyrRus 10-R.B. EXCAVATOR.—We are 
informed that Messrs. Ruston-Bucyrus, Limited, Ex- 
cavator Works, Lincoln, have recently delivered thei: 
1,000th 10-R.B. excavator. It is just five years since 
this {i-cub. yard excavator was placed on the market 
and the fact that 1,000 machines of this one size have 
been put into service in that time provides an interesting 
commentary on the extent to which mechanical excava 
tion has been adopted by public-works contractors, 
municipal authorities, drainage boards, etc. 








SEPT. I, 


NOTES FROM THE NORTH. 
GLascow, Wednesday. 

Scottish Steel Trade.—Steel makers in the West of | 
Scotland continue to be exceedingly busy, and have so | 
much work on hand that the current output is surpassing | 
all previous records. Although Government orders are | 
responsible for a very large percentage of this activity, | 
the demand for general industrial purposes represents 
a heavy tonnage. The requirements of shipbuilders 
are considerable, while boilermakers have recently been 
in receipt of so many orders for marine and land-type | 
boilers that specifications from them are of a very | 
pressing nature. Constructional and general engineers | 
have also heavy order books, and their demands for | 
deliveries are very steady. In the black-steel sheet | 
trade there has been no falling-off in the demand, which | 
has perhaps never been equalled, and although makers | 
are not actually behind with deliveries they cannot 
definitely promise despatch within two or three months. | 
The steel trade, generally, is passing through a strenuous 
time, and judging from the present outlook politically, 
there seems to be little chance of any easing up taking 
place, The following are to-day’s quotations :—Boiler 
plates. 111. 8s. per ton ; ship plates, 101. 10s. 6d. per ton ; 
sections, 101. 8s. per ton; medium plates, 12/. 2s. 6d. per 
ton; black-steel sheets, No. 24 gauge, 141. 15s. per ton ; 
and galvanised corrugated sheets, No. 24 gauge, 171. 5s. 
per ton, all delivered at Glasgow stations. 

Matlleable-Iron Trade.—There has been little change in 
the state of the malleable-iron trade of the West of 
Scotland during the past week, and there is still quite 
u steady demand for bar iron. The re-rollers of steel 
bars have as much work booked as they can conveniently | 
handle at the present time, but as the raw material | 
position is much better, deliveries are now more regular. 
Prices are unchanged, and are as follows :—Crown bars, | 
12/. 15s. per ton for home delivery or export ; re-rolled | 
steel bars, 11/7. 15s. per ton for home delivery, and 111. | 
per ton for export ; No. 3 bars, 12/. per ton, and No. 4 
bars, 12/. 5s. per ton, both for home delivery. 


Scottish Pig-lron Trade.—Quite a healthy state prevails 
in the Scottish pig-iron trade, and makers are facing a| 
very strong demand for basic iron in particular. Hema- 
tite iron is also moving freely, but there is room for 
improvement in the demand for foundry grades, although | 
a better inquiry is reported. The following are to-day’s | 
market prices :—Hematite, 51. 15s. 6d. per ton, and | 
basic iron, 41. 12s. 6d. per ton, both delivered at the steel | 
works ; foundry iron No. 1, 51. 3s. per ton, and No. 3, 
ol. 0s. 6d. per ton, both on trucks at makers’ yards. 

| 








Courses AT A.R.P. Starr ScHooi.—The Air-Raid 
Precautions Department informs us that some vacancies 
still exist for industrial courses at the A.R.P. Staff School 
in London. These courses are for the benefit of A.R.P. 
organisers in the larger commercial and industrial 
establishments. They are not courses in elementary 
air-raid precautions, but on the organisation and adminis- 
tration of such services, as required by the Civil Defence 
Act. The discussions which take place are a feature 
of the courses, and, during these, the organisers, who 
represent many different firms and industries, are able 
to state their difficulties and receive explanation and 
guidance. Firms desiring to send representatives to 
the two forthcoming courses are advised to make early 
application. The next course, in which there are still | 
a few vacancies, begins on September 5, and the following | 
course on September 19. Each course lasts nine days. 
The School is situated in Cromwell-road, South Kensing- 
ton, and applications for admission should be addressed | 
to the Air-Raid Precautions Department (Division J.2), | 
Horseferry House, Thorney-street, London, S.W.1. 





TRIALS OF H.M.S. “ KELLY.”—H.M. flotilla leader 
Kelly, constructed by Messrs. R. and W. Hawthorn, 
Leslie and Company, Limited, Hebburn-on-Tyne, to the 
order of the Admiralty, was handed over on August 23, 
after a highly-successful series of trials. The ship is 
one of eight vessels ordered under the 1937 Naval 
Programme. Her overall length is about 356 ft. 6 in., 
and her approximate displacement, 1,600 tons. The 
vessel is built with a long forecastle deck and her arma- 
ment comprises 4-7-in. guns and smaller machine guns. 
The propelling machinery consists of two independent 
sets of single-reduction geared turbines of the latest 
Parsons type driving twin-screws. An astern turbine 
is incorporated in each low-pressure turbine, and pro- 
vision is made in the high-pressure turbines to ensure a 
high degree of efficiency over a wide range of ordinary 
powers. The machinery is designed to develop a total 
of 40,000 s.h.p. The ship constitutes the 74th war 
vessel constructed for the Admiralty by Messrs. Haw- 
thorn, Leslie. The firm also has in hand H.M.SS. Naiad 
and Cleopatra (cruisers of the Dido Class; the hulls of 
two destroyers, H.M.SS. Legion and Lightning ; H.M.S. 
Welshman, a minelayer ordered under the 1939 Naval 
Programme ; and the main machinery for two cruisers, 
H.M.SS. Euryalus and Trinidad. 


| 
| 





| in small tools continues to expand. 


ENGINEERING. 


SHEFFIELD, Wednesday. 


Tron and Steel.-The measure of local activity is reli- | 
ably illustrated'by the latest returns respecting steel ingot 
and castings production in Sheffield and district. Despite 
the fact that thousands of operatives were on holiday, 
the July output of 147,500 tons was only 1.400 tons 
below that of the preceding month, and was over 53,000 
tons greater than that of the corresponding month last 
year. Never before has the first seven months’ pro- 
duction exceeded 1,000,000 tons; this year’s aggregate 
is 1,015,800 tons, or 70,000 tons in excess of the total for 
January to July, 1938. Conditions at steel and engineer- 
ing works show little variation from those of a week ago, 
except that, as might have been expected, there is 
greater pressure on supplies for the British land, sea, and 
air forces, and, owing to the uncertainty of the European 
situation, a reduced or suspended interest in certain 
commercial lines; though as far as can be ascertained 
non-armament work still absorbs a substantial tonnage 
of iron and steel of all grades, particularly of the heat-, | 
rust-, and acid-resisting varieties. Progressive lines are 
those specialising in heat-resisting steels for high-pressure 
chemical plant and parts subjected to high temperatures ; 
high-tensile chromium-molybdenum creep-resisting steel 
for plant and components used at intermediate tempera- 
tures ; and non-corroding steels for plant and machinery 
exposed to the action of corrosive substances. Piston- 
ring manufacture has made a noteworthy response to the 
demands of general engineers and shipbuilders. Rings 
made of high-tensile cast iron, Admiralty bronze, gun- 
metal, and ammonia-resisting iron are freely specified. 
An appreciable business is being done in turbine pumps 
for mining and waterworks—some of the largest of these 
have capacities up to 8,000 gallons a minute and 3,500 ft. 
head—and in tube mills (for the grinding of ores, cement 
and clinker) flame-proof mining motors, kiln-firing plant, | 
coal-breakers for use on colliery screening plants, rotary 
cement kilns, separating and collecting plant, and de- | 
dusting apparatus. Special research devoted to the pro- | 
duction of tungsten-carbide tipped tools for cutting cast 
iron and non-ferrous materials generally is now meeting | 
with increased reward. 





In the lighter sections business | 
A striking feature is | 
that, despite the current political disturbance, communi- 
cations continue to be received from distributors in the 
Colonies and on the Continent who are anxious to obtain | 
agencies for Sheffield-made iron and steel products. | 
Among the latest are one from Sydney and one from | 
Luxembourg, interest in the latter case being in hack-saw | 


| blades, drills, taps, dies, and milling cutters. 


Locomotive Depot at Darnall.—Satisfactory progress is | 
reported on the construction, at Darnall, Sheffield, of the 
London and North Eastern Railway main-line steam 
and electric depot. Steam sheds to cover 24 acres will | 
house 60 locomotives run on rails laid in special chairs | 
on concrete. A 60-ft. high building is to house a 100,000- | 
gallon water tank, and an oil-storage tank. Locomotive | 
fuel will be supplied from an 80-ft. high double bunker. 
For engine-drivers and firemen, there will be a dormitory 
block with 50 bedrooms, large dining and reading rooms, 
and a range of baths. This work is absorbing some 
thousands of tons of steel. 

South Yorkshire Coal Trade.—Taken all round, condi- 
tions are more active than a week ago. Business in house 
coal is moving better, there having been a further 
acceleration of buying of best qualities against the advent 
of higher prices. Steam coal is an improved market. 
As was anticipated, the export position has strengthened. 
Inland demand is brisk, large supplies going both to the 
railways and industrial centres. Smalls are freely offered, 
though coking qualities have benefited from the increase 
in pig-iron production. Blast-furnace qualities command 
considerable attention in the coke market. 


| 








THE GENERATION OF ELECTRICITY IN GREAT BRITAIN. 
—tThe official returns rendered to the Electricity Commis- 
sioners, show that 1,918 million kWh of electricity 
were generated by authorised undertakers in Great 
Britain during the month of July, 1939, compared 
with 1,656 million kWh in July, 1938. This represents an , 
increase of 262 million kWh, or 15-8 per cent. During 
the seven months of 1939 the amount generated was 
15,488 million kWh, compared with 13,609 million 
kWh during the corresponding period of 1938, an increase 
of 13-8 per cent. 


COMBUSTION APPLIANCE MAKERS’ ASSOCIATION.—The 
proceedings of the third annual conference of the Com- 
bustion Appliance Makers’ Association (Solid Fuel), held 
on March 29 and 30, 1939, at Caxton Hall, Westminster, 
London, 8.W.1, have now been issued as a bound volume 
of 400 pages, containing all the papers presented, the 
discussions thereon, and the other proceedings of the 
conference. The offices of the Association are at 54, 
Victoria-street, London, S.W.1. It will be recalled | 
that we dealt with the conference on page 410 of our 





‘ volume 147 (1939). 
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CARDIFF, Wednesday. 


The Welsh Coal Trade.—-In spite of the international 
crisis, the Welsh steam-coal trade again displayed a good 
activity last week. New business, however, was affected 
by the menacing position, although there were a number 
of small orders quoting, chiefly from inland buyers and 
from the coaling depots. As, however, sellers had pre- 
viously sold practically the whole of collieries’ current 
outputs of most classes, offers for all loading positions 
were only made with great reserve, and prices were fully 
upheld. An acute shortage continued to be encountered 
among the popular sorts, and, for prompt deliveries of 
these, buyers were willing to concede very high figures. 
New contract business continued to come in very quietly 
during the week. Business was placed with local pro- 
ducers by the Lithuanian Railways for about 10,000 tons. 
It will be remembered that these buyers were recently 
inviting offers for the supply of something like 65,000 
tons for shipment over August-April next. Asa rule the 
railways cover most of their coal requirements with 
shippers on the North-East Coast. Heavy deliveries still 
being made on account of previous bookings continued to 
absorb almost the whole of collieries’ current productions 
of the best large qualities, and offers were only sparingly 
made at full late figures. Dry large deser:ptions, on the 
other hand, were still readily obtainable for prompt 
shipment, but in spite of the slow demand for these 
kinds, the tone was fully upheld. Duffs were extremely 
searce. Stem lists for these kinds were almost completely 
filled over the remainder of the year and for the occasional 
odd lots sellers had to offer strong prices were secured. 
Sized coals were also well placed with orders, and firm. 
Bituminous small coals were steadily absorbed by contract 
deliveries, and were fully maintained but the dry sorts 
continued in need of further business, and were dull. 
Cokes were actively engaged, chiefly in the inland trade, 
while patent fuel remained well booked. 

The Iron and Steel Trade.—Active conditions 
again evident in the iron and steel and allied trades of 
the district, last week. Most produce remained employed 
to capacity, and with stem lists well filled, new business 
was extremel difficult to negotiate. 


were 








LAUNCHES AND TRIAL TRIPS. 


* CHrosry.’’—Twin-screw passenger and cargo motor- 
ship for service between Kurope and South America ; 
two-stroke, double-acting, eight-cylinder Burmeister and 
Wain Diesel engines. Trial trip, July 20. Main dimen- 
sions: 505 ft. 10 in., by 66 ft. 6 in., by 44 ft. 3 in. Built 
by Messrs. Nakskov Shipyard, Limited, Nakskoy, Den- 


mark, for Messrs. Gdynia-America Shipping Lines, 
Limited, Warsaw, Poland. 
“ AskKa.”’—Twin-serew passenger and cargo steamer 


for service between Calcutta and Rangoon; Parsons 
marine-type turbines with single-reduction double-helical 
gearing. Trial trip, August 1. Main dimensions: 
460 ft., by 61 ft. 3 in., by 25 ft. 2 in. Built by Messrs. 
Swan, Hunter, and Wigham Richardson, Limited, Nep- 
tune Shipyard, Walker, Newcastle-upon-Tyne, 6, for 
Messrs. British India Steam Navigation Company, 
Limited, London. 

“ WaAIOTIRA.”—Twin-screw refrigerated cargo motor- 
ship for the Australian and New Zealand service; two- 
cycle, double-acting, six-cylinder Harland—B. and W. 
Diesel engines. Launch, August 1. Main dimensions : 
535 ft. 6 in., by 70 ft., by 43 ft. 4 in. Built and engined 
by Messrs. Harland and Wolff, Limited, Belfast, for 
Messrs. Shaw, Savill and Albion Company, Limited, 
London. 

“ Cape FINISTERRE.’’—Single-screw steam trawler for 
fishing in the northern waters of Iceland, Bear Island, 
and the White Sea; triple-expansion engine fitted by 
Messrs. C. D. Holmes and Company, Limited, Hull. 
Launch, August 2. Main dimensions: 175 ft., by 30 ft., 
by 16 ft. Built by Messrs. Cochrane and Sons, Limited, 
Ouse Shipbuilding Yard, Selby, Yorks, for Messrs. Hudson 
Steam Fishing Company, Limited, Hull. 








THE RED BooK OF COMMERCE: ERRATUM.-——Messrs. 
Grosvenor Press, Limited, the publishers of The Red 
Book of Commerce, a review of which was published on 
page 207 ante, inform us that their address has recently 
been changed from 48, Russell-square, London, W.C.1!, 
to Inveresk House, 346, Strand, W.C.2. 


Tue British FounprRy ScHooL.—The annual visit of 
the British Foundry School, Birmingham, to another 
foundry centre was held this year in Sweden and, during 
a period of seven working days, 10 plants were Visited, 
embodying every type of foundry, grey and matieable 
cast iron, steel, and non-ferrous metal. Some foundries 
were semi-mechanised and others fully mechanised, whilc 
two of the plants were equipped for the vitreous enamel- 
ling of both steel and cast iron. The party numbered 15 
and the whole visit was highly successful. 
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VANE-WHEEL ERODER FOR INDIAN RIVERS. 
CONSTRUCTED BY MESSRS. WILLIAM DENNY AND BROTHERS, LIMITED, DUMBARTON. 
(For Description, see Page 264.) 
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| passenger journeys made, the total receipts from pas- 
PAGE senger-train traffic were well maintained, the whole 
of the decline in total receipts being due to a fall 
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‘in receipts from goods traffic from 94-61. million to 
| 87-81. million. The fact that the average receipt 
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| per passenger journey increased from ls. 5-04d. in 

1937 to 1s. 6-47d. in 1938, while the average receipt 
246 | per ton of freight rose from 6s. 3}d. to 6s. 6}d., 
247 | must be ascribed mainly to the increase of 5 per 
249 | cent. in the standard charges and exceptional charges 
251 | sanctioned by the Railway Rates Tribunal, which 

| applied throughout the year 1938, but only to the 
253 | last three months of 1937. 
al The financial returns for 1938 emphasise the 
256 comparative inflexibility of railway operation. In 
256 | Spite of the decline in traffic, practically all the 


Contracts 
| Tenders 256 | main headings of expenditure showed some slight 
| Personal 256 | increase. Maintenance of way and works advanced 


256 | from 20-51. million to 21-42. million, and main- 
a tenance of rolling-stock (including locomotives) from 
~~ | 23-4. million to 23-7. million. A great deal of 


| Notes from Cleveland and the Northern Counties 
| Notes from the North 
| Notes from South Yorkshire 


pam eter Trial Tne pend the work carried out under these headings has, of 
| British Railway Operation in 1938 259 | Course, to be planned some time ahead, and it is, 
260 | perhaps, not surprising that maintenance expendi- 
261 | ture should continue to increase after revenue has 
262 | started to decline. The published programmes of 
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| The Paris High-Tension Conference (Jllus.) 
264 


| Vane-Wheel Eroder for Indian Rivers (Jllus.) 
| Reorganisation of Messrs. Commer Cars’ Luton 


the companies as regards renewals of locomotives 
and rolling stock during 1939, however, indicate 
that some economies are likely to be made under 


AP i alll o this heading during the current year. 

| Truck-Type Switchgear for Substations (Jllus.) 267 What is rather unexpected, however, is that both 
267 | locomotive-running expenses and traffic expenses 

Economic Air-Line Equipment (Jllus.) 268 | should have increased between 1937 and 1938, 

3-Ft. Gauge Diesel-Engined Locomotive (/llus.). 270| the former from 34:31. million to 34-7l. million 


Improved System in the Application of Non- 


Condensing or Extraction Turbines (/Uus.) and the latter from 46-5/. million to 471. million. 


As regards the former, the principal items of expen- 
diture are wages and fuel, which together accounted 
for 30-51. million in 1938. Both items showed 
small increases as compared with 1937; in the 
| Catalogues 273 | case of wages this represented the effect of various 
| “ ENGINEERING ” Patent Record (/lus.) 274 | wage increases during 1937. These comprised the 
| One Two-Page Plate—THE GOLDEN GATE | discontinuance of the oe portion (14 a 
BRIDGE, SAN FRANCISCO. | cent.) of the percentage deductions from earnings 
| made in March, 1931, previous instalments having 
— siete tata — | been discontinued in 1934, 1935 and 1936 ; special 
increases of 6d. or 1s. per week in the wages of the 


E N CG I N E E RI N lowest-paid workers (these probably had little effect 


q aan |on the total of wages connected with the running 
FRIDAY, SEPTEMBER |, 1939. | of steam locomotives); and, in several cases, 


|increases of ls. or 2s. per week under a cost-of- 

No. 3842. | living sliding scale. The increased expenditure on 
| fuel reflects the higher average prices of coal. 

As regards traffic expenses, rather over 70 per cent. 

is accounted for by wages, which rose from 33-2l. 
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BRITISH — i OPERATION | million in 1937 to 33-51. million in 1938. The 
; ‘ ; __ |remaining subdivisions of total expenditure are 
| Tue fact that, the railway companies having in | relatively small, but it is interesting to note that 


| principle achieved success in their “ Square Deal” | the companies showed a profit of 130,5021. in respect 
| campaign, legislation may be expected in the near|of road transport; of 609,692/. in respect of 


- | future to give effect to their claims, coupled with steamers ; 602,440/. in respect of docks, harbours, 


the demands—for the moment abandoned—of the and wharves; and 522,634/. in respect of hotels, 
| National Union of Railwaymen and the Associated | refreshment rooms, and general catering. On the 
| Society of Locomdtive Engineers and Firemen for | other hand, the canals owned by the railway 
increased wages, gives particular interest to the | companies were operated at a loss of 65,5701., while 
publication of the Railway Returns* for 1938. The | the collection and delivery of parcels and goods 
|returns, which cover 141 foolscap pages, present | showed a loss of no less than 1,123,8491. 7 


|a very complete picture of the position of the 
| companies, although it must be remembered that, 
| since the end of 1938, some improvement has taken 
place in the net revenues. It is well known that 
|the steady improvement in their position, which 
had been in progress since the depression, was not 
maintained in 1938. Gross receipts, which had 
increased from 169-6/. million in 1933 to 195-41. 
million in 1937, fell back in 1938 to 187-77. million, 
a figure which, nevertheless, was slightly better 
than that for 1936. Expenditure, however, which 
had risen from 142-6/. million in 1933 to 159-01. 
million in 1937, increased still further to 1701. million 
in 1938, so that the net revenue fell from 36-5l. mil- 
liont o 27-71. million, the lowest figure recorded since 
1933. Interest and dividends paid on capital fell 
from 38-2/. million in 1937 to 29-9/. million in 
1938, or from 3-30 per cent. of the issued capital 
| (loans and debentures included) to 2-66 per cent. 

| In spite of a substantial decline in the number 

.* —_ 








* Returns of the Capital, Traffic, Receipts and Working 
Expenditure of the Railway Companies of Great Britain. 
London: H,M, Stationery Office, [Price 4s. 6d. net.) 


| Increased wages and higher fuel costs are by 
|no means the only factors which prevented expen- 
'diture from being reduced in conformity with the 
| fall in gross receipts. Apparently it was not prac- 
| ticable to reduce the number of train journeys in 
proportion to the fall in the tonnage of goods to 
| be handled. The average number of wagons per 
| train decreased from 34-55 to 33-67, the average 
| wagon-load from 5-65 tons to 5-55 tons, and the 
average train load from 131-13 tons to 124-86 tons. 
| Such a decline must, obviously, result in an appre- 
|ciable increase in the ratio of operating costs to 
| receipts. 
One of the most interesting features of the statis- 
tical, as opposed to the financial, returns is the 
| steady fall over the last few years in the number 
| of steam locomotives in use, from 20,983 in 1933 to 
| 19,646 in 1938. To some extent this has been due 
| to electrification, the number of electric rail motor 
| vehicles having risen over the same period from 


| 1,489 to 1,986. Another important factor, however, 


| has been the institution of schemes for the more 


| economical working of steam locomotives. Such 
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schemes have involved improvements to track and 
turntables, arrangements for speeding up the 
replenishment of coal and water supplies, and 
improved signalling. In addition, the companies 
have continued the policy of cutting down the 
number of different types in service and concen- 
trating, in the heavier categories, on types which 
can be used either for passenger or goods trains. 

The effect of these measures is shown by the 
fact that, in spite of the fall in the number of loco- 
motives in use, the total number of train-miles run 
increased from 381 millions in 1933 to 424 millions 
in 1937, though there was a small decline to 
121 millions in 1938, while the number of shunting- 
miles rose from 107 millions to 119 millions, followed 
by a fall to 112 millions. These figures include 
all forms of traction, but the total of train- and 
shunting-miles run by steam locomotives rose from 
497 millions in 1933 to 550 millions in 1937, falling 
to 533 millions in 1938. The number of engine- 
miles per weekday per engine in use thus increased, 
in the case of steam locomotives, from 106-35 in 
1933 to 112-09 in 1937, and fell back only to 111-14 
in 1938. In the case of electric services the corre- 
sponding figure was 229-38 car-miles per weekday 
per motor vehicle in use, but the fact that this is 
approximately twice the figure for steam locomotives 
is due to the higher average speed maintained by 
the clectrified which include no goods 
services. Reckoned on the basis of engine-hours 
in traffic per weekday, a intensive use is 
apparently made of steam than of 
electric vehicles, the respective figures being 12-65 
and 11-73. 

In spite of this more intensive use of steam 
locomotives, there on the average, 
little speeding-up of services. The number of 
passenger-train miles per engine-hour averaged 
11 00 in 1938 against 10-95 in 1933 in the case of 
steam locomotives, the corresponding figures for 
electric vehicles being 19-21 18-46. As 
already mentioned, there is practically no electrified 
goods traffic, but the number of goods-train miles 
per engine-hour has declined from 9-49 in 1933 to 
9-15 in 1938 in the case of steam locomotives. The 
total number of passenger carriages in service has 
also declined slightly, from 45,069 in 1933 to 43,492 
in 1938. The average seating accommodation of 
the carriages, on the other hand, is increasing, and 
the total number of seats available fell only from 
2,588,961 to 2,560,806. Another change which is 
still proceeding rapidly is the substitution of electric 
lighting for By 31, 1938, only 
12-13 per cent. of all passenger coaches (excluding 
those electric ally propelled, all of which are electri- 
cally lighted) were lighted by gas, against 15-82 
per cent. in the previous year and 18-58 per cent. 
in 1936. The number of merchandise and mineral 
vehicles owned by the railway companies has been 
increasing since 1935, and totalled 663,589 in 1938 
against 656,834 in 1937 and 633,953 in 1935, the 
lowest figure in recent years. In 1933 there were 
(47,000 such vehicles. 

There was a sharp rise between 1933 and 1937 
in the number of wagons on hire to railways, from 
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has been, 


against 


December 
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gas. 
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| 141 in 1938. In the years 1933 to 1936 the number 
| of such vehicles was negligible. These figures may 
| be misleading, of course, since there are considerable 
| variations in the cost of construction of different 
| types of locomotives. The number of new passenger 
| coaches and goods vehicles constructed or purchased 
was very considerably curtailed during the depres- 
sion, but since 1933 there has been a marked 
expansion in both categories. In that year a total 
of 950 passenger coaches, 403 other coaching vehicles, 
and 6,475 wagons were brought into service. By 
1938 these figures had increased to 1,780, 1,286 and 
26,969, respectively. At the same time, the number 
of heavy and light repairs undertaken has been well 
maintained. 

An appendix to the Returns covers, in considerable 
detail, the electrification which has been carried out 
on British railways since 1920. At that time the 
total length of electrified track, on a single-track 
basis, was only 920 miles, but by 1938 this figure 
had increased to 2,458 miles. Of the increase, the 
greater part has, of course, been accounted for by 
the electrification schemes of the Southern Railway, 
on which the length of electrified track has risen 
from 258 miles in 1920 to 1,581 miles in 1938. 
During this period no electrification schemes were 
undertaken by the Great Western Railway, on 
which the total electrified track still comprises only 
17 miles. The electrified track of the London 
Midland and Scottish Railway, however, increased 





that of the London Passenger Transport Board 


to 118 miles. 
of the country is on the direct-current system, with 
the exception of the Heysham, Morecambe and 
Lancaster line of the London Midland and Scottish 
Railway, which is operated on single-phase current. 
The total consumption of electricity used for traction 
purposes in 1938 (including heating and lighting of 
trains) was 1,179 million units on the alternating- 
current system. 








HYDRO-ELECTRIC POWER IN 
ONTARIO. 


DuRING the present unsatisfactory summer, it 
should not be difficult to sympathise with those 
who, through meteorological conditions of various 
kinds, have suffered “ moving accidents by flood 
and field.” Apart from sympathy, however, which 
we offer in full measure to all those who need it 
both in this country and elsewhere, these 
dents ’’ demand careful investigation in order that 
steps may be taken to prevent their recurrence 
so far as is possible and that full value may be 
drawn from the experiences they make available. 
In Great Britain, breakdowns of engineering and 
other equipment are, perhaps rightly, regarded as 
something of a disgrace, and an examination of 
their causes is too often, and almost certainly 
wrongly, combined with the search for a scape- 


* acci- 


1.607 to 13.883. In 1938 there was a small decline goat. The result ” that a good deal of what 
to 12,882. The carrying capacity of the wagons might be revealed for the general good is con- 
wnedl has increased to an even greater extent cealed for personal reasons and full advantage is 
“0 a% é ‘Tease “] -. ‘ -. -) , 


than the number, and between 1933 and 1938 the 
average tonnage capacity per wagon rose from 
11-50 to 12-01. Over half the total number of 
wagons now in service consists of 12-ton wagons, 
of which there were 357,330 in 1938 against 266,330 
in 1933. The number of wagons of over 12 tons | 
capacity increased from 49,046 in 1933 to O44 | 
in 1938, while the number of under 12 tons’ capacity | 
fell from 267,179 to 183,922. 

Although expenditure on maintenance of rolling 
stock in 1938 reached the highest figure since the 
depression, the number of new steam locomotives 
constructed, 316, was the lowest since 1933. More- 
over, the companies purchased no locomotives from 


outside contractors in 1938, although in 1936 they | 


had spent over 1 }/. million in this way. The number 
of locomotives undergoing heavy repairs was lower | 
than in any year since 1933; the number under- | 
going light repairs shows little variation from year 


to year. The number of new electric rail 


motor | 
vehicles brought into service was 263 in 1937 and | 


not derived from what might well be an educational 
experience. In the United States and Canada, 
frankness is more general, and this applies to the 
course that has been followed in dealing with the 
inundation of the Ontario power station below the 
| Horseshoe Falls at Niagara, which occurred on 
January 26, 1938. In this case, it is true, it would 
have been difficult to blame any human agency, as 
| the plant was protected against a water elevation of 
| nearly 50 ft. above the normal level. 

It will be recalled, however, from the complete 
in ENGINEERING* last year, 





| accounts gave 
that this level was 
|ice from Lake Erie and the Upper Niagara River 
| temporarily blocked the flow of water under the 
ice bridge. As a result, the ice at the south end of 
the station was pushed up some 58 ft. above the 
| normal flood level and flowed through the windows 
Fortunately, the Commission 


we 


into the turbine room. 


* See ENGINEERING, vol. 
| vol. 146, page 203 (1938). 


145, page 397 (1938), and 
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had sufficient plant capacity available to enable the 
load of 180,000 h.p. carried by the Ontario station 
to be transferred to other plants, a procedure which, 
incidentally, emphasises the advantages of inter- 
connection. A further benefit was that the work of 
rehabilitation could be proceeded with in a methodi- 
cal manner. As already described, the aid of 
mechanical shovels was enlisted to remove the ice, 
while the machines themselves were dried out by 
enclosing them in insulating housings in which 
electric heaters were installed. In this way it was 
possible to dry out each machine in a total period 
of from ten to twelve weeks and to put them back 
into service on dates between April 28 and Septem- 
ber 16. 

As far as the main generators were concerned, the 
greatest difficulty was experienced with the field 
windings, as the fibrous insulation was completely 
soaked with water and, as a result, the fibre insulating 
collars were warped and cracked, and the glued 
laminated-wood collars were separated into thin 
pieces. There were also a number of short-circuits. 
The field coils on eight of the generators were, there- 
fore, removed, vacuum-dried and cleaned and were 
subsequently impregnated with Bakelite and re- 


| instated with fabricated materials of high mechanical 


from 226 miles in 1920 to 292 miles in 1938, and | 


from 249 miles to 359 miles, but that of the London | 
and North Eastern Railway declined from 134 miles | 
The whole of the electrified mileage | 


exceeded when a heavy run of | 


strength, good insulating value and high temperature 
and moisture-resisting qualities. It may be noted 
that the rehabilitation included the replacement 
of all the control and station service wiring. This 
consisted of lead-covered cables which were carried 
in large groups of horizontal conduit. These 
could not be cleared of water and oil in situ, as 
it was found that the rubber insulation had become 
very brittle, and was also completely soaked with 
water. 

The control station was also moved from the 
distribution centre on the top of the hill to the 
generating station. As, in view of what had occurred, 
this may seem an extraordinary step, it is explained 
by saying that it eliminated the need for replacing 
the control cables between the generating and 
distributing stations and allowed a centralisation 
of the operating staff. A few days after one of 
the machines had been returned to service, its 
stator winding failed. Examination, however, did 
not indicate that this failure was in any way con- 
nected with the flooding. As the coils were tight 
in the slots, it was impossible to lift them without 
damage and it was necessary to install a complete 
new winding. The immediate saving in the cost 
of drying out the stators of 14 main generators, 
compared with that of supplying and installing 
new windings, is estimated at 450,000 dols. This 
result is not only of economic importance, but 
shows that engineering ingenuity can still be relied 
upon to save money and, what was equally impor- 
tant in this instance, time. 

At the end of 1938, the Commission was serving 
821 municipalities in Ontario. This number included 
26 cities, 102 towns, 285 villages, and 408 town- 
ships. The total compares with 795 municipali- 
ties in the previous years, which shows that develop- 
ment in what are often sparsely populated areas 
is taking place at a satisfactory rate. On the 
other hand, consumption seems to have lagged 
behind development, for though the total energy 
supplied was as much as 7,582,072,573 kWh, this 
figure was 2-2 per cent. below that for 1937. It 
was accompanied by a peak load of 1,851,618 h.p.. 
the largest ever carried and 9-3 per cent. in excess 
of that of the previous twelve months. These 
results seem to have been due to an industrial 
recession in the early part of the year under review, 
especially in the Niagara district, where about 
one-fifth of the energy supplied in bulk is utilised 
in the electro-chemical and electro-metallurgical 
industries. These large industries are very sensitive 
to conditions in the United States, and their power 
requirements during 1938 were greatly reduced. 
By the autumn, however, an improvement had 
set in generally and a further encouraging feature 


| was the growth in load in the districts served by 


the Northern Ontario Properties, where there 
are a number of mines with their dependent 
communities. 

As regards new construction, the station at 
Ragged “Rapids, about 5 miles below the outlet of 
Lake Muskoka, at Bala, was completed during the 


























year. ‘The works at this spot comprise a combined 
dam and power house at the foot of the rapids on 
the Musquash River, where formerly there was a 
30-ft. drop, and a diversion dam on the adjacent 
Moor River. Three low-lying areas in the neighbour- 
hood were also closed off by dams, and a 40-ft. 
channel was excavated at Upper Moor Chute to 
reduce the hydraulic losses in supplying water to 
the power house and to prevent the natural levels 
being exceeded in the river. There is also a short 
tail-race channel to carry the power-house discharge 
to the pool below the rapids: The power-house 
substructure is of reinforced concrete with two 
intake openings for each unit. These openings are 
equipped with steel racks and headgates. Spiral 
scroll cases and elbow draught tubes convey the 
water to and from the turbines. Air ducts are 
provided below the level of the power-house floor to 
supply cooling air to the generators. The overall 
length from the face of the intake to the end of the 
draught tubes is 90 ft., and the width is 73 ft. 
The centre lines of the units are 35 ft. apart. Owing 
to the large variation in the river flow, automatically- 
adjustable blade runners have been installed on 
the turbines, which are of the Kaplan type, and 
will, it is hoped, give high efficiencies over a wide 
range of load and discharge. The servo-motor 
controlling the adjustable blades is built into the 
turbine shafts, and oil-pressure governors are fitted 
for speed adjustment purposes. The two vertical 
generators have an output of 4,500 kVA of three- 
phase power at 6,600 volts, a frequency of 60 cycles 
per second, and a power factor of 0-85. On the 
same shaft as the main machine are a 70 kW, 125- 


volt main exciter, and a 4-kW, 125-volt pilot 
exciter. Above the latter is the “‘ oil head * for the 


servo-motor. This is built into the turbine shaft 
at the coupling and, as already mentioned, operates 
the adjustable blades of the turbine runner. The 
power house has a structural-steel frame with brick 
and tile panels. There are three galleries on the 
upstream side of the generator room, and on the 
lowest of these are the control-room water pumps 
and station transformers. On the next gallery 
are the battery room, stores, workshop, battery- 
charging sets and chlorinators for the domestic 
water, while the top one contains the 6-6-kV metal- 
clad switchgear and the hoists for the head gates. 
The switchgear has been specially designed to ensure 
safety in operation and easy maintenance. The 
potential transformers are housed in separate 
movable compartments to facilitate isolation when 
inspection is necessary. 

Other works dealt with in the Report are the 
replacement of the rock-filled timber dam at 
Coniston, on the Wanapitei river by a concrete 
structure 95 ft. farther downstream. This dam 
consists of four sections, which include five 16-ft. 
log-controlled sluices, a fishway, and a log sluice, 
as well as the headworks of the new power-station 
canal. The dam is 385 ft. long, has a maximum 


height of 45 ft., and contains nearly 6,000 cub. yd. of 


concrete. The Frederick House dam, which was 
built to store water in the Night Hawk and Frederick 
House lakes for use in the Abitibi plant, and to 
enable navigation to be carried on on the second 
lake, was also completed during the year in time 
to impound the spring run off. It consists of four 
sections, which include nine 16-ft. sluices controlled 
by stop logs. The section nearest the south side 
consists of six cells, which were formed by driving 
interlocked steel sheet piling to the bed rock. The 
bank, which is of clay, was heavily rip-rapped and 
rock-filled toes were placed on both the up-stream 
and downstream sides. Further protection was 
aflorded by a training wall, which deflects most of 
the flow along the north side of the river channel 
where there is exposed rock. The Long Lac 
diversion project is also nearing completion. This 
consists of two concrete dams and a channel 54 miles 
long, the object of which is to provide facilities for 
the economic transportation to Lake Superior of 
pulp-wood cut in the Kenogami watershed. 

With regard to transmission, a total. of more 
than 135 route-miles of line was constructed, of 
which eight miles were designed for operation at 
110 kV. 
construction amounted to 2,660 miles, and will 
supply more than 14,000 additional consumers. 


ENGIN 
present there are about 15,800 miles of rural lines 
serving 100,000 consumers. Improvements to the 
switchgear and tap-changing equipment on the 
transformers have been made throughout the area 
served. As in former years, the laboratories have 
continued their service to other departments and 
to the municipalities, in testing, inspecting and 
checking materials and equipment in order to 
ensure that suitable characteristics and reasonable 
life in service are being obtained. The Research 


Committee, which was organised in 1933, now has | 


fourteen active sub-committees which work in 
conjunction with the laboratories, so that the 
interchange of ideas and the development of sugges- 
tions from individual members of the staff regarding 
new equipment and processes is possible. 








NOTES. 


Coa. LypustTRY STatTIsTICs. 


THE Mines Department has recently issued its | 
statistical summary regarding the colliery industry | 
of Great Britain during the March quarter of the | 


present year, and the figures given show that the 
output of saleable coal raised amounted to 59,061,341] 
tons, as compared with 60,433,952 tons during the 
corresponding quarter of 1938. The output had 
therefore declined by 1,372,611] tons, or 2-3 per 
cent. The average number of persons employed was 
also lower, being 736,960, as compared with 752,642 
in the first three months of last year. The average 
cost of production, this year, was just over 15s. 8d. 
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Society. In their preliminary statement, the Society 
expresses the opinion that after studying the work 
|of the German Roads Delegation, the conclusion 
can be reached that although a certain number of 
entirely new roads are necessary in this country, 
'the number need not be large. The opinion is 
expressed that completely new through roads with 
adequate connections to existing centres of popula- 
tion might prove more economical in construction 
and use than the widening of existing main arteries 
to the same standard, and that the segregation of 
motor traffic achieved would tend towards a sub- 
stantial reduction in the number of road accidents. 
Their recommended scheme comprises the con- 
struction of seven motorways with a total length of 
approximately 1,000 miles, the cost of construction 
on the motorway principle being estimated at about 
60,000,000/. The seven suggested roads are the 
North Orbital road from Dartford to north of 
Hatfield ; a London-Scotch Corner-Glasgow road 
with a spur to Newcastle ; a London-Birmingham- 
Carlisle road; a Doncaster-Birmingham-Bristol 
road; a London-Reading-Bristol-Swansea road ; 
a London-Southampton-Portsmouth road ; and a 
|road from Manchester to Hull. It is suggested that 
| these motorways, together with other arteries of 
| trunk-road value, would form a co-ordinated system 
| for through traffic and that the whole of the con- 
| struction and improvement work should be con- 
|trolled by a time programme. The opinion is 
further expressed that the new motorways should 
be constructed as complete units and not in short 
lengths. Finally, the Society expresses the view 





| 





per ton, an increase, as compared with last year of that new roads and motorways, when carefully 


34d., and the average proceeds amounted to 17s. 84d. 
per ton, representing an increase of 44d. The aver- 
age cost of production of 15s. 8d. per ton included 
a wages cost of 10s. 6d., the other costs thus amount- 
ing to 5s. 2d. The “credit balance” of 2s. 04d., 
which makes up the average proceeds of 17s. 84d. 


designed in relation to the landscape and its preser- 
| vation, need cause no injury to amenities and may 
|in time actually improve them. 
THe Lanp Sprep Recorp. 
The support given by the Governments of other 


per ton, it is pointed out, is some 3d. per ton higher | countries has resulted in British cars being out- 
than the actual net profit, owing to the fact that, | classed in international road racing, and it is, there- 
in arriving at the balance, no deduction is made | fore, the more remarkable that the land speed 


for such items as interest on debentures and |Tecord has been retained in this country entirely 

. . , : a Inti ; 4+ OF San 

borrowed money, as would be done in an ordinary | by private efforts. Until August 23 last, this 
. - : ~. | rec 257-5 ile: » . 

profit and loss account. During the quarter |tecord stood at 357-5 miles per hour, set up last 

under review, the average earnings per shift, in- | Year by Captain George Eyston, with his Thunder- 

| bolt car. An account of this achievement was 


The rural primary lines approved for | 


At | 


‘cluding rent and coal allowances, for all wage 


earners, which include boys and surface workers, 
were 11s, 10}d., an increase of rather more than 4d. 


when compared with the corresponding period of 


1938. The 736,960 persons employed worked 
50,234,390 shifts, or an average of 5-24 per week, 
and, on this basis, the average weekly earnings, 
including allowances, for all workers of all ages 
above and below ground, were 3l. 2s. 34d. For 
all adults, above and below ground, they were 
approximately 3/. 7s. 64d. The Mining Association 
of Great Britain points out that it is interesting to 
compare these last figures with those for the March 
quarter of 1935, i.¢., before the selling schemes under 
the Act of 1936 came into operation. In that 
quarter the average earnings per shift, including 
allowances, were 9s. 7}d., or 28. 34d. less than 
they are now, and the average weekly earnings 
were 2/. 7s. 9d., or 14s. 64d. per week less than the 
present average of 3/. 2s. 34d. 
SUGGESTED SCHEME FOR Motorways. 

Although it is becoming increasingly clear that 
the enormous sums of money required for the more 
ambitious schemes of road reconstruction in this 
country will not be available for some time to 
come, it is obviously desirable that greater unanimity 
should be achieved as to what is required than has 
been shown up till the present. Some of the schemes 
suggested, involving the construction of thousands 
of miles of new motorways, would involve the 
expenditure of hundreds of millions and can only 
be classed as fantastic. A number of the more 
moderate proposals have already been described in 
our columns, and a study of these suggests that a 
fairly wide consensus of opinion exists regarding 
the desirability of constructing a key system of 
entirely new roads, as distinct from the reconstruc- 
tion of existing trunk arteries. In the Monthly 
Bulletin of Road Information for August 1, pub- 
lished by the British Road Federation, Limited, 
brief particulars are given of the scheme of new 
motorways prepared by the County Surveyors’ 


| given in ENGINEERING, vol. 146, page 397 (1938), 
jand it may be recalled that the Thunderbolt 
| was equipped with engines capable of developing 
ja total of 4,700 brake horse-power, and weighed 
| over 7 tons. It may also be recalled that Mr. John 
| Cobb, in his Napier-engined Railton car, was attempt- 
|ing to break the record at the same time. The 
| dramatic duel between the two drivers is brought 
out by the actual speeds achieved. Captain Kyston 
had held the record with a speed of 312-20 m.p.h. 
since November, 1937, and on August 27, 1938, he 
|raised it to 345-49 m.p.h., using the same car 
modified in minor particulars. The next increase, 
| to 350-2 m.p.h., was made by Mr. Cobb, on Sep- 
| tember 15, only to be broken on the following day 
| by Captain Eyston with a speed of 357-5 m.p.h. 
| We expressed sympathy at the time with Mr. Cobb 
‘in being robbed of the fruits of his magnificent 
effort within 24 hours of its achievement, and we 
feel sure that Captain Eyston will have been among 
the first to congratulate him on regaining the record, 
|on August 23 last. The new record he set up was 
| of 368-85 m.p.h., thus beating Eyston’s figure by 
‘over 11 m.p.h. Cobb’s exact speeds for the two 
best runs were 370-75 m.p.h., and 366-97 .m.p.h. 
in the two directions, the official record being 
|the average of the two runs. The power and 
| weight of Eyston’s car has already been given, 
and may be contrasted with the total of 2,960 b.h.p. 
| given by Cobb’s two Napier engines at 3,600 r.p.m., 
| and a car weight of approximately 3 tons. Although 
the Railton car has been modified to some extent 
since Cobb’s previous attempts on the record, it 
| remains the same in essentials. The engines, each 
| of 23,936 c.c. capacity, are supercharged, and each 
' drives one of the two axles, so that all four wheels 
jare driven. The front wheels are independently 
sprung, while the rear wheels, of narrower track, 
have common springing of the helical type. As 
mentioned, Mr. Cobb achieved a speed of 370-75 
/m.p.h. on one of the runs, and he is confident that 
the car is capable of still higher speeds. 
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ALKALI WORKS IN 1938. 


Tux work done in carrying out the provisions of the | 
Alkali, ete., Works Regulations Act, 1906, and in| 
connection with smoke abatement, is dealt with in the | 
Annual Report by the Chief Inspectors,* which in- 
variably provides information of much interest to 
industrialists and also gives an indication of the position 
of a wide variety of manufacturing operations. During 
1938, the number of works registered under the Alkali 
Act amounted to 980, involving the operating of 1,857 
different processes, the latter figure showing a decrease 
in the number of sulphuric-acid processes and increased 
numbers of chlorine and benzene processes. It is a 
matter for regret that although, during 1937, improved 
conditions prevailed in the chemical industry, this has 
not been maintained during 1938, although the fertiliser 
industry has held its own and there has been a slight 
increase in the production of cement. The tar trade 
has suffered from the handicap of heavy stocks of 

itch and low prices; at the end of the year tar acids 
Fad fallen heavily in price and pitch was down to 
31s. per ton. Pitch is being used as a fuel, either in 
liquid or pulverised form, increased quantities are being 
used for the briquetting of coal, and a certain amount 
is being employed in the production of electrode carbon. 
A coked pitch, with 5 per cent. of volatile matter, which 
is relatively easy to produce, makes an excellent 
smokeless fuel and it is possible that considerable 
quantities could be thus disposed of. The National | 
Benzole Association has proposed a scheme whereby | 
a sliding scale of prices for benzole could be adopted, 
according to the quality of the product, a low sulphur 
content enhancing its value so that more complete | 
removal of carbon bisulphide would be encouraged. | 

A number of new coking batteries have been con- 
structed at Scunthorpe and at Ebbw Vale, and pro- 
ceases for the manufacture of magnesium, aluminium | 
and glass are now operating in South Wales. The 
introduction of these industries into an area which has 
previously been largely dependent on coal and iron 
is a tangible contribution towards the solution of a 
difficult national economic problem. Unsettled world 
conditions have seriously influenced the export market 
for tinplates, rendering work intermittent, so that a 
nuth ber of the factories have been idle for long periods ; 
at the end of 1938 the industry as a whole was operating 
at below 50 per cent. of its capacity. Pooling and 
quota systems have been tried during recent years, 
but apparently the tinplate industry is passing through 
a period of transition which may result in a smaller 
number of works being in operation but more fully 
employed. 

During the past year, a Greater London Advisory 
Council for Smoke Abatement has been formed, and 
also a Regional Council for Bristol and District. The 
majority of the newer coke plants have shown improve- 
ment under operating conditions, due principally to 
better management and to the adoption of an improved 
technique. It would appear, however, that an impor- 
tant advance would be made if a device were introduced 
whereby the door-cleaning operation could be more 
effectively and rapidly carried out. The escape of 
green gas can be avoided by duplicating the gas- 
collecting main of coke ovens, but it is somewhat 
disappointing to learn that some recently-erected 
batteries have not been fitted with this arrangement. 
Success has attended the practice of temporarily 
connecting a spare part of the oven by a cast-iron bend 
to the adjacent oven, and arrangements for this have 
been made at a plant now in course of erection in the 
Midlands. Satisfactory results have attended the 
operation of washing the waste gases at the Battersea 
and Fulham power stations and systematic testing 
of the atmosphere in the vicinity of these stations 
has shown that no significant increase in the air pollu- 
tion has taken place since they have been in operation. 
The Tir John power station at Swansea employs 
anthracite duff, and in this case the grit and sulphur 
oxides are satisfactorily removed by means of the 
Howden-L.C.1l. serubbers. The prevention of dust 
emission at collieries has presented many difficulties, 
particularly in relation to coal-grading plants, the use 
of cyclone systems having proved to be inadequate. 

Problems relating to smoke abatement and colliery 
spoilbanks are still being studied and material progress 
is recorded. In general, spoilbank fires vary according 
to the nature and composition of the coal mined; the 
higher the carbon content and the lower the hydrogen 
and oxygen content, the less is the danger of self- 
heating. The lignites are the most liable to this 
trouble, and the tendency decreases through the range, 
sub-bituminous, bituminous, semi-bituminous and 
anthracites. Similarly, ignition temperatures increase 
with increase in rank of coal. The matter of burning 
spoilbanks is one which has seriously concerned the 
authorities, not only on account of nuisance by reason 
of smoke and smell, but also on account of their visi- 
bility by night. The most dangerous in this respect 


*H.M. Stationery Office, [| Price Is, net.) 


| fir trees. 
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| are obviously those which are in active combustion 


and showing flames, but it is reported from observations 
by aircraft that those which are merely smouldering 
under the surface can be detected from the air. The 
free- burning spoilbanks are relatively odourless, but the 
smouldering banks emit the products of partial com- 
bustion and give rise to most offensive odours. To 
reduce the unsightliness of spoilbanks, attempts have 
been made in some districts to plant them with young 
Heaps so planted will, doubtless, afford 
some return for the capital expended when the trees 
reach maturity. Burning colliery spoilbanks were 
first brought to the notice of the Alkali Department in 
1932-33, when a single spoilbank was inspected and 
studied. During 1937 there were 31 spoilbanks under 
inspection, and more recently the complaints have 
increased rapidly. 

At present, a comprehensive survey is being arranged 
of all burning spoilbanks with a view to formulating a 
general report and, if possible, developing practicable 
means of abating the fires. The waste materials of 
collieries comprise shale, material of low coal content, 
unsaleable coal, washery refuse, fine dust and boiler 
ashes, and the recent demand for a low-sulphur coal 
has accentuated the problem of colliery-waste disposal. 
A coal of low ash content is also demanded and this 
has resulted in the development of more intensive 
processes of coal cleaning and the elimination of larger 
quantities of the inferior types of coal. It is practically 
impossible to extinguish a spoilbank fire once it has 
got a firm hold, but the intensity of fires depends on 
two factors, the composition of the refuse and the type 
of spoilbank. Where the refuse is of a highly carbona- 
ceous nature, the fires are invariably intense and 
extremely difficult to control. Conical heaps present 


| special problems, as this form results in the larger 


particles gravitating to the base, with the result that 
the heap has a foundation with spaces which will allow 
fairly free ingress of air as the burning proceeds. It is 
estimated that over 250,000 tons of waste material are 


| deposited weekly on the 222 spoilbanks now under 


inspection by the Alkali Department. In some 
individual cases it amounts to over 5,000 tons per week. 
While the tipping of imperfectly quenched clinker and 
ashes may serve to ignite spoilbanks, the main cause is 
spontaneous combustion brought about by the exother- 
mic oxidation of the coal substance. The presence of 
pyrites will be a contributory factor, the danger from 
pyrites probably depending upon whether it is present 
in the heap in the form of lumps or pockets of finely 
divided material, the latter being the particularly 
dangerous form. 

If the heat is dissipated at a greater rate than that 
at which it is produced, there is no danger of firing, 
but if the conditions in the heap are such that the heat 
is carried away more slowly, a rise in temperature will 


take place resulting in some form of ignition or slow | 


combustion, and local heating is liable to spread very 
rapidly. Attempts have been made to construct 
the heaps so as to prevent the free access of air, but more 
success has attended the efforts to provide methods for 
the rapid removal of the heat. By keeping the heaps 
as shallow as possible, a large surface area is provided 
in proportion to the volume, so that the refuse becomes 
inert. This procedure is being adopted at a number 
of collieries where sufficient tipping area is available, 
but considerable experience must still be acquired 
before it will be possible to specify the time required 
to render the material inert, since other important 
factors, including the chemical composition of the 
waste, must be taken into consideration. The extinc- 
tion of ignited spoilbanks presents great difficulties, 
so that the best procedure should be employed to 
reduce the combustible-matter content to the minimum 
when constructing new banks. Blanketing with clay 
and earth has been used for dealing with burning 
heaps of the flat type that are no longer in service, 
but although active combustion can thereby be arrested, 
the procedure is expensive and any cracks that appear, 
due to the heat, have to be closed up. The ultimate 
solution of the spoilbank problem can only be found by 
the effective co-operation of all concerned in the carrying 
out of large-scale experiments in different localities 
with varying types of refuse; or possibly by finding 
an economic method of utilising the waste material. 
Researches are now in progress with the object of 
devising a reliable and speedy method of assessing the 
liability to spontaneous combustion of different classes 
of colliery refuse and the development of such a method 
would be of great value in studying the problem. 
From the public-health standpoint, as well as from the 
amenity point of view, it is clearly desirable that all 
possible steps should be taken to reduce the liability of 
spoilbanks to become ignited. 

Some investigations are in progress with the object 
of deodorising the offensive gases produced by brick- 
works. The clay used contains some oily matter which 
distils at a temperature which is too low to secure 
complete combustion, resulting in the production, for a 
short time during each burning cycle, of a distinctly 


| objectionable odour. Complaints made during the | 
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year that fumes of lead had caused injury to cattle 
and injurious deposits on vegetation, produced a serious 
position at a works in Lancashire where battery 
residues were smelted, the provision for dedusting 
being faulty. It has now been decided that works 
which are liable to emit substantial quantities of lead 
fumes will, in future, be brought within the scope of 
the Alkali Act. At the end of 1938, 121 rotary kilns 
with a combined capacity of 1,158 tons of cement 
clinker per hour, were available in England and Wales. 
Of the total production, 42-6 per cent. was produced 
in 60 rotary kilns employing chains for the reduction 
of the dust in the discharged gases, and 47-2 per cent. 
in 38 rotary kilns employing electrical precipitation 
methods. These figures show that satisfactory pro- 
gress in the installation of dust-arresting plant is 
being made in the cement industry. During the erection 
of cement plants it is desirable that guarantees should 
be given that dust emission will be suitably dealt with. 
The smelting industry has encountered many difficulties 
during the past year, one being the low and fluctuating 
prices of the various base metals. Spelter, for example, 
varied from 11/. 17s. 6d. to 151. 17s. 8d. per ton and 
tin from 1601. and 215/. per ton. Fume arrestment 
has, however, received attention, and in the case of 
molybdenum smelting, a scrubbing system was installed 
at one works by which acidities, formerly of the order of 
30 to 40 grains, have been reduced to below 0-5 grain 
per cubic foot. Developments have taken place in 
nickel-refining processes and at the works of Messrs. 
The Mond Nickel Company, Limited, at Clydach, a 
new calciner house has been built, electrical-precipita- 
tion plant installed and underground flues replaced 
by overhead ones. 

The trade in sulphuric acid in 1938 was not as good 
as in the previous year. In the North of England, the 
demand for acid for the coke ovens was poor and in 
South Wales the depressed state of the tinplate industry 
was reflected in the reduced demand. The sulphuric 
acid produced during the year under review amounted 
to 821,000 tons, calculated as monohydrate, represent- 
ing,a decrease of 103,000 tons, as compared with the 
production in 1937; 60 per cent. of the acid was made 
by the chamber process and 40 per cent. by the contact 
process. Of the 81 coke-oven installations under 
inspection, indirect ammonia recovery is practised 
in 35, three employing shock cooling by means of oil 
and 32 employing tubular cooling. The remaining 
46 installations practise either direct or semi-direct 
ammonia recovery. 








THE PARIS HIGH-TENSION 
CONFERENCE. 


Tue tenth meeting of the International Conference 
on High-Tension Networks took place in Paris from 
June 29 to July 8, the proceedings being opened by 
M. Lebrun, the French President, who is by profession 
a mining engineer. Problems relating to overhead and 
underground cables and to circuit-breakers were déalt 
with in a number of papers. At some of the earlier 
conferences generating and transforming plant also 
received considerable attention, but nowadays prac- 
tice in such subjects has largely developed on broad 
lines. On the other hand, there are still many prob- 
lems of interest in connection with both transmission 
and distribution on medium voltages. 


NuccLear Puysics anp Hien Tensions. 

The inaugural meeting was devoted to a lecture on 
* Nuclear Physics and High Tensions,” by Professor 
M. Joliot-Curie, who pointed out the close liaison 
which existed to-day between the two domains of 
physics: that of high tensions, and that of the trans- 
mutation of elements. The necessity for employing 
very high tensions to obtain the disintegration of the 
nuclei of atoms and the transmutation of elements 
was indisputable, and these high tensions resembled 
the forces which existed in the interior of the atomic 
nuclei. The energy which held together the atoms in 
a compound of sulphur was of the order of several 
gross-calories per gramme or, using a unit more familiar 
to the physicist and electrician, of the order of a few 
electron-volts per molecule. The nucleus of an atom of 
sulphur, however, was in itself composed of a nucleus of 
phosphorus and one of hydrogen welded together in 
a most intimate fashion. To break this union, normal 
chemical procedure could not be used, though the 
principles of the reaction were the same. The nuclei 
of different elements could not be put into flasks, as 
the reagents were usually charged with electricity, and 
dispersed, neutralised one another in the walls, and 
became atoms again. The only kind of neuter nuclei, 
the neutrons, could pass through the walls as easily as 
particles, having the size of a pin’s head, through a net 
having a mesh of 100 m. square. 

Moreover, if nuclei charged with electricity could 
be put into a flask, they could not be made to react 
simply by mixing,,even at the highest temperatures 
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that could be produced. Indeed, the forces of attrac- 
tion and repulsion existing in their interiors were such 
that, to surmount them, the particles acting as reagents 
must have energies, not only of a few electron-volts. 
as in ordinary chemistry, but of some millions of 
electron-volts. The difficulty that had to be faced 
was not that of the quantity of energy available, 
because modern technology could furnish us with this 
practically without limit, but in the concentration of 
that energy. ; 

Initially, physicists had the idea of using the nuclei 
which were shot out of certain natural radio-active 
substances, such as radium and its derivatives, at 
several millions of volts, as projectiles. These projec- 
tiles were directed towards a target of matter, and 
sometimes they approached sufficiently close to a 
nucleus to become fixed to it and to create a transmuta- 
tion. The dimensions of the projectile and of the 
target were so small that it required about 10° shots 
for the object to be touched once. Unfortunately, the 
intensity of the sheafs of projectiles shot out by the 
radio-active sources was low. The physicists then set 
out to produce these sheaves of projectiles artificially of 
various forms of matter, such as protons, helions and 
deutrons. It was in 1932 that the first trans- 
mutations from these new sources were obtained. 
The nuclei were first treated in an evacuated space 
by taking the electrons away from the atom by means 
of electronic blows. They were thus given a low 
velocity. These nuclei, or ions, diffused in a space 
in which a very strong electric field existed, this field 
being created by two electrodes between which a 
difference of potential of several hundreds of kilovolts 
was established. The nuclei were thus accelerated 
to a very high speed before they arrived at the target 


Fig. 2. 
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where they brought about transmutations. The 
difference of potential necessary had to be produced in 
the interior of an evacuated space, for there must be 
no matter in the path of the nucleus during its displace- 
ment in the electric field. Thus the difficulties of the 
production of very high tensions was combined with 
those of other techniques, for example, that of producing 
vacua of the very high order of 10-* mm. of mercury. 
Continuing, the lecturer said that it was not his 
intention to deal at length with the principles of the 
generators which produced tensions of the order 
required, bach method had its advantages and its 
inconveniences, and no one system possessed a decisive 
superiority. The results of recent experimental work, 
though still incomplete, were, however, hopeful enough 
to lead to a departure from the reserve in which all 
research workers should clothe themselves before they 
reached their goal. The problem of the liberation of the 
enormous reserves of energy contained in matter had 
been stated by a number of thinkers since the discovery 
of the spontaneous emission of energy by the radio- 
elements, but the total quantity of energy involved 
by radio-activity and by exothermic transmutations 
was extremely small and without value. The 
example of chemical reactions between molecules of an 
explosive character had given rise to the idea, some 
years ago, that if such processes were realisable with 
nuclei, the energy liberated would attain values 
millions of times greater. It was therefore with a 
certain apprehension that such reactions were regarded. 
We were totally ignorant about the means by which 
such results could be attained. However, some months 
ago, as the result of work done in France and abroad, 
a@ new phenomenon of transmutation had been dis- 
covered. It was found that the nucleus of uranium 
broke up into two parts under the action of neutron 
projectiles when liberating an energy 20 times larger 
than that which occurred with normal nuclear reactions. 
Messrs. Halban and Kowarski and the lecturer had been 
able to show that this phenomenon gave rise to several 


neutrons; that is to say, to several particles of the | had an electrode potential considerably different from 
same nature as those which were the cause of the | those non-ferrous metals used as conductors. Many 
processes of breaking up uranium. A certain number | thousands of miles of compound conductors were now 
of the neutron projectiles were capable in their turn of | in operation on overhead transmission and distribution 
reproducing the original phenomena, and the action | lines, and were giving satisfactory service, most of them 
propagated continuously, the number of explosive | being steel-reinforced aluminium conductors. The 
ruptures increasing in geometrical progression. Accord-| mechanical characteristics of copper and steel were 
ing to the first researches and first calculations made in | more nearly alike than those of aluminium, and steel- 
collaboration with Mr. F. Perrin, it seemed to be possible | copper was hard and tough, and had a good fatigue 
to assemble the masses of uranium necessary to obtain | strength with high resistance to corrosion under over- 
the liberation of a considerable quantity of energy.| head line conditions. There were, therefore, many 
The consumption of a kilogram of uranium inside a mass | reasons why steel-reinforced copper conductors should 








of uranium material of several tens of tons corresponded | prove successful. 


to a liberation of energy equal to that produced b 
about 2,500 tons of coal. The consequences of suc 
researches, if they succeeded, could be imagined. The 
passage from laboratory experimental work to realisa- 
tion on a larger scale would no doubt give rise to some 





Antivibratory 
Conductor 





unexpected occurrences, for experience showed how 
jealous matter was of its secrets. 


REINFORCED CopPpER CONDUCTORS. 


Mr. G. W. Preston, of the Copper Development 
Association, presented a paper on ‘“‘ Reinforced Copper 
Conductors for Overhead Transmission Lines.” He 
pointed out that the most economical design was not 
necessarily the one which employed long-span con- 
struction with a conductor of high-tensile strength, as 
there were circumstances when a high ratio of strength 
to weight was advantageous. The maximum tensile 
strength of hard-drawn copper was usually about 30 tons 
per square inch, and by adding a small percentage of 
cadmium, the strength might be increased to about 
45 tons per square inch, though this was accompanied 
by a loss in conductivity of about 15 per cent. An 
alternative method of increasing the strength of 
stranded copper conductors was to use one or more 
strands of a higher tensile material which might be of 
a copper alloy or a ferrous alloy, which need not have 
a high electrical conductivity. 

The ideal reinforcement was obtained by alloying 
copper with silicon, aluminium, or phosphor bronzes. 
The electrical conductivity of these alloys was low, but 
their tensile strength in wire form was at least double 
that of copper and was as good as many qualities 
of steel. They resisted corrosion and did not cause 
electro-chemical action in contact with copper. Cad- 
mium-copper could be used, but its strength was only 
about 50 per cent. greater than copper, its conductivity 
being about 85 per cent. The whole conductor could 
be composed of the alloy with advantage. Certain 
heat-treatable alloys of copper containing such metals 
as beryllium might have strengths up to 90 tons per 
square inch, but they were expensive, had but 
little elongation, and tended to be brittle. As a re- 
inforcement, steel was cheap, and it could have a very 

igh tensile strengths. Its mechanical properties were 
ifferent from copper. It was prone to corrosion and 


Regarding electrolytic corrosion, copper was more 
| “‘ noble ’’ than iron, whereas aluminium was less so. If 
| action took place between copper and steel, it was the 
| steel which was attacked, while with aluminium the 
| position was reversed. Doubts had been expressed 
| regarding the suitability of steel-reinforced copper 
| conductors, whereas exhaustive tests and experience 
| had shown that under normal conditions corrosive 
| attack was not to be feared. A zine coating applied 
| either by hot dipping or electro-deposition was probably 
| the best form of metallic protection for steel wires for 
| use with copper conductors. A coating of some plastic 
| waterproof material, such as bitumen, retarded the 
| ingress of water. When under bad atmospheric condi- 
| tions, corrosion products formed on the surface of the 
| galvanised wires, the existence of the external copper 
| strand prevented such a coating from being washed off 
| and thus it tended to stop further action. For these 
reasons, ordinary galvanised-steel wire had proved 
very satisfactory as a core for copper conductors, even 
in industrial areas. 

In very polluted industrial atmospheres there was a 
possibility of an ordinary galvanised-steel reinforcing 
wire being attacked, even if the action was very slow. 
A number of experimental reinforced conductors had 
been made and tested under exceptionally corrosive 
atmospheric conditions. The results showed that it 
was possible to make a reinforcement which was prac- 
tically immune from corrosion. The following arrange- 
ments had been investigated : special steels containing 
nickel chrome and copper; hot-dipped and electro- 
deposited coatings of metals, such as zinc, tin, copper 
and lead; special surface rust-proofing treatment ; 
enamel coatings ; extruded sheaths of metallic and non- 
metallic materials ; tape braid and yarn coverings of 
impregnated cotton, paper and other fibrous materials, 
rubber, etc., and copper-covered steel wires. 

Conductors with single- and multiple-steel wire cores 
completely surrounded with copper wires were tested 
with the above type of core protection, and with 
certain combinations of these types; and prolonged 
exposures with certain combinations of atmospheres 
produced interesting results. Stainless steel was 
entirely satisfactory though costly, and copper alloy 
steel was not rustless, although probably better than 
ordinary steel. Hot-dipped and electro-zinc coatings 
gave good results, especially with bitumen compound. 
Lead proved prone to corrosion, and tin was only satis- 
factory with a compound covering. For good results a 
copper coating had to be thick and impervious. Certain 
special rust-proof compounds had proved effective ; 
enamel coatings of the type used for the insulation of 
copper wires gave unexpectedly good results. Steel 
gave good service if care was taken to avoid damage 
during stranding, and it was very suitable when 
the reinforcement consisted of a single strand. An 
extruded sheath of a suitable non-metallic insulating 
material applied over the steel core was entirely 
satisfactory and better than metallic sheaths, such as 
lead, which added greatly to the weight. Of all types, 
those comprising some form of covering such as a tape, 
braid, or yarn, when impregnated, were the most 
generally satisfactory, a single layer of cotton tape, 
suitably impregnated, being probably the most satis- 
factory of all, as it was cheap and easy to apply, and 
when applied over a core of seven or more steel wires 
its cost might be less than that of galvanising each 
individual wire. This last type, with outside copper 
wires, showed no signs of corrosion after five years in 
an atmosphere so severe that steel-cored aluminium 
conductors were badly attacked. Copper-sheathed steel 
had been used extensively and had proved entirely 
satisfactory. The conductors dealt with above related 
to those with steel cores completely surrounded by 
copper wires. 

Where there were three wires only, two of which 
were of copper, special consideration was required. 
Such conductors were useful for the smaller sizes for 
rural lines; they were cheap, strong and relatively 
free from vibration. When possible, copper alloy 
wires should be used for the reinforcement. When there 
were three wires only, the reinforcement had to with- 
stand normal atmospheric attack and it was liable to 
damage during erection by flashovers, lightning or 
rubbing. In some cases, ordinary galvanising had 
been used ; discretion, however, was necessary. Electro- 





deposited copper, either direct or over a steel coating, 
had been employed, and provided the coatings were 
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thick and non-porous and the handling careful, satis- 
factory results were obtained. Conductors of two 
copper wires and one of steel, with a welded-on copper 
sheath, known as copper-weld, had been used exten- 
sively and had proved satisfactory in many rural areas 
in America. The same copper-weld wire could be 
used for the reinforcement of any type of copper 
conduetor. It had been used for catenary cables on 
electric railways. 

Keinforced-copper conductors had a high tensile 
strength, good resistance to corrosion, relatively high 
fatigue strength, low wind loading and comparative 
freedom from vibration troubles, a high modulus of 
elasticity and a low coefficient of thermal expansion. 
From the point of view of sags, the smaller diameter off- 
et the greater weight, as the wind and ice loading 
determined the construction conditions. The steel 
wires usually employed for reinforcement of copper 
conductors in Great Britain had an ultimate strength 
of 80 tons to 90 tons per square inch, with a minimum 
elongation of 4 per cent. in 10 in. The figures for 
hard-drawn copper were 28 tons to 30 tons per square 
inch, with an elongation of about 1 per cent. The 
more nearly the ultimate elongations coincided, the 
ureater was the tensile efficiency of the conductor. 
l'exts on compound conductors showed that the breaking 
load was about 98 per cent. of the copper and 85 per 
cent. of the steel wires as determined before stranding, 
the exact strength depending on the steel used, the 
length of lay and other factors. Young's modulus 
could be calculated with reasonable accuracy from a 
knowledge of the moduli of the components. 

It was not easy to calculate the distribution of stress 
within a compound conductor though, after a period of 
service, provided there was no continuance of creep, 
the load distribution became stabilised and thereafter 
varied approximately with the temperature. Owing 
to the better mechanical properties of copper and its 
greater resistance to creep, the load distribution was 
more even than with aluminium-steel conductors. 


Anti-ViBRaTORY CONDUCTORS. 

Mr. G. Dassetto, of Italy, presented a paper on 

The Erection and Calculation of Anti-Vibratory 
Conductors.”” At the 1935 and 1937 meetings of the 
High Tension Conference, Mr. Preisweek had described 
loose-core anti-vibratory conductors, but during the 
last two years material progress had taken place. 
There was a core of steel loose inside a hollow aluminium 
conductor, arranged, as shown in Fig. 1, on page 263, so 
that the natural frequency of vibration of the core and 
outer strands differed to such an extent that vibra 
tions cancelled out. In Germany, about 2,200 km., 
1.200 tons, of such conductors had been 
put into service. Continuous supervision confirmed 
their satisfactory operation. At one end of one of the 
conductors, which had been in use for three years, no 
wear of the aluminium had been found, nor was there 
any deterioration of the zinc galvanising of the steel, 
though this had been anticipated owing to the very 
small amount of play available between the core and 
the aluminium conductor. The erection of anti-vibra- 
tory conductors could be effected accordingly in two 
different ways, both of which had the same object, that 
of tensioning the steel core; so that under all circum 
stances in normal service its natural vibration frequency 
was different from that of the main conductor. If, before 
erection, both parts were of equal length, as in the case 
of bi-metallic conductors, the strains were divided 
according to their elastic moduli. The stress on the 
steel was about three times as great as that on the 
aluminium, although their breakage ratio was as 
1 to 7. To comply with the fundamental condition 
of different inherent frequencies, the steel must be 
specially strained so that the division was nearly 
proportional to the breaking load of the two com- 
ponents. This result could be obtained either by a 
pre-tensioning of the steel or by shortening the core 
during erection. The first method consisted in giving 
the steel core an initial tension which shortened it 
by | per cent. relatively to the aluminium surround. 
During erection particular care had to be taken that 
the pre-tension did not disappear or did not vary owing 
to a displacement of the relative positions of the two 
parts. Inthe second method, the -onductor was strained 
up as in dealing with an ordinary bi-metallic conductor 
After the anchor clamp had been fixed at one end, and 
before the erection of the second clamp, the exact 
division of the loadings was arranged so that the steel 
was shortened ; and, finally, the definite adjustment 
of the conductor was made. The second was the more 
complicated of the two systems, but it gave a more exact 
distribution of the tensions. 

The stringing of the conductor was carried out by the 
normal methods used with aluminium conductors, as 
shown in Fig. 2, on page 265. It would be seen that the 
cable drum was placed near the anchor tower A and 
arranged for hauling. To prevent the cable from trail- 
ing on the ground, the drum was fitted with a brake 
and the cable was unwound from the top. An unwind- 
ing arrangement was placed 10 m. from the former drum 


or about 
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to enable the conductor to be run out regularly. 
braking action must be uniform and continuously 
regulated. The surface of the drum and brake-gear 
must be perfectly smooth, so that the strain exercised 
by the conductor and the brake was uniform. The 
direction of rotation of the drum should be opposite to 
that of the band brake, so that the least movement of 
the latter was efficacious. The unwinding gear had 
to take and hold the total pull of the conductor, so 
that no slipping occurred. Six turns were made on 
the regulator drum and there was a gripping sleeve, 
that the braking effort on the conductor while 
it was being unwound was constant. A hand winch 
was placed 10 m. from the cable drum and was used 
to regulate the steel. At the far anchorage B another 
winch was placed. The guide pulleys should be light 
in weight and mounted on ball bearings, and of a 
diameter large enough to minimise the resistance 
to the passage of the conductor and to diminish as 
much as possible the specific pressure of the conductor 
cable, and thus prevent flattening or bending of the 
aluminium sheath. Their rims should be large enough 
to pass the cable joints. The pulleys were usually 
made of aluminium or hard wood. 

The haulage cable was run out from B to A in Fig. 2, 
a provisional joint fitting was attached to the 
conductor. This was a notched joint for the steel 
and a sleeve joint for the aluminium. The conductor 
was pulled through in such a way as to avoid drag- 
ging it along the ground. To prevent jerks or extra 
strain on the aluminium, the initial speed must be 


so 


and 


very low, but this could be increased after half the 
first span had been run out. The regulating drum 
was braked until the end of the conductor reached 


tower B, so as to obtain a close approximation to the 
sags required. This was done to minimise the number 
of adjustments; the spans were adjusted visually at 
a previously chosen span, some system of optical or 
sound signalling between the erection parties being 
necessary. It was desirable to use an anchor clamp 
which permitted the separate regulation of the core 
and the aluminium. The electrical connection was 
made outside and beyond the clamp, the most con- 
venient arrangement being that devised by Hofmann. 
This was a cone-and-sleeve device which gripped 
the aluminium, while the core was held in a separate 
grip which could be tensioned with a nut, the aluminium 
strands coming away clear so that the electrical con- 
nection could be made. The drum and adjusting 
gear at A having been braked, the aluminium strand 
was cut some metres from the pulley and the steel core 
was connected to the hand winch near A by means of 
a haulage rope; the aluminium therefore rested on 
the core and increased the sag. The hand winch was 
operated to give the sag required. To prevent an 
excessive slipping of the aluminium strands where 
spans over 40 m. were concerned, they were also fixed 
to the haulage rope directly the slipping attained a 
value between 50 cm. and 100 cm. The aluminium 
was then gripped by an auxiliary clamp, as shown in 
Fig. 3, with hard-wood faces, to avoid damaging the 
cable. It was next connected to the cross-arm by 
means of a block and tackle and a dynamometer ; the 
tension on the core was released until the required 
value was obtained. The sag was arranged in a span 
fixed in advance. This method gave an_ indirect 
contro! over the stresses in the steel. 

As regards the joints, it was best to work on deter- 
mined lengths sufficient for the section of line between 
two anchor towers; for example, for conductors of 
200 sq. mm. of aluminium it was possible to have 
manufactured lengths of about 2 km. In the case of 
anti-vibration cables a joint had to be regarded some- 
what as an anchoring arrangement. The joints of the 
inner and outer strands were of the double-cone type. 
A temporary joint was made, the conductor was raised 
approximately to its correct position of sag with the 
aluminium strand slack, the conductor was lowered 
to the ground, and the temporary joint was replaced 
by a permanent one. The conductor was raised again 
and anchored at B, in Fig. 2, and the adjustment of 
the core and aluminium strands was made as before 
at A. 

Up to now when serious damage from lightning 
has occurred it has been necessary to replace the 
damaged outer strands. With anti-vibration conductors 
the work was complicated, owing to the different strains 
on the core and outer strands. A special split sleeve 
joint, however, enabled the aluminium to be replaced 
rapidly without the necessity for cutting the conductor. 
If the damage was limited it was only necessary to 
cover the bad place with a sleeve joint. If the damage 
was extensive, the damaged strands were replaced and 
two sleeves were used. 

Theory demonstrated and experience confirmed that 
for a ratio of stresses of | to 2-74 the conductor lost 
its anti-vibratory characteristics and behaved like a 
normal bimetallic cable; a relation of 1 to 4 had 
been decided on to give a margin. The most favour- 
able ratio for each line depended on the specific weight 
of the line with and without snow overloading. It 
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was necessary to calculate the ratio for the lowest and 
highest temperatures allowed for. The first caleula- 
tion was to find whether the ratio was below | to 4, 
and if it was, the stress on the steel must be increased. 
The second was to determine whether the length of the 
aluminium, by reason of the high temperature and 
under the low modulus of elasticity of that metal, 
was not below the limit admissible for this temperature. 
and that therefore the aluminium was in compression. 
In this case the tension of it must be increased. It 
was desirable that, at the temperature at which adjust - 
ment was taking place, the pull was at least 100 kg.. 
a load that could easily be shown on the type of 
dynamometer usually employed for line erection. It 
an overload of snow of 2 kg. a metre and a wind of 
130 km. an hour, at 30 deg. C., were assumed, an 
anti-vibrating conductor in *~ aldrey ” steel or alumi- 
nium-steel with a ratio of sections of | to 6 or | to 8 
maintained its efficiency in every condition of service 
provided the fundamental strain ratios were not less 
than | to 5. 
(T'o be continued.) 








VANE-WHEEL ERODER FOR 
INDIAN RIVERS. 


Tue usual procedure in maintaining a waterway in 
rivers subject to silting is to dredge up the deposited 
alluvium and to dump it in some spot, preferably at 
sea, where it can settle without affecting the navigable 
channel; although, in many cases, there is reason to 
suppose that an appreciable proportion of the dumped 
spoil eventually finds its way back as the result of tidal 
action. In certain circumstances, however, it is 
possible to obtain a satisfactory result by what amounts 
virtually to a reversal of this procedure, the silt being 
distributed as a suspension in the water at approxi- 
mately high tide and carried out on the ebb before it 
has time to settle again. This method was intro- 
duced in a workable form by the late Mr. Frank Wills, 
M.I.Mech.E., of Bridgwater, some 45 years ago. The 
mud is stirred up by means of hydraulic jets from a 
vessel equipped with suitable pumping plant, and as 
the problem of transporting the silt is entirely avoided, 
the system affords an economical means of keeping « 
clear channel in small waterways, the traffic in which 
might not justify a heavy expenditure for this purpose. 

A vessel named the Persevere was fitted some years 
ago by Messrs. W. and F. Wills, Limited, of Bridgwater, 
with a pumping plant for applying the principle of 
hydraulic erosion on the river Parrett, on which that 
town is situated. The bed of the river is composed of 
heavy sand and mud, and investigation showed that, 
on a summer spring tide, the amount of silt deposited 
over a 7-mile reach was about 1,000 tons per mile. 
The eroding plant consisted of 7-in. pumps driven by an 
oil engine of 75 brake-horsepower, and it was found that. 
working on the ebb tide for six days, and on only one 
tide per day, the quantity of mud removed was between 
40,000 and 50,000 tons, the channel being deepened by 
4 ft. over a mile stretch of water. 

Navigational difficulties arising from rapid silting are 
even more pronounced on some Indian rivers, where 
banks of sand and mud may form in a day or less, in 
locations where deep water had existed previously, and 
a successful attempt has been made recently to extend 
the use of eroders to these cases also. The vessel illus- 
trated in Figs. | to 3, on page 258, has been placed 
in service jointly by the Rivers Steam Navigation 
Company, Limited, and the India General Navigation 
and Railway Company, Limited, and has been employed 
for some time in removing shoals in the various water- 
ways of the Upper Ganges. 

The vessel, which is named the Jet, was built by 
Messrs. William Denny and Brothers, Limited, Dum- 
barton, to whom we are indebted for the following 
particulars and the accompanying illustrations, and is 
provided with their vane-wheel system of propulsion, 
driven by a five-cylinder Crossley two-cycle Diesel 
engine. A similar engine drives the two 10-in. centri- 
fugal pumps, coupled in series, which deliver water to 
the submerged hydraulic monitors. The eroding plant 
was supplied by Messrs. W. and F. Wills, Limited, pre- 
viously mentioned. The hull is of the shallow-draught 
river type, the main dimensions being 110 ft. length, 
by 22 ft. beam. The depth is 4 ft. 10 in. As the illus- 
trations show, the main deck and upper deck are con- 
tinuous over the greater part of the length. The bow is 
spoon-shaped, and is fitted with a skeg plate and 
strengthened against damage by grounding. The stern 
is square in plan in order to contain and protect the twin 
vane-wheels. The three rudders are cross-connected 
and are controlled by a hand steering-gear. Four hand 
winches are provided for positioning and re-locating the 
vessel when dredging. 

The propelling engine is of the airless-injection direct- 
engine-driven 


reversing type, and has a separate 
scavenge pump. The twin gear wheels are driven 
through chain reduction gears, as indicated in the 
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plan, Fig. 3. 
drives, through a clutch, an extension shaft on which 
are fitted a pair of equal spur gears. The connection 
from the shaft to the vane-wheels is by means of 
duplex bush roller chains. A Michell thrust block is 
provided on each vane-wheel shaft, and there is a 
system of jockey wheels and screw gear to adjust the 
chains as may be necessary. The vane-wheels have 
each four renewable cast-iron blades, secured by spigots 
and steel studs to a cast-iron boss. The chains, pinions, 
jockey wheels and chain wheels were supplied by 
Messrs. The Renold and Coventry Chain Company, 
Limited, Manchester. A generator set is fitted, which 
consists of a single-cylinder vertical heavy-oil engine 
coupled to a 3-kW direct-current generator. Another 
Diesel engine drives, through clutches, the air-com- 
pressor and the general-service pump. Like the main 
engines, these auxiliary engines are of Crossley manu- 
facture, but operate on the four-stroke cycle. All the 
engines are fitted with silencers, those for the propelling 
and eroder engines being situated in the funnel. The 
storage for compressed air consists of two receivers for 
each engine, disposed as shown in Fig. 3, and this 
equipment also was supplied by Messrs. Crossley 
Brothers, Limited. 

The eroding plant comprises the two 10-in. centri- 
fugal pumps illustrated in Fig. 4, on page 258. The 
pumps are coupled in series, and are driven at 1,050 
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As this illustration shows, the engine | revolutions per minute, through a common gearbox, 
by a 125-brake horse-power Crossley engine similar to 


that fitted for propulsion. The pumps are arranged | 
as shown in the plan, Fig. 3, on page 258, and draw} 
from a standpipe fitted in the hull. The capacity is 
1,600 gallons per minute, and the water is delivered 
through a fixed system of piping to three monitors, | 
one of which is fitted centrally and the others to | 
port and starboard, slightly abaft the central monitor. 
A further duplex nozzle pipe is fitted on the bow. One | 
of the monitors is shown in Fig. 5. They consist of | 
retractable nozzles, mounted in standpipes, and capable | 
of being rotated through a full circle, or drawn up into} 
the fixed mountings, by means of control wheels. The | 
vertical travel is 2 ft. 3 in., and as the nozzles can be | 
completely housed in the standpipes, the vessel can lie | 
aground without damaging them. The use of standpipes, | 
rising to a height above the water level, permits the | 
nozzles to be removed for examination or overhaul | 
without the necessity of dry-docking. 

The actual nozzle orifices are 1} in. bore and will| 
pass 1-83 cub. ft. of water per second at a pressure of 
about 80 lb. per square inch. The independent rotary | 
movement of the three jets enables them to discharge | 
simultaneously in different directions or to be concen- 
trated in one direction, as circumstances may require. 
Other jets are provided, which deliver the water vertic- 
ally downwards, and these are of 1} in. bore, passing 
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1-32 cub. ft. per second at 80 lb. pressure, equivalent 
to a head of 180 ft. The maximum depth of water at 
which the jets are effective depends to some extent on 
the pressure at the nozzles, but at the pressure men- 
tioned, effective work can be done in water 20 ft. to 
25 ft. deep below the orifice. Other forms of jet 
mechanism can be substituted in deeper water, to 
advance the nozzle nearer to the bottom of the channel. 
All joints in the eroding plant are made with Wills’ 
pressure-filled tubular rings, which were described on 
page 213 of our 135th volume. 

Various reports received from pilotage officers, since 
the eroder was put into service, indicate that it is ful- 
filling the desired purpose. In one instance it was 
employed to increase the depth of water over a shoal 
in the Mirzapur Channel, using only the port and star- 
board jets, fitted with straight nozzles. The current 
was comparatively slack and the vessel was, therefore, 
kept moving ahead by the action of the vane-wheels. 
A careful record of soundings was kept, and it was 
found, after two days’ work—a total of about 23 hours’ 
actual operation—that the initial depth of 5 ft. 9 in. 
had been increased to 7 ft. minimum over all parts of 
the shoal. On another occasion the Jet was used to main- 
tain the channel at the junction of the Gogra river with 
the Ganges, where unusually heavy floods were causing 
the former river to deposit a delta. In this case also, 
operation of the eroder jets for a comparatively short 
period had the desired effect of restoring full flow in a 
channel which otherwise might have silted up, 








REORGANISATION 
COMMER CARS’ LUTON 


Tue marked success of the ‘ superpoise ’’ models 
made by Messrs. Commer Cars, Limited, Luton, has 
rendered it necessary to carry out extensive re-organisa- 
tion in the works with the object of accelerating 
production. Briefly, the work undertaken for this 
purpose has been the complete re-organisation of the 
assembly shop, the construction of a new stove-enamel- 
ling plant, the installation of a number of new machines 
of the most modern type, and the addition of a spacious 
new building to house the despatch department. The 
most important of these innovations has been the 
replanning of the assembly shops, where, without undue 
elaboration of mechanical appliances, every effort 
has been made to reduce transport and manual effort 
to a minimum. A portion of the shop is illustrated 
in Fig. 1 on this page. The receiving stores are located 
beside the roadway, with convenient entrances for 
the discharge of goods from incoming vehicles. All 
parts are taken from the component stores to the 
required points by means of two mechanical overhead 
conveyors. One of these is 680 ft. long and can be 
seen in part in the figure. It delivers electrical equip- 
ment, sheet metal, and other parts. The second 
conveyor extends for half the length of the building, and 
has been designed to accommodate over 200 radiator 
blocks. These arrangements have resulted in a 
considerable saving of time, and in addition, each 
sub-assembly section now has a greater output, and 
is positioned to act as a lateral feeder to the power- 
driven frame and chassis tracks, which now measure 
108 ft. and 170 ft. in length, respectively. Such 
units as front and rear axles, engines, gearboxes, 
steering gears, etc., are therefore discharged at points 
most convenient for fitting them to the chassis. 
Perhaps the most interesting of these sub-assemblies is 
the driver’s cab, which is lowered on to the passing 
chassis as a complete unit comprising scuttle, instru 
ment panel, wiring, front wings, and radiator, and 
mounted by means of the * Diaflex”’ system. Alter- 
natively, when a chassis only is required, a similar 
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| assembly without the cab shell is fitted. 


The new continuous stove-enamelling equipment, 
80 ft. in length, is of particular interest inasmuch as 
it has been designed, for reasons of convenience and 
space economy, to span the works roadway separating 
the enamelling and assembly shops. Thus the parts to 
be treated are cleaned and dipped, and while baking 
are conveyed over this roadway to the assembly-shop 
stores. The bigger output of chassis has involved a 
re-arrangement of the machine and body shops. The 
former shop has been equipped with new machinery 
and the existing plant has been regrouped, while in 
the case of the latter, increased production of a wider 
range of bodies has been the practical outcome of 
re-organisation. 

The new despatch shop, 300 ft. long by 90 ft. wide, 
which is shown in Fig. 2, provides more room for 
vehicles awaiting delivery. A notable feature of this 
building is a reinforced-concrete basement shelter 
forming part of a scheme to ensure adequate protection 
for employees in the event of air attacks. It has an 
area of 8,000 sq. ft. and is now used for storing vehicles, 
but in an emergency can provide accommodation, for 
over 1,000 people. 
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LABOUR NOTES. 


Tue difference between the Associated Society of 
Locomotive Engineers and Firemen and the main line 
railway companies—which threatened at one time to 
lead to a strike—was mutually adjusted at a con- 
ference in London on Saturday last week. An official 
statement issued at the close of the discussion was in 
the following terms :—‘‘ The executive of the Asso- 
ciated Society . . . expressed apprehension with regard 
to the principles upon which the railway staff national 
tribunal appears to be guided, as indicated in recent 
decisions. In particular, certain principles embodied 
in decision No. 5 (the Tribunal’s decision last February) 
in the opinion of the executive would prejudice fair 
consideration on their merits of items submitted by | 
the Associated Society, and indefinitely postpone a 
just settlement. They felt ale» that the reference by 
the tribunal to the standards of other industries implied | 
that improvement in the conditions of railway em- 
ployees would not be given without undue reference 
to atandards in other industries. The railway com- 
panies, while not accepting the interpretation which 
the Associated Society place upon certain paragraphs 
in decision No. 5, agree that there should be no doubt | 
as to the desire of the parties that equal consideration | 
should be given to the claims made on behalf of the | 
various grades. The parties therefore agree that claims 
on behalf of the various grades of the employees sub- 
mitted by any union should receive equal considera- | 
tion on their merits and that this course should be 
followed by the companies and the unions in the settle- 
ment of claims so made on behalf of the various grades. 
It is further understood that the course referred to . . 
is applicable to cases referred to the national tribunal 
through the agreed machinery of negotiation.” 


At the end of July, 7,393 members of the Boiler- 
makers’ and Iron and Steel Shipbuilders’ Society were 
“signing the books,” as compared with 8,136 at the 
end of June. During July the number of members on 
superannuation benefit decreased from 4,004 to 3,985, 
and the number on sick benefit from 983 to 915. In 
June, which had to bear five weeks’ outlays, the 
expenses amounted to 5,3301. 9s. 10d.; in July, they | 
were 3,800/. 4s. There was a net increase in the| 
membership of 151. Commenting upon the improve- | 
ment in the unemployment figures, Mr. Hodgson, | 
the general secretary of the organisation, says that 
there are still a large number of idle members. “ To} 
have any members unemployed at all,”’ he adds, “ with | 
the volume of work at present on hand is convincing | 
evidence of the effect of machinery and improved 
methods. . . Those who boast of the reduction in| 
unemployed figures need to remember that this revival 
is due to State assistance and the production of arma- 
ments. This is artificial prosperity, but it seems to 
be the only means known to Governments of finding 
employment. Experience teaches us that at the end | 
of it all there will be another slump—probably worse 
than the last—so that the programme for the future | 
should be receiving due consideration now.” 


In the report which the General Council have pre- 
pared for submission to next week's Trades Union 
Congress at Bridlington considerable space is devoted 
to an account of the action taken in respect of the 
unemployment problem, including the legislation and 
regulations initiated by the Minister of Labour and the 
work of the Unemployment Insurance Statutory Com- 
mittee. The memorandum on the unemployment 
situation, prepared by the General Council in obedience 
to the direction given in the emergency resolution of | 
the Blackpool Congress, is printed with a summary of | 
the case made by the deputation to the Prime Minister 
and Mr. Chamberlain's reply. The Prime Minister, | 
it is stated, indicated his agreement with the General 
Council’s view on at least one point—viz., that no | 
department of Government was able to consider 
general or even particular problems (in that field)— 
apart from its rather immediate responsibilities. Mr. | 
Chamberlain added that he thought the Government 
probably ought to be provided with a “ thinking | 
machine * having intimate knowledge of Government 
or industry, or both, and an adi quate and properly | 
trained staff. Such an idea, he said, had been in his 
mind for some time. 


Trade unions concerned with non-manual workers 
have had their attention directed by the Trades Union | 
Congress General Council to the National Health and 
Unemployment Insurance salary limit. At the last 
annnill conference of unions catering for non-manual 
workers, the following resolution, it will be recalled, 
was carried unanimously: “ This conference of non- | 
manual workers views with disappointment and dis- 
gust the continued refusal of the Government to give 


effect to the reiterated demand of non-manual workers’ | been held to discuss measures which would reduce | Coronation Scot train. 
organisations that the benefits of National Health and | 
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| 
Unemployment Insurance should be extended to non-| In September, 1932, the Portuguese Government 
manual workers at present earning less than 500I. per | introduced a number of measures intended to ensure 
annum. It notes that this restriction,is developing in |the engagement of unemployed persons on public 
other directions such as the provision of A.R.P.| works and in private undertakings, and since then, 
shelters in spite of the representations of the General | everything has been done to further the execution of 
Council and other bodies and the recommendations | the plans. In addition to important measures to 
of its own advisers. It urges that the campaign be | promote the carrying out of works by the municipal 


| will help to implement the resolution by bringing this 


|in trade-union journals or by means of circulars to 
| branches.” 


| idle workmen on public works will not permanently 
|remove the causes of unemployment—that it is at 


continued and that the unions of non-manual workers | 
should take all possible steps to mobilise pressure upon | 
Members of Parliament and the Government through | 
the membership of their organisations.” 





Over three years have elapsed, the General Council 
points out, since the Unemployment Insurance Sta- 
tutory Committee recommended that the salary limit 
should be raised for Unemployment Insurance. The | 
Genera] Council, it is added, have consistently pressed 
the Government to raise the salary limit for both 
Unemployment and Health Insurance to 500l. per 
annum, but their efforts, it is stated, have, so far, been 
without avail. 





‘In these days of modern industry,” the General 
Council goes on to say, “ with its increased tension—a 
tension which grows from day to day—it is essential 
that medical attention should be available to non- 
manual workers, earning over 2501. per annum, in the 
same way as it is to manual workers; similarly, non- 
manual workers should be given the same protection 
of Unemployment Insurance as their comrades in the 
manual section of industry. It is hoped, therefore, 
that the executive committee of the unions concerned 


matter to the notice of members, either by publicity 
At the same time, it is added, individual 


approach by members of unions to local Members of 
Parliament would be a useful step. 





According to the writer of the editorial notes in the 
August issue of the Journal of the International 
Association of Machinists, the American Federation of 
Labour estimates that there are more than 11,000,000 
persons now unemployed in the United States. On 
the other hand, he says, the National Industrial Con- 
ference Board renorts that the number of jobless 
workers in May was 9,881,000. The difference between 
the two sets of figures is, however, in his opinion 
unimportant because “the situation is a critical one 
whichever way you look at it.” ‘ Private industry,” 
he goes on to say, “is apparently either unwilling or 
unable to find jobs in oudk aumhen as would reduce 
unemployment to a point anywhere approaching the 
figure at which it stood prior to the crash of 1929. 
Organised labour has taken the position that unless 
the army of unemployed can find jobs in private 
industry, the Government will have to continue to 
furnish work opportunities for as many jobless as 
possible and relief for those for whom no work can be 
found. Although we realise that the employment of 


best only an expedient—there appears to be no other 
door open for the millions of men and women who are 
clamouring for jobs which apparently do not exist.” 








The American Federation of Labour, at its recent 
convention, repeated its endorsement of the argument | 
that the thirty-hour week was the working-hours | 
objective which organised labour should strive to | 
reach at the earliest possible moment. It declared | 
that, in its opinion, American industry was able to | 
make this adjustment by means of “a steady and | 
progressive reduction of the work week until a thirty- | 
hour level is reached.” The editor of the Journal of | 
the International Association of Machinists is of the | 
opinion that “every effort should be made to this | 
end because there appears to be no other solution of | 
this vexatious problem which is sapping the very 
lifeblood of the nation.” 








The Journal of the American Medical Association 
states that the legislature of the State of Idaho recently 


passed an Act to amend the workmen’s compensation | 


law by making disability or death arising from occu- 
pational diseases a ground for compensation. 


The | 


authorities and facilitate the completion of a vast 
plan of economic reconstruction, the Government 
authorised the municipalities to collect, in agreement 
with the majority of the landowners concerned and 
with the permission of the Minister of the Interior, a 
special tax to be used, together with State assistance, 
to finance relief work at times when seasonal rural 
unemployment affected certain areas. 





According to data published by the Department 
responsible for the organisation of unemployment relief 
measures, the Unemployment Commissariat has spent, 
since it was set up, a sum of 200,000 contos, or about 
40 million Swiss francs, on public relief works of all 
kinds. When it is stated that this sum, which was 
drawn on the Unemployment Fund, was used solely 
to cover the cost of labour, and that labour re nts, 
on an average, only 35 per cent. of the total cost of the 
works, it will be seen that the total amount invested 
during the last seven years in works of public utility 
amounted to over 570,000 contos, or about 114 million 
Swiss francs, a sum providing wages for about 70 million 
working days. In addition to relief work of this sort, 
the Unemployment Commissariat also pays allowances 
to incapacitated unemployed persons and provides 
meals, clothes and footwear for children dependent 
on the unemployed. It may also be noted that the 
Unemployment Commissariat encourages and sub- 
sidises the building of large numbers of cheap dwellings 
for workers in the various towns. 





The Committee of Management of the Professional 
Workers’ Confederation of Roumania recently approved 
a draft Bill relating to the trade union organisation of 
professional workers. The measure was subsequently 
transmitted to the Prime Minister who promised to 
consider it, and also gave an undertaking that the Con- 
federation should be represented when it was discussed. 
According to a communication received by the Inter- 
national Labour Office at Geneva, the Bill proposes that 
ptofe sional workers should be organised in guilds 
which would study problems of national interest and 
ensure the protection of professional interests from 
moral, economic and social standpoints. The guilds 
would work in collaboration with the State, and would 
be set up for the following classes of professional 
workers: professors and teachers; economists, 
accountants, co-operative workers and chemists ; 
writers, artistes, clergymen and veterinary surgeons ; 
journalists ; officials in the employment of the State, 
provinces, municipalities and independent State 
monopolies; transport staff; military pensioners ; 
pensioned magistrates; pensioned teachers and 
clergymen ; retired civil servants; and public-transport 
pensioners. The guilds would be established as in- 
corporated institutions on the proposal of the Ministry 
concerned and with the approval of the Cabinet. 
Membership would be confined strictly to Roumanian 
citizens qualified to exercise their respective professions. 
The professional qualifications of artistes, musicians, 
writers and journalists would be judged by the council 
of the guild concerned. 





In July, the Belgian Cabinet decided to increase by 
3 per cent. the pension deductions made from civil 
servants’ slaries. Instructions were issued to the 
various departments that this deduction, which, the 
Government explained, was caused by the necessity of 
increasing the reserves earmarked to pay widows’ 
pensions, should apply as from August 1. This 
decision has given rise to unanimous protests by civil 


| servants’ associations of all shades of political opinion. 
| The executive of the Belgian General Confederation of 


Labour has decided to support any action taken by 
| these associations with a view to the withdrawal of the 
supplementary deduction. 








MODERN APPLICATIONS OF BAKELITE.—Messrs. Bake- 


new Act, which is the result of a survey made in 1938 | lite, Limited, Hobart House, 40, Grosvenor-place, Lon- 
showing that 45,000 workers in the State were exposed | don, S.W.1, have sent us a copy of the current issue of 
to health risks (silicosis, lead and carbon monoxide | their journal Bakelite Progress. This draws the attention 
poisoning), defines eleven occupational diseases which of engineers to a number of recent applications of Bakelite 
are compensable and contains further special provisions | materials, and an interesting account is given of the 
relating to silicosis. Six physicians were recently | De Havilland Hydromatic Airscrew, the collar of which 
appointed by the Governor to advise the Industrial | is built up of shaped laminations of Bakelite moulded on 
Accident Board on workmen’s compensation claims | to the blade in a hot press. Other articles deal with the 
arising from silicosis. A conference of representatives | use of Bakelite veneers on walls, doors and furniture 


| of workers, employers and insurance-carriers has also|on board the Mauretania and in the coaches of the 


All the articles are well written 


industrial health risks in the State. | and adequately illustrated. 
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Fie. 1. 


TRUCK-TYPE SWITCHGEAR 
FOR SUBSTATIONS. 


Tue truck-cubicle switchgear illustrated in Fig. 1, 
above, has been designed by Messrs. Switchgear and 
Cowans, Limited, Trafford Park, Manchester. 16, for 
use in substations. 
fore, to the essential requirement that equipment for 
use in such places should be capable of dealing with 
all the normal and fault conditions that may occur on 
modern networks. As will be gathered from the illus- 
tration, the unit consists, as is usual, of two parts: 
a fixed portion, which houses the "bus bars, fixed 
isolating contacts, and cable box; and a truck, which 


carries the oil circuit-breaker, current and potential | 


transformers, and complementary isolating contacts. 


The stationary portion is constructed of sheet steel | 
and angles, and consists, as will be seen, of a screened- | 


off rear compartment containing the stationary jaw- 
type isolating contacts and *bus bars in its upper 
part and the cable-trifurcating box in the lower part. 
All these parts are easily accessible when the truck 
portion is withdrawn. The ‘bus bars, which are 
supported on porcelain post insulators, enter the fixed 
portion through openings in the side plates, so that two 
or more units can be combined into a switchboard. 
The frame of the truck is similar in construction to 
that of the fixed portion, a point of interest being that 
no cast iron is used. Care has been taken in the design 
to secure that ‘* elastic rigidity ’’ which is so desirable 


in the movable portions of such switchgear. Thus, 
easy-running roller-bearing wheels of the double- 


flanged type are used to give manceuvrability, guide | 


rails locate the truck as it is moved into position, and 
dowels ensure the registration of the main and auxiliary 
contacts. Interlocks are fitted to obviate any chance 
of misuse, thus the truck cannot be withdrawn or 
replaced unless the circuit-breaker is open. The 
movement of the truck automatically releases shutters 
immediately the isolating contacts have passed through 
the dividing screen. These shutters cover orifices in 
the rear compartment and prevent accidental contact 
with the live parts. The moving isolating contacts 


are of the split spring-loaded tongue type and are | 


mounted on insulators, which are braced and supported 
on the main structure of the truck. The plugs are 
flexible and self-aligning and are easily replaceable. 


The tongue contacts on the truck are arranged to | surfaces. 
with jaw contacts formed by the ’bus bars and | and is divided from the adjacent pair by a Bakelite 


eng 


*bus-bar supports, while the isolating contacts on the | fillet. 


SwITCHGEAR IN CUBIC 


Due regard has been paid, there- | 
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LE. Fie. 2. 


cable side engage with receptacles forming part of the 
contact to which the cable thimbles are secured. 

The design of the circuit-breaker will be clear from 
| Fig. 2, 
| the accelerating springs, dashpots, and main lifting 
|levers. It is technically a plain-break circuit-breaker 
with a moderate “ air cushion ” and liberal head of oil. 
| This head is so controlled as to maintain an adequate 
supply of oil at the contacts under fault conditions, in 
spite of the effects of oil displacement consequent on 
the clearing of short-circuits. The top plates are of 
high-tensile cast steel and their undersides are ribbed, 
| 80 that the oil turbulence round the arcing area is 
increased. The flange to which the tank is secured 
is ground and is integral with the top plate. A gas- 
}and oil-tight joint is made with a Velumoid gasket. 
The tank, which has a capacity of only 8} gallons, 
is of square section with rounded corners of large 
radius, so that the length of the flat sides is reduced. 
This, it is claimed, enables full advantage to be taken 
of wide internal clearances, while the strength is also 
increased. The lining is of Elephantide, while the 
| flexible phase barriers, which are braced at their 
| supports by steel brackets, are of the same material. 
| Experience, it is stated, shows that making the barriers 
flexible in the smaller circuit-breakers improves the 
| performance by smoothing out high impulse pressures. 
| The tank and top plate are hydraulically tested before 
| being put into service. Those intended for rupturing 
| capacities exceeding 150,000 kVA, at either 6-6 kV 
or 11 kV, are reinforced by the addition of exterior 
| ribs. 

The terminal insulators on the 11-kV breakers are 
of porcelain, while on the 6-6-kV breakers Bakelite 
| bushings are employed and are reinforced with brass 
| inserts throughout their length. Both types of insu- 
| lator are fixed into the top plate by means of an 
| inert cement, the coefficient of expansion of which is 
}equal to that of the insulation material. Each size 
| of unit is fitted with contacts and contact-lifting bars 
| suitable for the conditions under which it may be 
jexpected to operate. The contact-lifting bars are 
| constructed of dielectric material, while the moving 
contacts are of the wedge type and are of substantial 
| section. The fixed contacts are of the spring-finger 
type, the fulcrum seating of the fingers being designed 
to allow free circulation of the oil round the contact 
Each pair of fingers is separately sprung 


The side plates are arranged to act as a dividing 


Circuit BREAKER. 


| stop between facing pairs of contacts so as to limit 
| the movement due to electro-magnetic action. 
The operating mechanism is designed on the “* straight 


which is a view under the top plate, showing | line ” principle, this being assured by using four guides 


on the crosshead. The swinging links carrying this 
crosshead have been arranged to prevent any possi- 
bility of the circuit remaining closed against a tendency 
to open. Every part of this mechanism is made of 
pressed steel and all the bearings and pins are of brass 
and phosphor-bronze. A toggle linkage is arranged 
between the external lever-gear mechanism and the 
main lifting bar so as to increase the ratio between 
the external lever and the circuit-breaker cross-bars. 
The switch mechanism is trip-free throughout its travel, 
and the contact-lifting mechanism is fitted with throw- 
off springs and oil dashpots of liberal capacity. All 
the breakers used in the unit are tested at the British 
Short-Circuit Testing Station, Hebburn-on-Tyne. 








ECONOMIC AND COMMERCIAL 
CONDITIONS IN TURKEY. 


Tose interested in world economic conditions since 
the Great War, and especially during the past decade, 
have been provided with ample material for the basis 
of an absorbing and enlightening study. Even the 
casual observer must have distinguished between the 
comparatively steady evolution of some countries and 
the relatively erratic progress, punctuated by internal 
dramatic occurrences, of others. In the formér class 
would be found Turkey, for the ordered development 
of which Kemal Ataturk and his associates have been 
primarily responsible. Although Turkey is predomi- 
nantly an agricultural country, it will be recalled that 
in other directions, as in the construction of docks, 
railways and factories, Turkish activity is not negligible. 
The consistent advancement, culturally as well as 
economically, duriag the past few years is well brought 
out in a Report* that has just been published. As 
approximately 75 per cent. of the population are 
peasants, the good crops and the high prices they have 
realised have made the country comparatively rich and 
enabled the finances to be put on a sound basis. Efforts 
are being made to improve farming methods by the 





* Report on Economic and Commercial Conditions in 
Turkey, 1938. No. 729. Department of Overseas Trade. 








London: H.M. Stationery Office. [Price 1s. 3d. net.) 
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introduction of a more scientific agricultural technique, 
and an agricultural-machinery factory is projected. It 
is considered that the output of crops from the area 
of land under cultivation should be capable of being 
doubled by the employment of modern methods. To 
encourage development in this direction, an agricultural 
exhibition is being organised for the spring of 1940. 

The rapid industrialisation of the country has been 
carefully arranged by the inauguration of a number of 
plans. The first one was a five-year plan under which 
a number of factories were to be erected; six of them 
are already in operation and the remaining 11 are in 
course of construction. They comprise textile mills, 
anthracite-briquetting works, chemical factories, cement 
works, paper and cardboard mills, and an iron and 
steel plant. A four-year industrial plan was created 
in 1938, but this is about to be absorbed into a new 
five-year plan. It embraced 18 undertakings, including 
the construction of a modern port on the Black Sea 
coast, a train-ferry boat, locomotives and rolling stock, 
a jute factory, agricultural-implements factory, food 
and meat factories, electric-power stations, ‘cement 
works, synthetic-petrol plant, textile factories, internal- 
combustion engine works, aluminium refinery, sugar 
refineries, and 28 new ships. In addition to these 
industrial plans, there is also a three-year mineral 
development plan, the execution of which has been 
greatly accelerated by the widespread rearmament of 
many nations. The mining of the ores and extraction 
of the metals is being actively developed. There are 
large quantities of coal close to the Black Sea, and 
lignite of good quality has been found in several 
localities. Although exploratory boring is being con- 
tinued, mineral oil has not, so far, been discovered in 
commercial quantities. A difficulty with which indus- 
trial and mining activities have to contend the 
tendency of numbers of workmen to leave the factory 
ind mine and return to their villages at sowing and 
harvest time. There is virtually no unemployment. 

Among the public-works projects may be mentioned 
the large for irrigation works and canals. 
\ maritime fleet is being created, for both passengers 
and cargo, to compete with that of other Mediter- 
ranean countries. The Turkish State Railways are 
developing rapidly and are well organised. Traffic 
has trebled in volume during the past few years and 
some important new lines have been « ompleted recently. 
Others are projected, one of which will shorten the 
present journey between Angora and Istanbul by four 
or five hours. The road system of the country is not 
“ good relatively, although steady progress is being 
made. Of the total length of macadamised roads, about 
half are in good condition and the rest are in need of 
repair, Motor transport is comparatively undeveloped 
as yet, mainly owing to the lack of good all-weather 
roads. Up to the present time, aviation has not 
progressed to any great extent, but the Government 
has announced various projects, such as a line between 
Angora and Smyrna, and another serving Angora and 
Diyarbekir to be started this year, and a third con- 
necting Angora and Erzerum next year. The one 
regular service that is run at the present time links 
Angora and Istanbul, but it is operated only during 
the summer months. ; 
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ECONOMIC AIR-LINE EQUIPMENT.* 


By A. F. Bonnaire 


Wuite the transport aeroplane has a reasonably long 
history, it is only recently that some of the economic 
relationships have evident. The technical 
problems of air transportation, in common with similar 
problems of all other forms of transportation, can be 
considered under four headings, namely: location, 
finance, management, and equipment. In the solution 
of problems in the first two categories, the experience 
of older transportation can be drawn upoa with but 
little change; management involves much that is 
familiar except changed operating technique, but the 
equipment problem is very different and is of major 
importance. To be truly economic, air-line equipment 
must be not only financially and mechanically efficient, 
but it must have sufficient sales merit to attract a 
substantial volume of traffic in spit» of adverse factors 
of considerable magnitude. The major factors in the 
development of passenger traffic are speed, comfort, 
cost, and safety Besides these factors there are others 
which have the effect of reducing the application of air 
transportation to a limited field, auxiliary to surface 
transportation. Passenger traffic is herein given major 
consideration for four reasons :—(1) It at present 
the major source of income for the air lines ; (2) It is in 
most demand and determines much of the design speci- 
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* Contributed by the Aeronautic Division for presen- 
tation at the Semi-Annual Meeting of The American 
Society of Mechanical Engineers, held at San Francisco, 
Calif., Jaly 10 to 15, 1939. Abridged. 
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fication for equipment ; (3) It offers the largest field 


for the development of business volume ; (4) Revenue 
return from other sources of traffic cannot be affected 
by equipment change to any considerable extent, 
because their rates are determined outside the control 
of equipment or management. 

The vehicle, with older forms of transportation, 
affects costs to a limited degree and sales to a maximum 
degree. The success of the so-called streamlined 
train has proved this. Something of the same relation- 
ship exists with air transportation, except that equip- 
ment affects costs to a much higher degree. The 
expenses of the railroads consist largely of interest on 
capital, and the cost and maintenance of fixed property, 
which do not appear in the air-line expense column 
to any marked extent. Instead, equipment deprecia- 
tion and upkeep, fuel, and pay of flying personnel 
become the major cost burdens. Much of this discus- 
sion of air-line equipment must be academic in character, 
and while the author believes it to be sound, the | 
problem is so complex that exceptions are bound od 
exist. It must also be appreciated that the viewpoint | 
is biased and represents the opinions of one student | 
and not necessarily those of anyone else. No claim | 
to originality is made, and much of the material is | 
well understood throughout the industry, but the | 
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author believes that no comprehensive presentation 
of such data has been previously made. Of the many 
economic factors involved, size, speed, and degree of 
utilisation are receiving a great deal of 
attention. These three will be considered first. 

The Size of Aeroplanes.—Any study of air-trans- 
portation equipment must attempt to answer the 
problem of economic size. That inadequate answers 
are the usual result is merely indicative of the difficulty | 
of the problem. That this answer will be no more | 
adequate than others is a foregone conclusion, for the 
final answer can never be written as long as changing 
economic conditions exist and clever engineers are | 
able to develop new materials, methods, processes, and 
mechanism. For the moment it will be accepted that 
traffic will be sufficient to allow the economic operation 
of large equipment. The questions then become : What | 
is large, and how large is economic ? How large can | 
aeroplanes be built ? Not all of these questions can | 
be answered in other than general terms. Specific 
applications as to range and other requirements, 
together with the need of suitable operation off 
restricted flying-field areas, nature of the ground, 
and weather must be considered. Fig. 1 shows the 
effect of increased size on the costs per aeroplane-mile 
and per capacity ton-mile of pay load, based on 200 
hours per month, 175 m.p.h., and 2} Ib. pay load per 
horse-power. The costs are computed on a basis of 
average costs for the domestic air lines of the United 
States, and certain specific design proportions had to 
be set for the family of aeroplanes under considera- 
tion. This chart was computed some three years ago, 
and it is interesting that the operating costs of equip- 
ment built since that time have come well within | 
acceptable estimating margins. Since many of the costs 
of air-line operation do not vary directly with the 
increased size of equipment, it is to be expected that the 
ton-mile costs of transportation will improve as the 
size of the aeroplane increases. A radical change in 
design proportions would change the shape of these 
curves of costs per ton-mile and costs per aeroplane- 
mile, but most of the present-day aeroplanes come 
within a reasonable margin of these figures. Some 
small organisations, with less than aVerage overhead | 
expenses, have lower costs than those shown, but others | 
will be somewhat higher. The entire answer to the 
question of size cannot be covered by cost alone. | 
As the size of the power unit increases, there is a de- | 
finite decrease in the specific and installed weight ; | 
and the weight per horse-power of instrument and other | 
equipment also decreases. Variations in structural | 
weight of the aeroplane are much more complex, 
being governed somewhat by the law of similitude. 

Law of Similitude.—This law, simply stated, is that | 
with a geometric increase in size, the weight will vary 
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as the cube of the dimensions, and the lifting surface 
as the square. Accordingly, increasing the dimensions 
of an aeroplane would (where d is the ratio between 
the larger and smaller significant dimensions) increase 
the gross weight by d*; the wing area by d*; the wing 
loading by d; the power by d*; the power loading by 
4 = 1; and the load factors by4 
loading and reducing the strength would not be prac- 
ticable except for small changes in dimensions. The 
performance would be affected as follows: The 
landing speed would be increased approximately as the 
ratio of dt; the maximum speed would be improved 
somewhat better than the ratio of dt; and the take-off 
run would be lengthened. Fortunately, the situation 
is not as severe as the foregoing would indicate. Many 
parts of the large aeroplane would not need to be 
proportional, because smaller aeroplanes have many 
members determined by the minimum sizes that can be 
used, which are accordingly stronger and heavier than 
is necessary. It is also possible to reduce load factors 
somewhat as the size of the aeroplane is increased, 
provided that it is not carried too far. Better materials 
are also beneficial. It is to be noted that in the 


Increasing the wing 


hypothetical case under consideration, the useful-load 
ratio would remain unchanged. 


It has been argued 
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many times that the law of similitude fixes a definite 
limit for the size of aeroplanes. This has always 
been said whenever the state of the existing art has 
exhausted the available materials, methods, design, and 
mechanism. Advance. however, has invariably pushed 
the frontier farther, allowing more progress. Unques- 
tionably, some limit exists, but the art has not pro- 
gressed far enough for it to be apparent at the moment. 
Increasing size is accompanied by other problems, and 
it is, of course, possible that the aeroplanes now con- 
sidered large will, as time passes, be quite as ordinary 
as the large aeroplanes of a few years ago seem now. 
One of the possible limits is the physiological one, 
but this does not appear to be acute, and the com- 
petent pilot seems to be sufficiently adaptable, physic- 
ally, to be capable of making the necessary allowances 
for the size, thereby insuring equally satisfactory 
control over a wide range of size. 

The heaviest aeroplane that has been built, the 
Dornier Do.X (129,000 Ib.), or the two versions built 
for Italy, seemed to be within the capabilities of 
their crews. Likewise, the Maxim Gorky, with the 
largest span (207 ft.) that has been flown was con- 
trollable and flyable. The use of servo-controls makes 
it practicable to put the control of almost any reason- 
ably sized aeroplane within the comfortable strength 
of one man. L. C. McCarty, engineer of the Glenn L. 
Martin Company, analyses the problem of landing 
large flying boats as follows : With no limiting obstacles, 
the safety in landing and taking off is dependent 
largely on the. impact loads imposed on the structure 
in the event of bad landings, a bounce, or contact 
with an advancing wave. From dimensional analysis, 
the following important conclusions are indicated : 
(1) The height of free drop increases directly as the 
linear scale ratio, or as weight to the 4 power for 
the same acceleration; (2) For the same accelera- 
tion, the landing speed increases as the 4 power of 
the linear scale, or as the weight to the 4 power; 
(3) With increasing speeds, for a bounce of the same 
acceleration, the time interval to the subsequent 
contact with the water increases as the linear scale 
to the 4 power, thus allowing greater time for piloting 
decision and action ; (4) Since the height of free drop 


| varies with the linear scale, the vertical velocity at 


contact (for the same acceleration) increases as the 
linear scale to the 4 power. Extending this reasoning, 








greater seaworthiness is indicated with the same design 
accelerations and with the landing speeds increasing 
as the } power of the linear scale ; (5) The physiological 
limitations of the average pilot in judging absolute 
distance above the water as affected by increased 
landing speeds, sinking speeds, and his height over the 
water at the instant of landing, are under investigation. 
Preliminary indications are that, other things being 
equal, the physiological limitations in this respect have 
not been approached. Summarising, it appears that, 
as the size increases, and without instrument landings, 
or the use of power in landing, the average pilot will 
be able to make landings with lower loads on the struc- 
ture, less discomfort to the occupants, and with greater 
seaworthiness at increasing landing speeds. 

Space Limitations for Passengers.—One thing that 
seems to have definite limits, at least for any long- 
range aircraft, is the rapidly increasing crowding effect 
with increased numbers of passengers. The required 
volume of space per passenger is a variable that needs 
considerable consideration, and the problem becomes 
most acute when any more than a relatively small 
number of passengers are involved for more than a 
relatively short space of time. Assuming adequate 
ventilation and heating, the factors to be considered 
include the number of persons, number of personal 
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contacts, length of trip, whether night or day, the rela- 
tive diversion of interest, and the gregariousness of 
those involved. For instance, a small group of people 
well known to each other, making a daylight trip of a 
few hours in a private automobile, represents the 
smallest practicable cubature per person. A small 
car capable of carrying a maximum of six persons will 
have a total cubature of 114 cub. ft., or 19 cub. ft. per 
person. It is probable that these six people are either 
closely related or at least quite well known and friendly 
to each other. The horizon from the car is limited, 
the scenery and events are in close proximity, the 
change of scenery is rapid, and the constant stream 
of opposing traffic, each unit of which opens a potential 
hazard of collision, all combine to offer the rider diver- 
sion of a high order. Analysis of this situation gives 
the following : 

Number of persons ons a 6 
n(n — 1) 


Number of personal contacts, = 15 

Time of journey Short 
Gregarious factor High 
Diversion factor High 


It is probable that this space represents the lower limit 
per person that could be used. On long journeys the 
small car becomes rather cramped for capacity loads. 
The inclusion of strangers lowers the gregarious factor 
rapidly, and any reduction of the diversion factor 
tends to aggravate conditions. Tota] strangers, with 
no desire for contact with their fellows and no diversions 
of any kind, would feel comfortable only if the space 
were proportional to the number of contacts (combina- 
tions of two) that are possible. This would be the 
extreme limit of space demand. Fig. 2, opposite, shows 
the two limiting curves. The lower curve is the straight- 
line relationship of 19 cub. ft. per person, the lower 
limit. The steeper curve is an assumed upper limit of 
19 n(n — 1). 


> 


19 cub. ft. per possible personal contact, or 


This problem of space and diversion is a real one, As 
the number of passengers increases, the difficulty of 
providing for the human pay load increases faster than 
the numbers involved. Even the development of 
aeroplanes large enough to have habitable wings 
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be necessary to take these factors into consideration 
in the construction of terminal facilities, waiting rooms, 
and so on. The suitability of any design from the 
standpoint of space for passengers may be expressed as 


2 Hy 

2 = fam — 198) “ 
where Q = the relative space factor; n = the number 
of persons in the cabin, including the attendants ; 
H, = habitable volume of the aeroplane, in cubic feet ; 
and 6 = the number of compartments or divisions of 
space. Q will really be the smallest practicable space 
per occupant in a rather low-capacity vehicle. Q should 
vary with both the time of uninterrupted occupancy 
and the available diversions. 


costs is shown in Fig. 3, assuming that speed is gained 
by aerodynamic improvement and mechanical develop- 
ment, not by merely increasing power. The reduction 
in costs per aeroplane-mile that accompanies increased 
speed, while not spectacular, is important. Fig. 4 
shows the costs per mile plotted against speed, where 
change of speed is made by change of power. Much 
of the increased cost at the higher speeds is due to the 
decrease in reliability of power plants at the higher 














| outputs. Some assumptions of cost due to power-plant 
| failure were made in this computation, but the decrease 
| in reliability is based on fact. Improvement in power- 
| plant reliability and durability would allow increased 
jum with accompanying reduced cost. Overpowered 
equipment, however, is another question that cannot be 
covered here. Speed is extremely important to air 
transportation for it is one of the major reasons for 


the method. Wright, in a paper* expresses the speed- 
merit relation as 
, ety 
Fy= Fy Ve = bd si (2) 





(22-7 W,+ 1,000 P, + 100 U) 
where W,= gross weight, lb.; P,.= cruising brake 
horse-power (usually 60 per cent. normal rated power) ; 
} = useful load, Ib. ; 
ciency factor; F,= air-transport efficiency factor ; 
and V,.= cruising speed, m.p.h. Wright credits 
Kendall Perkins with the development of this relation 
and adds that it is based on the findings that 


to gross weight (aeroplane depreciation and mainten- 
ance), 46 per cent. can be assigned to power (fuel, oil, 


can be assigned to useful load (all types of insurance 
and crew pay). According to this analysis, the most 


load, power, and gross weight in that order. 
does not appear in the formula, except by the inference 
that it depends in part on useful load and cruising 

wer. 
include the sales value of speed, overlooks other sales 
| factors of relatively great value, particularly comfort. 
| It is a repetition of the old ideal of trying to put into 





one simple relationship the full merit of the vehicle. | 


Such a hope is obviously a vain one, for no one formula 


}can possibly include the necessary considerations of, | 


| say, an operation on the Belgian Congo, across the 
| American continent, and a service into Tibet, at one 


and the same time, to say nothing of including trans- | 
| Oceanic services or possibly non-stop flights over the | 
| poles. Each of these operations, and innumerable | 


| others, would call for widely different characteristics 
for an ideal piece of equipment. An almost unlimited 


|number of equipment specifications can be drawn, | 


and as many or more aircraft built to meet them. 
Accordingly, only this one figure of merit is considered 
here, although many have been proposed. 
The von Karman formula for speed, somewhat 
modified by Lesley, is : 
Vi\i 3 
8 ) id ( ) 


Vmax = 7- 92 uv) Cimax 
C,= lift coefficient 


“X Cp Py 
where » = propeller efficiency ; 
(absolute) ; Vi,= landing speed, m.p.h. ; Cy 


Ib. per brake horse-power ; and § = ratio atmospheric 


* “The Economics of Speed,’’ by T. P. Wright, read 





before a meeting of the Institute of the Aeronautical 
Sciences, at Cleveland, Ohio, September 4, 1937. 


The Effects of Speed.—The effect of speed on operating | 


F,= aeroplane-operating effi- | 


22 per cent. of average operating costs can be assigned | 
engine depreciation, and maintenance), and 32 per cent. | 


important economic factor is speed, followed by useful | 
Range | 


This rating formula, while it attempts to | 


= absolute | 
drag coefficient, whole aeroplane ; P,= power loading, 


269 


may not be more than a minor relief. It will also | density. Indirectly, this formula takes into account 


| wing loading and wing power, and is directly concerned 

with the overall efficiency of the design. From this, 

it can be seen that the important items for the develop- 
| ment of high speed are: (1) Wing load, as high as is 
practicable considering landing, take-off, and manceu- 
vrability ; (2) lowest possible drag for the aeroplane 
with the highest possible propeller efficiency ; (3) lowest 
possible weight per horse-power ; in other words, highest 
| possible wing power; and (4) lowest atmospheric- 
| density ratio with maximum thrust (highest propeller 
| efficiency and horse-power output at high altitude). 
| Putting the above formula into another form, expressed 
| in ft.-lb. per second units, we have : 


(ea? V2 4 
Cp (W/P) 8 

| where W = weight ; P = power = b.h.p. x 550. Now 
| Vy? = ————,-; where p = mass density of the air 
| ( Lmax Sp » 
|and S = wing area, sq. ft. Substituting 


2nP 
a (cu y'. 


Cp pS 
If it is assumed that » (propeller efficiency) is constant, 
| that at any one altitude p (mass density of the air) is 
constant, also that C, (coefficient of drag) is constant, 
speed can be seen to vary as the cube root of the wing 
power. For all practical purposes this relationship 
has been found to be true. Some authorities, notably 


(4) 


(5) 


2 Ly 
Warner and McGinty, have used ( Fn ) as a constant 
‘DP 


for any one aeroplane. When English units and 
constants are used, this figure, sometimes called 
“ specific speed,” is the speed of the aeroplane in miles 
per hour were its engine developing 1 h.p. for each 
square foot of wing area. It is a good measure of the 
relative cleanliness of any design. 

Range.—A factor of great importance economically 
|is range. Any aeroplane having a theoretical range of 
about 10,000 miles will be capable of flying from any 
habitable portion of the earth to practically any other 
habitable location. This is still beyond the best 
that has been done, even with all of the carrying 
capacity devoted to fuel with the minimum of crew. 
Disregarding fuel reserve and other operational and 
geographical limitations, and assuming that pay load 
produces revenue on a direct pound-mile basis, a 
strictly theoretical concept shows the revenue situation 
| to be as in Fig. 5, where 


Wy = useful load = gross weight less empty weight ; 

W,, = disposable load useful load less crew and 
supplies ; 

W, payload = disposable load less consumable 


load (fuel). 


Earnings for any one flight are a maximum when 


i 


W, =e 


5 pay load 
2 


i.e., Consumable load 


disposable load. 
Fuel is zero when the disposable load is all pay load, 
| so earnings are also zero. Likewise, when the disposable 
load is all fuel, earnings are again zero, for no pay 
load is carried. Earnings are a maximum when 
| fuel load equals pay Joad on any one flight. Since 
|a transport operation is mostly one flight added to 
another and so on, the graph shows that earnings 
will be a maximum for a completed trip, when fuel is 
|held to a minimum and frequent’ stops are made. 
| These relationships have become familiar from many 
repetitions, and, while academic in character, study 
will help a true concept to develop. It is obviously 
impracticable to use too many operating stops, as the 
| operation will be slower and the sale of traffic more 
difficult. The longer non-stop operations assess a 
penalty in reduction of pay load by the heavier fuel 
needs, but selling is enhanced, and under certain 
conditions such operations are accordingly justified. 
The longer the distance between stops, the lower is 
the cost of operation per mile. Additional landings 
not only slow down the flight speed, but actually 
increase operating expenses. If the theory of range 
be simplified by assuming a fixed power output, and 
accordingly fixed fuel consumption per hour, we have 


R=EV, . (6) 
where R = range in miles; E = endurance in hours ; 
and V,= cruising speed, m.p.h. But 

> _ (Wo — W,) 
t= ee 7 
. hp. C (7) 


| where W,= initial gross weight; W, = final gross 
weight; C= specific fuel consumption (average) ; 
and hp, = average cruising horse-power. Hence 


=n .o i] Cmax Vi? 4 8 
bi (A (8) 
Substituting V,?= a a 
begs ituting V_' ay Sp . , 
| » Pe 
| we get V_. = 7:22 (ee ) 
8 ° Cp p8 
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Ww, —W ine! 
7-22 $___ . (9) 
gt ( hp. C )\Ges ' 


This development makes some simplifying assump- 
tions that cannot be applied in practice. The purpose 
has not been to develop a precise equation, but to 
establish an expression that will allow an appreciation 
of the important design factors. Actually, to develop 
either the greatest endurance or the greatest range, 
the power output will be varied in order to maintain 
the most effective air speed for the purpose. Internal- 
combustion engines being what they are, the best 
results will be obtained at the lowest practicable 
rotational speed of the engine and the highest possible 
brake mean effective pressure that can be allowed. 
Fig. 6, page 269, shows the polar curves of necessary 
power against true air speed, for a typ al aeroplane at 
three altitudes. A tangent drawn from the origin 
will determine the air speed for most miles per gallon 
in still air, assuming a flat curve for specific fuel con- 
sumption. Moving the point from which the tangent 
is drawn to the right or left of the origin will allow 
for head and following winds, respectively. The actual 
curves of special fuel consumption and propeller effici- 
ency for the engines used will alter the slope of the polar 
curves somewhat. Correcting these curves with factors 
determined from specific fuel consumption and pro- 
peller efficiencies will make curves that are quite 
critical and useful for flight-control purposes. The 
foregoing represents a few of the factors in the develop- 
ment of economic air-line equipment. There are many 
more, most of which are imperfectly understood, but 
it is felt that more discussion of the problems may 
lead to a better understanding and appreciation of 
them. At the present moment the available air 
line equipment is more economical than any that has 
preceded it. The best, however, has not been developed ; 
there is still enormous room for improvement. 


GAUGE DIESEL-ENGINED 
LOCOMOTIVE. 


THE narrow-gauge Diesel-engined locomotive illus- 
trated in the accompanying Figs. | and 2 is of special 
interest in that it has necessary to design it 
for working in an atmosphere charged with gases 
which may result in a highly-explosive mixture. The 
conditions in question are those which may obtain 
in an oil refinery in the Near East, where pentane and 
other inflammable gases may occasionally be present 
in sufficient quantity to cause an explosion. The loco 
motive is of 3-ft. gauge, and is one of a consignment 
of four made by Messrs. The Hunslet Engine Company, 
Limited, Jack-lane, Leeds, 10. Externally, the loco- 
motive not differ greatly from more normal 
patterns, as will be seen from Fig. 1. It has four coupled 
axles with wheels 2 ft. 9 in. in diameter and a wheelbase 
of 7 ft. The length over the buffer beams is 18 ft. 9 in.. 
the overall height is 9 ft. 7 in., and the overall width 
7 ft. 9 in. The tractive effort is 9,930 lb., and the 
adhesion weight about 22 tons, this latter giving an 
adhesion factor of nearly 5to 1. Three speeds are pro- 
vided in either direction, viz., 3-4 m.p.h., 6-8 m.p.h. 
and 10-2 m.p.h. Central buffers and couplers are fitted, 
and there are Westinghouse straight air brakes to all 
the wheels. 

The view of the power unit given in Fig. 2, shows 
the engine in the centre, with a single-cylinder Diesel 
engine, made by Messrs. Ailsa Craig, Limited, Strand- 
on-the-Green, Chiswick, London, W.4, the left, 
and an air compressor made by Messrs. Broom and 
Wade, Limited, High Wycombe, on the right. The main 
engine is a six-cylinder Diesel model of the “‘ MV6” 
type, made by Messrs. The National Gas and Oil Engine 
Company, Limited, Ashton-under-Lyne. Under normal 
conditions of altitude and temperature its continuous 
rating is 115 brake horse-power at 850 r.p.m., the 
maximum output being 127 brake horse-power. Under 
the conditions present at the site on which the loco- 
motive has to work, however, the continuous output 
is 96 brake horse-power with a maximum of 106 brake 
horse-power. A variable speed governor allows varia- 
tions of speed between 300 r.p.m, and 850 r.p.m. The 
type of cylinder heads, which detachable, give 
a high degree of turbulence and, it is claimed, perfect 
combustion results at all loads and speeds. The valves 
can be removed without disturbing che heads or break- 
ing any pipe joints, and damage to the fuel system is 
prevented by non-choking atomisers. The engine is 
started by the single-cylinder auxiliary engine above 
referred to, which operates, through a friction clutch 
and Bendix drive, on the engine flywheel, this arrange- 
ment having proved very satisfactory on previous 
Hunslet Diesel locomotives. The engine is pressure- 
lubricated from a large-capacity oil sump and the oil 
is cooled by circulating it through part of the engine 
cooling-water radiator. A separate pump maintains 
the lubricating-oil circulation through a radiator at 
a low pressure. The auxiliary compressor supplies air 
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for the gear-change mechanism and for the brakes, 
the latter being controlled by a self-lapping type of 
driver’s brake valve in the cab. 

Transmission is through a Vulean-Sinclair hydraulic 
coupling and a Hunslet patent auxiliary clutch and 
coupling to a three-speed gearbox giving the running 
speeds previously mentioned. The gearbox 
up of steel plates and by the employment of stiff 
shafts, carefully designed gear wheels and ball and 
roller bearings throughout, very high efficiencies of 
transmission are obtained. The firm's 
selective gear change is used for control, the changes 
being thus independent of the driver. A single hand- 
wheel not only varies the engine speed, but also con- 
trols the gear changes through a series of cam-operated 
valves. These admit air, at a pressure of 50 lb. per 
square inch, to cylinders which actuate the gears, 
clutch and clutch-shaft brakes in their correct sequence 


of operation. The control wheels are duplicated on both | 


sides of the cab, as are also all the other controls. As 
regards the safety precautions attendant on the condi- 
tions under which the locomotive works, the engine 
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an explosive atmosphere. The exhaust gases are, more 
over, passed through the Hunslet exhaust-gas condi 
tioner before reaching the grid. The grids and con- 
ditioner are made of Austenitic stainless steel through- 
out, to resist corrosion. The inlet air is drawn through a 


| large Protectometer air filter before passing the flame- 
is built | 


trap. 

Special precautions have had to be taken to main- 
tain the efficiency of the engine in a dusty tropical 
atmosphere ; in addition to the usual Vokes air filter, 
all working parts are protected from the ingress of dust. 
The exhaust-gas temperature is shown by a thermo- 
couple-type indicating pyrometer. The whole electrical 
equipment is of the flameproof type, tested by the 
Mines Department at Buxton, and the central couplers 
and buffers have Ferodo-covered faces, so that no 
sparks can be accidentally created. The brake blocks 
are also of Ferodo friction material. 








WwW. R. 
of the 


Masters and Company. 
Fleetway Press, 11-21, 


CALENDAR.—Messrs. 
Limited, proprietors 


air inlet and exhaust are protected by flame-proof grids. | Emerald-street, London, W.C.1, have sent us a monthly 


These grids were exhaustively tested by the Mines|tear-off calendar extending from 


August, 1939, to 


Department at the Buxton Testing Station for use in' December, 1940. 
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IMPROVED SYSTEM IN THE APPLI- One section would be a surface type of heat exchanger, 
CATION OF NON-CONDENSING OR) designed on a counterflow basis and apes for _ 
the other section 


EXTRACTION TURBINES.* 
By H. W. Cross and E. S. Wexts, Jr. 


Ir has been the practice in the application of non- 
condensing turbines and extraction turbines to choose 
an initial steam condition, i.¢., a total temperature 
at the selected inlet pressure, that will give the desired 
temperature at the exhaust or extraction opening 
of the turbine to suit the low-pressure system which 
is being served. As most applications are made in 
connection with old low-pressure turbine equipment, 
the design of which limits the temperature at which 
they may be operated, or process systems where little 
or no superheat is desired, the total temperature at the 
throttle for the new turbine is thus definitely limited. 
A considerable gain in the electrical output from the 
high-pressure, non-condensing portion of this cycle 
may be realised by increasing the total steam tempera- 


Fig. 1. 
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ture at the throttle. The electrical output is definitely 
established by the energy drop between initial and 
exhaust conditions and by the quantity of steam flow. 
By increasing the total steam temperature at the 
throttle for a given steam pressure, the available 
energy between initial and exhaust conditions is 
increased and the electrical output is proportionately 
increased. However, the increase in initial tempera- 
ture causes an increase in the temperature at the 
exhaust and results in an exhaust temperature higher 
than desired. This gain in electrical output may be 
obtained if a desuperheater is installed on the exhaust 
system to reduce the temperature of the exhaust 
steam to suit the low-pressure system. 

In systems of this nature, it is common practice to 
install a feed-water heater served by the exhaust 
steam from the high-pressure turbine, in order to obtain 
a greater electrical output by utilising more heat from 
the exhaust steam, thereby increasing the flow of 
steam through the high-pressure unit. As an improved 
system for realising this gain by the use of higher 
steam temperatures, the application of a combined 
desuperheater and feed-water heater at the exhaust 
is suggested. This would consist of two sections: 





* Contributed by the Power Division for presentation 
at the Semi-Annual Meeting of The American Society of 
Mechanical Engineers, held in San Francisco, Calif., 
Jvly 10-15, 1939. Abridged. 


| flow of exhaust steam through it ; 

| would be designed as a condensation-type feed-water 
| heater. The feed water being returned to the boiler 
| would be passed first through the heater section. If 
this section were of the surface type, it would be pro- 
| portioned with sufficient surface to raise the feed-water 
| temperature to within a reasonable terminal difference 
| of the saturation temperature of the exhaust steam. 
This heater might be of the open type. However, the 
position in the system and the pumping arrangement 
would seem to dictate the choice of the closed-type 
heater. The feed water would then flow through the 
tubes of the other section of the heater, where it would 
absorb the heat represented by the superheat in the 
exhaust steam. In reducing the temperature of the 
superheated exhaust steam, the temperature of the 
feed water would be elevated above the saturation 
temperature of the heater. Steam of the desired 
temperature would be delivered to the low-pressure 


Fig. 4. 
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l system, and the feed water would be delivered to the 
boiler at a higher temperature than would be obtained 
| from an ordinary saturation type feed-water heater 
alone. 
| by the superheat in the exhaust steam to the feed water 


heater might be built as two separate sections working 
together as a unit, or the two sections could be combined 
in a single shell, depending upon physical limitations 
or design characteristics. In either case, it would 
consist of a thoroughfare-desuperheating section and 
a feed-water heating section. Between the heater 
section and the desuperheater section, provision 
should be made for detraining steam condensation 
from the thoroughfare section, to prevent it from 
being carried into the low-pressure system. Under 
certain conditions of control or certain load conditions, 
it is possible that a portion of the surface of the desuper- 
heater section might act as a condensation heater, 
resulting in the formation of some condensate. 

An appreciation of the relative output of these 
systems may readily be gained from the accompanying 
illustrations. The steam pressures and load conditions 
were arbitrarily selected as being in the realm of 
normal usage. ‘The turbine efficiencies used are based 
on normal commercial values, which vary with the 
steam conditions, the size of unit, and the loading 
of the unit. Fig. 1 shows a conventional application 
of a non-condensing turbine supplying 50,000 Ib. per 


| hour of saturated steam at 150 Ib. gauge pressure 


to process or to other equipment. It is assumed that. 


| this 50,000 Ib. per hour is returned as feed water at a 


By transferring the high-level heat represented | 


|supplied to the boiler at a temperature above the | 


saturation temperature of the heater, the use of 
exhaust heat in the cycle is increased, with a consequent 


increase in heat flow through the turbine and a greater | 


| electrical output, while at the same time supplying 
| the heat demand of the low-pressure system. 

The design of the thoroughfare-desuperheater section 
| would be determined by the temperature desired for 
the steam supply for the low-pressure system, which 
would establish the terminal difference between the 
feed water entering this section and the steam leaving 
it. It would be desirable to design the desuperheating 


than that required by the system, in order to provide a 
range for automatic control of the temperature. 
Fortunately, where saturated steam is required for 


acceptable and a small amount of superheat does not 
appear to be objectionable. This is evidenced by the 
fact that where superheat is not controlled, the increase 


the lower efficiency of the prime mover under partial 
loads, is accepted. This margin in the system may 
be utilised to good advantage in decreasing the size 
and cost of the thoroughfare desuperheater by providing 
a higher terminal difference in the heater. With 
certain choices of initial temperature and pressure, it is 
possible that, in absorbing the heat of the superheat 
in the exhaust, the feed water to the boiler might attain 
too high a temperature to be conveniently handled. 
The temperature of the feed water from the desuper- 
heater can be regulated and held at the maximum 
allowable value by a by-pass round the feed-water 
heater section, with a temperature control. This 


by by-passing a portion of the feed water round the 
| heater. 
| The thoroughfare desuperheater and the feed-water 





section to maintain a somewhat lower temperature | 


temperature of 210 deg. F. from other feed-water 
heaters. A high-pressure feed-water heater is indicated, 
proportioned to heat the feed water to a temperature 
of 356 deg. F. when supplied with 150 lb. gauge steam 
from the exhaust of the high-pressure turbine. With 
a pressure of 650 lb. gauge at the throttle and a turbo- 
generator efficiency of 64-6 per cent. (turbine efficiency 
alone of 68-5 per cent.), it is necessary to limit the 
total temperature at the throttle to 596 deg. F. in. 
order to deliver saturated steam at the exhaust. This 
requires a steam flow of 58,646 lb. per hour and gives 
an electrical output of 1,390 kW. The heat supplied 
by the boiler for this combined steam and electrical 
load is 55,887,000 B.Th.U. per hour. 

Fig. 2 shows an application to supply the same 50,000: 
lb. of saturated steam per hour at 150 lb. gauge pressure, 
in which 650 lb. gauge at the throttle is used with a 
total temperature of 850 deg. F. With « turbine effi- 
ciency alone of 70-5 per cent., the exhaust steam from 
the turbine at 150 lb. gauge would have a total tempera- 
ture of 582 deg. F. With a conventional type of desuper- 
heater as shown, when supplied with feed water at a 
temperature of 210 deg. F., a flow of 44,730 lb. per hour 
of exhaust steam would be sufficient to furnish 50,000 Ib. 
per hour of saturated steam to the low-pressure system. 
This requirement, together with the necessary 150 lb. 
steam to serve the conventional high-pressure heater 
to heat the feed water to a temperature of 356 deg. F., 
requires a flow at the throttle of 51,527 lb. per hour, 
which produces an electrical output of 1,680 kW. This 
increase of 290 kW is an increase of 20-9 per cent. in 
the power output resulting from the supply of the 
same quantity of low-pressure steam, as in Fig. 1, 
and is obtained from this application of the increase 
in initial steam temperature from 596 deg. to 850 deg. F. 
The heat supplied by the boiler for this combined 
steam and electrical load is 56,930,000 B.Th.U. per 
hour. 

Fig. 3 illustrates the application of the thoroughfare 
desuperheater and ‘feed-water heater to supply the 
same 50,000 lb. of saturated steam per hour at 150 Ib. 
gauge pressure, with initial steam conditions as in 
Fig. 2; namely, 650 lb. and 850 deg. F. at the throttle. 
To allow for a 5-lb. pressure drop through the desuper- 


| heater, the back pressure at the turbine would be 


process work, approximate saturation is generally | 


in temperature of the exhaust steam, occasioned by | 


increased to 155 lb. gauge. With a turbine efficiency 
alone, of 72-8 per cent., the exhaust steam at 155 Ib. 
gauge pressure will have a temperature of 581 deg. F- 
The 50,000 lb. of steam per hour required by the 
process in passing through the thoroughfare desuper- 
heater section, is desuperheated by the feed water and 
is supplied to the system at saturated temperature. 
Exhaust steam is absorbed in the feed-water heater 
section in sufficient quantity to elevate the feed tem- 
perature from 210 deg. to 356 deg. F. The feed water, 
in passing through the desuperheating section in contact 
with the thoroughfare flow of steam in counterflow 
direction, would be heated to a temperature of 465 deg. 
F. for return to the boiler, in absorbing the heat of 


| superheat of the exhaust steam. The total flow required 


from the turbine is 58,646 lb. per hour, which gives an 


| electrical output of 1,921 kW, a gain of 531 kW over 


control would limit the temperature rise at the heater | 


Fig. 1, and a gain of 241 kW over Fig. 2, or 38-2 per 
cent. and 14-3 per cent. improvement, respectively. 
The heat supplied by the boiler for this combined 
steam and electrical load is 57,800,000 B.Th.U. per hour. 

Figs. 1, 2, and 3 are presented to demonstrate the 
increase in power available in connection with supplying 
low-pressure steam and therefore are measured in 
terms of electrical output. The increase in boiler 
capacity to accomplish this gain is small, since it is 
only necessary to supply the heat represented by the 
added kilowatt output at the rate of approximately 
3,600 B.Th.U. per kWh. The relative amounts of 
heat supplied by the boiler, and therefore the relative 
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boiler capacities required, compare as follows: Fig. 1, 
100 per cent.; Fig. 2, 101-8 per cent.; Fig. 3, 103-4 
per cent. For installations where some superheat is 
desirable in the steam being furnished to the low- 
pressure system, the thoroughfare desuperheater might 
be designed with a greater terminal difference and 
equipped with a temperature control which would 
be arranged to control the proportion of exhaust steam 
passed through the desuperheater. Sufficient exhaust 
steam would be by-passed round the desuperheater 
so that, when mixed with the balance of the exhaust 
steam, the resultant mixture would have the desired 
temperature. The by-pass temperature control would 
be simple. It would consist of a damper or regulating 
type of valve which would be automatically controlled 
to proportion the flow through the desuperheater and 
round the desuperheater so as to give the necessary 
mixture to maintain the required temperature in the 
low-pressure system. 

Similar gains and an improvement in thermal 
efficiency of the plan may be realised in the application 
of this scheme to condensing-type extraction turbines. 
The same proportional increase in output may be 
expected from the steam extracted for use in the 
process or the low-pressure system, which reduces the 
flow of steam to the condenser for a given output. 
In addition, the efficiency of the use of the condensed 
steam is improved, resulting in a gain from that 
portion of the flow commensurate with the gain on any 
condensing cycle by the increased inlet temperature. 
Fig. 4 shows an application for an assumed requirement 
of 5,000 kW electrical energy and a low-pressure demand 
for 50,000 lb. of steam per hour at 50 lb. gauge and 
25 deg. superheat (323 deg. F. total temperature). With 
450 Ib. steam at the throttle, a total temperature of 
625 deg. F. is required to give 25 deg. superheat at the 
extraction oyening at this load. With two stages of 
feed-water heating, the high-pressure heater served 
from the 50-lb. extraction point to give a final feed 
temperature at the boiler of 288-7 deg. F., and with 
2 in. absolute back pressure at the condenser, a flow 
of 92,970 Ib. of steam per hour is required. The heat 
supplied by the boiler would be 98,455,000 B.Th.U. 
per hour. 

Fig. 5 shows an application with load conditions 
similar to those shown in Fig. 4, except that a total 
temperature of 825 deg. F. is maintained at the throttle 
and a thoroughfare desuperheater is used to reduce 
the temperature of the 55-lb. gauge extracted steam 
to the desired 25 deg. superheat. In this case the 
steam as extracted from the turbine would have a total 
temperature of 484 deg. F. (181 deg. superheat). In 
reducing the temperature of this extracted steam in the 
thoroughfare desuperheater to the desired 25 deg. 
superheat the feed water would be heated to 336 deg. F. 
The total flow of steam required from the boiler would 
be 83,670 Ib. of steam per hour. The heat supplied 
by the boiler would be 93,710,000 B.Th.U. per hour. 
As the steam-process load and the electrical load are 
held constant in the examples demonstrated in Figs. 
4 and 5, the improvement in operation would be 
measured by decrease in fuel consumption. The saving 
of 4,745,000 B.Th.U. per hour in heat supplied by the 
boilers represents a reduction of 4-7 per cent. in the 
fuel cost for supplying the steam and electrical load. 
On non-condensing extraction turbines, the application 
of the thoroughfare desuperheater would be made at 
the extraction opening or at the exhaust, depending 
upon which low-pressure system served to limit the 
inlet-steam temperature. The results from the applica- 
tion would be in all respects similar to the non-condens- 
ing-turbine application. 

No attempt has been made to determine the economic 
factors in the examples given. In evaluating the 
applications, consideration must be given to the costs 
due to the modified boiler flows, the added superheat, 
the increased turbine capacity required, and the cost 
of the desuperheating equipment. As the resultant 
increased output from the non-condensing portion of 
the cycle is at a rate of approximately 3,600 B.Th.U. 
per kWh, the allowable cost for the suggested applica- 
tion could be the same, per kilowatt of increased 
capacity, as is found to be justified for the so-called 
“ topping " installations. The svrrounding conditions 
are so diverse in applications of this nature that each 


case must be considered on its own merits. It is 
recognised that a thoroughfare desuperheater designed 
to a close terminal difference would be large. As 


previously pointed out, however, the operating margin 
will generally permit the use of a design that will serve 
to decrease the size. The thoroughfare-desuperheater 
and feed-water heater combination introduces no 
complex apparatus and includes the customary feed 
water heater. It may be equipped with all the necessary 
controls to hold constant temperatures of steam and 
feed water from it, when supplied with varying tem- 
peratures of both steam and water. The scheme shows 
substantial increases in electrical power production in 
supplying a lower-pressure steam demand over conven- 
tional adaptations of these cycles, and merits considera- 
tion in situations where the added out put is of advantage. 


ENGINEERING. 


HIGH-SPEED WATER CHANNELS. 


Since the wind tunnel is recognised as being essential 
for aeronautical research, the suggestion of utilising a 
water channel for performing experiments on the resist- 
ance of seaplane floats is an interesting one. This | 
possibility has been investigated at Oxford, and the 
results* are quite promising. Normally, experiments | 
on the water resistance of bodies have to be performed 
in a long tank through which the models are towed, | 
and both the observers and measuring instruments 
must follow the models on a travelling platform. Apart 
from other considerations, this means that since the 
tank is of finite length, the experiment comes to an 
end when the body has traversed its full length; 
the whole apparatus must then be set up again and 
traverse the tank once more. This involves an inter- | 
ruption, and in addition to the waste of time and effort, 
slight cases of instability and porpoising may not 
conveniently reveal themselves in a comparatively 
short traverse; it is desirable, therefore, that the 
motion should be observed over a long period under | 
steady conditions. For this purpose the water channel | 
would be most suitable, although for experiments on 
a large scale the supply of a sufficient quantity of | 
water presents some difficulty. 

The water channel would be subject to the restriction 
that it could only be used for velocities beyond the | 


critical, i.e., greater than Vg d, where d is the depth of | 
stream and g the acceleration due to gravity ; but this | 
would allow experiments to be made on floats at high 
speeds. The method for producing the 
required uniform high velocity stream is to construct 
a Venturi flume in a horizontal channel, and provided 
the velocity of approach is below the critical, the velo- 
city of the stream will increase towards the throat at | 
which the depth is made less than the depth at entry. It 
was determined theoretically that with free flow, the 
stream produced below the constriction is of uniform 
depth and of uniform velocity exceeding the critical, 
assuming that friction between the stream and channel 
is neglected. In order to find out if these conditions 
were realised in practice, a series of experiments was 
carried out in the Engineering Laboratory, Oxford, the | 
tests being conducted on a small scale in a rectangular | 

| 


suggested 


channel 3 ft. long by 6 in. wide by 44 in. deep, formed 
from a machined aluminium casting. 

The water supply, up to 0-1 cusec, was obtained | 
from a tank 30 ft. above. This maintained a constant 
level in a supply tank which, in turn, fed smoothly 
into the channel, the outflow falling at exit into a| 
calibrated tank. The effective width of the channel | 
could be adjusted by means of two machined aluminium 
bars fixed to the sides of the channel. A sheet-metal | 
trumpet ensured that the water passed smoothly into | 
the channel, any swirling being eradicated by gauze 
barriers. A convergent-divergent constriction was 
formed by bolting to the channel two vertical cheeks 
of thick copper sheet carefully bent to shape, the 
lengths of the convergent and divergent portions being 
4} in. and 9} in., respectively. It was found that as 
the water passed through the constriction, its velocity 
continuously increased, but the motion was extremely 
steady and the surface glassy, while below the constric- | 
tion a high-speed stream of uniform depth was formed. 
Two pairs of cheeks were formed and a series of obser- 
vations made with each to determine the depth and | 
velocity of the high-speed stream. Without describing | 
in detail the experimental method and results, the 
conclusions are of interest, since in the case of the first 
pair of cheeks the actual velocities were only about 
11 per cent. below the theoretical ones and the actual 
depths about 9 per cent. greater. In the second series, 
with a greater expansion ratio, the discrepancy in the 
velocities remained approximately the same, while that 
of the depths was slightly increased. It was concluded 
that since both constrictions had low expansion ratios 
and small divergent angles, the observed discrepancies 
were probably due to friction. 

The above preliminary experiments are sufficiently 
encouraging to suggest that it would be well worth 
while carrying out experiments on a larger scale, since 
on account of the small scale of the experiments, the 
effects of boundary friction are likely to be important, 
and viscosity cannot be disregarded. As with wind- 
tunnel experiments, it is of great importance that 
the velocity of the stream should be uniform over the 
working section, and this can be explored, on a large 
scale, by Pitot-tube measurements. On the small scale 
on which the experiments at Oxford were made, the 
introduction of Pitot tubes caused harmful disturbances 
and had to be abandoned. It had not been possible 
to make use of actual Venturi-flume installations, but 
if a vertical-walled flume passing clean water could be 
found and the permission of the owners obtained the 
investigations would be carried farther. 


* “ 4 Possible Form of High-Speed Water Channel, 
by A. M. Binnie, M.A. Aeronautical Research Committee 
Technical Report, R. & M. No (1938). HM. 
Stationery Office. Price ls. 6d.) 
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NOTES ON NEW BOOKS. 


The Fundamentals of Chemical Thermodynamics. Part I. 
3rd edition. By Dr. J. A. V. Butter. London: 
Macmillan and Company. [Price 7s. 6d.] 

THE chemical aspects of thermodynamics have received 

considerable attention during recent years and extensive 

fundamental research work has been carried out in this 
sphere of scientific activity. Dr. Butler’s book, which 
constitutes a valuable contribution to the subject, is 
devoted principally to elementary theory and electro- 
chemistry. The first edition appeared in 1928, and the 
many advances which have been recorded in this 
branch of science during the intervening period have 
necessitated the rewriting of much of the subject 
matter, together with the inclusion of some of the 
author’s recently published studies. In Chapter 5, the 
author deals with a simplified treatment of gas reactions, 
giving a clear statement of the van’t Hoff Isochore and 
ciseussing some gas reactions which are of technical 
interest; for example, the sulphuric-acid contact 
process and the oxidation of atmospheric nitrogen. 

An innovation in this edition appears in Chapter 8, 

which now includes a study of the semiquinones, 

compounds which have been detected in alkyl deriva- 
tives of para-phenylene-diamine and in various groups 
of dyes, such as the flavins and the indigoes. Dr. 

Butler’s classic studies in this realm of physical science 

have aided considerably in giving a clearer conception 

of a complex subject. 


Berlin : 
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RM. 


Ingenieure. 


Fettschmierung. 
des Vereines Deutscher 
7-50.} 

[HE manufacture of grease pumps in Germany is 

concentrated in the hands of eight principal firms, and 

this small handbook on grease lubrication is virtually a 

comparative summary of their products, particulars of 

which are collected in a folding table at the end of the 
book. Among them is to be noted the Helios lubri- 

eator, which was described and illustrated on page 204 

of the 146th volume of Encrneertnc. The book is 

more than a catalogue, however, as it contains a 

concise but reasonably sufficient survey of the compo- 

sition of the greases most commonly in use, and briefly 
discusses the principles of grease lubrication from the 
point of view of practical applications. The statement 
is made that the manufacture of compounded greases 
on a commercial basis was first undertaken by an 

Edinburgh coachbuilder named Crichton. The study 

of the composition of mixed greases is traced back to 

the year 1800. There are, of course, obvious reasons 
why the use of grease in place of oil for lubrication 


} should be encouraged in Germany, as part of the general 


economic plan, but special advocacy of this kind is 
not obtrusive in the book, which is a timely commentary 
on a branch of lubrication which has been receiving 
increasing attention in many other countries during 
the last twenty years. 


Engineering's Part in the Development of Civilisation. 
By Dr. DueaLv C. Jackson. New York: The 
American Society of Mechanical Engineers. [Price 
1 dol. 55 cents. ]} 

THE gradual recognition of the part which engineering 

has played in the development of modern civilised life 

is not confined to Europe. It was the dominant theme 
of a series of lectures which Dr. Dugald C. Jackson, 

Emeritus Professor of Electrical Engineering at the 

Massachusetts Institute of Technology, delivered 

some 18 months ago at the State College of Agriculture 

and Engineering of the University of North Carolina, 
and has now been published in book form under the 
above title. The survey commences with the beginnings 
of village life and shows how, from the emergence of 
communal thought and effort, mankind gradually 
developed the use of tools, then learned to apply 
intelligence to the control of community affairs and 
the evolution of ethical principles, and so, eventually, 
reached the present stage of a mutual interdependence, 
that is still only imperfectly realised, because it is so 
universally existent. The treatment is philosophical 
rather than merely factual, and as little or no attempt 
has been made to modify the original arrangement of a 
series of separate lectures, there is an occasional 
tendency to repetition; but, as the observations to 
which this applies are such, for the most part, as do not 
suffer by reiteration, the decision to print the lectures 
substantially as they were delivered is not detrimental 
to the argument. Most readers of Dr. Jackson's 
review are likely to find in it something to stimulate 
reflection, and those who previously have merely 

taken modern trends for granted may discover in it a 

new tolerance towards a time that sometimes appears 

to be permanently out of joint. 
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THE *“ DEJECTOR’’ BOILER SCAVEN- 
GER AND WATER SOFTENER. 


As the Dejector boiler scavenger and water softener 
which is widely used on the Continent, has now been 
introduced into this country, a description, illustrated 
by the accompanying Figs. | to 4, may be of interest. 
The apparatus is distributed by Messrs. British Boiler 
Accessories, Limited, Windsor House, 46, Victoria- 
street, London, S.W.1, for whom it is manufactured 
by Messrs. John Thompson (Wolverhampton), Limited. 
It should be understood at the outset that there is a 
cardinal difference between the Dejector and most 
other water-softening devices, in that it is situated 
in a closed circuit external to the boiler; that is, the 
raw feed water does not pass through it, the boiler to 
which the Dejector is fitted being supplied by any of 
the normal feed apparatus. The Dejector, as will be 
clear from Fig. 1, which shows it fitted to a Lancashire 
boiler, is situated, as may be convenient, in a position 
just below the water level of the boiler and is connected 
at two points to the boiler water space. 

Its operation will be best understood by first con- 
sidering its construction. As shown in Figs. 2 and 3, 
the apparatus consists of a vertical chamber with 
hemispherical ends and completely separated by a 
thick diaphragm. The space above the diaphragm 
contains a precipitating medium, such as, soda, sodium 
triphosphate, etc., while the boiler water is circulated 
through the chamber below the diaphragm to and 
from which it passes through ports in the diaphragm. 
The port a is connected to a vertical pipe, which, 
rising in a kind of loop to a level above the boiler 
steam space, has a descending vertical leg, which 
enters the boiler, being continued therein to the lowest 
point in the water space. It is at this point that 
sludge accumulates and the pipe is open-ended in its 
vicinity. The port 6 is connected to the boiler water 
space at a somewhat higher level and there is no internal 
pipe. The port a opens at c into a central open-ended 
tube extending about half-way down the lower chamber 
and surrounded by an arrangement of concentric 
conical baffles. The port 6 communicates with this 
chamber through the opening d, situated above the 
baffle system. Leading into port is a port e, which 
communicates with the upper chamber through an 
opening f. This passage allows the precipitating 
medium to flow into the stream of water leaving the 
lower chamber, the dosage being regulated as required 
by the needle valve g. ‘Che arrangement of the ports 
will be readily understood by reference to the plan of 
the diaphragm given in Fig. 4. 


The vertical leg, which is continued into the boiler, | 
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is well-lagged, but that rising from port a and the 
connecting horizontal length is not lagged, neither is 
the Dejector itself, or the pipe from port 6. There is, 
in consequence, a difference in temperature between 
the two legs which sets up a thermo-syphon effect and 
continually circulates the boiler water through the 
separating chamber of the Dejector. The thermosyphon 
effect has been carefully investigated, and is always 
positive. In some experiments made on a Lancashire- 
type boiler to establish the theory, the temperature of 
the water entering the chamber was 341 deg. F., and 
that leaving it was 323 deg. F., a good circulation being 
obtained. The normal working pressure was 142 Ib. 
per square inch (10 atmospheres). The sludge is pre- 
cipitated in the boiler itself and as it settles the water 
laden with it is automatically drawn off and passed 
through the separating chamber. In this it is directed 
downwards and has then to find its way out past the 
baffles, the particles which strike the latter being 
arrested and gravitating to the bottom of the chamber. 
The separation is assisted by the cooler water in the 
separating chamber. The trapped sludge is removed 


| Company, 
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CATALOGUES. 

Motor-Car Pistons and Rings.—We have received a 
copy of the “ Hepolite”’ piston-ring catalogue from 
Messrs. Hepworth and Grandage, Limited, St. John’s 
Works, Bradford. 


Chemical Plant and Autoclaves.—Messrs. Hadfields. 
Limited, East Hecla and Hecla Works, Sheffield, have 
sent us a folder dealing with chemical plant and auto- 
claves for high temperatures. 

Electromagnetic Relays.—We have received from 
Messrs. Londex, Limited, Anerley Works, 207, Anerley- 
road, London, 8.E.20, a leafiet dealing with the electro- 
magnetic relays which they manufacture. 

Aerial Cableways.—Messrs. John M. Henderson and 
Limited, King’s Works, Aberdeen, have 
issued a catalogue dealing with the application of aerial 
cableways to barrage and dam construction. 

Domestic Electrical Equipment.—Messrs. The English 
Electric Company, Limited, Domestic Appliance Works. 


| Preston, have sent us a copy of an illustrated brochure 


| describing domestic fires, cookers and kitchen appliances. 
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from the Dejector periodically by opening the spring- | 


loaded valve at the bottom. This valve, with its 
outler pipe, is shown in both Figs. 1 and 2. 

The Dejector is applicable to any type of boiler 
and is in use on such diverse types as those of loco- 
motives and the three-drum water-tube boilers of 
power-stations. It is claimed that it will not only 
prevent the formation of scale by removing the sludge, 
but will, in a shorter or longer time, clear out pre- 
viously-formed scale. The reagent used naturally 
depends on the scale-forming constituents of the feed 
water, both as to kind and quantity. Some results 
on a Galloway boiler in Kent may be quoted. On an 
operating period of 10 weeks, the Dejector was blown 
down twice per week for 4 seconds, and for a daily 
evaporation of about 15,000 gallons, 12 Ib. to 15 Ib. 
of soda were used, which the engineer in charge states 


involves a much lower cost than any of the other | 


softening systems he has previously tried. No new 


scale had been formed in the operating period men- | 


tioned. On the contrary, so much of the old scale 
had come away that it is anticipated that the boiler 
will eventually become quite clean. Such sludge as 


was found in the boiler was readily washed out with a | 


hose. 








ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
Mr. H. W. Swann, A.M.I.E.E., H.M. senior Electrical 
Inspector of Factories, has been elected President of the 


Association of Supervising Electrical Engineers, Aldwych 


House, London, W.C.2. He will take office in October 
on the retirement of Mr. J. R. Beard, M.Sc., M.I.E.E., 
who has been President of the Association for the past 
two years. Mr. Swann was born in Cambridge, and is 
56 years of age. 


, Limited, Trussley Works, The Grove, 


Industrial Vacuum Cleaning.—Messrs. Sturtevant 
Limited, 147, Queen Victoria- 
street, London, E.C.4, have sent us a brochure describing 
typical industrial installations of vacuum-cleaning plant. 

Cranes and Runways.—Messrs. Aabacas Engineering 
Company, Limited, Abbey House, Victoria-street, 
London, 8.W.1, have sent us leaflets describing methods 
of adapting Demag blocks and lifting tackle to difficult 
situations. 

Marine Electrical Equipment.—We have received a 
comprehensive catalogue of their products, for use on 
board ship, from Messrs. International Marine Radio 
Company, Limited, Connaught House, 63, Aldwych, 
London, W.C.2. 

Small Tools and Castings.—Messrs. Tom Senior, Atlas 
Works, Hightown Heights, Liversedge, have sent us a 
copy of a catalogue of tools and castings which they 
supply to model engineers, technical colleges, garages 
and instrument makers. 

Steam and Hydraulic Plant.—We have received from 
Messrs. Holden and Brooke, Limited, Sirius Works, 
Manchester, 12, a catalogue describing their centrifugal 
pumps, calorifiers, feed-water heaters, steam 
injectors, steam turbines and exhaust heads. 

Reinforced Basements.—Messrs. Mills Scaffold Company, 
Hammersmith, 
London, W.6, have sent us leaflets describing their 
method of strengthening basement roofs and walls in 
accordance with Home Office designs. 

A.R.P. Shelters.—Messrs. Head, Wrightson and Com- 
pany, Limited, Thornaby-on-Tees, have issued a folder 
dealing with cast-iron air-raid shelters. Among the 
advantages, it is claimed that the scrap value of the 
shelters is 40 per cent., or more, of the purchase price. 


traps, 


Railway-Signalling Equipment.—Meassrs. Westinghouse 
Brake and Signal Company, Limited, 82, York-way, 
King’s Cross, London, N.1, have issued an attractive 
brochure giving illustrated particulars of modern hump- 
yard equipment and of installations supplied by them. 

Electrical Distribution Accessories.——Messrs. British 
Insulated Cables, Limited, Prescot, Lancashire, have 
sent us two catalogues, one of which describes and illus- 
trates service cut-outs with non-conducting cases, while 
the other deals with feeder and distribution pillars and 
panels. 

Blast-Furnace Auriliary Equipment.—We have re- 
ceived from Messrs. Head, Wrightson and Company, 
Limited, Thornaby-on-Tees, and Stockton-on-Tees, a 
folder illustrating roasting kilns, pig-iron casting 
machines, hot-metal ladles and _ side-tipping slag 
carriages. 

Case-Hardening and Annealing Bores.—Messrs. Dar- 
wins, Limited, Fitzwilliam Works, Sheffield, have issued 
a list of the patterns of case-hardening and annealing 
boxes which they have in stock. Some notes on the 
maintenance of equipment used at high temperatures 
are included. 

Woodworking Machinery.—We have received from 
Messrs. John Pickles and Son (Engineers), Limited, 
Hebden Bridge, a copy of a comprehensive catalogue 
of woodworking machinery, including the products of 
their incorporated firm, Messrs. A. Ransome and Com- 
pany, Limited. 

Fuse Carriers and Links.——Leaflets are to hand from 
Messrs. A. Reyrolle and Company, Limited, Hebburn- 
on-Tyne, describing cartridge fuse-links for currents up 
to 600 amperes at 660 volts. They are intended for use 
in fuse-carriers, and are available in three sizes. The 
contacts are cadmium plated. 

Electrical Equipment.—-Messrs. The Automatic Coil 
Winder and Electrical Equipment Company, Limited, 
Winder House, Douglas-street, London, 8.W.1, have 
issued two leaflets, copies of which have been sent to us, 
describing their multi-range universal ‘‘ Avometer ”’ 
and the “ Avo” test bridge. 
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‘* ENGINEERING’’ ILLUSTRATED 
PATENT RECORD. 


ABSTRACTS OF SPECIFICATIONS RECENTLY 
PUBLISHED UNDER THE ACTS OF 1907 TO 1939 
The number of views given in the Specification Drawing® 

is stated in each case; where none is mentioned, the 

Specification is not illustrated. 

Where inventions are communicated from abroad, the 
Names, etc., of the Communicators are given in italics. 

Copies of Specifications may be obtained at the Patent 
Ofice Sales Branch, 25, Southampton Buildings, 
Chancery-lane, London, W.C.2, price 18. each. 

The date of the advertisement of the acceptance of a 
Complete Specification is, in each case, given after the 
abstract, unless the Patent has been sealed, when the 
word “ Sealed” is appended. 

Any person may, at any time within two months from the 
‘dake of the advertisement of the acceptance of a Complete 
Specification, give notice at the Patent 
opposition to the grant of a Patent on any 
grounds mentioned in the Acts. 


INTERNAL-COMBUSTION ENGINES. 


506,400. Combustion Chamber. Vauxhall Motors, 
Limited, of Luton, and A. Taub, of Hendon. (11 Figs.) 
November 26, 1937.—-The object of the invention is to 
produce better control of combustion so as to minimise 
shock and detonation. The sparking plug is located 
in an inclined wall on one side of the combustion chamber, 
on the line between and at right angles to the line joining 
the centres of the valves [and E. The valves themselves 
are displaced to one side of the cylinder centre line, 
towards the sparking plug. The top wall of the chamber 
on the side away from the sparking plug is inclined 
at an angle of about 45 deg., is flat, and is of segmental 
shape, with the chord of the segment parallel to the valve 
centre line. The top of the piston P is similarly shaped, 
so that when the piston is at top dead-centre there is a 
clearance space D which forms an anti-detonation pocket, 
and is between 0-030 in. and 0-090 in. thick. From the 
chord boundary the top wall of the chamber is flat 
and the valves I, E are located in this part It is slightly 
inclined upwards until it meets the inclined side wall 
in which the sparking plug is located. HKelow the sparking 


of the 


plug the wall is vertical to the top of the cylinder Q, 


Fig.2. 
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The top of the piston P is also shaped so as to provide a 
Taking 
the sparking plug points as the centre of a sphere, then 
successive spherical segments within the combustion 
space at increasing radii are such that, for different 
compression ratios, the ratio of expansion of burned gas 
to flame velocity not exceed certain maximum 
values. Thus, for a compression ratio of 6-5, the maxi- 
mum value of the expansion /velocity ratio is 1-8, and 
must be reached before the flame has travelled 15 per 
cent. of ite total distance. In order to provide, within 
the early part of the flame travel, a larger volume-to- 
surface ratio than is obtained by a flat piston surface 
and chamber wall, the wedge-shaped chamber adjacent to 
the sparking plug is increased in volume between 10 per 
cent. and 30 per cent. of the total distance of the flame 
travel. This has the effect of increasing the expansion 

velocity ratio over that range of flame travel, and is 
effected by forming a hollow P, of a hemi-ellipsoid shape 
in the flat piston top facing the sparking plug, the 
approximate centre of curvature being roughly at the 
plug points. The major axis of the hollow P, is parallel 
to the valve centre line and lies just outside the plane of 
flat piston surface. In this way the flame front area 
reaches a maximum within a third of the total flame 
travel, which is before the piston reaches its top dead- 
(Accepted May 26, 1939.) 


combustion space which will not produce shock. 


does 


centre position. 


MACHINE AND OTHER TOOLS, SHAFTING, 





ETC. 
605,589. Belt-Fast Machi Heenan and 
Froude, Limited, of Worcester, G. h. Walker and T. 


Hanson, of Worcester. (7 Figs.) November 13, 1937. 

The two clinching jaws A are operated by a sliding block 
B, the rear end of which carries a spring-loaded paw! b. 
The pawl b engages the teeth of a ratchet quadrant D 
loosely mounted on an eccentric ¢ oscillated by a pair of 
levers. The teeth of the quadrant are eccentric to the 
parte. The pawl is wider than the teeth of the quadrant 
D and also engages the teeth of a second quadrant D' 
pivoted on the frame, the teeth of which are eccentric to 
ite pivot. The quadrant is controlled by a spring. The 
sliding block B is held in ite rearward position by springs, 
and operates as follows :—At the commencement of the 
operation the parts are in the positions shown. The 


Office of 


ING. 
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operating levers are then moved forward causing the 
eccentric ¢ to move the quadrant D forward with the 
pawl engaged, and so to move the block B forward. The 
block moves the pawl out of engagement with the lower 
tooth on the locking quadrant D', which will therefore 
be pulled down by its spring until another tooth engages 
the pawl. When the levers are moved back the quadrant 
D is moved out of engagement with the pawl which is 
held by the quadrant D'. The block B is thus prevented 
from moving backwards. As soon as the quadrant D is 
out of engagement with the paw! it pivots about the 
eccentric e until another tooth comes into engagement 
with the pawl. At the next forward movement of the 
levers the operations are repeated and the block B is 
moved forward a further step. By depressing an arm 
the quadrants are returned to their initial positions after 
the clinching operation. Each clinching jaw A carries 
rollers a' which bear against an inclined surface C' on 





the frame of the machine and a second roller located | 
within a hook-shaped projection at the front of the 
block B. Each jaw has two rearward projections each 


carrying a roller a® engaging a camplate fixed on the 
frame of the machine. The rear surface of each plate is 
concentric with the axis of the roller a' before the latter 
moves forward, and the upper surface is parallel to the 
surface C', Thus, as the block B moves forward, the 
rollers a® ride up the cam faces and the jaws rotate about 
the axis of the rollers a' until they are parallel. Then, 


as the block B moves further forward, the rollers a! move | 


1 


along the inclined faces ( and the jaws are forced 
together into the final clinching position. Each jaw is 
thus supported at three points and its movement 
prevented except when the machine is operated to vary 
the position of the roller a*. The comb plate G is fixed 
to the end of a tube sliding in the block B and is spring- 
loaded to maintain the comb plate in contact with the 
rear face of the jaws. As these close, the comb plate is 
forced back towards the block B, carrying the fasteners 


is 


with it. The fasteners are thus held firmly and are 
correctly positioned in the comb plate. (Accepted 
May 15, 1939.) 
MISCELLANEOUS. 
506,180. Temperature-Regulator. C. E. Abell, of 
Worcester. (2 Figs.) November 25, 1937.—The appa- 


ratus is designed particularly for the control of the heating 
of a hop kiln. In the example shown, the kiln is fired 
with solid fuel by a mechanical stoker driven by an 
electric motor which controlled by a relay. The 
energising circuit of the relay is controlled, in turn, by 
the regulating apparatus. A thermometer in the kiln is 
connected to a temperature recorder having a pen arm 6 
and a circular paper chart 7 rotated by clockwork. The 
thermometer is of the mercury type and is connected 


is 
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to the arm 6 by a tube terminating in a Bourdon tube. 
A transparent disc 15 is mounted above the chart, clear 
of the pen arm, and is clamped to the chart-spindle and 
rotates with it. In this disc are cut several grooves 17, 
each having a course of the same shape as the required 
temperature ‘time curve. A pilot arm 18 is 
about the same axis as the pen arm 6, but is independent 
of it. The pilot arm has a downturned point which is at 
the same radial distance as the pen-point and which 
rests in a groove 17 in the dise under its own weight. 
The arm 18 carries an insulating block 21 in which two 
normally closed contacts 13, 14 in the energising circuit 
of the relay are mounted on spring strips. One strip 
extends beyond its contact 14 and is engaged by a finger 
projecting from the pen arm 6. Thus the contact 14 is 
influenced in accordance with the rise of the kiln tempera- 
ture, while the cont..ct 13 in accordance 
with the required temperature time curve. The opera- 


moves solely 


pivoted | 


tion is as follows :—The point of the pilot arm 18 is placed 
at the inner end of the selected groove 17 and the dise 15 
is then clamped to the spindle. The contacts 13, 14 
are initially touching, the relay is excited and the stoker 
is in operation. As time goes on, the arm 18 is moved 
outwards by the groove and with it move the contacts 
13, 14, which still tend to remain closed. Whenever the 
rising temperature in the kiln exceeds the predetermined 
value for the corresponding time in the temperature time 
curve, the pen arm 6 moves away from the pilot arm 18, 
and the finger engages the strip and causes the contact 14 
to separate from the contact 13. The relay is de-energised 
and the stoker is slowed down, so that excessive tempera- 
ture rise is checked. When the contacts 13, 14 re-engage, 
the stoker is speeded up again. For ensuring the main- 
tenance of a required maximum temperature the groove 
17 runs into a continuation groove concentric with the 
axis of the disc. This mode of control has the advantage 
that any failure in the relay circuit results in the heating 
being stopped. (Accepted May 24, 1939.) 


507,082. Brake-Testing Apparatus. Bendix, Limited, 
of Birmingham, and L. R. Payne, of Birmingham. 
(4 Figs.) December 31, 1937.—The apparatus is of the 


type in which the vehicle wheels are supported on rollers 
which are driven by electric motors, and on application 
of the brakes the resistance offered to the rotation of the 
rollers is measured. The front carriage of the brake- 
testing machine carries rollers 11, on which the front 
wheels of the vehicle are supported during the test. The 
carriage is supported on flanged wheels running on rails, 
so that its position can be adjusted to the wheel-base of 
the vehicle under test. Cranked struts 14 of channel 
section extend from the front of the carriage at each side, 
and their front ends are connected to lugs on a rigid yoke 
17 forming the body of the anchorage. The yoke slides 
on a T-section beam 18 bolted to the floor midway 
between the rails. The end of the yoke nearest the 
carriage is supported by rollers 21 running on the top 
of the beam flange and mounted on a spindle which is 
vertically movable in slots in the yoke. The base of the 
yoke has inward projections engaging the underside of 
the beam flange. A pair of levers 24 is pivoted on the 








—— 
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upper part of the yoke, and a nut is pivoted between 


be rs on? ek 
the upper ends of the levers. A screw-threaded take-up 
spindle works through the nut, and at its rear end is a 
hook for a chain connected to another hook 30 engaging 
the front axle of the vehicle (Fig. 1). The screw-threaded 
boss of a handwheel works on the spindle. The lowe1 
ends of the levers are connected to a pair of wedges 34. 
Normally the levers 24 are inclined forwards by a spring- 
loaded plunger 35, in which position the wedges are free. 
The weight of the wedges when in the free position is 
| taken by tension springs, so that they are held out of 
| engagement with the beam flange, and the carriage and 
| yoke are free to move. In use, the carriage is adjusted 
| longitudinally on the rails to suit the wheel-base of the 
vehicle which is driven on to the tester, and the hook 30 
is engaged with the front axle. The handwheel then 
takes up the slack in the chain, and the tightening of the 
| chain rocks over the levers 24 which draw the wedges 34 
lin between the inclined surfaces on the yoke and the 
upper surface of the beam flange so that the yoke and 
with it the carriage, is locked tothe beam. Any tendency 
for the car to*move backwards on application of the 
brakes increases the pull on the chain, and hence the 
| locking effort is automatically proportioned to the load. 
( Accepted June 9, 1939.) 
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Drain Pump and Feed Pump Enclosure.—F, + d, + can be deduced from the outer boundary enclosing 
ey + ‘s =Fp+Vt+rp P the whole plant, and the fact that it has been 
he 4 - A : bs pay =F, 2 ; ? eo obtained by the merging of all the equations deduced 
No. 1 Heater_—F, 4+ f ty Lely Bay hy By from the individual units composing the plant 
Drain Cooler.—Fe 4+ d, Bf F, + d, + mt Bid v8 passion a check on the accuracy of all previous 

Ate Bicclor. — ; a Hid equations. 
dea + ms sin Hick ood incest Hadise Mk | It has thus been indicated how individual units 
These equations can be arranged so as to facilitate | OF combinations of units can be analysed regarding 
the elimination of certain terms when the nine | Ts of flow of energy 9 08 to result in p Sar 
of energy equations, and since such equations are 


equations are added together, as follows :— | the basis of energy balance sheets, the latter can be 


SEPT. 8, 1939. 


HEAT FLOW DIAGRAMS OF 
STEAM-TURBINE PLANT. 


By A. C. WatsHaw, M.Sc., A.M.I.Mech.E. 


A GENERAL method by means of which an analysis 
may be made of the various quantities of energy 
flowing along the interconnected streams of any 
steam-turbine plant is given below. The analysis 
results in a series of equations connecting the rates 
of flow of heat along the various streams, and by 
means of which balance sheets and _heat-flow 











diagrams can be drawn up for any part of or the | % — 4s = F,—F.+'s' drawn up without any danger of error regarding 
whole of the plant. The method can best be pre- Be + 4, — ae d 3) Lf iz +. the items which should appear on the balance sheets 
a by dealing = a particular —- — . rn +a, ™ a _y pe F, _F m4 Me : of individual] units or combinations of several units. 
he a ry ae} diagram represents the clo bs e¥~4, om ¥, — Fo+s Also, with such energy equations in the background, 
circuit of the working agent. It will be seen that |g —@, = F, —F, +1, | heat-flow diagrams of the type shown by the 
the circuit is made up of interconnected streams | 6, +d,+d,—d, = F, — F,+r,| diagram can be drawn up with the greatest confi- 
— flow rage a turbine, condenser, feed- d, = F,— He +r,|dence. Flow diagrams of this type on which the 

eating system an iler. These units are first + interco ted st: labelled with the rates 
considered separately and then together in connec- | J + és = Fe— F. + Ta | of bing ae aa ( moabe a Ran of walle a 
tion with the whole of the thermodynamic plant. Th +da, 2 dag agent as regards pressure, temperature or dryness 
It will be noticed that the complete plant has been - fraction, are invaluable for the efficient and con- 


enclosed within an outer boundary, and the indi- 
vidual units in boundaries of their own, or inner 
boundaries. The quantities of energy flowing per 
unit of time along the various streams entering and 
leaving the several boundaries have been repre- 
sented by letters with an attendant arrow to indicate 
direction. The following energy equations for the 
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individual units and for the whole plant can, 
therefore, be deduced from the fact that, under 
steady conditions, the energy per unit of time 
entering any particular boundary must be equal to 
the energy per unit of time leaving that same 
boundary. 

Turbine Unit.—From the boundary surrounding 
the turbine unit the following equation, which 
equates the rate of inflow to the rate of outflow of 
energy, can be deduced :— 


ORE Cet hire eee te 
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Feed-Heating Plant.—It will be seen on referring 
to the diagram that the streams = b bled from the 
turbine supply energy to the five feed heaters, 
while the streams g and j supply energy to the 
gland heater and air ejector, respectively. A drain 
cooler is placed between the air ejector and No. 1 
feed heater, and it will be noticed that there is a 
drain pump delivering into the feed-pump suction 
*bus between heaters Nos. 2 and 3. Assuming for 
the present purpose that the evaporators are not 
in service, it will be seen that the feed-heating line 
can be divided into nine enclosures as shown in 
the diagram. The energy per unit of time entering 
each enclosure must be equal to the energy per 
unit of time leaving that enclosure if uniform and 
steady conditions are maintained. Dealing now, 
in turn, with each of the nine enclosures of the feed- 
heating system, the following energy equations can 
be formulated :— 


No. 5 Heater.—F, + 6, =F, +4;+7; 
No. 4 Heater.—F, +6,+d,=F,+d,+7, 
No. 3 Heater —Fy + 6,+d,=F,+4,+ 15 
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(bs + bg + by + bg +9 +5, +39) + (€; + Cg + ys) = 

(Fy —Fo + (tsttatts tty +tett tit nh 

+ ra) + (dy + da, + dag) : : . (I) 
That is, the sum of the energy equations of the nine 
individual units composing the feed-heating system 
results in equation (II), which will be seen, on 
referring to the diagram, to be the energy equation 
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of the whole feed-heating system when considered 
as one unit. 

Condenser Unit.—From the energy streams 
entering and leaving the boundary which encloses 
the condenser unit, the following energy equation 
can be deduced :— 

E + Wi + da, + dy + dag = Fe + Wot fe 
or, On rearranging, 

(E — Fe) + (day + dy, + dag) = (Wo — Wi) + re 

> blip fe. | ence 

Boiler Unit.—Similarly, from the boundary 
enclosing the boiler unit can be deduced the energy 
equation :— 

A+L+F,=8+G+rp 
or, On arranging, 
L=(S —F,) +(G@ — A) +r5 (IV) 

The resultant equations (I), (II), (III), and (IV) 
of the four units—turbine, feed-heating system, 
condenser, and boiler, composing the plant can be 
merged together to result in one equation, which 
covers the whole of the plant enclosed within the 
outer boundary. Thus, on adding the four equations 
rearranged in the following way :— 


lai 48+ E+ +i+E'd) 
Lie= L’r—F, + Fi —g+j+h'b)+2z'd 
oO = (We — Wi) +e +F. —E —X'd 
L = (G—A)+r,+S8—F, 
we get 


L+Ze=B+(W, —Wi)+(G—A)+=r 
o Re 

This last equation (V), as will be seen with ref- 
erence to the diagram, is the energy equation which 





tinuous operation of complex power plant. 








THE NATIONAL PHYSICAL 
LABORATORY. 


(Continued from page 251.) 
MetrRoLocy DEPARTMENT—(continued). 


Line Standards. Electrical Resistance Verification 
of Surveying Tapes.—Apart from routine remeasure- 
ments of the Laboratory line standards, work in 
this division has been mainly concerned with the 
verification of the standard tapes used for triangu- 
lation surveys. The Ordnance Survey is at present 
conducting a new primary triangulation of Great 
Britain, for which base measurements have now 
been completed with the use of three master tapes, 
each 24 m. long, made of Invar. These tapes, 
verified at the Laboratory before the survey was 
started in 1937, have now been checked with very 
satisfactory results. Two of the tapes have remained 
constant in length within 1 part in a million, while 
the third shows a total change of only 2 parts in a 
million. 

The material Invar is, of course, used for surveying 
tapes for work of extreme precision on account of 
its low coefficient of thermal expansion. It is 
worth noting, however, that the merit of the small 
temperature coefficient resides not so much in its 
low value, since the much higher coefficient for a 
steel tape can be determined very accurately ; but 
mainly in the difficulty which occurs in determining 
the temperature of a tape used out of doors and 
hence of allowing for its expansion or contraction 
relative to the temperature conditions at which its 
length was standardised. Hence, although steel 
tapes are much superior to Invar tapes in respect 
of mechanical strength and stability of length, i.e., 
absence of secular change, the accuracy which can 
be practically obtained in length measurements is 
generally less with steel tapes under normal con- 
ditions of use. 

With the object of surmounting this disadvantage 
of steel as a material for line standards, the Metrology 
Department made an experimental investigation 
some time ago of the relation between the length 
of typical steel tapes and their electrical resistance. 
It will be obvious that, if electrical resistance can 
be made use of to indicate length directly, the 
uncertainties of temperature estimation are obviated. 
Tests under laboratory conditions promised, in fact, 
that the electrical method could be used successfully. 
The method is accordingly being tested under field 
conditions, with the co-operation of the National 
Physical Laboratory, by the Australian Survey 
Corps, who have acquired for the purpose four 
50-m. steel tapes. These will be used in pairs to 
avoid the necessity for a long return lead of uncertain 
electrical resistance, and a suitable resistance 
bridge has been designed, by the Electricity Depart- 
ment, such that length measurements will be 
obtained by reference to both tapes together, the 
electrical resistance measured being that of the 
two tapes in series, and the length being determined 
simultaneously with resistance. With this circuit, 
preliminary trials have been carried out at Tedding- 
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ton over the temperature range up to 30 deg. C.,| taken to recondition the high-precision knife-edge 
the length of each tape veing determined for a given | balance, which has a capacity of 1 kg., and which 
value of the combined resistance of the pair. | was constructed in 1933 for use chiefly in precision 
Interferometry. Refractive Index of Air. Measure- | Weighings of primary standards. Experiments have 
ments of Thin Mica.—The brief reference previously | been made to ascertain the procedure and technique 
made to the verification of slip gauges by means | most favourable to the achievement of maximum 
of an interferometer represents one of many applica-|®¢curacy in weighing, and the methods now 
tions of optical methods to precision measurement developed for such work present a number of 
which are nowadays being successfully practised in| features of interest. Distant controls, enabling 
metrology. Underlying much of this work is a|the operator to stand remote from the precision 
good deal of fundamental research, notably asso-| balance, have been devised not only to set the 
ciated in the first place with the exploration of the | balance swinging and to arrest it, but also to inter- 
possibility of using the wavelength of light as a| Change from one scale pan to the other the standard 
fundamental standard of length, and latterly | weights under comparison. One of the controls 
concerned with an indirect aspect of the same| brings the balance to rest temporarily, without 
problem: the determination of the refraction and | disengaging the knife edges from their bearing 
dispersion of air over the range of light wavelengths | Planes, and the interchange of weights is done while 
within the visible spectrum. As the outcome of| the balance is in this condition. The position and 
comprehensive experiments on this subject, embrac- | 08cillations of the balance arm are indicated, and at 
ing dry carbon-dioxide free and ordinary moist |the same time enormously magnified by an optical 
atmospheric air at temperatures between 12 deg. | 'Tangement comprising a source of light, a spherical 
and 31 deg. C., and at pressures between 100 mm. | mirror and a distant scale, similar to the system used 
and 800 mm. Hg, a new type of general inter-| With a sensitive galvanometer. The outcome, as 
polation equation has been formulated, from which | regards mass comparison, is to allow 1 kg. to be 
definitive values of refractive index over the range |™easured to an accuracy of 0-001 mg., which 
of the above conditions may be calculated for all|Tepresents a precision of 1 part in a thousand 
radiations within the wavelength band from 4,358 A | million. 
(the violet line of mercury) to 6,438 A (the red line| The re-determination of the gravitational con- 
of cadmium). The accuracy of the formula, which | stant at the National Physical Laboratory, to which 
is being published along with a full account of the | references have been made in ENGINEERING from 
research in the Philosophical Transactions of the | 
Royal Society, is remarkably good, the precision | 
being of the order of +1 part in 100 millions, 
according to the internal evidence of the experi- | 
mental results in the case of dry air free from carbon | 
dioxide. One important feature of the equation 
is that it enables comparisons to be made between 
the results of refractivity and compressibility 
measurements on air, relative to the departure of 
air, regarded as a gas, from Avogadro’s law. 
The visible spectrum does not, of course, cover the | 
entire range of spectroscopic requirements. In| 
particular, a need exists for more accurate data than 
are at present available with regard to the refractive 
index of air in the ultra-violet and infra-red spectral 
regions. The research is therefore being continued 
to cover these conditions, and the necessary altera- 
tions and additions to the apparatus are at present 
being made in preparation for the extended work. 
Upon such a firm experimental foundation the | time to time during the course of the work, has 
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globinometers and many types of burettes and 
pipettes. 

Work of a research character underlying the 
standardisation of glassware has been especially 
| directed towards the simplification of routine test- 
|ing procedure, among which may be mentioned a 
method of verifying standard hydrometers by means 
of a single liquid of known density. One of the 
liquids used for this pupose is xylene, and it has 
'been the practice, until recently, to determine its 
density at a standard temperature by balance 
|weighing. As an alternative to this method, experi- 
ments are in progress with a sensitive form of 
hydrometer, having a scale ranging from 0- 8609 g. 
to 0-8612 g. per millilitre, and accurate, so far as can 
be judged from the tests so far carried out, to with- 
|in 0-00001 g. per millilitre. Accurate temperature 
| control is, of course, essential to the successful use 
\of this instrument, a thermostatically controlled 
bath being employed for the purpose. The sensi- 
| tivity of the hydrometer is remarkable under careful 
| conditions of use, and may be illustrated by the fact 
| that when the hydrometer is floating in xylene, a 
| temperature change of 0-01 deg. C. causes a change 
‘of hydrometer reading equivalent to a length of 
| 1 mm. on the scale. 
| The verification of mercury barometers, while 
|involving a totally different technique, has this in 
common with the other types of glassware, that a 
marked increase in the volume of test work has 
raised in acute form the problem of how to carry out 
| these tests rapidly and yet accurately. The method 
at present being employed with considerable success, 
| consists in verifying several barometers at a time by 
comparison with the reference standard barometer, 
/all the instruments being enclosed together in a 
|chamber within which variable atmospheric condi- 
|tions can be meticulously controlled. Thanks to 
| this new equipment, it has been possible during the 
| past year to reduce very materially the time during 
| which barometers under test are kept under observa- 
| tion, and hence to verify more than twice as many 
| instruments as are tested in a normal year. 


Witt1am Frovupe Laporarory. 


Commercial Testing. Herring Drifters. Inter- 
| national Comparative Trials.—The decline, from the 
| peak figure of 1936, in the number of ship designs 
|tested for commercial firms, which was already 


| marked during the latter part of 1937, has been 


department is able to proceed confidently to the | now been completed, and a full account of this | accentuated during the past year, with the result, 
development of interferometric methods of fine very notable research has been published.* After | Shown by Fig. 9, that only 37 designs have been 
measurement. ‘Among the most interesting of such | q}] corrections have been applied, the final value | Submitted during the past year. This situation 





recent examples is an optical system devised, | ¢, j ‘ . . 
at the request of the British Electrical and Allied | the limits of experimental ccearacy being & 00016 
Industries Research Association, for measuring the | em. per second per second. This value = $4 related 
thickness of certain very thin specimens of mica.|to the situation of Potsdam, for comparison with 
The question at issue was evidently to ascertain the | the absolute determination of one hs Kiihnen 
thicknesses of the thinnest achievable lamine of | and Furtwangler in 1906 pe the woh (Pots- 
different sorts of mica, and the specimens considered | dam) — 981-261, which is somewhat are than 
were irregularly-shaped pieces comprising several | Kiihnen and Furtwingler’s value of 981-274, and 
lamine of which small areas a few square millimetres | 4 jittle higher than a determination, carried out in 
in area, projecting around the edges, were of minute | 1936 at Washington by Heyl and Cook of the 
and approximately constant thickness, ranging from Bureau of Standards, which gave the value 
0-0006 mm., down to as little as 0-0001 mm. Potsdam) = 981 254. — ° 
Measurements of these tiny specimens were made by ( Volumetric Gl a H 
placing the mica between two heavily-silvered inter- | Th — vial ‘el the t —— Barometers. 
ferometer plates separated by an air film about in rt poy t ut “es ogy ay oy which 
0-07 mm. thick. An intense beam of parallel, | a ‘ ined di - waste ret rman _ f = 
monochromatic light was directed between the | po toa at ~ ny . ; ee re Laney te 
—— ee and transmitted by the mica and | ages ST ae 3 I ae 
air included between them. Hence, the thickness | Sane : ons 
of the mica was determined by observing the relative | - apemer _— er ee 4 _ oe were Ay 
displacement of the interference fringes. The result athens gore eneteraee ae and food- 
depends on a knowledge of the local refractive index | re serrpone A ween As = ying _ these 
of the mica, and since this value was assumed equal pepe yt —_ ae. Boos made, first, of 
to that of published data, it was thought worth while | @ conmaETaaT omen of work carried out recently 
to check the result obtained optically for one of the Petes ‘heume Co ave he ry —wenpeny—0y « _ 
thickest samples by a sensitive mechanical method. | ;. "te Now ge eg © the publica- 
The agreement obtained for a thickness of only | 202 monday \d~ a of ® second edition of the 
6,000 Angstrom units was very satisfi 7 e | a . «ya re — ——— . 
ng y satisfactory, and the Testing Tar and its Products.” Secondly, there is 
conclusion drawn therefrom, combined with the | noteworthy a steady increase in the uantit of 
internal evidence of the optical measurements as a | volumetric glassware submitted to the Tawi 
whole, was that the precision was of the order of | for test, the annual amount of such test work being 
F ta , earn mew | to £3 per cent. of the | now nearly double what it was six years ago. The 
. _ Rie ‘ apparatus includes density hydrometers used by the 
Standards of Mass and Time.—-No very important | milk and bacon-curing industries, as well as hemo- 
re-verifications of mass standards having been : 
required during the year, the opportunity has been 
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|is somewhat anomalous in view of the recent in- 
| creases in tonnage under construction in shipbuilding 
| yards, but the explanation is that a large proportion 
| of the latter is naval work, whereas the Froude 
|Laboratory is concerned only with mercantile 
| vessels. It is noteworthy, as indicating the apprecia- 
|tion accorded abroad to the Laboratory’s work, 
that nine of the 37 designs were submitted by firms 
|in foreign countries. Most of the tests were con- 
|ducted with propellers running, being driven from 
|inboard by the recording apparatus developed at 
|the Laboratory, the suggested propeller designs 
| being in many cases modified prior to the tests in 
| directions in which improvements appeared obvious. 
The results obtained have been as successful as 
| usual, one design being improved by over 20 per cent., 
five by proportions between 10 per cent. and 20 per 
|cent., and seventeen by from 2 per cent. to 10 per 
cent. 

| Despite the relatively small volume of commercial 
test work, the designs considered cover a wide 
| variety of ships, ranging from large Atlantic liners 
to trawlers, and including express and coastal 
cargo boats, high-speed tankers, tugs, dredgers 
}and fast motor boats. Among the more compre- 
| hensive industrial researches is a further series of 
trials, undertaken at the request of the Herring 
|Industry Board, to develop a good form of small 
| drifter of the type which is about 70 ft. or 80 ft. long 
}and is motor driven. In the same connection, the 
| Laboratory staff has assisted in full-scale tests of an 
|existing steam drifter, in the course of which 
| measurements of coal consumption, speed, engine 
revolutions and horse-power were taken as a basis 
| of performance estimation. The results have shown 
that, without loss of seaworthiness, the fuel consump- 
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tion of herring drifters can be reduced by about; The work on which they are based covers not 
40 per cent. | only several series of tank tests upon self-propelled 

The great importance attaching to the accuracy | models in calm water and in trains of artificial 
with which ship performance can be predicted | waves, but also upon measurements on actual ships 
from tank tests has given rise to activities in two | of fluctuations in propeller-shaft torque, to corre- 
interesting directions. In the first place, a close | spond with which estimates of the roughness of the 
comparison has been made between the results of | weather were made by observers on deck. Among 
measured-mile trials on the twin-screw Houlder | the most interesting results deduced is that propul- 
liner Beacon Grange, carried out at four speeds, | sive efficiency tends to diminish when vessels are 
and corresponding tank tests on a model of the | Subject to short waves, the performance under such 
ship. The power estimated from the model results | conditions being generally inferior to that obtained 
was found to be 2 per cent. less than that measured | in long waves of no great height. The influence of 
on the full-scale vess>!. Similar comparisons are| rough weather in relation to the characteristic 
now in course of analysis for a single-screw vessel | features of propellerdesign is, of course, verycomplex, 
of the Brocklebank line, upon which full-scale trials| and such that variations of propeller diameter, 
have already been conducted on the measured course | pitch, and blade area all introduce interacting 
off Polperro. In this case the propeller shaft was | contributions to the efficiency of the screw in a 
fitted with a Ford torsion meter and good records of | seaway. Nevertheless, it has been possible to state 
speed, power and engine revolutions were obtained. the conditions under which propellers of large 
Five other comparisons between ship and model | diameter and small pitch ratio can yield the best 
have shown agreement within 3 per cent., when the| results. One other conclusion, of considerable 
full-scale results were corrected for wind resistance, importance from the standpoint of tank research, is 
but in certain other instances much greater anoma-/that the simple, and therefore more commonly 
lous disparities have been noted, the reasons for| adopted, method of designing screws from data 
which are not yet understood and are at present | obtained by smooth-water tests is sound in 
being sought. Two sister ships, for example, | principle. 
revealed considerable differences both in power! For the most part, such work as the foregoing 
absorption and engine speed. To some extent! has hitherto been conducted on a twin-screw hull, 
the anomalies are thought to be associated with! byt a further stage of the research is now in progress 
errors in power measurement since the trials of | on models representing a single-screw express cargo 
one other ship, from which results were based on vessel, about 400 ft. long and capable of speeds in 
the mechanical efficiency of the engine as previously | the region of 12 knots. The hull is being self- 
determined by bench tests at the makers’ works, | propelled by screws of various diameters and blade 
gave performances exceeding by 20 per cent. those | sections, and, by means of different models, tests 
predicted from tank tests. Evidently, also, the| are to be carried out on hulls of substantially the 
weather conditions at sea are to some extent respon-| same vessel but varying in fullness from 0-73 to 
sible for the large power absorptions observed on | (.77 block coefficient. Experiments are being made 
ships. This same vessel, for example, exhibited | to cover both loaded and ballast conditions, and 
wide variations in its service results over a long} three degrees of sea-roughness, always, however, with 
period, but its average power for all fine weather | regular waves impinging on the ship from ahead. 
voyages was only about 10 per cent. above the; An interesting investigation, associated with the 
tank test estimates. | behaviour of ships in rough weather, was on exhibi- 

Even the tank tests themselves, while generally ‘tion at the Annual Visitation in June. It was 
giving very consistent results from which reliable| concerned with the relative merits of various types 
estimates can be made as the outcome of increasing | of bilge keels and shapes of hull in reducing rolling. 
experience and knowledge of the empirical factors| Tests were in progress in the New Tank upon a 
required to convert model results to the full-scale, | 1/22 scale model representing the hull of a ship about 
are subject to interference and other effects asso- | 275 ft. long. The model hull was suitably ballasted 
ciated with the design and relative proportions of | to give a draught, a moment of inertia in roll, and 
the experimental equipment as a whole. Thus, a metacentric height corresponding to the desired 
there are well established discrepancies between| full-scale vessel. It was attached to the towing 
tests conducted in different tanks upon identical| carriage in such a manner as to be guided and 
models ; and if the causes underlying such discrep- moved forward through the water without constraint 
ancies could be completely determined, it is reason-| in respect of rolling and heaving, these motions 
able to suppose that the accuracy of full-scale being recorded in the usual way when the model, 
performance prediction would be improved. With | at speed, was released from angles of roll up to 
this object the Froude Laboratory is co-operating about 10 deg. The results so far obtained have 
with the national ship-testing establishments in| shown valuable effects of bilge keels in damping 
Italy, Germany and Holland, by conducting a series | rolling motion, their influence being hardly at all 
of resistance and self-propulsion tests on models | affected by the speed of the ship. 
made to a given set of lines. The actual test work) Further confirmation of the reliability of tank 





at Teddington has already been completed, but the 
comparison of all the results is still in progress by 
the staff of the tank at Rome. Two comparisons | 
of this sort have already been made between the | 
Froude Laboratory and Dutch tanks, and the results | 
have shown, for models of both fast and slow vessels, 
that the resistances measured at Teddington are | 
about 4 per cent. higher than those measured in 
Holland. 
In addition to tests on ships’ hulls of normal 
shape, a large number of planing hulls have been | 
tested at high speed in the New Tank, the carriage 
of which can tow at speeds up to 30 m.p.h. Other 
miscellaneous work in this tank includes a number 
of tests on rudders in open water and some interest- | 
ing investigations of the seaworthiness and general 
behaviour of moored ships. For this purpose it| 
was necessary to simulate the conditions of a river 
or tidal current in combination with a seaway, 
and special wave-making apparatus was, therefore, 
designed and fixed to the towing carriage upstream 
of the nominally moored vessels under test. 
Performance in Rough Water. Maneuvring of 

Ships.—The extensive research into the effects of 
rough water upon the behaviour, propulsive efficiency 
and general performance of steamships has now 
reached a stage at which a number of practical 
conclusions can be drawn. | 





experiments for estimating power consumption under 
the varied conditions encountered by ships in 
service are forthcoming from a recent series of 
turning trials on the new twin-screw motor vessel 
Beacon Grange. This vessel, completed in April, 
1938, is 445 ft. long by 65 ft. 3 in. moulded breadth, 
and has propellers 13 ft. 10 in. in diameter. After 
the usual speed trials, an opportunity was afforded 
the Laboratory to make measurements during 
manceuvres, including two half-circle turns and 
four curved courses under different helm conditions. 
Each shaft was fitted with a Siemens-Ford torsion- 
meter, and records were obtained of the torque 
and revolutions of each shaft. Simultaneously, by 
means of make-and-break contacts registering on a 
revolving drum, continuous records were taken of 
the rudder angle, compass reading and speed, the 
last being derived from a Walker patent log, 
provided with a specially open scale and carefully 
calibrated during the measured-mile trials. An 
important correction, of which account was taken, 
arises from the circumstance that when a ship is 
on a curved course the towing point of the log moves 
in an arc of greater radius than that of the centre 
of gravity of the ship, so that the registered log 
speed exceeds the true ship speed by a small 
percentage which varies with the rate of swing 


also taken of air resistance introduced by the motion 
of the ship in combination with a natural wind at 
nearly 20 m.p.h. The general conclusion drawn 
from this work is that manoeuvres involving the 
movement of the rudder into either of the screw 
races (which occurs at 12 deg. on either side of the 
mean rudder position) have a marked influence on 
propulsion. Especially serious is the disturbance 
when the rudder is moved quickly, the effect of 
such a movement to the extent of 20 deg. helm in 
the case of the Beacon Grange being an initial loss 
of about 40 per cent. in propulsive efficiency. At 
the same time, the resistance of the ship is increased, 
the effect of 5 deg. of rudder angle with the ship 
originally on a straight course amounting to nearly 
2 per cent. on resistance. The extent to which 
different factors are influential over various stages 
in the turning maneuvre is illustrated by the 
discovery that, during a turn, the rate of revolution 
of the outer screw increases until a steady rate of 
swing has been achieved, whereas the revolutions 
of the inner screw diminish, and for a somewhat 
longer period. Meantime the torques on the shafts 
vary by proportions up to 3 per cent., tending to 
increase when the speed of the shaft decreases 
and vice versa. There is thus some evidence to 
suggest that the engines attempt to deliver constant 
power, and it was actually found, in the course of 
these turning trials of the Beacon Grange, that the 
variations in power associated with rudder angle 
were only about half the corresponding variations 


in screw speed. 
(T'o be continued.) 
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Theory and Practice of Reinforced Concrete. By C. W. 
DunHAM. Messrs. McGraw-Hill Publishing Company, 
Limited. [Price 25s. net.] 

Tue literature on reinforced concrete is now so 
extensive that when a new item appears it must 
be, to a great extent, a rehandling of matter which 
has already appeared. There is, however, a con- 
tinuous process of assimilation of new items of 
knowledge, an elimination of defective or tedious 
methods of design, and a concentration of practically 
established facts into even more reliable: working 
rules. The old controversy between theory and 
practice is really a question of the extent to which 
theory actually incorporates practice. It is clear 
that, as practice expands, theories improve in two 
respects, namely, by the confirmation of generalisa- 
tions and by the discovery of limits beyond which 
they must be modified. 

The author of the present book says in his pre- 

face: ‘‘ When one realises that the assumed loads, 

their distribution, and the allowable unit stresses 
are often rather approximate and that they are 
based upon judgment and experience, it seems to be 

inadvisable to carry subsequent computations to a 

degree of refinement that is not justified by the 

accuracy of the fundamental data from which the 
calculations are started.” There can be little doubt 

of the justice of this attitude in dealing with a 

material such as reinforced concrete, where the 

elasticity of the material is dependent on a complex 
of only partially controllable conditions. 

The first and third chapters of the book are de- 

voted to a consideration of the properties of concrete 

and the bond between concrete and steel. Lyse’s 
linear rule connecting the strength of cement with 
the ratio of water to cement by weight is empha- 
sised and the secant modulus of the American 
Concrete Institute is recommended. Incidentally, 
the author would be well advised to incorporate 
some comparisons with British and other national 
standards in a second edition of the book. The 
question of voids in aggregate might, perhaps, be 
treated in a more thorough manner. The Terzaghi 

“* void ratio ’’ (volume of voids to volume of mineral) 

is by far the best measure, since it is referred to a 

practically invariable quantity. The author men- 

tions the question of shape, but does not bring out 
sufficiently the effect of special shapes (plate-like 
or knobby) in greatly altering the void-ratio. 

The discussion of stresses in Chapter 2 follows 





and the speed and angle of turning. Account was 





the usual lines, except that the author emphasises 
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the advantages of using “ transformed” sections | models, and curvilinear flow in open channels above THE FUTURE OF FLYING.* 

in which the reinforcement is enlarged to correspond | the velocity of wave propagation. The last-men- 

to an ideal concrete tension member. The locations | tioned describes the large oscillations which occur By H. E. Wr«renis, C.B., C.B.E. 

in which, under actual tests, cracks are liable to | with shooting flow, and the methods of suppressing! Tex Presidential Address to the Engineering Section 
occur, are well shown, and this aspect of the question | these by counter-disturbances. The section con-| of the British Association provides each year an 
is elaborated in Chapter 4, which deals with shear | cludes with four papers on journal lubrication. opportunity for a survey of some aspect of engineering 


reinforcement. Chapters 5 to 10 deal, in a very| The dynamics section deals largely with oscilla-| science which happens to be of especial importance 
clear manner, with the analysis and design of various | tions ; it includes a paper on vibration isolation in | ®t the time it is given, and often one which the experi- 
7 ence of the president of the hour may chance to render 


structural members, after which there is a chapter aeroplanes, which shows the desirability of avoiding especially appropriate. My subject to-day is “The 
on the problems of rigid frames, using the deflection | elastic couplings between rotational and transla-| Piture of Flying.” Of its importance at the present 
and potential method. The application to redun- tional motion, and one on the “ spiral” vibration of | time there can assuredly be no doubt. Aviation is 
dant members, the effects of temperature, shrinkage, rotating machinery, with a useful analysis. Internal-| surveyed by the public with a tempered pride—pride, 
etc., the use of influence lines, and the computation | combustion engineers are catered for by a paper it is true, in man’s achievement, but apprehension, it is 
of deflections are treated in their turn, and some on “ knocking,” with an experimental investigation | equally true, as to the use which is being made of it. 
notes are given on practical details in the construc- | by acoustical analysis. The volume ends appro- For the space of a generation mankind has possessed 
tion of rigid frames. An excellent treatment of | priatelyonan historical note with short appreciations the ge ye we — 
en fi aa . “omen «ri ‘a; Tut - | nical triumph ’ " ete. Brillia 

7 hes weg nwt Be wy pod. — of Galileo and the Wright = bo were e was the work of the brothers Wright, the crown of 
3y moment distribution. Some general notes on marily experimenters and perfect refutations of | , hievement will not be truly won until a grateful 
building frames, architecture, and practical details | “the fallacy that practice and theory cannot g0| mankind sees that the wings gained are the wings of a 
complete a very useful book. hand in hand.” If this volume demonstrates any| dove and not those of a bird of prey. This is the 

generality, it is the unity of theory and practice,| challenge to our age. One generation has solved the 


— without which the former is sterile and the latter| mechanical problem, leaving it to the next to solve the 
{moral one. Ever since man inhabited the earth 





Proceedings of the Fifth International Congress for Applied blind. |he has lived not by his physical powers, which are 
Mechanics. New York: John Wiley and Sons, Inc. | seamen | slight, but by the exercise of his wits. "Every new 
London: Chapman and Hall, Limited. [Price 30s. Influence Lines: Their Practical Use in Bridge Calcula-| invention he hes made hes had ite wesllite use as well 
net.) tion. By Davin 8. Stewart. London: Constable ag its peaceful purpose, and each has challenged his 

Tuts is a remarkable volume, in which all who are| ®24 Company, Limited. [Price 12s. 6d. net.] | wits to ensure that good rather than harm shall result 


associated with the teaching or application of any! A NoTaBLE feature of technical science is the develop- from the new discovery. To bend the newest invention 
of all, the conquest of the air, to the service of mankind 


branch of applied mechanics will certainly find | ment of special methods into important and useful ts now hile quent tank 
something of considerable value, but to do it justice generalisations. Graphs which show the value In our own technical field, we as engineers have long 
in @ short review is hardly possible. The first paper, of the shearing force, bending movement or deflec- | heen used to responsibility, to pioneer work, to expert 
he Relation of Structural Mechanics to Structural | tion at a particular section of a beam or the pull or| status. But when it comes to the social application 
Engineering,” by Professor Hardy Cross, should | thrust in a particular member of a truss, according | of our inventions, we are responsible not in our capacity 
be read by all who are prone to a too thorough devo-! to the position of a given moving load, have long| as engineers but as ordinary inexpert citizens: and 
tion to classical mechanics ; “although,” he observes,| been used in technical instruction, but their use| here we have been very conscious of our amateur 
“any structural engineer attends this conference | in design is comparatively modern. Dr. Stewart’s status. We are not experts in the social application 
with gratitude for the contributions of the science | book gives in a handy form the general features of our work ; and = but a handful a millions. 
of applied mechanics to his art, this gratitude has of such “ influence lines,” so that the designer can This bas been the view of the last generation—though 
: - : —s . , » ae | held with increasing uneasiness, as the misuse of our 
its roots in practice. plot them in the most expeditious manner. His} inventions has become more apparent. But is ‘t 
Professor J. Pérés’ paper on the methods of examples include plate girders, Warren and Pratt possible that the conditions which formed this view 
analogy will interest workers in many fields, as it trusses, the braced cantilever, the three-pinned | are changing? May it be claimed—lI think it may— 
describes experimental electrical methods of calcu- . parabolic-arch rib, the three-pinned spandrel braced | that we as engineers, as technicians, have an important 
lation for cases when an analytical solution is ex- arch, Baltimore trusses and miscellaneous trusses, | Contribution to make towards the peace of the world ? 
tremely laborious or beyond the present range of The standard British unit loading for railway bridges I believe that the scientific advances of the present time, 
mathematics; for example, in the calculation of | is used. and their probable development in the near future, 
: : : . : 2 - , . - will help us to bend the newest invention of all, the 
torsional oscillations, gyroscopic systems, problems| Since the influence lines show maximum and conquest of the air, to the true service of mankind. 
involving Laplace's equation, fluid motion, ete. On| minimum effects and reversals they provide com-| Mechanical flight was achieved when Wilbur Wright 
structural mechanics there are three papers having | plete information as far as the static results of the | flew in December, 1903, in that odd-looking machine 
wide application. One by Professor P. D. Crout| moving load are concerned but do not of themselves | now so proudly housed in the Science Museum at South 
describes in detail a method of drawing reciprocal | provide any information as to the dynamic results. | Kensington. It certainly does look a queer machine 


figures for three-dimensional structures. The second, Dr. Stewart discusses the various methods which are | t© modern eyes. Although the engine weighed 180 Ib. 
it gave but 12h.p.! Ofcourse, it was natural that this, 


by Dr. M. Hetényi, deals with the use of polarised | adopted in practice to allow for the dynamic effects, | '* ae ot 

light for three-dimensional stress systems, employ-| which generally reduce to a percentage addition | like all the other early aeroplanes, should bo built with 
: weg . ae  .. : . | two pairs of wings. Engineers were well accustomed 
ing the principle that, when a transparent specimen to the static value of the live load or a reduction | to carrying bending moments by a form of girder con- 
is loaded at an elevated temperature and annealed, of the working stresses. There are so many condi-| struction having an upper and a lower boom, and in 
the colour fringes are “frozen” in the material, which tions involved that exact computation of the static | the biplane form of construction the loads could be 
can be sawn into thin slices and each examined in the | equivalent of impact is practically impossible. | carried in this familiar way. Such early trials as 
ordinary manner. This is a technique which adds Also, it by no means follows that impact effects | were made of the monoplane type merely seemed to 


considerably to the value of photo-elastic methods. are greatest at the same moment as the static | confirm the idea that a strong wing structure could 
The third, by Professor M. M. Frocht, describes values are a maximum, although this may be the | 2° thus be found, and the biplane became the accepted 
i ‘ | type. Speeds in those days were low, and even long 


aS par p ag! png ha oe , There fc . owapery ag — _ and | after the Great War it was thought that the attainment 

, an m, by road impact ormule of rather lower values than | of high speed would be mainly a matter of putting 
photographing the optical interference-fringe image were formerly used. It would, perhaps, have been| in more and more engine power. More and more 
of the surface; a device which has the advantage well for the author to have indicated the reason | power was accordingly put in. This led indeed to the 
that the model can be of the same material as its for this. He states (page 181) that the design of | achievement of higher speeds, but far-sighted designers 
prototype and, therefore, to some people, is more bridges is not by any means a pure science ; it is | 8@w that there was a limit to the extent of progress by 


convincing. Other valuable contributions in this/ also an art. This is, perhaps, a rather dangerous | this means. But, as a Spanish proverb has it : “ When 
one door shuts another opens.’’ The new door in this 


section include papers on the flexure of plates and | generalisation, as it simply means that the designer | etm Genel tbe ie lee alt tm anion 
cellular ship-bottoms, the stability of structures and | guesses when he cannot compute and his guess is | Seams othe Ah 8 ae - gg —_ : 
T-stiffeners, aeroplane wings, rigid airships, stress based on a composite mental picture of all the| ‘That the cleaning up of the aerodynamic structure 
concentrations in shafts, the general theory of elas- structures he has known to be stable. Such &| could carry performance much farther than had 
ticity, and descriptions of pneumatic and hydraulic picture is produced by a vague use of the theory of! hitherto been realised, and do so without any increase 
dimensions and it might be better to acknowledge | of engine power, was first clearly pointed out, little 
The section on fluid mechanics opens with a this frankly, or even to go a little farther and | more than ten years ago, by Professor B. M. Jones, of 
résumé by C. H. Chatfield of the mechanical prob-| sketch out a general scheme of dimensional inter-| C®™mbridge. This required that all excrescences 
lems which confront designers of aeroplanes, and | relation of structures. | should be removed, and of these some of the worst 
the present state of achievement therein. Professo Although the sub-title alludes to bridge design, | °° Ge inteasiane cleats and wines. When thet had 
4, ~ear adie Sa wa — so a Se riage Gesign, | been achieved it was realised that much of the equipment 
G. I. Taylor surveys statistical theories of turbulence there is no reference to reinforced-concrete or | hitherto carried externally, especially in military types, 
and discusses the transition from steady to turbulent masonry bridges. There is also little on the subject | must be put inside, and with that attained, after a 
conditions in the boundary layer. Of more imme- of frames with many redundant members or stiff | severe struggle, there arrived the modern streamlined 
diate interest to the average engineering reader, joints, stiffened suspension bridges, moving bridges, | aeroplane with its undercarriage, and even its tail 


perhaps, are Professor C. B. Millikan’s contribution and other special types. Dr. Stewart's object is,| Wheel, retractable into the body of the structure. 
on turbulent flow in channels and pipes; that | doubtless, to indicate general principles and i yet —— /- attention to —_ ——- 
of Professor S. Métral on the application of the| has admirably succeeded in this aim, but the | SU Sces Scruby y Se eee ee ee. 
C i iactein Gp the cubamek of ietenee’.| decieeen af conthien teh wae exthedes tn | guidance was given, curiously enough, by the experience 

oanda principle to the exhaust of an internal- designer of anything but very o ox types of | of sailplane pilots, who had long found that a much 
combustion engine to reduce noise and increase steel bridges may find some difficulty in applying 
efficiency ; and the papers on the calculation of pro- | the principles to other types. An interesting feature; + presidential Address to Section G of the British 
peller characteristics, wall-effect in ship-model ex-| of the book is a transparent marker which may be | Association, delivered at Dundee on Thursday, August 31, 


periments, scale effect in tank tests of seaplane | used for plotting influence lines. 1939. Abridged, 


extensometers. 
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better gliding angle was attainable when the surfaces 


| 
| designers to record the progress made in reducing 


| of using them. Steady progress may be expected, 


were not merely made smooth, but were carefully | the percentage which the structure forms of the total | though probably nothing sensational unless the use of 


polished, and even dusted before flight ! 
these minuti# of housemaid’s care seemed fantastic, 
but experience, both within wind tunnels and without, 
showed that the sailplane pilots were right and that 
protuberances on a wing no more than a thousandth 
part of an inch high produced a measurable drag. 

The consequence of these and other changes in design 
from the original Wright machine brought a steady 
growth in speed, which during the last score of years 
has increased by an average of well over 10 miles an 
hour in each year. This overall increase in aeroplane 
performance is indeed impressive: in speed from the 
31 m.p.h. of the Wrights to the 469 m.p.h. claimed 
to-day! Behind the change in external characteristics 
there have been internal changes of an equally important 
character, such as the increase from the Wrights’ wing 
loading of 1} 1b. per square foot to the figures of to-day, 
when 20 to 30 and 40, and even more, are common. 
There has also been an equally impressive change 
from the modest engine power of the Wrights to the 
four-figure powers of modern practice. So far as growth 
in altitude and range of flight are concerned, further 
progress must depend chiefly on improvements in the 
present-day materials of construction, or in the dis- 
covery of entirely new ones. At the moment, Dural 
is found best, not because it has any higher ratio of 
strength to density than alternative materials, for 
in that respect it differs little from steel, or even from 
cotton or reinforced plastics ; but because in comparison 
with steel its lower density (little more than a third) 
enables thicker and therefore stiffer and more fool-proof 
sections to be used. But, as in the case of steel con- 
struction, the sections have to be fastened together 
with innumerable rivets (more than a million in one 
Golden Hind), and this time-absorbing process is both 
intricate and costly. If some improved reinforced 
plastic could be used instead, the path of the manufac- 
turer, once he had learned the art, would be much 
simplified. 

Speeds have grown because of the smoother shapes 
used in construction and through the greater engine 
powers provided. Can speeds continue to rise inde- 
finitely ? We may have gone almost as far as we can 
in using ship-shaped forms, though we still know very 
little about the possibility of ensuring an increase 
in the extent of the laminar flow of the air over the 
surface of wings or body: if this could be done the 
resistance would drop considerably. So far as prospec- 
tive increases in engine. power are concerned there 
is little publicly revealed in these days, but one hears of 
testing plants being adapted to deal with engines of 
no less than 3,000 h.p. apiece. But even with these 
increases a definite speed limit is being approached— 
not one imposed by the laws of any State but by the 
laws of Nature. As I pointed out two years ago in a 
Presidential Address to the Royal Aeronautical Society, 
there is good reason to believe that although speeds of 
500 m.p.h. may be attained, it is unlikely that 600 will 
be much, if at all, exceeded, for the latter figure is 
some 80 per cent. of the speed of sound, and when the 
latter is approached the drag rises to a level far ahead 
of any prospective engine improvements. Although 
nothing in the physiology of man forbids even higher 
speeds, as witness the high orbital speed of the earth 
on which we all live with some measure of tempered 
comfort, there is soon imposed a physiological limit 
if high speed is combined with rapid mancuvre. If 
the latter is required then the speed must be controlled 
to suit the conditions. Only the future can reveal 
how the balance between the two will be struck. 

No simple summary can be given of what has been 
done as regards engine development, for great as has 
been the change from the 15 lb. per horse-power of 
the original Wright engine to the 1 Ib. and less, of to-day, 
one remembers that in this one respect the engines 
of the last Schneider Trophy Race were as meritorious ; 
where the latter were much below modern standards was 
in their lack of reliability when working at this power 
ratio. To-day’s engines run without attention for hun- 
dreds of hours; a very different matter from endurance 
for a short race. Even if engines of 3,000 horse power 
may be said to be in sight they are still some way from 
achievement. Progress depends not only on the skill 
of the engine designer and the metallurgist, but on the 
ingenuity of the industrial chemist in producing his 
remarkable fuels, wonderful alike for their uniformity 
of quality and for their ability to resist detonation 
even when employed in engines of very high com- 
pression ratio. Engines to-day run safely at far 
higher speeds than formerly, and they are cooled 
in different ways and at a much less expense in air 
drag than used to be the case. In fact at the highest 
speeds the drag offers some theoretical promise of being 
replaced by a small thrust! A new cooling problem 
will arise, however, when pusher airscrews become as 
common as they will once their use is shown to afford 
a means of substantially decreasing wing drag. 

Improvements in load-carrying capacity depend also 
on improvements in materials, though it is fair to 














a figure is shown for this in large flying-boats as 
in landplanes, a remarkable achievement. The 
flying-boat used to be thought of as slow and heavy, 
but to-day it holds its own, in efficiency, whether 
aerodynamic, structural, or economic, with any 
other mode of flight. The flying-boats of to-day 
represent a great technical advance in quality over 
their predecessors of ten, or even five, years ago, 
but they have not yet shown any marked advance in 
size. 

An attractive development in flying-boats is the 
provision in the Dornier DO.26 of retractable wing-tip 
floats which fold inwards into spaces in the wing. 
This is a 20-ton machine with two tractor and two 
pusher airscrews. It is a promising move in a very 
much desired direction. The remaining structural 
feature to be made aerodynamically clean is the 
“step” at the hull provided for ease in taking-off. 
It is no doubt difficult to design a hull to be equally 
efficient whether on the water or in the air, but designers 
will not be happy until they have satisfied both 
requirements. 

It is naturally impossible in the course of this address 
to discuss all the many problems in the science of aero- 
nautics which are being investigated at the present 
time. They are far too numerous and the time too 
short. But to some of them I must refer. Ong of 
great importance and quite fascinating interest is the 
investigation of the change in the air flow over a wing 
surface from the laminar to the turbulent state. It is 
known that if the flow could be kept laminar the drag 
would be vastly reduced, but it has yet to be discovered 
how todo this. A step in the right direction may lately 
have been made at the Langley Field Laboratories, for 
during Dr. Lewis’ recent Wilbur Wright lecture before 
the Royal Aeronautical Society mention was made of 
some wind-tunnel tests in which a special form of 
aerofoil gave a drag coefficient figure of only about 
one-third of that usual. Further particulars will be 
awaited with interest. Many laboratories and experi- 
mental stations are studying this same problem, and, as 
not infrequently happens in such cases, success once 
met with, itself creates a batch of new problems. For 
one thing it is clear that the presence of laminar flow 
can but be hindered by the use of the tractor type of 
airscrew now almost universal. It may be necessary to 
change to pusher designs, and as this will involve a 
marked rearward movement of the centre of gravity of 
the whole aircraft, all the stability factors will be 
gravely affected, to say nothing of the many engine 
problems also raised. 

Other special problems relate to the possibility of 
having wing areas adjustable in flight by telescopic or 
other means, to the study of the very considerable 
increase in the control forces required of the pilot in 
large machines of high-speed capacity, of the special 
problems raised by variable-pitch airscrews, particular] 
in relation to the landing run, of the advantage at high 
air speeds of two-speed gearboxes, and of the special 
problems involved in pressure cabins. 

The problem of the rotating wing is in a class by 
itself. Aircraft so fitted are quite unable to compete 
in speed with those with normal wings, but they easily 
beat the latter in take-off and landing. The scientific 
problems are largely solved, as are the great mass of 
the mechanical ones. What is required is such a 
degree of use as will call for this form of aircraft to be 
constructed in numbers. When that happens rotary- 
wing aircraft will benefit in their design by that skilled 
attention from the production engineer which alone 
seems able to produce results that really look right ! 
The growth in recent years of the interest taken by the 
public in aviation, over land and over sea, is most 
striking. Partly, of course, it is due to the increase 
in the Air Arm and all that is thereby implied. But 
there is also a very rapidly growing use being made of 
the abundant facilities for air travel offered by the 
civil air transport services. The United States is often 
thought to lead the world in this respect—as it certainly 
does in the use of the automobile—but I believe that in 
proportion to the size of the population, and that is the 
true criterion, the total mileage flown annually is 
larger in Australia than it is in any other single country 
in the world ; there is good reason to expect that that 
pre-eminence will continue. 

Let us consider what lies ahead in the coming years 
in respect of speed, size and range. No doubt military 
craft will go as fast as they can. But since it seems 
that they cannot exceed 600 m.p.h. much if at all, 
there is little doubt that speeds between 500 m.p.h. 
and 600 m.p.h. will become usual. Not so, however, 
for the civil air services, where quiet, comfort and cost 


| are all-important ; here there are good economic reasons 


for speeds to settle down in the 200 m.p.h. to 300 m.p.h, 
range. In both these classes we seem therefore to be 
approaching some degree of finality. Altitude and 
range are alike in that so much depends on the dis- 
covery of new materials of construction and new ways 


At the time | flying weight in modern aircraft. Nowadays, as good | reinforced plastics be so reckoned. For civil work the 


| advantage of long-range flying depends on the ability 
| to fly by night, and this is advancing rapidly. Radio 
| services are improving and the vagaries of the iono- 
| sphere are becoming better understood. High-altitude 
flying—whether in the stratosphere or just below it— 
requires the sealed cabin, and it will, I fancy, chiefly be 
sought by those whose first care is speed and whose 
lesser concern is cost. 

When, however, we come to think of such other 
factors in the future of flying as the size of the craft, 
and the wing loading employed, we are concerned with 
quite other considerations. Size depends mainly on 
engine power, for there is a limit to the numbers of 
power units which can be conveniently looked after. 
Even if we have tractor and pusher airscrews in tandem 
(and tractor screws may well become unpopular where 
the highest aerodynamic efficiency is sought), six such 
pairs may be the practicable limit. This would give 
us 12 engines, which, at 3,000 h.p. apiece, makes the 
total power 36,000. At 15 lb. carried per horse-power 
available this would give a total flying weight of 





540,000 Ib., or some 250 tons. Such a craft would 
naturally be a large boat, taking 200 passengers or 
more; and that is the largest flying craft that can be 
said to be now in sight, although I ought perhaps to 
mention that in a lecture to the students of the Royal 
Aeronautical Society, who alone perhaps might be 
expected to live to see it, Dr. Roxbee-Cox was bold 
enough to include an American forecast for a boat of 





3,120 tons! But difficult as it may be to foretell 
accurately the future of the large flying-boat, there can 
be little doubt that we shall soon see such craft in 
active competition with their older rivals—which use 
the surface of the sea—for all rapid passenger transport 
on the important Atlantic routes. 

The future of wing loading is hard to forecast. As 
has been mentioned, the early Wright aeroplane was 
loaded to 1} lb. per sq. ft. By the time of the Great 
War this had risen to the neighbourhood of 10, but 
2ven Hallam (“ Pyx’”’), writing as prophet a few years 
later of his vision of a 200-ton flying-boat, did not 
put it above 8! In the succeeding years, however, 
the figure has grown gradually until it is now in the 
neighbourhood of 30; and while loadings of 40 to 50 
are talked about for future craft, Sir Alan Cobham 
has suggested that, provided the bulk of the fuel is 
added by refuelling in the air from a tanker, loadings 
as high as 60 lb. or even 70 lb. per sq. ft. should not 
be unattainable. The real limiting factor here is the 
take-off and the landing. With landplanes the dis- 
advantage of high loadings is that they lead to great 
increase in the size and cost of aerodromes, unless 
this can be avoided by the use of an auxiliary like the 
Mayo scheme or by some form of catapulting, or by 
the use of the “ tricycle ” undercarriage, now so rapidly 
coming into use. This consequence of high loadings 
does not apply in the same degree to the flying-boat, 
but even there it has the disadvantage of requiring the 
use of natural harbours of large size with not too much 
local water traffic. 

Can one, however, relate these speed ranges of 
500 m.p.h. to 600 m.p.h. for military craft and 200 m.p.h. 
to 300 m.p.h. for civil, with wing loading, with or 
without refuelling in the air? We have the relation- 
ship that the minimum air speed of flight is measured 
by the square root of the wing loading. If we assume 
the use of such aids as wing flaps, we can calculate for 
sea-level conditions just what the stalling speed for 
any given wing loading must be. For a take-off speed 
of 100 m.p.h. (1.e., stalling speed of 80) the wing loading 
would be about 40 Ib. per sq. ft., suitable for civil types 
having a top speed of, say, 300 m.p.h. (since the take-off 
and landing speeds would then be about 100). But 
once in the air a much larger load could, of course, 
be carried. In the case of military types having top 
speeds of 550 m.p.h. or thereabouts, the landing speed 
could hardly be less than 150, giving a wing loading 
of 100 Ib. per sq. ft. It looks, therefore, as though in 
the coming years the wing loadings for civil types will 
go little beyond what is now planned in many drawing 
offices, but in the case of military types the present- 
day figures may certainly be doubled unless some new 
wing arrangement can be discovered which will greatly 
reduce the loading figure when a landing is about to 
take place. Rotating wings are the perfect solution 
for the landing problem, but how to combine them 
with means for the attainment of high horizontal speed 
is a problem which the future has yet to solve. The 
one recent development, or revival, which seems to 
promise a great advance in safe landing is the tricycle 
undercarriage, the use of which seems to be almost 
all pure gain. In a lecture before the Royal Aero- 
nautical Society last year, Mr. H. F. Vessey expressed 
the rather conservative view that although with land- 
planes of the normal type it is difficult to see any 
considerable increase in wing loading at landing above 
about 30 Ib. per sq. ft. if present restrictions on landing 





distances over a barrier are to be maintained, 
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and it is doubtful whether it is economically advan- | 
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SEPT. 8, 1939. 


ENGINEERING. 


281 








from silk filatures in the International Settlement 
of Shanghai. In the Shanghai silk filatures, the “‘ beat- 
ing’’ of cocoons in water to free the fibre is usually 
done by hand, and children are employed to do this 
work. Where this old method prevails, there is a 
continued insistence on the part of the Industrial 
Section that children under the height of 4 ft. 8 in. 
should not be employed. According to the Section’s 
report for the year 1938, some success has been obtained. 
When an inspector appears, children hide ; an indica- 
tion that there is now recognition that it is not right 


to employ them, which is a step further towards their | 


elimination. 5 St i 

Moreover, the Industrial Section points out that 
children represent a most unstable labour force, and 
that it is to the advantage of management to find 
some substitute for their work. When, during the 
last half of 1938, new filatures were opened, the Section 
suggested the installation of modern slow reeling 
machinery and the use of automatic stirrers, in order 
to eliminate child labour. These efforts have made 
some progress during the two first months of 1939. 
Slow reeling machinery has been installed in three 
plants, and automatic stirrers in two. Daily produc- 
tion figures with the use of the automatic stirrer have, 
in one plant, now exceeded the figures in those plants 
where children’s labour is used. 





The Supreme Court of Minnesota recently held that 
the picketing of a private home was unlawful and 
constituted disorderly conduct, even though there 
was no violence. The picketing was in protest against 
the discharge of a private chauffeur and the refusal 
of the employer to discuss the matter with a repre- 
sentative of the union. The court declared that the 
rule permitting peaceful picketing, ‘* to enforce economic 
demands,” did not apply to the picketing of a private 
dwelling. 


carrying on of any industrial or business enterprise. 
It was contended that the picketing could be justified 
under the State Anti-Injunction Act which declares 
that it is the public policy of the State to give employees 
“full freedom of association, self-organisation, and 
designation of representatives of their own choosing,” 
and that, in the accomplishment of this purpose, they 
shall be free from interference or restraint of the 
employer. The court held, however, that the statute 
did not apply, as such objectives related wholly to 
industrial disputes ; the chauffeur could not be consi- 
dered an industrial employee, and the dispute out of 
which the picketing arose did not constitute an 
industrial conflict. 





According to a recent decision of the Colorado 
Supreme Court, peaceful picketing may not be pro- 
hibited in that State. The court construed a statute, 
which prohibited picketing for the purpose of boycotting 
or obstructing or injuring a business, as not applicable 
to a case in which a picket merely marched in front of a 
building carrying a sign stating that the employer was 
“unfair” to organised labour. In its decision, the 
court declared that the statute, if construed as applic- 
able to such picketing, would be unconstitutional, 
since it would not regulate peaceful picketing but would 
prohibit it. Such an unqualified prohibition would 
be contrary, the court said, to “the fundamental 
principles of liberty and justice which lie at the base of 
all our civil and political institutions,” and therefore 
would violate the due-process clause of the fourteenth 
amendment to the Constitution, since it would impair 
freedom of speech. The court was of the opinion 
also that the statute could not be sustained as an exercise 
of the police power. However, it was observed by 
the court that if, instead of prohibiting peaceful picket- 
ing, the statute could be construed as a reasonable 
regulation of picketing, it would be within the scope 
of the police power. 


The International Labour Office at Geneva has 
published a grey report on the organisation of labour 
inspection in industrial and commercial undertakings, 
which forms the first item on the agenda of the 
26th session of the International Labour Conference. 
At its Eighty-sixth Session in February, the Governing 
Body decided to place this question on the agenda of 
the 26th Session in 1940, and further resolved that the 
question should be dealt with in accordance with the 
single-discussion procedure, with consultation of the 
Governments. Under the Standing Orders of the 
Conference, the Office is required in such a case to 
circulate to the Governments a summary re 
upon the question, containing a statement of the law 
and practice in the different countries, and accompanied 
by a questionnaire drawn up with a view to the pre- 
paration of draft conventions or recommendations. 








This report is intended to comply with these re- 
quirements. After a general introduction, the volume 


It was pointed out in this connection that a | 
home, exclusively used as such, was not a place for the | 


arrangements, 


is divided into two parts, of which Part I consists of 

a comparative analysis of national laws and regulations | 
on the organisation and working of labour inspection | 
in industrial and commercial undertakings, This 
part is divided into nine chapters, dealing with the 
following subjects: organisation of labour inspec- 
torates; the inspecting staff; powers of inspectors ; 
measures to enable the inspectors to carry out their 
duties; enforcement proceedings; obligations of 
labour inspectors; collaboration with employers and 
workers ; methods and standard of inspection ; labour 
inspection reports. To this part is added an appendix 
containing a table of national information services. 
Part II contains the conclusions reached by the Office 
as to the possible bases for international regulation of 
the question ; the report of the Preparatory Technical 
Conference on the Organisation of Labour Inspection, 
which met in Geneva from May 29 to June 2; and a 
questionnaire drawn up by the Office in the light of the 
report of the Preparatory Technical Conference. 





Industrial and Labour Information states that the 
system of compulsory service in Switzerland has the 
effect of requiring frequent periods of military service 
from every citizen. As this may lead to serious 
financial difficulties for those who are entirely de- 
pendent on their earnings from employment, various 
efforts have been made and proposals put forward to 
cope with the difficulty. In 1929, the Swiss em- 
ployer’s associations drew up recommendations to be 
applied in industrial undertakings which specified, 
among other things, the conditions under which the 
loss of wages might be made up and the extent to which 
compulsory military service might be compensated 
by a reduction of holidays with pay. Although these 
recommendations have no binding force, they are 
applied to a great extent by the undertakings affiliated 
to the Federation of Employers’ Associations. 





The recommendations suggest the following allow- 
ances for the ordinary training courses for officers and 
non-commissioned officers: (a) for unmarried men, 
25 per cent. of the wage; (6) for married men, 50 per 
cent. of the wage, plus an allowance for each child 
not itself earning wages, with the reservation that the 
allowance must not exceed the actual loss of wages. 
On the other hand, for the first period of military service 
(recruits called up for the first time), it is not necessary 
to pay an allowance, or if one is paid, it should be only 
a small sum, since such recruits are young workers who, 
in general, have no family responsibilities. Further, 
the days of service represented by the regular military 
exercises must not be entirely deducted from the 
holidays for the year, so that workers who are com- 
pelled to take part in these exercises may still be 
entitled to a few days’ holiday. In commerce and 
offices, the agreement of April 15, between the repre- 
sentative organisations of employers and employees 
called up for compulsory military service, still applies. 





The Swiss Officers’ Society has asked the Federal 
authorities to examine a detailed resolution sub- 
mitted to them, requesting that the Society should 
be consulted before any regulations are issued. The 
resolution deals with workers in industry, commerce, 
agriculture, handicrafts and the liberal professions, 
and also requests that measures should be taken on 
behalf of small employers, whose economic conditions 
are often as precarious as those of workers who do not 
receive pay during periods of military service. The 
Society, while expressing opposition to any form of 
regulation which, by laying down uniform provisions, 
would prejudice the element of personal sacrifice 
inherent in the honour of military service, considers 
that encouragement and support should be given to 
efforts to deal with the problem by free initiative on 
the part of the different occupations themselves. With 
a view to compensating all those called up for military 
service and training of every kind, the Society proposes 
that constitutional means should be set up to enact 
the minimum standards of compensation, 








TREFOREST TRADING ESTATE.—Statistics issued by 
the authorities of Treforest Trading Estate, in the 
Special Area of South Wales, show that the tenants now 
number 100, half of whom are in production. The employ- 
ment figure continues to rise steadily. One thousand men 
and 280 boys are now employed in the factories and 
650 men are still engaged on development and construc- 
| tion work, which was begun in December, 1936. The 
| women employees in factories number 540 and the girls 
| 600, making a total of over 3,000 wage earners on the 
| Estate. The Engineering Exhibition, organised by the 
| South Wales Institute of Engineers, which was to have 
been held this year, from November 8 to 18, on the 
Treforest Trading Estate, presumably will be postponed, 
although so far we have had no advice of altered 








BRITISH STANDARD 
SPECIFICATIONS. 


Amone the specifications issued by the British Stan- 
dards Institution, the following may be of interest to 
our readers. Copies are obtainable from the Publica- 
tions Department of the Institution, 28, Victoria-street, 
London, S8.W.1, and, unless otherwise stated, the price 
is 28. net, or 2s, 2d., post free. 


Nomenclature, Definitions and Symbols for Welding 
and Cutting.—A revision of specification No. 499, which 
deals with the nomenclature, definitions and symbols 
for welding and cutting, has now been issued. The 
publication, which was first issued in 1933 under the 
authority of the Mechanical Industry Committee, 
included a scheme of symbols for indicating welds on 
engineering drawings, based on the use of letters to 
show the general form of the weld with a suffix and 
number relating to the details. The scheme was some- 
what complicated, however, and has not found general 
favour. The Committee has, therefore, reconsidered 
the matter and has had before it certain proposals of 
the Institute of Welding which are based on the use 
of diagrammatic symbols indicating only the more 
generally-used forms of welds. The new scheme 
follows closely the lines suggested for international 
standardisation. The modification to the symbols has 
necessitated a considerable alteration to the form in 
which the different welds are defined in the glossary. 
The definitions have been reviewed and have been 
brought up to date, but the extent of the modifications 
to the definitions is comparatively small. The 
Committee ho that, in the interests of national 
co-ordination, the scheme will be widely adopted. Added 
importance is attached to the revision as the London 
County Council requires the symbols, on drawings 
submitted to it for approval,to be in accordance with the 
new standard. 


Test-Code for Fuel-Fired Furnaces.—A standard code 


| (No. 859-1939) concerning the testing of continuous 


and intermittent furnaces, with or without recuperators 
or regenerators, for heating and heat-treatment pur- 
poses, has now been issued. The publication is divided 
into two parts, the first constituting a short, simple 
code for carrying out, at minimum cost, simplified 
industrial tests for evaluating the performance of fur- 
naces as effective and economic units. Part 2 consists 
of a comprehensive code for the complete evaluation 
of the performance and the efficiency of furnaces, The 
code is applicable to rolling-mill and forge furnaces 
for the continuous and batch-heating of ingots, slabs, 
blooms and billets, and it also applies to a wide range 
of fixed-hearth, bogie and conveyor-type furnaces 
——_ by the iron and steel industry for the reheating 
and heat treatment of rolled, forged or cast products. 
Certain furnaces employed in the non-ferrous metal 
and other industries are also covered by the specifica- 
tion. The Committee responsible for drafting the test 
code has endeavoured to make it as comprehensive as 
possible in regard to its application and, although 
various specific types of furnaces aro provided for, it 
must be realised that other types exist, and still more 
will be evolved in the future. The code may, therefore, 
not be applicable to all such furnaces but, nevertheless, 
will serve as a guide, [Price 3s. 6d. net, or 3s. 8d. post 
free.] 


Welded Steel Boilers.—Two further additions have 
been made to the group of standards concerning land 
boilers. These deal with welded steel boilers, the one 
(No. 854-1939) for steam central heating and the other 
(No. 855-1939) for hot-water central heating and hot- 
water supply. The first specification covers boilers 
for operation at pressures not exceeding 30 1b. per 
square inch, while the second concerns boilers of over 
5 sq. ft. heating surface for operation at pressures not 
exceeding 65 lb. per square inch (150-ft. head), or at 
temperatures exceeding 212 deg. F. Both specifica- 
tions provide for the materials to be employed and 
give formule to be used in calculating the scantlings. 
Further sections cover the requirements with respect 
to construction and workmanship and regarding mount- 
ings and other appliances. [Price of each specification, 
3s. 6d., or 38, ad. post free.] 


Wing Nuts.—Specification No. 856-1939, which 
relates to wing nuts, is at present limited to the dimen- 
sions of the nuts, While some consideration has 
been given to a simple mechanical test for strength, the 
details of such a test have yet to be agreed, but it is 
ho to include this test in the first revision. The 
publication deals with two types of wing nuts and 
appropriate dimensions are standardised foreach, The 
first series of dimensions relates to nuts, manufactured 
from hot brass or other non-ferrous metal stampings, 
malleable-iron castings, and hot steel stampings. The 
second series of dimensions relates to wing nuts manu- 
factured by cold forging mild steel or brass. In each 
series nine sizes of nuts are standardised for B.S.W. and 
B.S.F. threads from 4 in. to ? in. nominal diameter, 
inclusive, and for B,A, threads Nos, 0 to 5, inclusive, 
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LETTERS TO THE EDITOR. 


THE PROTECTIVE ACTION OF 
LUBRICANTS FOR WIRE ROPES. 


To tae Eprror or ENGINneEeRING. 


Sir,—The article in your issue of August 11 
makes the claim that “the experiments . . . show 
that the most protective type of lubricant for colliery 
wire ropes in service is one containing asphalt,” apart 
from what it may be considered advisable to use during 
manufacture of the rope. 

The conditions under which many winding ropes, 
for example, work can be appreciated from samples of 
discarded ropes; or, for those without laboratory 
facilities, a good illustration of the heavy loading may 
be seen in fractured wires from stranded ropes which, 
having lain across adjacent strands, have been crushed 
and mutilated as though they were mild steel, whereas 
they are normally of 100 tons to 120 tons per square 
inch, with a Brinell hardness of, say, 370 to 450. 
Additionally, severe plastic flow and deformation of 
shape are met with, all indicative of tensions and pres- 
sures not encountered in the majority of lubrication 
problems. To suggest that the toy-like experimental 
apparatus illustrated can in any way approach the 
conditions met with in practice, and permit useful 
deductions to be made therefrom, is to mislead colliery 
and mining engineers. 

A fundamental contribution to the subject would 
he to devise means and impose regulations, firstly, 
for cleaning a rope ; and, secondly, the efficient, copious 
and frequent application of lubricant. The value 
has yet to be established of proper care in this connec 
tion, 

Yours truly, 
Bonomt. 
Birmingham. 
Auguat 22, 1939. 








VANE-WHEEL ERODER FOR INDIAN 
RIVERS. 


To tHe Eprror or ENGINEERING. 


Sir, 
page 264 of your issue of the Ist instant, may I mention 
that I made some experiments in Shanghai about 
four years ago which led me to the following conclusions: 

1. Unless the jets are almost in contact with the 
material to be eroded, much of the energy is wasted 
in generating currents in the river water. 

» 
atrictions in the pipe lines should be eliminated if the 
process of jet-erosion is to compare economically with 
other methods of dredging. 

Yours faithfully, 
HERBERT CHATLEY. 
60, Lyford Road, 
London, 8.W.18 
September 4, 1939. 





ENGINEERING TRAINING AND 


EDUCATION. 


Technical College, West Hartlepool.__We have just 
received a copy of the prospectus of the Technical 
College, West Hartlepool, for the 43rd session, that for 
1939-40. The courses available are organised in three 
departments, namely, engineering, pure and applied 
science, and commerce. In the engineering depart- 
ment, the College provides evening and part-time day 
and evening tuition, leading to the ordinary and higher 
National Certificates in mechanical engineering and 
to the ordinary National Certificate in building. Courses 
of instruction are also offered in connection with the 
studentship and associate-mem bership examinations of 
the Institution of Mechanical Engineers. Part-time day 
and evening courses are available for students of pure 
and applied science preparing for the Matriculation and 
Intermediate B.Sc.degree examinations of che University 
of London. For the first time in the history of the 
College, a full-time day commercial course has been 
organised for young persons who have received a good 
education. During the session, a series of five special 
lectures will be given, on aerial photography and aerial 
survey, television, sound and sound insulation, and 
other subjects. Classes will commence on Monday, 
September 18. i 








HENDON TRCHNICAL INeTITUTE.—The Middlesex 
County Council inform us that it has been decided to 
postpone the official opening of the Hendon Technical 
Institute, which had been arranged to take place on 
Monday, September 11, 


With reference to the interesting article on | 


All sharp curves, square joints and rapid con- 


ek ht 


TENDER. 


WE have received from the Department of Overseas 


SEPT. 8, 


CONTRACTS. 


Messrs. EDGAR ALLEN AND COMPANY, LIMITED, 


Trade, 35, Old Queen-street, London, 8.W.1, particulars | Imperial Steel Works, Sheffield, 9, have completed a 


of the undermentioned tender, the closing date of 
which is stated. Details may be obtained on applica- 
tion to the Department at the above address, quoting 


the reference number given. 
Engineer and 








Steam Boilers, two, and accessories. 
Manager, Messrs. The City Electric Light Company, 
Limited, Brisbane, Australia; January 15, 1940. 
(T. 26,518 /39.) 
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Ernst und Sohn. (Price 22 marks (Germany); 16°50 
marks (other countries).) 
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ments. By MAJOR-GENERAL M. N. MACLEOD. Lon- 
don: The Physical Society. 


Ministry of Health. Housing. House Production, Slum 


Clearance, etc. England and Wales. London: H.M. 
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H.M. Stationery Office. [Price 1s. 3d. net.) 
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ings. Part Il. October, 1938 to January, 1939. Read- 
ing: Greenslade and Co. (Reading) Ltd. [Price 


Te. 6d. to Non-Members.) 
| Ministry of Health. Report of the Committee on the 
Restoration of Land Affected by Iron Ore Working. 
|. Lomdon: H.M. Stationery Office. [Price 2s. net.) 
Department of Overseas Trade. No. 1730. Report on) 
Economic and Commercial Conditions in Siam. April, 
| 1939. By W. W. Courras. London: H.M. Stationery 


| Office. [Price 1s. 3d. net.) 


| 


contract for manganese-steel tramway points for the 
Stockholm Tramways, Sweden. The tongues are of 
knife-edge pattern and the treads are not recessed, so 
that an unbroken passage for car wheels is provided on 
the straight and curved sides, resulting in smoother 
and faster running. The points are of 40 m. (131 ft. 
22 in.) radius and are 4-06 m. (13 ft. 34 in.) in length, 


| this being the standard of the Stockholm Tramways. 


The points weigh 1 ton 12 cwt. per pair when fitted 
with boxes and filling-in pieces. 

Messrs. Rvuston-Bucyrvus, LIMITED, Excavator 
Works, Lincoln, have received an order from Messrs. 
Stanton Ironworks Company, Limited, near Nottingham, 
for a second walking dragline excavator. This machine, 
like the first, will weigh about 150 tons and will be fitted 
with a 135-ft. boom and a 3-cub. yd. bucket. It will 
be used in one of the firm’s open-cast iron-ore mines, 
and will be employed for the dual purpose of stripping 
and replacing the sub-soil and top soil in their correct 
relative position to enable the land to be put back into 
cultivation almost immediately. The two machines, 
it is anticipated, will enable Messrs. Stanton to restore, 
or at any rate level, ironstone-bearing lands where the 
cover is up to 40 ft. in thickness. 








PERSONAL. 


We are informed that as from September 1, Messrs. 
HaRDY, TOBIN AND COMPANY, 110, Fenchurch-street, 
London, E.C.3, have relinquished the agency for the 
Voith-Schneider propeller in the United Kingdom. 
The sole agent is now CaPpTaIn E. C. GOLDSWORTHY. 
Stafford House, Norfolk-street, London, W.C.2, to whom 
all communications should be addressed. 


Messrs. THOs. W. WARD, LIMITED, Albion Works, 
Savile-street, Sheffield, have acquired the assets and 
goodwill of Messrs. TRIUMPH COMPANY, LIMITED, 
Coventry, including the Gloria and Stoke Works. The 
manufacture of the Triumph cars is being continued 
under the direction of Mr. D. M. HEALEY, general 
manager. 

Messrs. BROADWAY ENGINEERING COMPANY, LIMITED, 
Carlisle-road, Hendon, London, N.W.9, have been 
appointed agents for Messrs. Christen and Company 
A.-G., Berne, Switzerland, makers of high-precision 
drilling, tapping and milling machines, lathes and other 
machine tools. 








TEMPORARY WAR-TIME 
ADDRESSES. 


We give below a list of the temporary offices to be 
occupied by firms and institutions during the period of 
hostilities. 

ENGINEERING, Editorial and Publishing Depart- 
ments, 18 and 20, Compton-road, Hayes, Middlesex. 
Telephone Number (temporary and liable to be changed) : 
Hayes 1323. 

THE INSTITUTE OF METALS, Inglestone, 9, Woodfield- 
lane, Ashtead, Surrey. Telegrams and Cables: Shaws- 
cott, Ashtead. Telephone Number: Ashtead, Surrey, 90. 


THE INSTITUTE OF FUEL, Stangrave Hall, Godstone, 
Surrey. Telephone Number: Godstone, Surrey, 101. 


THE IRON AND STEEL INstiTuTE. Joint library and 
information department will remain open and will be 
available for consultation by members and the industries. 
Correspondence should be sent to the usual address. 
namely, 4, Grosvenor-gardens, London, 8.W.1, and will 
be dealt with as far as possible. 


Messrs. KENNEDY AND DONKIN, Holme Chase, 
St. George’s-avenue, Weybridge, Surrey. Telephone 
Number: Weybridge 3648/9. 

Tue Royat Sanirary INsTITuTe will continue at 90, 
Buckingham Palace-road, London, 8.W.1. Should 
this arrangement become impossible, the office will 
be transferred to ‘“‘ Darroch,” MHarrow-road West, 


Dorking, Surrey. Telephone Number: Dorking 2877. 


ROYAL AERONAUTICAL Society, Brook House. 
Telephone Number : 


THE 
Old School-lane, Brockham, Surrey. 
Betchworth 189. 

ENGINEERS, 


THe INSTITUTION OF STRUCTURAL 
“* Cornerways,”’ Speen, Aylesbury, Bucks. Telephone 
Number : Hampden Row 66. 








CANADIAN PETROLEUM PRODUCTION.—The output of 
crude petroleum in Canada during the first four months 
of the present year totalled 1,831,022 barrels, as compared 
with 1,815,685 barrels during the corresponding period 
of 1938. 
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NOTES FROM THE SOUTH-WEST.) NOTES FROM CLEVELAND AND 


The Welsh Coal Trade.—Business has been very | 
severely curtailed on the Welsh steam-coal market | 
throughout the past week as a result of the outbreak of | 
war. A notice posted on the Cardiff market by the 
South Wales Exporters’ Association stated that they 
had been advised by the Coal Export Officer, Cardiff, 
that the export of coal had been prohibited as and from 
midnight September 1. Operators were awaiting in- 
structions as to procedure which would have to be fol- 
lowed in the conduct of future business. At a sub- 
sequent conference which the Exporters’ Association 
had with Mr. R. Whitfield Parker, the Coal Export 
Officer for the Bristol Channel, the whole matter was 
carefully examined. No official statement was made 
following the meeting but it was generally understood 
that during the emergency the export of coal would be 
controlled by licences. These would be issued for 
certain destinations but for others official permission 
would be necessary. Demand on foreign account was 
severely restricted, although there were still a number of 
inquiries circulating from the bunkering depots and also 
from inland users. Sellers, however, were holding aloof 
and collieries were again kept well employed in the 
execution of orders already on their books. These pro- 
vided an outlet for the bulk of their productions and 
quotations were consequently firmly upheld. Current 
outputs of best large descriptions were still being 
steadily lifted on account of existing commitments and 
new business was difficult to negotiate. Dry large 
kinds, although still attracting only a quiet attention, 
were offered with reserve and full late prices ruled. 
Duffs remained extremely scarce and practically all 
producers had sold their potential outputs of these 
descriptions over a long while to come. In several 
instances commitments extended into next year. Sized 


CarRpirr, Wednesday. 





classes were also difficult to obtain for early delivery and 
with stem lists well filled ahead high prices ruled. Bitu- 
minous smalls were almost fully sold for some time, 
but the dry kinds could still do with support, but with 
sellers not pressing prices were steadily maintained. | 
Cokes were active, chiefly for the inland destinations. | 
Patent fuel continued well placed with orders. 


The Iron and Steel Trade.—Very active conditions | 
ruled in the iron and steel and allied industries of South 
Wales and Monmouthshire last week. Practically all 
works were engaged to full capacity and new orders were 
difficult to place. 








| 

CONTROL OF TIMBER SUPPLIES.—In pursuance of | 
Orders made under the Defence Regulations, the Minister 
of Supply announces that he has undertaken the control 
of supplies of timber and that such control will be exer- 
cised by a Department of the Ministry entitled the 
“Timber Control.’’ The Control will be introduced in 
two stages, the first of which is not expected to last 
more than a few days. During the first stage the sale 
of growing trees for felling, and of timber, will be limited. 
As soon as the control organisation has been set up the 
second stage will be introduced by the issue of two further 
Orders. One of these will rescind the temporary limita- 
tion on the sale of growing trees and will substitute 
therefor a system of licences in respect of the sale and 
felling of growing trees. The other Order will rescind 
these parts of the first Timber Order relating to the 
prohibition of sales into consumption and will substitute 
for them a system of consumers’ licences. Further Orders 
will be issued as necessary. It is emphasised that the 
export of timber and box boards is being prohibited, 
except under licence from the Export Licensing Depart- 





ment of the Board of Trade. 


A RAaILway CENTENARY.—The centenary occurred | 
recently of the public opening of the first section, from | 
Ayr to Irvine, a distance of 11 miles, of what is now | 
the London Midland and Scottish Railway between | 
Glasgow and the Ayrshire coast. When the line was 
opened throughout, a year later, in August, 1840, the 
journey of 414 miles took 14 hours, as compared with 
45 minutes, the fastest time at present. The original | 
line was built by the Glaszow, Paisley, Kilmarnock and | 
Ayr Railway and cost about 20,6001. per mile to construct. 
The Glasgow, Paisley, Kilmarnock and Ayr Railway | 





NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

General Situation.—The European situation has 
naturally affected general commercial business and has 
still further intensified concentration on the production 
of material for armament purposes. 

The Cleveland Iron Trade.—There is little Cleveland 
pig available for disposal but supply is sufficient for the 
meagre requirements, consumers of foundry iron con- 
tinuing to use increasing tonnage from other producing 
centres. Producers of Tees-side brands adhere to their 
policy of keeping stocks low by turning an odd furnace 
on to make of foundry iron as consumption demand 
justifies such action. Prospect of return to normal out- 
put of Cleveland pig is remote. Second hands have 
command of sufficient iron to meet the calls of their 
regular home customers and have one or two small 
parcels to ship to Scandinavian ports. Recognised market 
quotations for Cleveland qualities are ruled by No. 3 
description at 99s. delivered within the Tees-side zone. 

Hematite.—The large tonnage accumulations of East 
Coast hematite pig at the blast furnaces are steadily 
falling, due to increasing consumption at local and other 
home works. Merchants are still distributing moderate 
quantities among old domestic customers, but the bulk 
of delivery is direct from producers to consumer. Nego- 
tiations with certain Continental customers who have 
been taking occasional supplies of special quality iron, 
have ceased. Stabilised quotations are based on No. 1 
grade of hematite at 115s. 6d. delivered to North of 
England areas. 

Basic Iron.—Makers of basic iron continue to turn out 
enormous tonnages, all of which is promptly absorbed 
by the huge needs of their own steelworks. 

Foreign Ore.—Stocks of foreign ore have been appre- 
ciably increased recently. August imports to the Tees 
reached 273,215 tons, the highest monthly total for over 
two years, and more than 100,000 tons above the un- 
loadings in July. Consumers have stil] heavy arrears of 
delivery to take up under old contracts. 

Blast-Furnace Coke.—Local consumers of Durham 
blast-furnace coke continue to receive ample regular 
supplies and are extensively covered. The quotation 


THE 


| for good medium qualities remains at 24s. 3d. at the 


ovens. 

Manufactured Iron and Steel-—Manufactured iron 
firms are busy and producers of semi-finished and finished 
steel are running plant at high pressure. Make of steel 
semies still falls much short of meeting re-rollers’ require- 
ments, but further heavy imports of material from 
overseas bring supplies to a level that satisfies current 
needs. Delivery demand for finished steel is unabated 
and absorbs the exceptionally heavy output as it becomes 
distributed. Steel makers are fully sold for months 
ahead, structural steel producers have as much work 
to deal with as they can handle, and manufacturers of 
shipbuilding requisites have well-filled order books. 
Among the principal market quotations for home trade 
are: common iron bars, 121. 5s.; steel bars, 111.; soft 
steel billets, 71. 7s. 6d. ; hard steel billets, 87. 10s. ; steel 
ship, bridge and tank plates, 10/. 10s. 6d.; steel ship 
rivets, 141.; iron ship rivets, 151.; steel constructional 
rivets, 15l. 5s.; steel boiler plates, 111. 8s.; steel angles, 
101. 8s.; steel joists, 107. 8s.; fish plates, 131. 10s. ; 
black sheets, No. 24 gauge, 14/7. 15s.; and galvanised 
corrugated sheets, No. 24 gauge, 171. 5s. 

Tees Iron and Steel Shipments.—Shrinkage of ship- 
ments of iron and steel from the Tees last month was 
attributable to the European situation and was not 
unexpected. August loadings totalled 31,297 tons, 
compared with 48,621 tons in July. Last month’s 
clearances consisted of 3,885 tons of pig iron, 518 tons 
of manufactured iron, and 26,894 tons of steel. Of the 
pig iron shipped, 2,655 tons went to foreign ports and 
1,230 tons coastwise ; of the manufactured iron loaded 
484 tons went abroad and 34 tons coastwise ; and of the 
steel shipped 11,953 tons went overseas and 14,941 tons 
coastwise. Chief receivers of pig iron were Wales, 
1,081 tons; Denmark, 865 tons; Germany, 700 tons; 
and Belgium, 690 tons; while Finland and Union of 
South Africa were the largest purchasers of manu- 
factured iron, the former taking 182 tons and the latter 
145 tons. Among the principal customers for steel 
were: Union of South Africa, 3,936 tons; India, 2,215 
tons; Holland, 1,696 tons; Argentine, 1,059 tons, and 
Wales, 971 tons. 

Iron and Steel Imports.—Monthly returns of the Tees 





was also linked with the first railway in Scotland, which | Conservancy Commission give the August imports of 
it absorbed in 1846. This was a tramway constructed | iron and steel to Middlesbrough and sub-ports at 9,752 
by the Duke of Portland for the conveyance of coal, | tons, comprising 556 tons of pig iron, 9,114 tons of crude 
from collieries in the Kilmarnock area to the port of| sheet bars, billets, blooms and slabs, and 82 tons of 
Troon. It was opened in 1811 and, at holiday times, | plates, bars, angles, rails, sheets and joists. In the 
passengers were conveyed in horse-drawn tramway | previous month aggregate tonnage discharged amounted 
cars. It was on this tramway that one of the earliest | to 21,796 tons—756 tons of pig iron, 20,886 tons of crude 
experiments was made in the use of locomotives in Scot- | steel bars, etc., and 154 tons of plates, bars, angles, etc. 
land, but the engine provided by George Stephenson | Unloadings in August last year totalled only 306 tons, 
was too heavy for the flimsy track, and, after repeated 150 tons being pig iron and 156 tons plates, bars, angles, 
breakages of rails, had to be withdrawn. | ete. 


NOTES FROM THE NORTH. 
GLasGow, Wednesday. 

Scottish Iron and Steel Trades.—Great activity 
prevails in the iron and steel industry in the West of 
Scotland, and now that a state of wer oxists there will 
be no slackening in production in any branch. The 
requirements of steel and iron for Government purposes 
are so heavy that they must now receive first considera- 
tion. The essential services of the country must, of 
course, be carried on and a certain percentage of material 
will be earmarked for other than direct National work. 
The raw-material position is much more satisfactory 
now than it was even a few weeks ago, but with all the 
works running at maximum capacity, the requirements 
are exceedingly heavy. The deliveries of steel scrap 
have recently been very good and the stocks of ore now 
on hand amount to quite a considerable tonnage, so that 
the steel industry is fairly comfortably off. Specifica- 
tions for plates and sections are very pressing while the 
demand for steel sheets is of such proportions that 
makers can scarcely meet all the urgent calls received. 
Bar iron makers are better employed as the demand has 
increased. The re-rollers of steel bars are busy and all 
plant is working to capacity to overtake the orders on 
hand. The stocks of raw material are sufficient to ensure 
steady running for some time. Prices are meantime 
unchanged and are as follows :— Boiler plates, 111. 8s. 
per ton; ship plates, 107. 10s. 6d. per ton; sections 
107. 8s. per ton; medium plates, 127. 2s. 6d. per ton ; 
black-steel sheets, No. 24 gauge, 14/7. 15s. per ton; 
galvanised corrugated sheets, No. 24 gauge, 171. 5s. 
per ton, all delivered at Glasgow stations ; Crown bars, 
121. 5s. per ton for home delivery or export; re-rolled 
steel bars, 111. 15s. per ton for home delivery, and 111. 
per ton for export; No. 3 bars, 121. per ton; and No. 4 
bars, 121. 5s. per ton, both for home delivery. 

Scottish Pig-Iron Trade.—-The Scottish pig-iron makers 
are now facing a very heavy demand for both hematite 
and basic iron, and this will most assuredly continue 
for some time now that war has been declared. The 
demand for foundry grades of iron is still somewhat 
slow, but there is the possibility of an improvement 
before long. The following are the current prices: 
Hematite, 5/7. 15s. 6d. per top, and basic iron 41. 12s. 6d. 
per ton, both delivered at the steel works; foundry 
iron, No. 1, 51. 3s. per ton, and No. 3, 51. 0s. 6d. per ton, 
both on trucks at makers’ yards. 

Scottish Shipbuilding.—W ork in the Clyde shipbuilding 
yards is being pushed ahead with all speed and the 
22 yards are now working fully. During the past month 
a large number of new contracts were booked, The 
output for the past month consisted of five vessels, of 
28,180 tons on the Clyde, and two vessels, of 3,350 tons, 
on the Forth, making a total of seven vessels, of 31,530 
tons in all. The Clyde total for the year to date is 
now 53 vessels of 182,434 tons. 








TRUNK-ROAD IMPROVEMENT IN SUTHERLAND.-—The 
Minister of Transport has accepted the tender of Messrs. 
John McAdam and Sons, Limited, Aberdeen, for improve- 
ment. works on 84 miles of the London-Edinburgh—Thurso 
trunk road in Sutherland, between the Mound railway 
level-crossing and Clashmore and Spinnng Dale. The 
present carriageway has an average width of about 
15 ft. and the surface is in poor condition. The road 
will be widened to an average width of 30 ft. with an 
18-ft. carriageway surfaced with bituminous macadam. 
The alignment will be improved by the construction of 
short diversions where necessary. 





Tue IRON AND STEEL ConrROL ORDER.--Under the 
provision of the Defence Regulations, the Minister of 
Supply has established a control of the iron and steel 
industry. Licences are required to acquire iron and 
steel goods and certain raw materials, but provision is 
made for exemption, by notice, from the necessity to 
obtain a licence in favour of certain classes of purchasers 
and for’ certain purposes. A notice is being issued 
concurrently with the Order providing for the exemption 
of the main classes of first-priority users, namely, Govern- 
ment Departments and purchasers requiring goods for 
Civil Defence purposes, and railway, shipbuilding and 
coal-mining undertakings. Goods forming the subject 
of existing contracts are also exempt from licensing, 
but may be subject to certain priorities. All purchasers 
of small quantities of goods—not exceeding 10 cwt.- 
and purchasers from stock-holding merchants (during 
a period of 14 days from the date of the Order) are also 
exempt from licensing. No licences are required for 
dealing in scrap iron and steel. Maximum prices are 
established for the principal iron and steel products, 
the prices scheduled being those current in the industry ; 
it is contemplated that they will remain unchanged until 
October 31. Further information may be obtained on 
application, in writing, to the Iron and Steel Control, 
Ministry of Supply, Steel House, Tothill street, London, 





S.W.1. Envelopes and letters to be marked “‘ Licensing.” 








SALIENT - POLE SYNCHRONOUS 
INDUCTION MOTOR FOR AIR- 
COMPRESSOR DRIVE. 


Tue power factor of large electrically-driven indus- 
trial installations can be efficiently controlled by using 
synchronous motors on some of the larger units. In the 
past, two types of these motors have been in general use, 
viz., the plain synchronous machine, with salient poles 
and squirrel-cage starting winding, and the synchronous 
induction pattern, with a polyphase distributed starting 
winding, which is supplied with direct-current excita- 
tion when it has been run up to speed. The salient- 
pole machine has the advantages of high efficiency and 
maximum overload capacity, but its starting torque 
is limited to the same extent as that of a squirrel-cage 
induction motor and the control gear may be relatively 
expensive. On the other hand, the synchronous- 
induction motor has starting characteristics equal to 
those of a slip-ring induction motor and the starting 
equipment is simple. The efficiency and pull-out 
torque are, however, not so good. Attempts have, 
therefore, been made recently to combine the advan- 
tages of these two types in one machine and the 
result is what is known as the salient-pole synchronous- 
induction motor. An example of one of these machines, 
constructed by Messrs. General Electric Company, 
Limited, Magnet House, Kingsway, London, W.C.2, 
is shown in the accompanying illustration which depicts 
a 840-h.p., 3,000-volt, 50-cycle salient -pole synchronous- 
induction motor coupled to a Belliss and Morcom 
compressor, This set is installed in the works of 
Messrs, Briggs Motor Bodies, Limited, Dagenham, 
Essex, and runs at 0-8 power-factor loading, thus 
serving to correct the power factor of a total load of 
1,966 kW from 0-7 to 0-865 lagging. 

As will be seen from the illustration, the salient 
pole synchronous-induction motor is generally similar 
in appearance and construction to an ordinary salient 
pole synchronous motor. It has, in fact, exactly the 
same type of exciter and excitation winding, though 
the starting winding is different. The pole faces are 
made wider and deeper and a polyphase insulated 
starting winding, which is similar in appearance to 
the rotor winding of a slip-ring induction motor, is 
inserted in slots which are distributed over the pole 
face. 

This starting winding is entirely separate from the 
excitation winding and is connected to separate slip 
rings, 80 that there are three slip rings for starting 
and two for excitation. The former rings are connected 
to a liquid starter, while the stator winding is connected 
directly to the mains and the excitation slip rings to the 
exciter armature. The motor is started in the same 
way as a slip-ring induction machine. When up to 
speed, the starting winding is short-circuited by the 
starter contacts and the exciter is switched on to the 
excitation winding, thus causing the machine to pull 
into step and run synchronously. 

At starting, the stator winding is connected to the 
supply by means of an oil circuit-breaker and the field 
winding, which is connected to two excitation slip 
rings, is on open circuit. When the starting resistance 
has been cut out the machine has reached about 95 per 
cent. of its synchronous speed. A special switch is 
operated to synchronise the machine. The first 
movement of this switch short-circuits the liquid 
starter, while a further movement connects the field 
winding across a non-inductive resistance. A pause 
is then made to allow the resultant current in the field 
winding to bring the machine nearer to synchronism, 
and, finally, the switch is moved first to connect the 
field winding across the exciter (which has already 
built up its voltage) and then to cut out the non- 
inductive resistance. Thus, the machine pulls into 
step and runs at synchronous speed, the short-circuited 
starting winding acting as a damper. 

The compressor is driven from the motor through a 
solid coupling which is bolted directly to the fly-wheel 
face. As already mentioned, it was constructed by 
Messrs. Belliss and Morcom, Limited, Birmingham, and 
is designed to compress 4,000 cub. ft. of free air per 
minute to a pressure of 110 Ib. per square inch. This 
air is supplied to pneumatically-operated appliances 
such as spray guns, spot and butt welders, riveters, 
drills and clutches for presses and also air cushion- 
ing devices for presses. The compressor itself is of 
the two-crank, two-stage vertical enclosed type, with 
an intercooler between the stages, and is self-lubricated. 


The cylinders are fitted with automatically-operated | 


valves of the Rogler-Hoebiger plate type. The amount 
of air handled is controlled by a double-beat valve, 
which is placed in the compressor inlet and is operated 
by a relay governed by the pressure in the discharge 
main. 
times of light load, release gear is fitted, enabling the 
power taken to be reduced to about 4} per cent. of 
the full-load requirements. 

We have to thank Messrs. Briggs Motor Bodies, 
Limited, for permission to publish the above descrip- 
tion. 


In order to minimise the power required at | 
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ENGINEERING APPLICATIONS OF 
MONEL METAL. 


Monet metal, which, as is well known, is an 
alloy containing approximately two-thirds of 
nickel and one-third of copper, is at the present 
time employed for a wide variety of engineer- 
ing and industrial purposes. The alloy takes 
its name from that of Mr. Ambrose Monell, who 
was President of Messrs. International Nickel 
Company at the time at which the alloy was first 
produced in 1905. This company had for many 
years been engaged in mining and smelting the 
nickel ores from the Sudbury district of Ontario, 
Canada, and it may be recalled that one large 
belt of ore was found to contain, in addition to 
the nickel, a relatively high percentage of copper. 
As segregation of the two metals, under these 
conditions, was both difficult and expensive, 
it was decided to smelt the two metals simul- 
taneously and to examine the commercial merits 
of the resulting alloy. This material on inspec- 


tion was found to possess mechanical and 
corrosion-resisting properties of a high order. 
Since that time Monel metal has rapidly de- 


veloped and at the present time is employed for a 
variety of applications on account of its strength 
at high temperatures and its resistance to abrasion 
and corrosion. Not only has it proved of value 
in land power plants and marine engineering, 
but it has found wide application in the chemical 


and process industries. The textile industry is 
another field in which it has been used with ad- 
vantage, while for food-handling equipment, 


laundry machinery and in the electrical industry, 
the alloy is also extensively employed. 

Many of these applications are referred to in an 
interesting brochure, entitled ** Monel—An 
Account of its Properties, Principal Uses, Fabrica- 


tion and Available Forms,’’ published by Messrs. 
Henry Wiggin & Company, Limited, Thames 
House, Millbank, London, S.W.1, who are the 
producers of the alloy in this country. Iilus- 


trations of typical applications of Monel metal 
are given, among them being a reproduction of a 
photograph of a throttle governor valve from a 
Weir turbo-feed pump operating at a steam tem- 
perature of between 750 deg. and 800 deg. F. 
After 45,000 hours service at Dalmarnock Power 
Station. Glasgow, the valve, when withdrawn for 
inspection, showed no trace of cutting action. 
Another illustration is of cast needles and nozzles 
for a large Swiss Pelton-wheel hydro-electric 
plant. These are reported to have withstood the 
erosive action of water containing finely-divided 
rock particles much better than other available 
materials 


valuable for acid-pickling crates, baskets and 
hooks The crates and baskets, which are 
assembled by electric welding, are light and 


Monel has also been found particularly | 


strong and give long service. The only other 
application of the material to which our space 
will permit us to refer is that of Monel-covered 
plywood. This consists of a sheet of the alloy 
backed by a sheet of plywood, adhesion being 
obtained by means of special cements and the 
application of high pressures. The product may 
be supplied covered on one side or covered on 
both sides. The metal covering is of com- 
paratively light gauge but the plywood reinforce- 
ment results in a rigid and stiff material which 
possesses the strength required for numerous pur- 


poses. The product is used in cold-store con 
struction and for shelving, doors, food-service 
lifts, table tops, furniture, wall panelling and 


other equipment. 








THE UNITED STATES LEAD 
INDUSTRY. 


As a result of generally adverse industrial con- 
ditions there was a decline in the production 
and consumption of lead in the United States 
in 1938 as compared with 1937. Last year, the 
output of refined primary lead from home ores 
in the United States, according to statistics issued 
by the Bureau of Mines, at Washington, amounted 
to 331,964 short tons valued at 30,541,000 dols., 


against 443,142 tons valued at 52,291,000 dols. 
in 1937, the figures for 1938 constituting de- 
creases of 25 per cent. in quantity and of 42 


per cent. in value as compared with the previous 


year. The production of refined lead from foreign 
ore. matte, etc.. however, rose to 51,705 tons in 
1938, from 24,175 tons in 1937. The prin- 


cipal sources of production in the United States 
were, as heretofore, situated in Missouri, Idaho, 
and Utah, while of the lead derived from over- 
seas sources, 3,562 tons were from Canadian ore, 
9,745 tons were imported from Mexico, 9,887 
tons from various South American States, and 
7,320 tons from Australia. A quantity of metallic 
lead, amounting to 18,268 tons, was also im- 
ported from Mexico. The antimonial lead pro- 
duced in the United States during the year under 
review totalled 24,123 short tons, containing 6,759 
tons of home- and 3,385 tons of foreign-pro- 
duced primary lead, 2,080 tons of primary home 
and foreign-produced antimony, 11,170 tons of 
reclaimed scrap lead and 729 tons of reclaimed 
antimony. During the first half of 1938, the price 
of pig lead in New York continued the down- 
ward trend of the latter part of 1937; from June 
to October, however, the trend was upwards, but, 
in the closing quarter, prices again moved to 
| lower levels. The average price for the whole 
| year was 4.74 cents per pound, compared with 
| 6.01 cents in 1937 and 4.71 cents in 1936. 
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BRITAIN AT WAR. 
THE long drawn-out “ war of nerves” which the 
German Government has been waging against the 
rest of Europe has been succeeded, after all, by 
the war of weapons, and once again Britain and 
France have joined forces, in the words of the 
Prime Minister, against those “ evil things 
brute force, bad faith, injustice, oppression and 
persecution.” Twenty-five years ago we took up 
arms in defence of Belgium ; now, it is Poland on 


Saturday morning, otherwise they will be) whose behalf our support is engaged. Then, we 


taken as correct. The propri 


possession for more than two years. 
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Owing to the temporary dis- 
organisation caused by the 
transfer of the Editorial and 
Publishing Departments of 
ENGINEERING to [8 and 20, 
Compton-road, Hayes, Mid- 


etors will not hold | 
themselves responsible for blocks left in their | 


Post Office | 
| ideals and ultimate purpose of the warring nations 
|in 1914 and those which animate them to-day ; 


| precautions against attack from the air. 
|mere preliminaries to actual warfare have made 
/demands upon industry and especially upon trans- 


were opposed to a megalomaniac, but ostensibly 
constitutional, monarch ; now our arch-antagonist 
is an even greater megalomaniac, whose rule is 
only constitutional to the extent that it represents 
a constitution of his own creation. Otherwise 
there is no great difference in principle between the 


nor, fortunately, is there the slightest reason to 
expect a different outcome. 

Inevitably, the declaration of war has meant a 
serious and widespread dislocation of the nation’s 
economic eircumstances. There was no need, in 
1914, for the wholesale evacuation of women and 
children from the large cities and industrial centres, 
for the dispersal of the executives of commercial 
undertakings, or for the immense aggregate expense 
and inconvenience represented by the nation-wide 
These 


port which in themselves constitute a burden of a 


—— 
page| need not apologise for the fact that the present 


| issue of ENGINEERING contains less than the usual 
|amount of editorial matter, or for the absence— 
|we believe, for the first time—of the customary 
| two-page plate. The plate was actually ready for 
| printing, but as it was to illustrate an article 
containing information that might conceivably be 
| of service to an enemy, the decision was made to 
| withhold the article and plate. The difficulty of 
| producing the rest of the issue has not been light ; 
| but, thanks to the cordial co-operation of our 
| printers, Messrs. Harrison and Sons, Limited, it has 
been possible to avoid actual interruption of publi- 
| cation, and we believe that the arrangements now 
|in being will enable us to maintain a journal of 
| satisfactory proportions and contents. We would 
take this opportunity to draw attention to the 
notice on this page, giving the temporary address 
to which all communications should be directed ; 
| the office in Bedford-street, Strand, is closed until 
| further notice. It is a matter of common knowledge 
| that many other business undertakings have deemed 
it advisable to remove their offices from the more 
vulnerable parts of London and other large cities to 
temporary quarters in the surrounding country, 
although there are still numerous organisations—for 
example, the British Engineers’ Association—which 
have come to the conclusion that their purposes will 
be best served by continuing in their usual offices, at 
least, until these are demonstrated to be untenable. 

The embargo imposed upon public gatherings 
has had the effect of cancelling automatically a 
number of intended engineering functions, apart 
from the abrupt closure of others actually in pro- 
gress, such as the meeting of the British Association 
at Dundee. This meeting began on August 30 
and the proceedings of Section G—Engineering, 
| which it has been our practice to report at consider- 
| able length, opened on the following day with the 
| presidential address of Mr. H. E. Wimperis, on 
“The Future of Flying,” which is printed on page 
279 of this issue. On Friday, September 1, various 
sectional meetings were held, but on the afternoon 
| of that day the General Committee of the Association 
decided that, in view of the serious turn in the inter- 
national situation, there was no alternative but 
| to abandon the meeting. A report of the proceed- 
| ings, so far as they were taken begins on page 287. 
| The general opinion regarding the probable 
duration of the conflict in which the nation is now 
| engaged is sufficiently indicated by the tenour of 
the many notices regarding the abandonment of 
technical gatherings ; notices, it may be observed, 
which have been sent out, in many cases, under the 
authority of persons who are particularly well 
informed on matters concerning our own war poten- 
tialities and those of the other nations involved. 
The British Association provides a typical example, 
for the Committee which authorised the breaking- 
off of the Dundee meeting proceeded to elect Sir 
Richard Gregory, Bart., F.R.S., as the next presi- 
dent, and accepted an invitation to hold the next 
| meeting at Newcastle-on-Tyne in 1940. Similarly, 
|the organisers of the Engineering and Marine 
| Exhibition at Olympia, the Model Engineer Ex- 
hibition, and other functions intended to be held 
| in the near future, almost without exception advise 
|us that their arrangements are “ postponed,” not 
“cancelled”; a unanimity which is the more 
impressive because it is so obviously unpremeditated. 

It was commonly said of the War of 1914-18 that 
it was “an engineers’ war,” but all the indications 
are that the present conflict will possess an infinitely 
better title to that description. In that probability 
|we see the best hope that it will be brought to a 

















magnitude not to be gauged by the remarkable | speedy conclusion. The strain that mechanised 
| freedom from confusion with which the operations | warfare imposes upon even the most highly deve- 
|have been accomplished. In the past it has been | loped country, shows how difficult it is likely to be, for 
customary to credit Germany, in particular, with | a nation less fortunately placed, to prolong a struggle 
an outstanding genius for organisation, whereas in| in which mechanical devices are relied upon to the 
fact such success as they have achieved in that| extent that they are to-day. Finally, it must be 
direction is attributable rather to individual acquies- | remembered that, if the engineering applications 
cence in wholesale regimentation. It is certain that | of scientific development have placed in the hands 
no other nation could have surpassed in efficiency | of men a potentiality for destruction such as their 
the manner in which the evacuation of London and | forbears never imagined, they have also provided 
other congested areas has been accomplished simul- | ® Power of recuperation and reconstruction that is 
‘taneously with all the other civil and military equally unexampled in history ; and in this respect, 
| preparations against the outbreak of hostilities. as well as in the moral aspect, we believe with the 
In all the circumstances, we feel sure that we! Prime Minister that “ right will prevail.” 


diesex, it has not been possible 
to produce a paper of the 
usual size this week. We 
hope to return to a more 
normal size of issue at an 
early date. Every effort will 
be made to give our readers 
satisfactory service in the 
difficult times ahead. 
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THE SAFETY IN MINES 
RESEARCH BOARD. 


The Annual Report of the Safety in Mines Research 
Board*, covering the year 1938, which was published 
recently, provides an interesting account of the 
activities of this body and shows that satisfactory 
progress continues to be made in the various investi- 
gations that have been undertaken to promote 
safety and health of the mine worker. During 
the year under review an attempt was made to use 
the underground roadway, which was constructed 
primarily for the purpose of demonstrating coal-dust 
explosions to visitors, for experimental investiga- 
tions under conditions which should more nearly 
resemble those encountered in undergound practice 
than are provided by the steel gallery. ‘Two series 
of experiments were undertaken. One was designed 
to ascertain whether, under certain conditions of 
ventilation, a local cloud of coal dust could be 
ignited by an electric arc and develop an inflamma- 
tion sufficiently violent to raise more dust and thus 
give rise to an extensive expl.sion. The roadway 
is 8 ft. wide, arched, and 700 ft. in length. Prelimi- 
nary tests were made in which a small cloud of coal 
dust was projected from a 3-in. diameter pipe 
across an are using direct current at 500 volts. 
Such a cloud, moving at a speed of about 300 ft. per 
minute, was regularly inflamed when ignited by a 
45-ampere arc maintained across a j}-in. gap. 
When an additional coal-dust cloud was formed 
in the vicinity of the arc by dispersing 20 Ib. of 
dust from a shelf by means of jets of compressed 
air, mild inflammation resulted in which flame 
travelled about 100 ft. with the ventilation and 
20 ft. against it. These inflammations were found 
to be incapable of dispersing coal dust from cross 
shelves supported near the crown of the gallery. 

The second series of experiments was designed to 
study the behaviour of layered deposits of coal 
and stone dusts lying in the path of an advancing 
explosion. In previous experiments the coal dust 
and stone dust had been intimately mixed, but in 
mining practice the two kinds of dusts are liable 
to be in layers ; hence a greater proportion of coal 
dust than of stone dust might be raised, because 
of the readier dispersability of the former. Prelimi- 
nary tests were made, therefore, to observe the 
behaviour of coal dust lying on top of stone dust 
when exposed to a mild inflammation of a small 
cloud of coal dust. 

With the roadway otherwise free from dust, the 
inflammations of the pre-formed coal-dust clouds 
spread for a distance of 125 ft. When a layer of 
coal dust }-in. thick was laid on top of stone dust 
over the first 400 ft. of roadway, the remainder 
being free from dust, much of the coal dust remained 
undisturbed by the gust of air induced by the 
inflammation of the pre-formed cloud, but sufficient 
was raised to carry the flame throughout the 700-ft. 
length of the roadway. The experiments suggest 
that any preferential raising of coal dust from a 
deposit of dusts ahead of the flame was due to the 
greater opportunity of the uppermost layer of dust 
to be dispersed, rather than to differences in dis- 
persability between the coal dust and the stone dust. 

The arrangement of the underground roadway 
for the above experiments afforded an opportunity 
to compare the dispersabilities of dust deposits 
during explosions. Small deposits of coal dust 
and of various incombustible dusts were accordingly 
laid on shelves at different positions in the roadway 
and were examined after an explosion. No marked 
differences in the ease of cloud formation of the 
various dusts tested was observed. Within 100 ft. 
of the initial inflammation, which was comparatively 
feeble, it was unusual for more than the surface 
layer of any dust, whether coal or stone dust, to be 
disturbed ; several hundred feet from the source 
of ignition, most of the dust, of whatever nature, was 
removed from the shelves. 

The co-operation of producers of colliery stone- 
dusts has been of great assistance in the study of 
methods for improving the dispersability of incom- 
bustible dusts. Results obtained from one series 
of dusts, ground from the same material in different 


* Seventeenth Annual Report of the Safety in Mines 
Research Board, 1938. London: H.M. Stationery 
Office. [Price 2s. net.) 
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mills, appear to indicate that the type of mill used 
has a definite influence on the character of the 
product. Attention is being given to the improve- 
ment to be obtained by the use of suitable admix- 
tures, such as light precipitated carbonates, at low 
cost. The remarkable effect of carbon black in 
improving the dust with which it is mixed has been 
shown to vary with the character of the carbon 
black. The addition of as little as $ or 1 per cent., 
of the most effective form, improved stone dusts 
quite appreciably. The nature of the action which 
takes place is being investigated with a view to 
improvement ; a disadvantage of the use of carbon 
black is the darkening of the dust. 

Studies conducted on the effect of adverse condi- 
tions on dusts have been confined, until recently, to 
experiments with dusts which have been deposited 
on dry surfaces and exposed to atmospheres of high 
humidity. Any stone dust in common use will 
lose its dispersability if spread for long on a damp 
surface because it takes up moisture and ultimately 
forms a paste. As a result of attempts during 
several years to improve stone dusts, a remarkable 
advance has been made almost contemporaneously 
in the United States and in this country by the 
production of a dust which is not readily wetted 
by water. The two dusts resemble each other very 
closely, both being ground limestone with which is 
incorporated } per cent. of palmitic or stearic acid, 
both “waxy” substances. When tested both 
these dusts were found to be highly dispersable, 
requiring a minimum speed of air current when 
freshly deposited of about 3,000 ft. per minute 
to move them. They resisted damp atmospheres 
unusually well, retaining their dispersability during 
a week or even longer when repeatedly subjected 
to condensation of moisture from the air. The 
fatty-acid protector is readily incorporated during 
the milling of the dust, and the process is understood 
to be available generally to producers of colliery 
stone.dust. 

From time to time experiments have been made 
in the 4-ft. gallery for the suppression of coal-dust 
explosions by means of “ inhibitor ” dusts, such as 
sodium chloride. The materials used were selected 
from among those found by laboratory tests to be 
highly effective suppressors of inflammation. 
Whereas certain of them, such as sodium chloride, 
were found to be equally efficient on a large scale 
as in the laboratory, others, such as sodium car- 
bonate, were inefficient in the gallery. An explana- 
tion of this anomaly would appear to have been 
found in the course of experiments made with 
sodium fluoride, which in the laboratory had been 
found to be 20 times as efficient as limestone dust. 
When mixtures of Silkstone coal dust and sodium 
fluoride, in proportions varying between 90: 10 
to 75:25 were tested under standard conditions, 
flame traversed about two-thirds of the gallery in 
every instance. Further tests were then made in 
which the sodium fluoride was mixed with several 
times its weight of shale dust. Under these condi- 
tions the sodium fluoride was found to have as high 
an inhibiting effect as in the laboratory tests. The 
likelihood of inhibitors becoming in time of practical 
value has been enhanced by an observation, so far 
made only in the laboratory, that their already high 
efficacies may be increased many-fold by mounting 
them on “carrier” dusts. 

In connection with the work on falls of ground, 
tests on pack roads have been concerned with the 
problem of load distribution, a number of pack- 
load dynamometers being set beneath experimental 
packs in the 400-ton testing machine. It was found 
that, when the ends of the packs were retained by 
wire netting, as described in the Annual Report 
for 1937, the pressure per unit area increased 
gradually from zero at the ends to a maximum at 
the centre. The maximum pressure was approxi- 
mately twice the average pressure over the whole 
area of the pack. The pressure variation was 
similar in character to that observed underground, 
but in these experiments the effect of the pack 
walls was not considered. Further tests have 
shown that the resistance of the walls, and parti- 
cularly of the interior walls, is of great importance 
in the initial stages of loading. 

In relation to the search for new sources of pit 


‘timber, tests have been made on props from the 
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new State forests in Hampshire and from Canada. 
The Hampshire props were of Scotch pine, nominally 
6 ft. long and 6} in. in diameter. Tests on some 
of the props as received, with a moisture content 
(that is, the amount of moisture based on dry weight) 
of over 80 per cent., gave results better than was 
anticipated from external appearance. The average 
stress at failure was 1,450 Ib. per square inch, and 
the minimum and maximum values were 84 per 
cent. and 115 per cent. of the average. The maxi- 
mum loads carried by individual props were more 
varied, due to differences in diameter, the minimum 
and maximum being 18-5 tons and 30-2 tons, and 
the average 23-3 tons. Tested in “ air dry ”’ condi- 
tion after six months in the laboratory, the moisture 
content being then 14-7 per cent., the average 
stress at failure was 2,580 lb. per square inch and 
the maximum loads carried by the props ranged 
from 23-9 tons to 55-6 tons, with an average of 
36 tons. 


Experiments were made on tubular steel props 
to determine the influence of wood filling on their 
strength. When tested under axial and eccentric 
loads, no perceptible difference between the filled 
and the unfilled props was found. Tests were also 
made on a yielding-type steel prop of German origin 
in which the resistance was controlled by the friction 
developed by the crushing of a timber block, 
through an arrangement of steel wedges. These 
props were adjustable from a maximum length of 
6 ft. down to a minimum length of 3 ft. 6 in. It 
was found that the resistance offered by the props 
during yielding was determined by the nature of 
the timber crushing-block and the manner in which 
the wedges were driven when setting the prop. 
The yield load at which slipping commenced ranged 
from 2-5 tons to 11-5 tons. The highest value was 
obtained with a hickory crushing-block, and the 
total amount of compression at a load of 30 tons 
with this kind of block varied from 2 in. to 5 in. 

The wire-ropes researches have been continued 
at the Imperial College under the executive charge 
of Dr. M. A. Hogan. In connection with the 
deterioration of winding and haulage ropes, special 
attention has been devoted to the study of corrosion 
in galvanised ropes in view of the conclusion that 
galvanising was the best method for retarding 
deterioration by fatigue and corrosion-fatigue. An 
instance of deterioration by internal corrosion- 
fatigue was investigated in a rope from which 
recapping samples had been examined. The rope 
was a flattened-strand 1-5-in. diameter specimen 
with six strands of 12-12-6 construction, the wires 
being of 110-ton steel with a drawn galvanised 
coating, which was 0-0008 in. thick on the outer 
wires, and 0-0004 in. thick on the inner wires. The 
rope worked in a moist upcast shaft where the 
conditions caused severe corrosion of the ungal- 
vanised ropes previously used. Three or four 
broken outer wires were found in each sample at 
the capel edges. After 24 months, seven inner 
wires failed at nicks which were slightly corroded. 
At 30 months, the outer wires showed traces of 
corrosion against the fibre core and three outer 
and 19 inner wires were broken, causing a loss of 
12 per cent. in the aggregate strength. In conse- 
quence it was suggested that a long length of rope 
should be cut off, preferably reaching up to the 
pulley when the cage was at bank. This suggestion 
was not acted upon, and the next sample, at 324 
months, was only 3 ft. long, as usual. The sample 
showed a loss of 13-6 per cent., and in view of the 
rapidity with which corrosion-fatigue deterioration 
may advance, the management were advised that 
the capel end of the rope could no longer be regarded 
as in a safe condition. When the rope was taken 
off a week later the worst sample, on the pulley 
when the cage was at bank, was found to have 
lost 24 per cent. of its original strength. Although 
the galvanised coating was not satisfactory, it 
appeared to have delayed corrosion, and if a greater 
length had been removed at each recapping, say 
10 ft. or more, the rope might well have lasted the 
full statutory period, notwithstanding the partial 
failure of the galvanising. 

Another example of the failure of a drawn gal- 
vanised coating was that of a lj-in. diameter 
locked-coil rope used in a wet upcast shaft 1,919 ft. 
deep, which was taken off as the result of the 
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discovery of three broken outer wires 420 ft. from 
the capel. The outside of the rope was rusty and 
had a lumpy appearance, although the greatest 
variations in diameter only amounted to 0-01 in. 
The inner surface of the outer layer of locking wires 
was badly corroded, the worst corrosion being 
towards the unworn side of the rope. The four 
layers of the rectangular wires were dry and corroded, 
and the first layer of round wires was also dry but 
showed little corrosion. There were six broken 
wires in a 2-ft. length in this layer, all towards the 
unworn side of the rope. The corrosion product 
inside the rope was found to contain chlorides, 
potassium and sodium, and the corrosion could be 
attributed to the action of the shaft water. It 
was found that the wires could be divided into two 
groups : those in which the steel beneath the coating 
was smooth, and those in which it was rough. In 
the first group the coating was very thin, only 
0-00019 in., but it was continuous and adhered 
firmly to the steel. On the rough wires there was 
much more zinc, equivalent to a uniform coating 
0-00033 in. in thickness, but here and there high 
spots on the wire projected through it, and the 
adhesion was bad. This was a dangerous example 
of internal corrosion because, although a similar 
type of deterioration was observed at the capel, the 
loss in aggregate strength of a recapping sample at 
29 months, was only 1-4 per cent., and of the piece 
at the capel when the rope was taken off at 39 
months, only 4-4 per cent. ; whereas at 140 yards 
from the capel the loss was no less than 25 per cent. 
Had the petrolatum lubricant remained within the 
rope, deterioration would have been resisted more 
effectively, but the zinc coating proved to be 
inadequate against the corrosive action of the water. 

In another case a man-haulage rope § in. in 
diameter, which was used on a straight return airway 
with a maximum slope of | in 2, broke while raising 
a number of men. The rope had been in use for 


| still in progress when the report was written. 





months. Industrial awards, prescribing higher 
wages and shorter hours, resulted in an additional | 
expenditure of 110,822/., and there was a further 
increase of 27,8211. in pension charges. Moreover, | 
a rise in the prices of coal and various stores were 
other uncontrollable factors contributing towards 
higher operating costs. The total working expenses 
amounted to 2,756,598/., against 2,447,549/. in 
1936-37, and the percentage of working expenses 
to earnings was 83-56, as compared with 81-00 in| 
1936-37. The net earnings, or surplus, after paying 
working expenses, was 542,4861., which represented 
a return on the capital cost of 1-43 per cent., against | 
1-56 per cent. in the previous year. Actually, how- 
ever, the rate of interest debited against the railways 
was 4-22 per cent. Among the new works under- 
taken by the engineering branch of the undertaking, 
the most important was the completion and opening, 
at the beginning of the year under review, of the | 
extension of the Salisbury-Redhill broad-gauge line 
to Port Pirie, a distance of 29 miles. As a result 
of the related extension, by the Commonwealth | 
Government, of the standard-gauge Trans- Australian | 
Railway from Port Augusta, the previous eastern 
terminus, to Port Pirie, it is now possible to travel 
from Kalgoorlie, in Western Australia, to Melbourne, 
a total distance of some 1,700 miles, with only one 
break of gauge, namely, that at Port Pirie. Other 
works undertaken by the engineering department | 
were mainly of a routine nature, involving the re-lay- 
ing of track, the provision of new sidings, the 
strengthening or reconstruction of bridges, and the 
erection of new station and other buildings at various | 
points. At the Islington workshops, six broad-gauge | 
light Pacific locomotives were constructed during | 
the year, while the building of six other engines was 


| 
| 


Numerous passenger coaches and goods wagons 
were also completed and others were in course of | 
construction. 


nearly 40 months, and broke as a result of deteriora-| Ty, Provision oF ADDITIONAL LocKS IN THE 


tion by external wear and internal corrosion. 


loss in diameter was only 9 per cent. and the 


internal corrosion was apparently due to the action 
of the fibre core in the absence of a suitable internal 
lubricant. It appeared that kerosene from the 


external lubricant had penetrated to the core and | 


| 
The | 
wires were very severely corroded in contact with | 


leached out the original petrolatum lubricant. 


the fibre core and it was observed that, when a 
piece of the rope near the fracture was untwisted, 
many broke at the weakened sections. There 
can be no doubt that, had this rope been opened 
for inspection by untwisting, its dangerous condi- 


tion would have been seen long before the | 


breakage occurred. 








At | 
the fracture, the aggregate strength had been reduced | 


to 22 per cent. of the strength when new, but id 
| increase of inter-oceanic traffic would necessitate, at 


external condition of the rope was good. The | 








| 


PanaMa CANAL. 


It was foreseen some years ago by the adminis- 
tration of the Panama Canal that the gradual 


some future date, the construction of additional 
lock systems at both entrances to the Canal. While, 
however, the question is not particularly urgent 
from the commercial standpoint, it is felt that the 
duplication of the lock systems would constitute a 
safeguard in time of war. In this connection, it is| 
emphasised in a report, drawn up by the Governor 
of the Canal and recently submitted to the United 
States Congress, that if an additional system of | 
locks were constructed, the chance of vital damage 
by sabotage or by air-raid attack resulting in| 
serious closure of the Canal to traffic would be 
reduced. After having considered the question, | 
Congress authorised the construction of the locks | 
at an estimated cost of 277,000,000 dols. The work | 


essential national work who 
| intention of being present were unable to travel to 


THE BRITISH ASSOCIATION 
MEETING AT DUNDEE. 


Tue British Association opened its 1939 meeting 
at Dundee on August 30, according to the programme, 
notwithstanding the uncertainty of the inter- 
national situation which existed at the time. 
Although a certain number of people engaged on 
had signified their 


Dundee, the attendance was above the average 


| figure for recent years. Actually, the number of 


acceptances was 3,090, which comares with the 
corresponding figures of 2,795 for Cambridge last 
year and of 1,860 for Nottingham in 1937, but it 
is difficult to say how many of those intending to 
be present did actually arrive. From general 
appearances, however, the actual attendance was 
very large, and we believe that Dundee can claim 
to have established a new high record. The Associa- 
tion had held two previous meetings in Dundee, 
one, in 1867, under the presidency of the Duke of 
Buccleuch, F.R.S., P.C., and one in 1912, under the 
presidency of Sir Edward Sharpey Schafer, F.R.S. 
The meeting in 1912 was notable for the munificence 
of a citizen of Dundee, the late Sir James Caird, 
whose gift of £11,000 to the funds of the Association 
enabled it to commemorate his name in the Caird 


| Fund, which is devoted to scientific work. 


The inaugural meeting took place in the Caird 


| Hall, City Square, on Wednesday evening, August 30, 
|when Sir Albert Seward, D.Sc., LL.D., F.R.S., 


delivered his presidential address on “ The Western 
Isles Through the Mists of Ages.” Before doing so, 
however, the President expressed his very hearty 
appreciation of the splendid spirit shown by the 


| local committee in the face of the prevailing condi- 
| tions. 


It was ‘true, he remarked, that no meeting 
had ever been held under conditions of greater 
uncertainty than those then confronting them. 


|Men and women who were primarily interested in 


the pursuit of natural knowledge were not likely 
to be backward, and had not been backward, in 
taking their full share of work for the defence of 
the realm. He added, however, that the bond of 
fellowship among scientific workers in all parts of 
the world was strong enough to constitute a most 
important and potent influence, leading to the hope 
that all would realise that human co-operation and 
goodwill in the pursuit of knowledge was essential 
for the peace of the world. He knew from recent 
experience that we in this country were not, alone 


in our conviction that the friendship of workers in 
| different countries based on a common determination 


to discover the truth had created the same burning 
desire for the establishment of conditions which 
would enable all to work together in harmony. 


| This brief introduction to the presidential address 
| was heartily endorsed by the audience and the 


announcement by the general treasurer, Professor 
P. G. H. Boswell, of the figures of attendance, 
previously mentioned, was also enthusiastically 





NOTES. 


gauge track and 1,480 miles of 5-ft. 3-in. gauge line, | 
and is owned and worked by the State, has been | 
built up. The annual report of the Railways Com- | 
missioner, Mr. C. B. Anderson, for the twelve months | 
ending June 30, 1938, shows that the gross earnings 
of the undertaking for that year were 3,299,084/., | 
representing a net increase of 277,422/. over the pe- 
vious year’s total and constituting the highest figure | 
for any financial year since 1928-29. The increase | 
in earnings was largely due to the freight traffic, | 
the tonnages of all classes of goods carried having | 
materially risen during the year under review, as | 
compared with the previous twelve months. Pas- 
senger journeys, on the other hand, declined from 
17,776,629 in 1936-37 to 17,632,125 in 1937-38. 
Although the increase in earnings, during the year 
dealt with in the report, was appreciable, a heavy 
increase in the working expenses of the undertaking 
also occurred, with the result that the total deficit 
on the year’s working, namely, 779,738/., was 
52,895/. higher than at the end of the previous twelve 


| will be spread over six years, instead of ten, as| 


| to avoid interference with the new channels. 


| locks. 


originally intended, and the necessary funds will| received. Professor Boswell also remarked that the 


‘be rendered available by the passage of a Bill| local membership, of 1,600 persons, constituted a 
Tue SourH AvusTRALIAN GOVERNMENT RalILways. | 

THE first railway lines in South Australia were | 
constructed in the fifties of last century, and from | 


small and somewhat haphazard beginnings, a | 
system, which now comprises 1,077 miles of 3-ft. 6-in. | 


which, in all probability, will be presented at the | record for the past fifty years. 

next session of Congress. Meanwhile the design) The actual proceedings of the inaugural meeting 
of the locks is being proceeded with, the necessary | were opened by Lord Provost Phin, who remarked 
surveys and borings for foundations having already | that, apart from what might be contributed to 
been carried out. The ‘‘ by-pass project ” in which | science at Dundee, the meeting would go down in 
the new locks are to be built at a safe distance from | the annals of the Association as its most momentous 
the present locks, has been that adopted, and one. After extending a warm welcome to the mem- 
approach channels will be provided to connect the | bers, he spoke of the invaluable work done for -man- 
new locks with the present Canal channel. At kind by scientists, adding that, unfortunately, it was 
Gatun, on the Atlantic side of the Canal, the site | alsc possible to turn scientific discoveries to such uses 
selected for the new locks is about half a mile from | that they might cause untold misery and destruction. 
the old locks. At the Pacific entrance to the Canal, | That was what we were facing at the present time, 
the new lock at Pedro Miguel and Miraflores will| and yet the scientists were still urged to go forward. 
be about a quarter of a mile distant from the existing} The Principal of St. Andrew’s University, Si 
locks. All the locks are to be specially designed and | James Irvine, in welcoming the Association, recalled 
constructed to resist air attacks and sabotage, and | that the late Sir David Brewster, who for twenty 
the chambers will have a length of 1,200 ft., a| years occupied the position of Principal in St. 


width of 135 ft., and a navigable depth of 45 ft.| Andrew’s University, was the first inspiration and 


The approach channels will have a minimum width | founder of the British Association. At the conclu- 
of 300 ft. and a depth of 40 ft. at low water. At sion of the presidential address, a vote of thanks 
Gatun, the Panama Railroad and the electric) was passed to the President on the motion of Lord 
transmission line will be re-aligned, where necessary, Rayleigh, the immediate Past-President. 

It is| Among other items of interest in the general 
stated that no increase will be needed in the existing | programme were an invitation by the Rt. Hon. 
supply of water for the operation of the proposed | Lord Kinnaird and Lady Kinnaird to 300 members 
| of the Association to a garden party in the grounds 
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of Rossie Priory, Inchture, for Thursday afternoon’ 
August 31, and a number of other garden parties, 
lectures, etc., had been arranged for various occa- 
sions during the meeting. In view of the increase 
in the international tension, however, the General 
Committee decided, on the afternoon of Friday, 
September I, to abandon the meeting. It was also 
announced that the Associatian would meet next 
year at Newcastle-upon-Tyne, from September 4 


toll 
SECTION G,—X¥NGINEERING. 


The sectional meetings commenced on the morning 
of Thursday, August 31, including those of Section G, 
with which we are mainly concerned, and whose 
meetings were held in the Engineering Department 
of University College. The President of the section 
was Mr. H. E. Wimperis, C.B., C.B.E., and Mr. 
D. H. Bishop, Professor A. R. Fulton, Mr. Henry 
Main and Professor R. V. Southwell, F.R.S., acted 
as vice-presidents. Unfortunately, owing to the 
international situation, the Recorder of the section, 
Wing-Commander T. R. Cave-Browne-Cave, C.B.E., 
was unable to be present, and his work was carried 
on by Mr. J. M. Hay, who also acted as local secre- 
tary, together with Dr. G. S. Steel. The secretary 
of the section was Professor Willis Jackson. An 
outline of the programme of the Engineering Section 
will be found on page 81, ante. 


PRESIDENTIAL ADDRESS, 

At the opening meeting, on the morning of 
Thursday, August 31, Mr. Wimperis was introduced 
by Professor R. V. Southwell, the immediate past- 
president of the section, who recalled the important 
work Mr. Wimperis had done as Director of Research 
at the Air Ministry, from which office he retired 
about two years ago. He had since visited Australia 
to advise the Commonwealth Government on the 
formation of an organisation for research in aero- 
nautics. Mr. Wimperis then delivered his address, 


which we reprint on page 279 of this issue. 


University ENGrIveertnc Courses. 

The President having briefly acknowledged a 
volte of thanks, proposed by Professor F. G 
Baily, Professor Willis Jackson presented a paper 
on University Engineering Courses. We reprint 
this paper on page 292 of this issue. Dr. A. T. 
Bowden, of Perth University, Western Australia, 
who opened the discussion, said that in recent 
years the details of the courses at Perth Univer 
sity had been cut down to the bare minimum, 
and they were hoping in that way to turn oit 
reasonably intelligent engineers. There was a five- 
years course, worked on the sandwich system, and 
specialisation began in the fourth year. During 
the whole course, the students had some two years’ 
practical experience, and things were so arranged 
that students had time to develop cultural subjects, 
although there was no examination in these. In 
the fifth year the students could please themselves 
what they did. They might prefer to take lectures 
or to go outside the University altogether and carry 
out selected work which the University approved, 
or they could conduct specialised work within the 
University. It had been found that this produced 
men who were perhaps not experts in any single 
branch, but had general intelligence and a certain 
cultural background, and also possessed some 
knowledge of how to deal with men, which was 
gained during their two years practical work. 
Continuing, he said that Professor Burstall had 
recently taken up the Professorship of Engineering 
in Melbourne, and had instituted a three-years’ 
course, which, however, was meeting with a great 
deal of criticism in Australia. This scheme had 
been working for two years, and the results of it 
could not yet be assessed, but there were many 
who felt it was a retrograde step, and he personally 
preferred his own five-years’ course, with two years 
practical experience. At all events, that fitted in 
with the needs of Western Australia, although he 
was looking forward with great interest to the 
results obtained by Professor Burstall. 

Professor R. V. Southwell, F.R.S., remarked that 
another result of his own presidential address 
delivered last year at Cambridge was that the 
Institution of Civil Engineers had organised a three- 
days’ conference on this subject, to take place in 
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February next. At that conference the employers | 


would be invited to say what they wanted, and | 
he presumed the professors would be invited to 
reply. Personally, he felt that it was necessary | 
to bring a new outlook to bear on the question of | 
engineering education, and that it should be regarded 
as a three years’ process. The work should be shared | 
by the universities and industrialists, and could) 
not be done by the universities alone. His own 
ideas were developing in the direction of lightening | 
the syllabus, because the first need of industry 
was for what might be called subalterns, good all- 
round men with plenty of personality and side | 
interests. As regards specialisation, in a three 
years’ course he would not have boundaries between 
the different branches of engineering, because they | 
could only be artificial. For instance, the technique 
of modern vibration theory was almost exactly 
the same as the technique of alternating-current 
engineering. Therefore, he would prefer three 
years entirely non-specialised, in which general | 
principles were taught for their own interest, and 
to stimulate imagination, after which the students 
should go into industry for practical training, and 
then go back to the university for some training in 
law, industrial organisation, etc. 

Professor A. R. Fulton referred to the three 
years’ courses in Dundee and Glasgow, and com- 
mented on their strenuous nature, which, he said, 
left the students very little time for cultural or 
sporting pursuits. The second of the three years 
was essentially engineering. The aim was to have 
a general education in engineering, rather than a 
specialised education, and in the second year all 
the students took the same course. In the third 
year there were individual lectures on civil, mechanical 
and electrical-engineering subjects, and the practice 
had grown up for the electrical man, for example, 
to take an extra year to study mechanical engineer- 
ing, and the mechanical man to study electrical 
engineering, as the case might be. The whole 
object was to give a thorough ground work in the 
fundamental principles, to enable the students to 
put these principles into operation when they had to 
face actual problems in industry. 

The President, commenting on the reference in 
the paper to the second-class honours candidate, 
said that when he was recruiting men for research 
work for the Air Ministry, as he did for a number 
of years, he did not choose only those who had 
obtained first-class degrees. He always asked for 
first or second-class degree men, not because he 
did not want first-class degree men, but because 
he did not trust the universities always to dis- 
tinguish between the two. It was for that reason 
that he gave an equal chance to the second-class 
men to present themselves. He wanted qualities 
other than those revealed by examination. He 
wanted qualities of leadership, and when a man had 
been president or chairman of some undergraduate 
of student activity, that was always a great recom- 
mendation. He agreed with Professor Southwell 
that the purpose of university training should be 
to teach first principles, because it was impossible 
to foretell in what direction a student might 
specialise later on. 

Mr. W. T. Maccall, who continued the discussion, 
said that there were differing opinions regarding 
the application of sandwich schemes, and infor- 
mation on that matter from other sources would 
be valuable. Should the period in the works be 
a year or more, or shorter? His own scheme 
provided for six months in college and six months 
in the works, but that was not now applied to degreee 
students. Finally, he asked Professor Southwell 
whether his view, that in a three years’ course 
there should not even be a division between elec- 
trical, mechanical and civil engineering, would apply 
to those students who, at the completion of the 
course, had had one year or more works experience. 
In his own case, all the students, with very few 
exceptions, had had 1} years in the works before 
they started on the degree course, and it seemed 
to him that by the time they reached the third 
year of the ordinary course, a certain amount of 
specialisation, to the extent of separating mech- 
anical, civil or electrical engineering, was advisable. 

Professor Southwell, replying to the previous 
speaker, said he had not been thinking so much of | 


the courses as they were to-day, but rather how 
they might be planned for 20 years ahead. If there 
were a merging of responsibility between the uni- 
versities and industry, he was hoping it might be 
possible to arrange something which would have 
the advantages, without the disadvantages, of the 
sandwich system. The average young man did 
not know, until a late stage in his career, what he 
wanted to do, and the best men did not specialise 
early. By going to a works before going to a 
university, a man artificially, so to speak, put him- 
self in a specialised class earlier than was desirable 
in his own interests. If he could go out into industry 
after three years in the university, and then go back 
to the university, it seemed to him that that would 
be ideal, but he was not suggesting that such a 
scheme should be introduced now or even next year. 

Mr. D. B. M’ Lay agreed with the views expressed 
by Professor Southwell and the President that a 
university course should be on the broadest possible 
basis. Up till the third year, all students should 
take the same course, because such subjects as the 
strength of materials, mechanics, mathematics 
and physics applied to every branch of engineering, 
and the broader the basis of instruction fn such 
subjects in the university course, the better for the 
students in later life. His own personal experience 
was that the engineering student suffered under a 
very great disadvantage, compared with the art 
student or the medical student, because the engineer- 
ing course was so full that there was no time for 
sport or cultural pursuits, although these were of 
great importance. Commenting on the suggestion 
that outside engineers should lecture to students 
in the universities, he said this was actually being 
done in Dundee and Glasgow, and no doubt else- 
where, through the engineering societies which the 
students were encouraged to join. 

The author, in a brief reply to the discussion, 
said he had not obtained any opinions regarding 
the advantages of the three years’ versus the four 
years’ course, but from his own observations he 
rather gathered that where the course was four 
years, the fourth year tended to degenerate into a 
specialised course within a particular branch of 
engineering. He knew of one case in which, on 
the electrical side, it was possible for a student to 
drop all mechanical-engineering subjects and take 
up the specialised study of electrical machine 
design, electrical measurements, electric traction, 
electrical communications or high-voltage work, 
but that was quite contrary to anything that he 
personally would tolerate, and he believed his was 
a widespread view. While agreeing that the 
syllabus should be reduced to permit time for other 
things, he felt there was difficulty in doing so. As 
to outside engineers lecturing to students, most 
universities had their engineering societies and had 
outside lecturers, but a point often raised was that 
it was not sufficient, and that outside lectures 
ought to form an integral part of the course. 


THe Fiow or Liguips THROUGH BEDS OF GRANULAR 
So.ips. 

The only other paper presented on Thursday 
morning was one on “ The Flow of Liquids Through 
Beds of Granular Solids,” by Mr. W. H. Ward. 
This paper will be reprinted in a subsequent issue 
of ENGINEERING, and as it was not discussed we 
need not deal further with it here. After a vote of 
thanks to the author had been proposed and carried 
the meeting was adjourned until Friday morning. 

(To be continued) 








ALUMINIUM ENGINEERING SECTIONS.—Messrs. Alu- 
minium Union, Limited, The Adelphi, Strand, London, 
W.C.2, have recently published a book entitled Aluminium 
Engineering Sections, in which are set out the dimensions 
and weights of their range of extruded sections as used 
in most industries except building. Detailed particulars 
are given of aircraft sections, angles, channels, door 
plates, fillets, flat and round bars, gutterings, half-round 
nouldings, hexagons, “I” beams, quarter rounds, 
tailway and road-vehicle sections, squares, tees, zeds, 
and other sections, all of which are illustrated by full-size 
drawings. The weights indicated are estimated and 
subject to the usual commercial tolerances. At the 
end of the volume, six sectional diagrams illustrating 
some uses of aluminium extruded sections in engineering 
are included. 
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THE DESIGN OF ROADS.* 
By R. G. H. CLements, M.C., M.Inst.C.E. 


Tue form and character of the road as shaped by the 
changing habits and customs of the people it served 
reflects, in turn, something of that racial development. 
Within the compass of the last two thousand years 
and covering a period of well-documented human 
records, the changes which the road has undergone 
have concerned its purpose and utility for use by 
pedestrians, ridden horses, and the tardy evolution 
and perfection of the horse-drawn vehicle. In some 
instances a military purpose, or the need of communi- 
cation as a means of trading, can be assigned as the 
motive leading to its inception, but the adaptation 
to such ends called for little structural effort or design. 
In the main, construction was controlled by the availa- 
bility of labour, or fettered by machinery of adminis- 
tration or government, and with the outstanding excep- 
tion of the Roman road, only relatively simple 
standards could be maintained. 

The years which followed the coming of the motor 
road vehicle have only slowly and tardily driven home 
the fact that a new and potent factor had come into 
being, and the principal lesson of the years from 1905 
to date, has been the extreme difficulty of merging this 
new agency within the ambit of the road as previously 
conceived. In short, whether in terms of freedom of 
movement, convenience, or safety, the principle of the 
adaptation of the old type general-purpose road does 
not satisfy the needs of the immediate present, and 
offers no hope that it can be made to fulfil the require- 
ments of the future. In every country, invention 
and engineering effort have been concerned with 





modifications of the highway to fit it to the speed 
and fluidity of the motor vehicle and to the intimate 
and personal service which the road can render through 
this newer agency. 

It is at this point that the question of engineering | 
design in terms of imagination and forecast for future 
needs becomes of primary importance. Various | 
countries have put forward or adopted solutions for the | 
highway service of their people which they consider | 
to be best suited to their own economic demands and | 
distinctive needs. Already the outcome has been 
the evolution of new road types and modification of 
old forms based upon engineering analysis and concep- | 
tion and the economic and mechanical advantages 
associated with the new traffic. In the past, the use | 
of the term “ design ” has been more narrowly limited | 
to the shape and attributes of the structure, i.e., | 
with surface rather than capacity. Capacity, if used | 
at all, was restricted to the consideration of a single 


Britain, the Roman road, laid down initially as a mili- 
tary system, later satisfied the needs of the settled and 
peaceful occupation of the country. At no intervening 
period after the passing of the Romans in a.p. 410 
was there in being a unified road system for the nation 
as a whole, until the creation of a system of classified 
roads by the Ministry of Transport in 1920. 

The view is strongly supported in many countries 
that a complete change of outlook on the road needs 
of a nation is essential, and that the “ spirit of design ” 
should enter into consideration more fully and at a 
much earlier stage ; that the engineering and economic 
considerations should be analysed, and brought into a 
solution which would satisfy the requirements of that 
nation, not for the immediate present, but in such a 
manner as to constitute a national ideal and plan for 
the future, to which all expenditure and effort should 
be directed. Such a master plan, brought to an 
early fulfilment, would establish an agency which 
could be made to satisfy the reasonable requirements 
of the future and be adjusted to those other national 
transport resources which have a permanent value. 
This conception would place in the position of first 
importance the broad hilltop view and would cause all 
petty considerations and palliatives to shrink to neglig- 
ible proportions and enable the urgency and character 
of the problem and its solution to be more simply 
perceived. 

Upon this presumption “ design "’ can be considered 
in three principal phases: (1) The design of a national 
road system for future needs; (2) the structure and 
its supplementary features; (3) traffic function, i.e., 
economic and mechanical advantage, safety, and 
development of this public service. 

Design of the State System.—In this conception the 
road forms the skeleton framework of all planning, and 
affirms the basic fact that, whatever supplementary 
systems of transport are available, the road must 
remain the ultimate medium of communication. 
A railway or canal provides merely the central link in a 
three-stage journey. A road system designed for a 
future in which the motor vehicle forms the dominant 
road-transport unit, presupposes a system of primary 
routes as a main triangulation with a secondary inter- 
mediate series and finally a network of local and distri- 
butive roads. The principal variation and field for 
inventive effort lies in the conception of the type which 
will most fitly and adequately satisfy the requirements 
of the primary series of roads, which we may describe 
as the National routes. The second and third series 
may well comprise the existing old road system suitably 
adapted and modernised. Plainly, such primary 
routes must be based upon “ demand,” i.e., the traffic 
characteristics, rate of traffic growth, distribution of 





road between its terminal towns, rather than the population, of industries and of markets, together with 

adequacy of a road system as a whole. In Great | the nature and volume of the movements entailed, 

| the latter involving the consideration of other transport 
* Paper presented before Section G of the British | i 

Association at Dundee, on Friday, September 1, 1939. | 





agencies. 
The solution which may be arrived at for one country 


| may not readily be applicable to another or may at 
|least require drastic modification. Each country 
must admittedly evolve its own solution. Furthermore, 
| a highway system which was devised to provide for all 
classes of transport movement would be a mistake 
|if it failed to recognise the special properties and 
| advantages of other systems of transport in existence. 
| As a corollary, each system can exist in parallel with 
|the others to perform its own definite and special 
| functional pu : the aeroplane to give maximum 
speed for light joads ; the canal to give lowest cost per 
| ton mile at slow speeds for heavy unimportant loads ; 
| the railway to serve an intermediate speed or load 
| condition; and carriage by sea to provide its own 
| advantages of low cost and similar economies. Although 
| conditions are in a state of transition and development, 
it is useful here to note the decisions taken by other 
countries in relation to the foregoing principles. 

The excellent system of French roads based upon 
|the primary series of the Routes Nationales is so 
logically planned that it appears capable of satisfying 
| the requirements of the present rate of growth of motor 
| traffic. Nevertheless, an inconvenience which arises 
| from the fact that these routes run with simple directness 
| from town to city and city to metropolis, places upon 
|each centre of population the burden of supporting 
| traffic which, while passing through and beyond, does 
| not originate in that town. Thus, although not even 
tacitly admitted, the virtue of a by-pass or avoiding 
road would facilitate traffic movement and relieve 
congestion and danger in these urban centres. Other- 
wise, apart from the improvement in surface condition, 
the original conception of the system remains and no 
drastic re-modelling or re-design appears as yet to be 
necessary. 

It had become apparent as early as 1924 that the 
system of public roads in Italy was unsuitable for 
adaptation to the future use of motor traffic. In this 
case & solution was obtained along the original lines 
of creating a structure built for and exclusively reserved 
to the use of motor traffic. Fig. 1 shows an early type 
of motorway as constructed in 1926, with a single 
carriageway and a construction width of 33 ft. 6 in. 
The Autostrada, or motor way, was the conception of 
an entirely new type of road structure which provided 
a channel of communication divorced from existing 
highways, carried over or under the latter by bridges, 
and making contact only at special controlled points 
of access. The further feature of these roads was 
related to their finance and the large capital expenditure 
necessary for their construction. The use of the Auto- 
strada was therefore made subject to the payment of 
a toll or fee based upon the length of the journey to be 
undertaken. The system, while adopted in principle, 
has been extended but slowly, owing to financial and 
other considerations, but it is the accepted solution 
for development and extension in that country, and 
many new routes have been planned. 

The older system of highways in Germany comprised 
two types of road, the Staat-Strassen and the Landes- 
Strassen, which were under the control and adminis- 
tration of the separate States of the Federation. The 
first national conception of a unified system began 
about 1932, and the consideration of all the relevant 
factors and the practice in other countries led to the 
adoption of the Autobahn as the primary unit. This 
type was evolved on striking and decisive lines. First 
it was exclusively reserved to motor traffic and, as 
with the Italian Autostrada, all access and use by 
other traffic was prohibited. The principle of free 
flow and simplification of movement led to the adoption 
of over- and under-bridges and special junctions, and 
the alignment avoided direct contact with all towns 
and villages. This was a new conception of the highway 
in terms of motor-vehicle movement, and is the more 
remarkable since it was created alongside or in parallel 
with a highly efficient State-controlled railway system, 
supplemented by canals and navigable waterways. 
The system is completed by the selection and modifi- 
cation of certain portions of the old road network to 
function as feeder roads and access links. A trans- 
verse section of a Reichsautobahn is shown in Fig. 2. 

The road-transport system of the Netherlands has 
recently been augmented by a system of motorways 
to supplement certain parts of the existing highway 
system. As the result of a careful study of the whole 
problem by the engineers of the Rijkswegenbau this 
solution has been adopted. Here, also, is to be borne 
in mind the existence of a complete and perfect system 
of canal transport and of railways, co-ordinated under 
the Department of Transport of the State. Neverthe- 
less, this solution of a national system of roads for 
motor traffic is projected in the form of a national road 
plan for gradual fulfilment. Fig. 3 shows a section 
of a standard twin motorway to which cycle tracks 
can be added if required. The construction width is 
97 ft. 6 in. 

The road problem in the United States of America 
is subject to dual considerations—firstly, and of 
primary importance, the establishment of a complete 
and practicable system of the Union, and, secondly, 
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before this vast scheme can reach fruition, the evident | question. 
necessity, especially in the eastern states, for the re-| structure are vital and distinctive may be unnecessary | modified to suit broad topographic types. 





Qualities which in the higher types of road 


Minor Road 
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Standards of design must be dominated by and be 
Three 


modelling or amplification of the existing system so as to | and superfluous in roads of a more lowly and merely | principal conditions can be assumed : (1) flat or gently 


meet the requirements of the future. 


Special road | distributive or local category. 


types which have been evolved in partial answer to this | types fall into three main groups, which are comple- 
problem include roads described as the Parkway, the | mentary to each other and form the elementary basis 


Freeway, the Limited Freeway, the Expressway, etc.,| of any national system : 
new form implying dissatisfaction with the| routes, the function of which is the maintenance of 
Congress has recently | communication between 


ead h 
ordinary highway standards. 


(A) Primary or national 


the metropolis and the 


called for a Report on the new road facilities to be} provinces, region and region, or centres of industrial 


established to meet the future requirements of the | activity and ports ; 
prepared | vincial as distinct from national importance, connecting 


nation. Briefly, this report, which was 


(B) a secondary series, of pro- 


after exhaustive study by the Chief Engineer of the| internal regions and provincial centres, acting as 
Bureau of Roads, discarded a limited system of nation- | feeders and supplementary to the primary series ; and 
wide super-highways upon a toll basis in favour of a|(C) local or branch highways acting as collectors or 
more extensive system of inter-state and inter-regional | distributors for ultimate traffic movement. To each 
express highways with supplementary by-passes for| of these, in turn, differing standards of design are 
the large towns, the latter possessing the novel feature | applicable. 

of prohibition of frontage access. These proposals,| The following points have been directed to the 
together with the reconditioning of existing trunk and | consideration of roads of the first category. It should 
secondary roads as feeders, constitute the main features | be noted that the foregoing rough division is not con- 
of the greatest and most practical master highway | clusive ; conditions may easily be justified to sanction 
plan which has, so far, been designed by engineering | the expansion of this grouping to cover a series of five 





skill and wise pre-vision. Fig. 4, on page 289, shows a | 
section of a Federal trunk road, of which 20,000 miles 
are to be constructed with four-lane carriageways 
and 6,700 miles with two-lane carriageways. The | 
construction widths are 88 ft. and 46 ft., respectively. 

The problem in South Africa is of special interest, | 
as until recently major traffic movements were mainly | 
restricted to the existing system of narrow-gauge | 
State-owned railways. The pressure of development 
and evolution has called for the preparation of a scheme 
of preliminary roads and the establishment of a National 
Road Board to study this problem. It would be 
premature to indicate a final solution, but the special 
interest arises from the existence of an economic and 
personal necessity which is forcing the creation of a 
skeleton system of roads under virgin conditions, 
designed as feeders to supplement the existing railway 
network. 

In each of the foregoing cases, and in others not 
specifically mentioned, the road problem of each 
country has been analysed and studied in relation to 
traffic, economic and other factors, and the solution 
reached in each instance has been a design and plan 
based primarily upon engineering considerations, 
upon which were superimposed the necessary financial 
contingencies. In short, in all these cases the answer 
is to be found in a direct engineering approach which 
elevates the highway problem, with which every indi- 
vidual has @ direct and personal concern, out of the 
sphere of political expediency. 

Design of Structure.—In the application of principles 
of design to the structure and its supplementary 
features, a distinction has to be established at the outset 
covering the functional purpose or type of road in 


principal types. Such is the case in France, where 
the complete system provides for: Routes Nationales 
(R.N.), Routes Departmentales (R.D.), Grande Com- 
munications (G.C.), Intérét Commun (1.C.), and Vicinal 
Ordinaire (V.O.). 

In Great Britain the system is broadly classified 
to-day into: No. 1, trunk roads (national); No. 2, 
class I roads (county main roads); No. 3, class II 
roads (county main roads); No. 4, scheduled roads of 
proved traffic capacity ; and No. 5, unclassified local 
roads. Moreover, as a generalised statement, the design 
of the road should have regard not only to its own 
characteristics but to its ultimate use by vehicles of 
all types and the personal equation represented by the 
driver and the standard of accepted driving efficiency. 

The general characteristic of the traffic for which 
the vehicle and driver combined can be taken as the 
symbol varies to a marked degree between different 
countries. The distinctive feature of road traffic in 
Great Britain is the wide range of traffic units which 
form the normal traffic stream, with their individual 
speed of movement and weight capacity. The list, 
as set out in the official traffic-census return, is given in 
Table I. Such a series may be contrasted with the 
conditions in another country, say, the United States, 
where the foregoing types can be reduced, in general, 
to two main classes, viz., the private car, weight 2 tons, 
speed 30 to 60 m.p.h.; and the goods vehicle, weight 
2¢ tons and speed 25 to 50 m.p.h. The simplification 
of the traffic stream composed of units so nearly 
related in weight and speed capacity reduces the 
problem to a simpler form and eliminates the much 
more difficult elements at each end of the scale, possess 
ing wide variation in weight and speed. 


Roughly, these road undulating terrain (e.g., Midland and East Anglian 





TABLE I.—lWeights and Speeds of Different Classea 
of Traffic. 
Unit. Nominal Weight. | Nominal Speed. 
Tons. M.p.h. 

Pedestrian 3 
Cyclist 12 
Motor cycle 30 to 60 
Motor car 30 to 60 
Motor coach 30 
Motor and trolley ‘bus 9-0 20 
Goods vehicle, light 2-5 30 
Goods vehicle, heavy 7-0 20 
Road locomotives and 

tractors ane 12 to 15 5 
Horse vehicles 1-25 to 2-5 3 


counties); (2) hill country (e.g., the Cotswolds, the 
Chilterns and Wiltshire Downs, etc.); and (3) moun- 
tains (e.g., the Lake District, the Peak District, the 
Grampians, etc.). A relaxation of the principal 
factors such as gradient, curvature, sight distance, 
“ speed,” must be accepted as a corollary to meet the 
added difficulties and costs of the more difficult country. 
This is indicated in Table II. 


TABLE II.—Design Standards for Primary Routes. 


1. 2. 3. 
Flat Hill Mountain 
Country Country. Regions. 
Lowlands. 
“Speed factor” for 
design 80 m.p.h. 60 m.p.h. 30 m.p.h. 
Maximum rising grad- 
ient ' ‘ 1-30 1-20 1-15 
Radius of curves 
(minimum) 5,000 ft. 2,000 ft. 1,000 ft. 
Vertical curves— 
Minium radius : 
Crest 20,000 ft. 10,000 ft. 5,000 ft. 
Hollow 10,000 ft. 5,000 ft. 3,000 ft. 
Sight distance 600 ft. 400 ft. 300 ft. 


The essential preliminary is the study of all data 
bearing upon the dominating factor of traffic, both 
as to quantity, types and rate of flow, with respect 
especially to future requirements, including also the 
growth and distribution of population of terminal and 
intermediate towns, industrial development, economic 
changes and special records, where available, such as 
census of traffic movement. Already a national census 
exists covering the years from 1923 to 1938, taken at 
3- to 4-year intervals and thus a six-point curve can 
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be established, which, along with other data, may 
enable, in specific instances, a prediction of future 
requirements to be made. 

Various attempts have been made to determine the 
capacity of a single traffic lane, based upon a mathe- 
matical analysis, taking into account the braking 
distance, the driver’s reaction and the speed of the 
vehicle. These analyses produce one common result, 
in that they show a maximum traffic capacity in the 
region of 10 m.p.h. to 12 m.p.h. This form of analysis 
breaks down upon the simple fact that the distance 
between vehicles is not automatically increased with 
the rise in speed, but depends upon the driver’s discre- 
tion and judgment. Actual observations in America 
of traffic having a more uniform characteristic have 
shown that 1,200 vehicles per hour represents a maxi- 
mum traffic-lane capacity. 

Structural Design.—aA preliminary stage of structural 
design is becoming increasingly concerned with the 
study of the soil either in situ or after disturbance, and 
its function as a medium of construction. The pro- 
perties of the soil, and in particular its reaction to 
moi:ture effects, form the basis of the newer science of 
soil mechanics as developed largely in the United 
States and offers a means towards greater permanence 
of construction and ultimate economy in capital outlay. 
The technique laid down comprises a preliminary soil 
survey along the line of the proposed route; the 
laboratory examination of the materials as to their 
suitability for construction, and as a check upon the 
design of slopes and embankments and extent of 
consolidation required ; and finally, the verification of 
the design by laboratory tests upon samples from the 
completed earthworks before surface construction is 
commenced. 

The width required to accommodate with safety a 
single line of traffic must be related to the maximum 
overall width of the largest vehicle. In Great Britain 
this is the standard width of 7 ft. 6 in., and, allowing 
for space on each side for “ navigation ” and clearance 
of other traffic and obstacles, the unit width for a traffic 
lane of 10 ft. was adopted. It is now considered that 
this unit should be increased to 11 ft. or preferably 
12 ft., both on the grounds of improved safety and 
as affording a better distribution of load and wear 
across the road section and so avoiding the effects of 
tracking. Thus, a two-lane road on a highway of the 
highest class would mean a carriageway width of 
24 ft., as against the old standard of 20 ft. 

The straight, or Roman, alignment could not be 
adopted in Great Britain except for relatively short 
lengths. This form is held by many to possess the 
disadvantage of monotony and is displaced in favour 
by sweeping curves of large radii with connecting 
straight lengths, this form being esthetically more 
suited to our conditions and harmonising better with 
the topography. Much attention has been devoted 
to the development of transitional curves connecting 
the tangent straight with the circular arc, and tables 
have been computed covering the use of the clothoid, 
cubic parabola and lemniscate curves, the general 
objective being to reduce the radial acceleration imposed 
upon the vehicle to the standard of 2 ft. per second per 
second in one second. Together with this, the super- 
elevation of all curves below 5,000 ft. radius has been 
accepted in principle and an allowance based upon the 
minimum sideways coefficient of slip between tyre and 
road corresponding to a value of 0-2 is now generally 
accepted. 
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curves is calculated so as to provide a driver, whose 
eye level is assumed to be placed 3 ft. 9 in. above the 
level of the road, with unobstructed vision for a distance 
of not less than 600 ft. At 40 m.p.h., this would 
correspond to 9 seconds of time and is generally 
considered adequate. The horizontal sight distance 
in plan is similarly provided for. The accepted 
gradient standard, implying in this the slope which a 
heavy vehicle can climb without difficulty, is usually 
taken as 1 in 30. Where, however, traffic is segregated 
in twin carriageways, the falling gradient may, if 
necessary, be made steeper. 

Design in many of its stages, such as the calculations 
for super-elevation, transition, visibility, etc., must 
be governed by a “ speed factor.” This speed has no 
true relationship to operating conditions but is used 
as an essential item in the calculations. The adoption 
for modern design of a higher speed standard than the 
one apparently required furnishes a means of incor- 
porating an added safety element in which the excess 
becomes a ‘factor of safety.” Thus the foregoing 
design features based upon a speed standard of 80 m.p.h. 
would provide an added factor of safety to traffic 
operating to a normal speed maximum of 50 m.p.h. 
The foregoing details refer mainly to roads of the 
highest category, and in level country. 

The super-elevating of the outer edge of the carriage- 
way has been recognised as of real advantage from safety 
considerations, both in confining a vehicle to its own 
traffic lane without encroaching upon opposing traffic, 
and in enabling a vehicle to maintain steady and 


constant speed without the hazard which may attend 


sudden or emergency braking. The manner in which 
this tilting of the plane of the road shall be accom- 
plished, and the extent of tilt, have been matters of 
much controversy. Initially it must, in its simplest 
form, be governed by speed of traffic movement, and 
with the mixed character of our traffic this presupposes 
a speed range varying from, say, 3 m.p.h. for the horse, 
up to, say, 70 m.p.h. for the motor car. While for 
any single class of road vehicle moderately precise 
super-elevation could be attained, to provide all traffic 
with an equal measure of advantage and safety is 
nearly impossible, and leads only, in these circum- 
stances, to a compromise solution. 

The maximum and minimum amounts of transverse 
banking or super-elevation are limited also by two 
considerations of practical importance: (1) The 
maximum slope upon which a horse can move, or which 
will prevent the inward sliding of a vehicle at low speed. 
With this may be associated a temporary low coefficient 
of friction of the road surface, such as the sudden 
freezing of a water film. These factors jointly impose 
a maximum value of the transverse slope of about 1 in 
10 to 1 in 12. (2) The minimum value commonly 
taken as the crossfall necessary to drain the rainfall 
from the road surface, and this is of the order of 
1 in 50. 

If the coefficient of the road surface is taken into 
account, either to resist the excess centrifugal force 
due to higher speeds or to prevent centripetal sliding, 
snow and ice films will only yield a coefficient of friction 
of 0-10 to 0-15, and very smooth road surfacing 
materials of 0-20 to 0-25. Although most standard 
forms of surfacing will, to-day, yield coefficients 
ranging from 1-00 to 0-60, it is advisable to adopt a 
value of » = 0-20 in a super-elevation formula of 


the type 


Fig. 10. 

















in which V = speed in feet per second, R = radius 
(of course, in feet), and @ the angle of transverse slope 
or banking. In general, the necessity of compromise 
on traffic, coupled with the use of short-radius curves, 
has led to the adoption of super-elevation based upon 
speeds of 30 m.p.h. to 40 m.p.h. Plainly, the obvious 
remedy in roads of first importance in the future is the 
use of lurge-radius curves ot between 2,000 ft. and 5,000 
ft. Thus the restriction on the full use of super- 
elevation would disappear, and the road as a whole 
would have the same common “speed” standard. 
Super-elevation must obviously be linked with align- 
ment, and the appropriate amount of this required to be 
maintained upon the circular curve can best be gained 
during the transition-curve length at entry. 

The diversity of traffic elements and, in some 
instances, the direct conflict of certain types, has led 
to the adoption of the principle of segregation, which 
is justified by the mixed character of traffic units on 
British roads and their range of weight, size and speed. 
The separation of the opposing vehicle streams and 
their canalisation in parallel twin carriageways is a 
first and obvious step where justified by actual or 
anticipated traffic density. The — of multiplying 
parallel tracks by splitting down the traffic into separate 
cycle tracks and pedestrian footways postulates six 
separate tracks, as shown in Fig. 5. With the addition 
of service roads for local development traffic, the 
number is still further increased, and if the claims of 
horse riders are studied, then the total requirements 
have reached an unwieldy and complex condition, 
rendered especially difficult at road junctions and 
intersections. The advantages of segregation may be 
admitted in principle but a more positive treatment 
could be obtained by the separation of the principal 
motorised element in the traffic stream into a special 
way constructed for its use, and providing for the greater 
proportion of its principal movement. This is the 
method so far adopted in the motorways of Italy, 
Germany and Holland, and as nearly all the traffic 
in the United States is motorised, to that extent the 
latter country also can be quoted. 

The road junction, as a separate and crucial feature 
of road design, affords a special opportunity for original 
and imaginative treatment. The more restricted 
conditions arising at these points create the paradox 
of congestion and constrained movement at the point 
where such restriction ought not to exist. The prin- 
ciple of “free flow’ has been employed to design 
junction types which would provide for continuity of 
movement without conflict with other traffic streams. 
The incidence of the risk of accident can be shown as 
follows. On plain junctions the number of vehicle 
collision points are, respectively : three-way junction, 
3 collision points ; four-way junction, 16 collision points; 
and five-way junction, 54 collision points. Design has, 
therefore, taken the form of providing the continuity 
of movement either by means of the traffic roundabout 
with its disadvantages of restricted speed and the 
complexity of cyclist and pedestrian movements or, 
in the bolder treatment, by over bridges carrying one 
principal road over another, with suitably arranged 
access connections. This latter type, although costly 
in construction, can be justified on the ground of 
added safety; examples are illustrated in Figs. 6 
and 7, opposite. The traffic roundabout originated 
under urban conditions and is more suited to that 
environment. Its use on the open road constitutes an 
impediment to movement and a source of danger. 
Designs for three forms of roundabout junctions are 
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which approaches have been made to about 50 indus- 
trial and other concerns, civil, mechanical, and electrical, 
Although not an alternative to the control of traffic | both through visits, where possible, for the purpose of 
movement by the design and lay-out of suitable forms | discussion, and by means of two questionnaires. One 
of junction, the use of automatic or mechanically- | of these questionnaires was addressed to those respon- 
operated systems of traffic signals has now taken its | sible for either recruiting or supervising the work of 
place as a part of road design. The extended installa- | university engineering graduates, and the other to the 
tion of these upon main traffic routes, together with an | graduates themselves. 
elaborate equipment of road signs, must, in principle,| In this paper I do not intend to give a full statement 
be taken as an index of the unsuitability of that road | of the objective analysis of the replies, which is to be 
for its true functional purpose. Repeated “ warnings "’ | considered first by the sectional committee, but rather 
and “ dangers "’ do not provide an adequate substitute | to concentrate on the salient points without, in general, 
for a road designed ab initio to proper standards of | expressing any of my own personal opinions. On behalf 
safety. It is suggested that the test of the safety of a of the committee, I should like first to express our 
road is the absence of danger signs, and warning and | appreciation for the kind way in which our inquiries 
control notices. | have been received ; some 40 concerns gave assistance, 
Perhaps the feature of road design which has received | and the total number of completed questionnaires 
the least inspired attention is the planning of the road | received was about 650 which, while covering only a 
margins in relation to their environment in a country- | fraction of those whose point of view would have been 
side where the local features may change with great | valuable, nevertheless constitutes a considerable body 
rapidity. The effort to blend the structure with the | of opinion. The inquiry concerned itself only with the 
landscape is rendered more difficult by the multiplica-| university course and not with the necessary supple- 
tion of minor parallel tracks. Tree planting and mentary provisions for industrial training and for 
parkway development have been suggested and this | continued technical education. This was done not 
requires careful and expert control, together with the | because it was felt that the two are in any sense inde- 
close study of local conditions and the natural setting. | pendent, but because it was felt that consideration of 
The conservation of the natural beauty and dignity 
of the countryside is a special responsibility of the | more or less automatically from a definition of the pre- 
highway engineer, and future work will increasingly | cise function in the combined scheme of the university 
be concerned with the use and extension of existing | course, of its desirable scope and content, and of its 
forestry and arboricultural knowledge to serve this | present deficiencies. It will be gratifying to those of us 
end. This is a plea for the engineer to exercise to the | in the universities who are concerned with the prepara- 
full his own esthetic gifts and to embody in his work tion of young men for entry into the engineering indus- 
the greatest measure of this quality. It should not|try that, much as industrialists may be inclined to 
be overlooked that bold lines and clean strong curves | criticise the products of university courses, they never- 
provided by good engineering alignment are in them- | theless find them to possess, on the average, greater 


illustrated in Figs. 8, 9 and 10, on page 291, the last | 
being due to Mr. W. P. Robinson, C.B.E., M.Inst.C.E. 








the latter and a decision as to its nature would follow | 


they spoke in terms of ability to apply the knowledge 
acquired intelligently, of originality and clarity of 
thought, of keenness of observation and judgment and 
of technical common sense, and suggested that the 
| possession of these qualities is by no means likely to 
be restricted to the first-class examination candidate. 
It was admitted that the normal procedure of making 
selections is unscientific and uncertain, and that it is, 
in fact, impossible to say whether a man will or will 
not be satisfactory on technical or other work, what- 
ever his class of degree, until he has spent a considerable 
time in the factory. In so far as it is a very tangible 
piece of direct evidence, considerable significance is 
attached to the manner in which candidates present, 
in writing and on interview, the statement of their 
qualifications, etc., and it is noteworthy that wide- 
spread criticism is expressed by the heads of technical, 
administrative, and commercial departments alike at 
the deficiencies of so many graduates in this connection. 
All the replies stressed the importance of personality, 
personal appearance and bearing, and of good physique, 
although with the frequent reservation that the import- 
ance of these qualities relative to essentially technical 
ones depends appreciably on the type of work to which 
the candidate wishes to devote himself. In all cases, 
however, the ability to work congenially with others 
is vital: as expressed in one reply: ‘“ The ability to 
work as a member of a team is essential for all, whereas 
the characteristics of leadership need belong only to a 
|few ; without this ability technical brilliance is not 
very helpful.” Largely for this reason, considerable 
| significance is attached in assessing a man to evidence 
of interest in corporate activities, service on committees, 
| participation in team games, and the like. 
Regarding the content of the university course, a 
| considerable majority of the replies from the senior 


selves beautiful, and that higher speeds tend to fore- potentialities than those who receive their technical | representatives of industry expressed themselves as 
shorten perspective and magnify the defects and errors | instruction in part-time evening classes, while there | definitely against the idea of specialisation within one 
of planning, bad alignment, and pettiness of conception. | was no evidence whatever that the graduates themselves, | of the main branches of engineering at the university, 
Perhaps no rule is more positive than restraint and the | though in some cases extremely critical, regarded their | and as in favour of keeping the course on the broadest 


avoidance of monotony. 

Design in the construction of the carriageway proper 
has enjoyed almost a monopolistic use of the term. 
Although much remains to be done in the field of 
research on materials and their properties, certain 


| attendance at a university as having been other than a | possible lines. The following is a typical expression 
considerable advantage. of opinion. “* To-day, the range of engineering know- 
| In the opinion of a large majority of those responsible | ledge is so vast that it is impossible for one man to cover 


for supervising the work of university graduates, they | efficiently more than one branch, and specialisation in 
possess, on the average, a sounder knowledge of funda- | his actual work is essential. The need for a broad 


standard forms have been developed of the waterproof | mental scientific and engineering principles and, in| general foundation becomes, therefore, the more im- 
and semi-permanent type such as concrete, tarmacadam, | consequence, approach new problems in a more satis- | perative if the development of narrow-minded special- 
asphalt, etc. The ultimate purpose here is traffic factory manner, absorb new ideas and specialised know- | ists, unable to see beyond their own particular province, 
use, and the outstanding considerations in design are | ledge with greater ease, are generally more adaptable, | is to be avoided.” Others argued that the university 


mainly concerned with what may be broadly classed 
as riding comfort. 

The true purpose of the road as a structure by which 
its efficiency must be assessed is in its capacity to 
afford reasonably safe and free movement for the 
traffic of all types which may use it. Such a test bears 
with special harshness on highways in this country 
called upon to maintain a general-purpose character, 
for the range of traffic type previously indicated, 
and with a common degree of safety. While segregation 
in design is a partial answer, a more radical and decisive 
change is clearly indicated on this score alone. Moreover, 
riding comfort, including within this term safe move- 
ment, is vitally concerned with surface shape and 
regularity, and a uniform and constant surface texture 
to provide a maximum braking effort or to develo 
full tractive power. In these directions, A se 
much has been done in recent years, further work in 
the design of surface construction is necessary to place 


it in a condition where it cannot be assailed as in any | 


degree deficient in these qualities from the standpoint | 
| of the value of the graduate on the technical side of 


and require less guidance and supervision than men of | course is too early a stage for more than a very limited 


non-university education. On the other hand, they | number of men to make a decision as to the particular 
| tend to compare unfavourably with these men on the 
more practical and production sides of the industry, 
partly due to their more restricted practical training, 
but also to their reluctance in many cases to undertake 
arduous and routine labour as a means to necessary 
experience, and to the fact that their expectation of 
reward frequently exceeds their willingness to justify 
it by persistent endeavour. As one reply put it: “ Of 
the desirable qualities I have enumerated, a genuine 
appetite for work is the most rare. The common 
difficulty is curing the belief that a university training 
absolves a man from doing the minor jobs in life. The 
normal graduate feels that at least a superintendent’s 
hat is his right and the sooner it is his, the sooner he 
will get down to work. He regards all other positions 
as but stepping-stones which need not be taken seri- 
ously.” This is no doubt exaggerated, but contains, 
I fear, a good deal of truth. 

While, therefore, there is a widespread appreciation 





| phase of work which interests them most and for which 

they are best fitted, and that only a proportion are 
| likely to find a position for which specialised knowledge 
acquired at this stage will possess any particular signific- 
|ance. Several designers of electrical plant with whom 
I have had discussions regard the supposed possession 
| of such knowledge by young recruits to industry as a 

disadvantage rather than the reverse, and argued that 

the correct time to acquire specialised knowledge was 
contemporary with the period of practical training 
| through attendance at suitable post-graduate courses. 
The more widespread organisation of such courses, 
either within industrial concerns themselves or in 
| technical colleges acting in close collaboration with the 











surrounding industry, would seem indeed to offer a 
| very clear-cut solution to this difficulty. At risk of 
| injustice in certain cases, my personal opinion is that 
| most of those who consider as desirable the provision of 

opportunities for specialisation along lines appropriate 
| to their own particular requirements would revise this 


of the reasonable road user. This position, due to the | 
ine industry, he is not regarded as more, or even equally, | view in the event of such a development. One further 





concerted efforts of recent years, nm so nearly | 
attained that the further work needed would be well satisfactory on the production sides and does not offer 
justified. outstandingly greater promise of advancement to the 
The further quality, that is, the “free flow” of| higher executive positions. Only about 30 per cent. 
traffic, concerns road design in many if not all its | of the replies to the first questionnaire considered that 
aspects, and indeed should be made the basic principle 'the university graduate possesses any characteristic 
upon which the national road plan is founded. The | superiority on personal grounds. Where this was 
road is a public service provided by the public for| admitted, it was generally felt to be due only incident- 
general use, and although the problem is a weighty one, ally to attendance at a university, although a few 
it should be the concern of every individual. | stated that the older universities appeared to make a 
| distinctive mark on the student’s personality. Personal 
qualities are thought to be developed much more during 
UNIVERSITY ENGINEERING | the pre-university school years, and such superiority as 
COURSES.* is noticed is quite likely to be accounted for by this 
: | and by the better home environment of the men con- 
cerned. It was felt, however, that some benefit might 


By Prorgssorn WILLIS Jackson. 
FoLLow1ne Professor Southwell’s presidential address result if greater insistence were made in the provincial 


to the engineering section of the British Association | 
last vent in which he stressed that undergraduate active part in the athletic and social side of the univer- 
courses in engineering science were in danger of becom- | sity life. 

ing overcrowded and unduly specialised to the detri-| It was evident, both during discussion and from the 
ment of their educational value, the sectional com. | replies, that persons responsible for recruiting 








mittee decided to implement his suggestion that the | university graduates to industry attach only a limited | 
opinion of industrialists should be sought by under- | significance to the university's assessment of a man’s | 


taking an informal inquiry on the matter. This inquiry | sbility as expressed by the class of degree awarded. 
was left in the han 

Sinaia Paces =o with the soundness of the man’s scientific and technical 

* Paper read before Section G of the British Associa- | know , 80 much as that they are in doubt as to the 

tion at Dundee on Thursday, August 31, 1939. Abridged.| value of examinations as a means of ing this 

¢ See ENGINEERING, vol. 146, page 260 (1938). knowledge in the terms which concern them. Thus, 








universities upon the need for students to take a more | 


of a small committee through | This is not to say that they are not keenly concerned | 


| expression of opinion is worth quoting: ‘‘ It would be 
| great mistake for universities to compete with tech- 
| nical colleges in an endeavour to turn out practical or 
| speciali ineers at the expense of a wider and more 
| thorough training in fundamentals. If the universities 
| do not supply the latter, it will not be available at all.” 
| At the same time, many of those who spoke against 
| specialisation emphasised the danger of university 
courses becoming too academic in outlook, and the 
opinion is widely held that the lectures and the problems 
| submitted to students are too formal, are often little 
| more than an instruction in and a test of mathematical 
ability and agility (important though these may be), 
| and do not stimulate either the students’ interest suffi- 
| ciently, or the faculty of critical reasoning around the 
| sort of issues which will be met later in industrial life. 
As expressed in one reply: ‘“‘ The present deficiencies 
will not be removed by altering the syllabus of engineer- 
| ing courses, so much as by creating a different atmo- 
sphere —— attitude of mind towards engineer- 
ing work.” To this end several persons wanted to see 
a much closer co-ordination of the university work with 
the practical training. While the system of spending 
vacation periods in works is advantageous, it is not 
regarded as adequate, as at present organised, and these 
persons i a 6 to 12 months’ period of work- 
| shop training prior to entry upon the university course, 
or alternatively, the sandwich type of course, as desir- 
| able. Several raised the further point that lecturers 
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In the above diagrams the figures plotted for tin and copper are the official closing cash quotations 
of the London Metal Exchange, for “ fine foreign” and “ standard” metal, respectively. The prices shown 


for lead are for English metal, while those for spelter are for virgin metal. 
for steel plates and rails, and also for hematite and Cleveland pig-iron. 


Middlesbrough prices are plotted 
The prices given in the case of 


steel plates are for ship, bridge and tank qualities, and those for steel rails are for heavy sections. The 
pig-iron prices are for East Coast hematite and Cleveland iron, both of No. 1 quality. The price of 
quicksilver is per bottle, the contents of which vary from 70 Ib. to 80 Ib., and the price of tin-plates is per 


standard box, but in all other cases the prices are per ton. 


Each vertical line in the diagrams represents 


a market day, and the horizontal lines represent ll. each, except in the case of the diagram relating to 


tin-plates, in which they represent ls. each. 








do not keep in satisfactorily close touch with the 
problems and developments of industry and that the 
introduction of suitable outside lecturers to assist in 
the courses would provide a valuable corrective. In 
keeping with the preceding, the wish was not to encour- 
age specialisation, but to ensure that the fundamental 
discussion revolved around live issues. 

The questionnaire submitted to engineering graduates 
dealt much more specifically with the content of 
engineering courses. The copies were distributed by 
senior members of the firms which agreed to assist in 
the inquiry, and some 550 were completed by men from 
every university in the country and divided in respect 
of the date of graduation as follows :—Pre-1920, 59; 
1921 to 1930, 214; 1931 to 1938, 273. Unfortunately, 
the number of replies received from civil and mechanical 
engineering concerns was less satisfactory than from 
electrical concerns, which provided 410 of the total. 

The first question inquired as to the degree of 
specialisation reached in the course prosecuted, the 
extent to which any specialisation undertaken within 
one of the main branches of engineering had given a 
special qualification for their present post and as to 
whether such specialisation was considered to be of 
advantage on general grounds. The replies to this 
question were not unexpectedly rather difficult to 
analyse, as few people hold identical views on what 
constitutes specialisation. However, it was clear 
enough that the vast majority considered a division into 
civil, mechanical and electrical groups as essential 
during the later stages of the course, although the 
desirable thoroughness of this division was not appreci- 
ably clarified. The number of those who stated that 
they had specialised within one of the main branches 
of engineering was, to me, distressingly large, and ex- 
pressed in terms of the three periods, pre-1920, 1921 to 
1930, and 1931 to 1938, indicated an increasing tendency 
in this direction. Thus, the percentages who considered 
that they had so specialised were 8 per cent. for the 
pre-1920 period, 37 per cent. for the 1921 to 1930 period, 
and 50 per cent. for the 1931-38 period. Some of the 
subjects of specialisation mentioned were electrical- 
machine design, electric traction, electrical communica- 
tions, heat engines, highway engineering, oil technology. 
Only about 40 per cent., predominantly recent gradu- 





ates, considered that this concentration had given them 
special qualification for their present posts. 

The replies to the third point as to whether or not 
such specialisation is desirable on general grounds were 
unfortunately rather indefinite in a large number of 
cases, due, I feel, to some extent, to the wording of the 
question ; but of the 352 who gave a clear-cut decision, 
243 were against, as compared with 99 for, the affordi 
of such provisions, a majority of about 2} to 1, an 
of these 99, 66 were from the 1931 to 1938 period of 
graduation. The arguments against were much the 
same as those stated previously. On the reverse side, 
several held the opinion that where a student had made 
up his mind as to the particular phase of work with 
which he wanted to be identified, the opportunity to 
commence a detailed study of this was of great value, 
and that it was in connection with this deeper and more 
detailed study that the critical faculty could best be 
developed. Thus, just as many who had undertaken 
specialised study considered that it had been a mistake, 
others, even among those who had subsequently found 
little direct use for the knowledge so gained, were of 
the opinion that they had benefited considerably. 

Less than 20 per cent. considered that the degree 
course had been overcrowded, although in many 
other cases the statement in reply to subsequent ques- 
tions, that little, if any, time had been available for 
independent reading could be taken as amounting 
to the same thing. The number who made positive 
suggestions for deletions from the courses they had 
taken was correspondingly small. The most pro- 


minent of these suggestions, arranged in order of the | y 


number of times repeated, were as follows: That too 
much time had been devoted to drawing-office and 
machine-design work, work conducted on lines, so they 
had found, which bore little relationship to industrial 
practice ; that too much of the laboratory work had 
little thought-value and was largely unprofitable ; that, 
for electrical engineers, the amount of attention given 
to surveying, hydraulics and heat engines might be 
reduced ; that workshop courses should be eliminated ; 
that much of the first-year course had been no more 
than a repetition of what had already been covered at 
school ; and that much effort had been wasted through 
unsatisfactory co-operation between the lecturers in the 





various subjects. It was of interest that no electrical 
engineers appeared to regret the time spent on such 
mechanical subjects as strength of materials and the 
kinematics of machines, whereas several now wish that 
they had done more mechanical-engineering work. In 
this connection, I should mention the opinion expressed 
quite frequently by senior members of electrical firms 
that the mechanical-engineering knowledge possessed 
by electrical graduates generally is quite inadequate. 

In reply to the next question, ‘‘ What technical and 
non-technical subjects, if any, would you add to the 
course you prosecuted, recognising that this would 
involve a corresponding suppression of some existing 
items,” 188 of the 550 replies suggested the introduction 
of elementary courses in one or more of the subjects, 
economics, industrial organisation and administration, 
company law, the Factory Acts, contract law, and 
quantity surveying. Since lectures in one or other of 
these subjects already form a part of some university 
courses, this represents a very emphatic recommenda- 
tion and one which is of considerable interest to me ; 
since I have thus far held the view that a student can 
be in no position to appreciate a discussion of a subject 
such as industrial organisation and administration, 
though not necessarily of the principles of economics, 
until, having entered industry as an employee, he comes 
face to face with it as a practical reality directly affect- 
ing his welfare and his progress to a position of respon- 
sibility. I have felt therefore that the correct time 
for a study of this sort of subject is contemporary with 
the period of post-graduate industrial training, and, 
speaking at least for the Manchester area, it is regret- 
table that so few of the graduates recruited by the 
industry of that area take advantage of the advanced 
courses of this type in the local technical colleges. 

In addition, 64 suggested the introduction, or the 
extension of existing courses in German, to include 
conversational practice as well as technical ing, 
while 40 electrical engineers, all now research or design 
men, would have liked more advanced mathematics 
than was available to them, and several of these sug- 
gested that mathematics might be made a possible 
final subject. A number of electrical engineers asked 
also for the incorporation of more advanced physics 
courses, many mechanical engineers for an extension 
of the instruction in metallurgy, and several civil 
engineers for lectures on geology and soil mechanics. 
It is significant that there were very few requests for 
additions of a technological character. 

In reply to the further question as to whether or not 
it was regarded as essential that every item of an 
examination syllabus be covered in lectures, 201 replies 
stated Yes ; on the grounds either that no time was avail- 
able for independent reading, that it was much easier 
to learn from good lectures than from books, that an 
undergraduate is not mature enough to be obliged 
to rely at all on independent reading, that sufficient 
copies of a particular book would not be available for 
reference by a class of students at the appropriate time, 
or as one put it, “‘ lecturing was what the lecturers were 
there for, anyway.” On the other hand, 309 were in 
favour of some part of the work to be examined on 
being left to independent reading, though a number 
doubted whether much could be done in this direction 
within the scope of a three years’ course. It was em- 
phasised by many that examinations based purely on 
information given in the formal instruction placed a 
premium on memory and did little to stimulate the 
ability to attack new problems independently ; and one 
went so far as to suggest that, while a 2nd-class honours 
degree should be obtainable primarily on lecture 
material, the criterion for the award of a Ist-class 
degree should be a high standard of independent work. 
The general view appeared to be that lectures should 
cover the whole of the first- and second-year work, but 
that the formal lecture work of the third year should 
be reduced and partially replaced by discussion groups, 
under the supervision and guidance of a lecturer. 

Of those in favour of extended opportunity for, and 
increased recognition of, independent work, 160 make 
the quite unsolicited — that as part of his 
course, each student should be required to prepare, and 
present to the staff and his fellow students for discussion, 
a short technical paper. In this connection, several 
restated their criticism of “ routine” laboratory ex- 

riments, and suggested that the better students 
should be given some freedom of action in their final 
ear to plan and carry out work of a more investiga- 
tional character. The need for a closer co-ordination of 
the university course with the realities of industry was 
raised in a large number of replies, with the suggestions 
that, where possible, periodic lectures by outside 
engineers, and periodic visits to works, etc., should 
form an integral part of the course. The questions of 
the relative merits of the sandwich system, and the 
more normal arrangement in which apprenticeship is 
delayed until after completion of this course, 
whether the university course should be of three or 
four years’ duration, were not widely raised, but it 
is hoped to make them the subjects of a supplementary 
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opposition to the grant of a Patent on any of the 
grounds mentioned in the Acta. 


ELECTRICAL APPARATUS. 

508,863. Window-Blind Control System. J. Stone | 
and Company, Limited, of Deptford, and T. Curzon, of | 
London. (6 Figs.) January 6, 1938.—The invention | 
is a system for controlling motor-driven blinds for the | 
windows of air-conditioned railway coaches. The| 
windings of a series of squirrel-cage induction motors, 
one for each blind, are supplied with two-phase alterna- 
ting current by a small rotary converter driven from the 
coach battery. The supply to the motors is on the two- | 
phase four-wire system, and the circuits are controlled 
by a master switch in the attendant’s compartment | 
and by local switches near the respective blinds. The | 
master switch is of the same construction as each local | 
switch. The moving contacts of each switch are carried 
upon an insulating disc s mounted on the push-button », 
which is guided on a fixed square-section rod. The | 
fixed upper and lower contacts w and z are carried by 
brackets inside an insulating cylinder upon which the 
terminals are mounted. Each fixed contact consists | 
of jaws between which the push-button contact enters. | 
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| as set upon the scale 13. To correct for elevation, a 


| link 14 connects the arm 15 with the cradle. The arm 
| 15 is pivoted co-axially with the saddle 2, and carries 
the fulcrum of a bell-crank lever 17 (Fig. 2). A cam 20 


is fixed upon the pivot of the arm 15 and is engaged by 
a roller upon the lever 17. A bar 21, forming an exten- | 
sion of the lever 17, is engaged similarly to the lever v | 
by a stirrup pivoting in the slide y. When the guns are 
| elevated, the movement of the cradle is transmitted 
through the link 14 to the arm 15. The latter, as it 
turns about its pivot, carries with it the lever 17, and 
the roller following the cam 20 causes the lever 17 to 
turn. The resulting movement of the bar 21 is trans- 
| mitted through the slide y and the rods to the saddle 2, 
| which thus pivots in a vertical plane. The gun-sight 
| bracket 7 carried by the saddle 2 is thus elevated. The 
| connection between the slide y and the bar is varied by 
| the screw 10 similarly to that of the fulcrum of the 
lever v. (Accepted June 30, 1939.) 





508 863. 


If either button of the master switch is pressed, all the 
motors run to raise or lower all the blinds. The blinds 
can be partially raised or lowered by releasing the 
respective button of the master switch at the right 
moment. If both buttons of the switch are pressed 
accidentally, only the “ down ” connections are made, 
the “ up ” connections being broken at selected points 
and a short-circuit precluded. Depression of either of 
the master-switch buttons isolates the feeders from which 
local “‘ up " or “ down " connections are made, thereby | 
precluding short-circuits due to the depression of a local 
switch button simultaneously with the master switch. 
Depression of either master-switch button operates the 
blinds irrespective of their individual positions, but if a 
local switch button is pressed during operation of the 
master control, the local blind-motor is isolated. The 
system effects an economy in the amount of wire used, 
since any number of blind-motors can be controlled from 
the same feeders. (Accepted July 6, 1939.) 





INTERNAL-COMBUSTION ENGINES. 


508,667. Supercharger. F. H. Arnott, of Bushey 
Heath. (4 Figs.) February 14, 1939.—The object of 


the invention is to cheapen the manufacture and increase 
the durability of superchargers of the eccentric rotary 
rocking-vane type. The supercharger body is closed by 
end plates, one of which carries a cranked stub shaft 4. | 
This shaft has its outer end concentric with the body | 
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GUNS AND EXPLOSIVES. 


508,397. Gun-Sight Corrector. A. V. Roe and Com- 
pany, Limited, of Manchester, and C. R. A. Beasley, 
of Manchester. (8 Figs.) February 4, 1938.—The 
invention is a device for correcting gun-sights to allow 
for the speed of an aircraft and also for refraction errors 
in gun-sighting panels and deviation of the bullets from 
the straight path at high speeds. The cupola is carried 
by the rotatable-turret ring on which is pivoted the 
gun cradle. Within the turret ring is a stationary ring 
fixed upon the aeroplane fuselage and carrying a circular 
rack which drives a cam through spur and worm gears. 
A push rod s has a roller on one end which bears on a 
cam mounted on the worm-wheel spindle. The other 
end of the push rod s acts upon one arm of a spring- 
loaded bell-crank lever pivoted on one of the cradle 
supports. The other arm of the bell-crank lever engages | of the rotor 9, excluding the boss, is a little less than the 
the spherical end of a lever v having an adjustable fulcrum | length of each vane 5. The usual slotted fibre trunnions, 
pivoted within a slide y which slides along rods carried | which support each vane where it passes through the rotor 
by @ pivoted saddle 2. An arm upon the lever v has | wall, are omitted altogether, the rotor having Vee slots 








and its inner end eccentric to it and concentric with the 
rotor 9. At the inner end it carries a ball bearing 10 
for the inner end of the rotor, the end plate being recessed 
to take the bearing and the rotor boss 19. The length 





to permit rocking of the vanes. The rotor-driving plate 
13 fits flush into the end of the rotor and is aleo slotted 
for the vanes. The vane races are carried by ball 
bearings 6 on the stub shaft, and these races are free to 
float endwise, the vane ends being allowed to contact 
with the end plates of the body. This construction 
gives a stiff stub shaft and sturdy rotor with low rotor- 
bearing speeds, and the frictional resistance of trunnions 


is avoided. (Accepted July 4, 1939.) 
507,106. Camshaft and Magneto Drive. Triumph 
| Engineering Company, Limited, of Coventry, and E. 


Turner, of Coventry. (1 Fig.) February 24, 1938.— 
The invention is a camshaft drive for a single-cylinder 
four-stroke internal-combustion engine which has a 
single camshaft and a magneto driven by a chain. The 
camshaft 1 of a single-cylinder engine is more or less 
vertically above the crankshaft 2, and to the left of the 
camsbaft is the magneto 3. An internally toothed chain 
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wheel 5 engages a pinion 6 on the crankshaft, giving a 
reduction of approximately two-to-one. The number 
of teeth on the chain wheels on the camshaft and magneto 
shaft are chosen so as to give an overall reduction from 
the crankshaft to the camshaft of two-to-one. Assuming 
clockwise rotation of the crankshaft, the pull on the 
chain is taken directly by the camshaft chain wheel. 
The chain-tensioning device 10 acts on the run of the 
chain which lies between the magneto and the internally- 
toothed chain wheel 5. The broken lines la show the 
position of the camshaft for a multi-cylinder engine. 
(Accepted June 9, 1939.) 


MOTOR ROAD VEHICLES. 

507,250. Torque-Tube Anchorage. Firestone Tyre & 
Rubber Company, Limited, of Brentford. (7 Figs.) 
February 17, 1937.—The invention is an arrangement 
whereby lateral displacement of the chassis is minimised 
when the rear wheels are moved up or down relatively 
to each other. The rear-axle housing is connected to the 
frame through a torque tube 26 and a universal joint 27, 
the chassis being supported on the axle by pneumatic 
bellows. A wishbone tie 29 is pivoted to the frame at 30 
and carries at its apex a ball enclosed within a socket 32 
on a boss attached to the torque tube between the 


| universal joint and the rear-axle housing. At each 











joint 30, the wishbone 29 is flattened to form an eye 
pivoted on a stub shaft secured in the side frame member. 
Rubber bushings are used to make a joint which does 


| not require lubrication and which will afford a limited 


degree of angular displacement of the wishbone with 
respect to the frame. To take the lateral load of the 
torque tube on the wishbone, brace members 38 are 


| secured to the stub shafts and to a ring which encircles 
|}the universal joint. 


These braces supplement the 
support of the transmission. The ball and socket joint 
32 lies on a line AXD joining the point of oscillation of 
the universal joint and a point on the ground midway 
between the points of contact of the rear wheels on the 
ground. Hence, the frame will not be displaced laterally 
an appreciable amount when either of the rear wheels is 
displaced up or down relative to the other, considerably 
reducing the lateral oscillation of the car. (Accepted 
June 13, 1939.) 
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THE GOLDEN GATE BRIDGE, 
SAN FRANCISCO. 


By CuirForp E. Parnes. 
(Continued from page 248.) 
CaBLE CONSTRUCTION. 


As is usual the first operation of the cable con- 
tractor was the erection of the catwalks, or foot- 
bridges, from which his men worked during the 
various operations of spinning, compacting, and 
wrapping, and the cable band and suspender erec- 
tion. The catwalks for the west cable consisted 
of two 6-ft. board walks laid side by side, with a 
separation of 3 ft. 8 in. This space, which was 
directly under the main bridge cable, was closed by 
a heavy wire mesh. Twelve 1% in. diameter wire 
ropes extending from anchorage to anchorage sup- 
ported the catwalk. The catwalk for the east 





effected. The suspender ropes were pre-stressed, 
measured, cut and socketed to accurate length, 
and reeled in the contractor’s manufacturing plant 
in New Jersey. Subsequently, after delivery at 
California City, they were re-reeled on erection reels 
from which they were placed in position on the cable 
bands. These catwalks remained in service after 
the cables were spun and greatly facilitated the 
operations of compacting and wrapping the cables. 

The procedure followed in the erection of the 
catwalks is of interest. Skylines were first installed 
from the anchorages to the respective main bridge 
towers. The catwalk ropes were then hauled out 
on the skylines and made fast to the tower tops. 
Those for the centre span were first laid on the 
bottom of the seaway, from tower to tower, and 
then raised into position and anchored at the tower 
tops. As soon as all rcpes were in place they were 
adjusted to the proper sag to clear the cable by 





This gave a more flexible support to receive the 
load and impact of the spinning carriages as they 
passed along the span. This overhead catenary 
also served efficiently in handling the compactors, 
cable bands, suspenders and wrapping machines 
after the cable spinning was completed. These 
catenaries can be seen in Figs. 72 to 74, Plate X. 
The “escalator ropes” provided on the steep 
sections of the wider east catwalk were another 
innovation in cable erection equipment. These 
were moving ropes placed alongside of the handrail 
ropes and driven by wheels at the tower tops. By 
grasping these ropes, the workmen were aided in 
the steep climb, with a resultant saving in time and 
fatigue, and increased efficiency. 

The east and west catwalks were connected at the 
centre of the main span by a cross walk carried on 
a light steel-framed structure which also carried 
an elaborate control station from which all spinning 
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cable was like the west one except that 13 ropes 
were used and the inner walk was 2 ft. wider. A 
view of the catwalks from below is given in Fig. 67 
on page 296, while the construction of the footways 
is well shown in Fig. 71 on Plate X. 

Contrary to the common procedure in catwalk 
construction of using a small number of ropes of a 
size which subsequently could be cut into proper 
lengths and used as suspenders in the final structure, 
a larger number of smaller diameter, pre-stressed, 
ropes made specifically for this purpose were 
fabricated by the contractor. This scheme had 
many distinct advantages. The larger number 
of ropes were so spaced as to support the walk 
planks directly and at close intervals, obviating 
the need of much intervening framing. An im- 
portant advantage in the catwalk erection arose 
from the reduction in weight of individual ropes of 
1% in. diameter instead of 2} in. diameter which 
is the size that would have been required in order 
to subsequently utilise them as suspender ropes. 
This reduction amounted to 13-5 tons for one length 
of rope in the main span, thereby reducing by more 
than one-half the “* pull-home ” loads on the hoisting 
equipment used for erection of the ropes. A further 
advantage gained was a saving in time of con- 
struction which could not otherwise have been 
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about 3 ft. Adjustment was provided near the 
anchorages and at the tower tops so that the proper 
clearance between the catwalk and cable could be 
maintained as the weight of the suspended structure 
was applied to the cables. 

The 6 ft. catwalks were built up in sections 10 ft. 
long by bolting 1} in. by 3§ in. transverse redwood 
planks to two light longitudinal channels. For the 
side spans these sections were assembled in place 
loosely on the ropes at the anchorages in trains 
of 10 sections. These were then hauled up along 
the ropes to the final position, connected to the 
adjoining train above and clamped securely to 
the supporting ropes. Erection of the main cat- 
walk deck was carried out in a similar manner except 
that the trains were assembled at the tops of the 
towers and then lowered into position. At 100 ft. 
intervals a 12-ft. section of the walk was applied 
to a braced steel frame in such a way that in case 
of fire it could be removed quickly to form a fire 
stop. 

It has been the general practice in cable con- 
struction to support the tramway sheaves through- 
out the spans on bents or frames resting on the 
catwalks. To avoid the addition of this weight to 
the catwalk ropes these sheaves were supported 
from an independent overhead catenary system. 





operations were directed. Extensive working plat- 
forms as well as connections for the storm cables 
were also provided at this point. Cross walks were 
provided at four other points in the main span, 
and at one point in each side span. The main cross 
walk is shown in Fig. 66, on this page. In addition 
to furnishing convenient passageways from one 
catwalk to the other, these cross walks were im- 
portant members in the elaborate system of storm 
ropes which was provided to stiffen the catwalks 
and reduce the deflections resulting from heavy 
winds. An effective storm system was of par- 
ticular importance here, not only because of the 
unusual length of both side and centre spans, but 
also because of the conditions peculiar to the 
Golden Gate, where strong winds transverse to the 
direction of the bridge occur with unusual regu- 
larity and frequency. The storm system employed 
functioned so well that it was possible to carry on 
the stringing and adjusting of wires in winds of 
40 to 45 miles per hour velocity. 

In addition to the tramway support ropes and 
catwalk ropes, the storm system of the centre span 
contained two other sets of longitudinal ropes; the 
upper storm ropes, below and approximately 
parallel to the catwalk ; and the lower storm ropes, 
which formed an arc from the bases of the towers 
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CATWALKS AND Storm System. 


Fie. 67. 
rans | Fig.G9. USUAL SADOLE 


| Y Outli 
[ ( Comppilcted Cable 
j/ 


to the tramway support ropes at mid-span. 
verse latticed angle struts, about 3} ft. square in 
cross section and 152 ft. long, were placed in the 
plane of the lower storm ropes about 450 ft. from 
either tower. Two sets of diagonal and one set of 
vertical ropes connected each of these struts to 
three points on the upper storm ropes. Another 
set of diagonals connected these struts to the towers 
at about mid-height. The struts were also braced 
laterally with diagonal ropes to the towers, and to 
the upper storm ropes at the quarter-point cross- | 
walks. Vertical ropes at intervals of about 100 ft. | x 
connected the catwalks to the upper storm ropes, | 

and points on the latter 250 ft. from the towers 
were connected to the towers at mid-height by sets | 
of diagonal ropes. At 200 ft. intervals, vertical 
ties joined the upper storm ropes with the tramway 
support ropes. Diagrammatic sketches of the 
storm system are reproduced in Figs. 81 to 83 on 


page 207. , 
In the side spans, the sets of apper storm ropes|on the deep water at San Francisco Bay, greatly; which, under a pressure of 5,500 Ib., gave the 


were also below and parallel to the catwalks and | facilitated the receipt of wire from the Atlantic coast, | threaded length an oval shape to prevent its turning 
were connected to the tramway support and catwalk | its preparation for erection and its dispatch to the | in the splicing sleeve. In the second operation, the 
ropes as in the main span. The lower storm ropes | bridge site. The use of the wax coating was adopted | splicing sleeve was assembled on the two wires 
extended from the bases of the towers to the upper|to prevent the deterioration of the galvanising|to be spliced, which had their ends clamped in 
storm ropes at the cross walks, and another set of | during transit through the tropical climate, after|contact in the splicing press. In the third, the 
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ropes connected these points with the towers at| the shipment of test coils so protected had proved | splice was completed by squeezing the sleeve on 
mid-height. The ropes for tramway supports, | the sufficiency of this protection. 

catwalks, upper storm ropes, lower storm ropes and| The California City reeling plant was housed in a 
diagonals from the transverse strut tc the quarter | building 100 ft. by 600 ft. In addition to reeling 


point crcss walks were all pre-stressed and cut under | facilities it provided storage space for 117,000 coils | 


to the wires under 5,500 lb. pressure in two applica- 
tions of a three-part die, the splice assembly being 
rotated 60 deg. between the first and second applica- 
tions of the pressure. The splice was required to 








& measured tension. All other ropes of the storm | of wire and contained a machine and blacksmith | develop at least 95 per cent. of the strength of the 
system were cut with no measured tension. The|shop for maintenance of all reeling and cable. | wites spliced. 
complete storm system proved entirely satisfactory | spinning equipment. The wire was spliced, dewaxed | The spinning of the cables consisted of hauling 
in effectively preventing excessive vertical and|and reeled on to intermediate reels on the main| wires from anchorage to anchorage to form the 
lateral deflections. floor of the building. Reeling from intermediate | sixty-one circular strands, containing an average 
The cable wire was drawn and galvanised at the | to big reels and the necessary splicing was performed | of 452 parallel wires each, to make a total of 27,572 
John A. Roebling’s Sons Company plants near!on an elevated platform. The big reels held| wires per cable. The cable-spinning equipment 
Trenton, New Jersey. After being dipped in hct| forty coils, or 160,000 ft. of wire, and when filled | was laid out to spin four strands at one time and 
amorphous wax, the 5-ft. diameter coils of wire,| were covered with waterproof paper and shipped | alternately first on one cable and then the other, 
weighing about 400 Ib. and containing approxi-| to the bridge site by barge as required for spinning. 80 that while adjusting strands on the east cable, 
mately 4,000 ft. each, were shipped by boat via| Three steps constituted the splicing process. In| spinning was progressing on the west cable. The 
the Panama Canal to the rceling plant at California | the first, the ends of the wire were cleaned, trimmed | strands were built up in strand saddles or spinning 


City. This plant, built especially for the purpose, | square and threaded for a length of { in. in a press | saddles located at the tower tops and at the splay 
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points just ahead of the anchorages. These placed 


the spinning positions of the strands somewhat 
above and outside of their ultimate positions in the 
cable. At the same time the strand shoes, during 
the spinning operation, were placed forward of 
their permanent positions and so held by the 
strand-legs, that the grooves which received the 
wires were accessible from one side. The strand 
shoes are shown in this position in Fig. 68, on 
page 296. 

During erection, the spinning-wheel assemblies 
shuttled backwards and forwards, from each 
anchorage to the transfer station at the middle of the 
main span at a speed of 650 ft. per minute, or about 
74 m.p.h. These spinning wheels were supported 
from a straight-hung carriage mounted on hauling 
ropes which were supported at 200-ft. intervals 
by split-sheave assemblies. The hauling ropes were 
endless ropes passing around motor-driven drums. 
The wire was fed from reels mounted at the an- 
chorages, the dead end being fastened at the strand 
shoe. A bight of wire was looped over each active 
wheel, each wheel thus carried two wires from 
anchorage to midspan. At midspan, the spinning 
assemblies from the opposite ends of the bridge 
met, and the wires were exchanged between the 








two carriages. 
completed the stringing of the wires initiated by the 


On the return trip each carriage 


other. At the beginning, each carriage carried a 
pair of wheels stringing four wires at a time, whereas 
in all previous construction a single-wheel stringing 
two (and in one instance four) wires at a time was 
used. The double wheel worked so efficiently that 
trailing wheels were added later, permitting the 
stringing of six wires at a time by each spinning 
wheel carriage. Between the reel and the spinning 
wheel, the wire passed over guide sheaves and a 
floating counterweight sheave which maintained a 
constant tension in the cable wire and compensated 
for momentary differences between the speed of the 
spinning carriage and that of the reel. The change- 
over of the wires from one carriage to the other in 
the centre of the span is shown in Fig. 75, on Plate 
X, and the layout of the hauling ropes is shown 
in Figs. 79 and 80, on this page, a diagrammatic 
sketch of the arrangement of the spinning equip- 
ment at the San Francisco anchorage is given in 
Fig. 84, also on this page, and a photograph of the 
corresponding equipment at the Marin anchorage is 
reproduced in Fig. 85, on page 298. 

Upon the completion of four strands the spinning 
operation was transferred to the other cable and 





transferred from the spinning saddles to their final 
position in the cable saddles. The fitting of the 
straps is shown in Fig. 76, Plate X, and the 
lifting operation in Fig. 88 on page 306. Fig. 89 
on the same page shows the cutting away of the 
lifting straps after the cables were in position on 
the saddles. The strand shoes were then attached 
to the proper anchorage eyebars and adjusted to 
length by insertion of the proper amount of shims be- 
hind the strand shoe pins. Some of the first strands 
being secured in position in the cable saddle are 
shown in position in Fig. 72 on Plate X, and 
four completed strands ready for moving into 
position in the saddle are shown in Fig. 73. When 
the spinning crew had reached maximum efficiency 
as much as 246 tons, or over one thousand miles, of 
wire was placed in a single eight-hour shift. It 
required about three days to complete the spinning 
of four strands and an equal time to adjust and 
place them. 

The spinning started on the west cable where the 
first four cable wires hauled across were adjusted 
to the proper sag and served as guide wires for the 
adjustment of the wires for the four strands being 
formed. The first strand completed, and the guide 
wires, were set with the aid of careful sag observa- 
tions. The first strand of the east cable was adjusted 
to obtain the proper elevation relative to the west 
cable, the difference in span lengths for the strands 
being determined by measuring the angle of skew 
between the saddles on each tower top with a transit. 
The use of a hexagonal saddle with a Vee at the 
bottom, as shown in Fig. 70, page 296, made it 
possible to arrange the strands in vertical tiers. 
With this arrangement, a new device was developed 
to hold the strands in the vertical tiers, as they were 
placed in final position, by the use of vertical 
separators. These “cable formers,” placed at 
intervals along the cable, held the strands in their 
proper relation to each other in spite of any tendency 
for them to slump due to uneven temperatures. 
The vertical separators permitted a free circulation 
of air between the strands, thus maintaining them 
at a more uniform temperature. This ventilation 
practically eliminated the tendency of the cable to 
roll, a difficulty previously encountered during the 
building of cables because of the unequal length of 
strands with different temperatures. The vertical 
separator can be seen in Fig. 72, Plate X, and 
Fig. 86, page 306. 

Adoption of the improved arrangement of strands 








298 


ENGINEERING. 


SEPT. 15, 1939. 











GOLDEN 


GATE BRIDGE, SAN 


FRANCISCO. 























Fie. 85. 


made it much easier to produce a cable of circular 
cross-section by reducing to a minimum the vertical 
displacement of wires during the compacting of the 
cable. The vertical tiers of strands made it possible 
to retain the strand identity in the saddles and 
maintain correct wire position by placing fillers in 
the interstices between the strands. These fillers 
were made of zinc, accurately cast to conform to 
the cross-sectional patterns of the space between 
the neighbouring circular strands. The usual type | 
of saddle is shown in Fig. 69, which may be com- 
pared with the Golden Gate saddle shown in Fig. 70. | 

As soon as the last strand was in final position, 
the cable was compacted into a circular cross-section 
by compactors, each of which comprise a circular 
yoke surrounding the cable and carrying 12 hydraulic 
jacks set radially to the cable section. The inside 
face of the jack shoes was concave, and with the 
jacks extended formed a 36-in. diameter circle. The 
pistons were 5{ in. in diameter and operated under | 
a pressure of 5,000 lb. per square inch, supplied | 
by an electrically-driven pump with which each 
compactor was equipped. The frames on which the 
compactor was assembled travelled along the cable 
on large wooden spools. As the compacting pro- | 
ceeded, the cable was seized at 3-ft. intervals with 
2-in. metal straps. These straps were tightened by | 
two auxiliary hydraulic jacks incorporated in the 
compactor assembly. One of the compacting 
machines is shown in Fig. 77, Plate X. 

The cable bands, one of which is illustrated in 
Fig. 78, Plate X, were placed as soon as one| 
whole span of either cable was compacted. They | 
were lowered from the tower tops on the catenary | 
ropes, which supported the tramway ropes during 
spinning operations. The bolts fastening the two 
halves of each band together were originally 
tightened to about 120,000 lb. each. When more | 
than half the concrete roadway had been poured, | 
this stress was decreased to about 75,000 lb., due 
to the lengthening of the cables under the increased 
dead load. In the final tightening, this stress was 

















increased to 120,000 lb. to allow for the effect of 
the remainder of the dead load, the specified stress 
being 92,000 Ib. per bolt. The suspenders were 
unreeled from the tower tops, hauled down the 
footbridge by means of the overhead catenary 
ropes, and lowered over temporary sheaves, mounted 
on the cable band, into their grooves. 

When a large part of the suspended structure had 
been erected, the cables between adjacent bands 
were given a closed spiral wrapping of No. 9 soft 
galvanized wire. The wire terminates in a recess 
in the ends of the bands and the joint is made 
weathertight by lead-wool caulking. A covering of 
heavy red-lead paste was applied just ahead of the 
wrapping machine. One of the wrapping machines 
is shown in Fig. 87, on page 306. Unusual protection 
was provided for the cables at the pointe where they 
enter the saddles. This protection is in the form of a 
floating metal housing, one end of which is articulated 
with the saddle and the other with a special cable 
band. These connections are made with a packed 
joint which allows the housing to accommodate 
itself to the various angular movements of the cable. 
The saddle itself is covered with a weatherproof 
metal top. Where the cables enter the vertical 
concrete walls of the anchorage housings, special 
flanges on the cable bands envelop thimbles pro- 
truding from the wall. The flanges are designed to 
allow the necessary horizontal and vertical cable 
movements and at the same time exclude all 


moisture. The wrapping of the cables extends into | 


the housing to the splay points. All wires of the 
cables are thus protected from the weather through- 
out their entire length. 

(To be continued.) 





THe INSTITUTION OF LOCOMOTIVE ENGINEERS.— 
Owing to the national situation, all meetings of the 
Institution of Locomotive Engineers, 28, Victoria-street, 
London, S.W.1, including the proposed visit to the 
Engineering Exhibition at Olympia on September 20, 
are postponed until further notice. 
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FLYING-BOAT ENTRANCE LINES. 
By F. W. Lancuester, LL.D., F.R.S. 


THe entrance lines of a flying boat need careful 
study if the craft is to give a good account of itself 
under adverse conditions. The general lines of the 
hull of such craft are something of a compromise ; 
aerodynamic considerations call for an ichthyoid 
or streamline form, but the necessary provision for 
alighting and taking-off from the water makes it 
impossible to conform altogether to this ideal. The 
entrance lines which define the form of the bow 
of a flying boat must be considered from both 
points of view, but fortunately there is no clash ; 
the best form for taking the water is quite efficient 
when in the air. Furthermore, the importance of 
seaworthiness is so great that it is the boat aspect 
of the problem that calls for study. 

Except in the event of a forced landing, the pilot 
of an ordinary aeroplane knows the nature of the 
ground that he has to negotiate when landing— 
it does not change from day to day; but the sea 
may vary from a “ sticky” calm, when the glassy 
smoothness of the surface makes take-off difficult, 
to conditions when high wind and heavy seas 
render it dangerous or impossible to take-off or to 
alight at all. Steep and choppy seas, such as are 
often encountered in shallow waters, especially 
when the wind is foul of the tide, make a most 
unpleasant landing ground for a seaplane or flying 
boat. In such seas a fast motor launch driving down 
into the trough between two wave crests may 
literally be driven under if not carefully handled. 
In such seas a flying boat cannot live, or at least 
cannot be operated with safety. A typically bad 
situation, when a flying boat is alighting or endea- 
vouring to take off, is that in which the pilot finds 
himself faced with a steep tidal wave such as may 
be met with in an estuary or river mouth, commonly 
known as a “ bore.” On impact, the boat may be 
thrown clear of the water, and, after a porpoise-like 
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leap may re-enter the water at so steep an angle as 
to be in serious danger. 

Although the writer believes that no one would 
seriously propose that the bow of a flying boat should 
be fashioned after the manner of a river punt, that 
suggestion, as a basis of discussion, may serve a use- 
ful purpose. Thus Fig. 1, on this page, represents 
diagrammatically a flying boat in side elevation, 
in which the “ entrance ” is of punt-like form, fully 
represented by the line ab. Now when the hull 
encounters a steep wave front, the reaction is in 
the direction dc, substantially at right angles to 
the surface represented by the line ab; under the 
worst conditions this may be in the nature of a 
blow. The direction of the reaction dc is a matter 
of vital importance. If, as in Fig. 1, its inclination 
be too great, it tends unduly to throw up the nose 
of the boat, and cause it to “ porpoise,” and in its 
subsequent descent it may strike the water at a 
dangerous angle; the bow may be stove in and 
the boat go under. If the reaction dc were to pass 
through the centre of gravity G, it would not give 
rise to a turning moment about that point and 
would resolve into a retarding component on the 
one hand and a direct lifting force on the other ; 
there would be no tendency for the hull to pitch 
one way or the other. This, however, is not alto- 
gether desirable ; in order to surmount the wave W, 
the bow of the hull should lift to some extent and 
the question is one of degree. In Fig. 2, the surface 
a is shown more nearly vertical, so that all forces 
acting on the face ab pass near to the centre of 
gravity G. If the point c be suitably chosen, the 
result could be achieved with greater accuracy if 
the face a b were cylindrical, i.e., if a b were a curve 
struck from a point c as centre. As represented 
in Fig. 2, the bow of the boat would experience 
a certain degree of lift depending upon the relation 
between the total weight and the moment of inertia 
about a transverse axis passing through the centre 
of gravity G. 

The punt-like entrance, taken for the purpose of 
illustration, needless to insist, is totally unsuitable ; 
it would give rise to ugly shocks and be a source of 
weakness. There is, however, no objection to the 
horizontal entrance lines being drawn as easy as 
the designer may wish, as in the lines of an ordinary 
boat or sea-going vessel, but the lesson taught by 
the study of the punt form of bow applies none 
the less; all vertical section lines must comply 
with the conditions laid down. Thus, in Fig. 3, 
the vertical section lines of the bow, that is, the 
region known as the entrance, should be struck 
from a selected point C as centre, above, but not 
far removed from, the centre of gravity G, as shown. 
In Fig. 4 corresponding horizontal sections (water 
lines) are shown. The positioning of this point C 
in relation to the centre of gravity, depends, as 
already stated, upon the relation between the mass 
and the moment of inertia of the machine as a 
whole about a transverse axis. The distance C G is 
scarcely amenable to exact calculation; there are 
too many variables and too many unknown quanti- 
ties. It must be borne in mind that (just as in 
any other boat in a sea-way) the lift of the bow 
when negotiating a wave is partly due to buoyancy, 
so that if the point C were made to coincide with G 
there would still be the lift due to buoyancy forward, 
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“ecomexmn’ tant at low speeds, and 

it is not there that the 
danger lies. There is a danger that, if C and G 
were too nearly coincident, there might be a 
tendency to “ dig in” and for the tail to be thrown 
into the air, but this is not greatly to be feared. 
If, on the other hand, the bow is thrown up, as 
described with reference to Fig. 1, to the extent of 
causing the boat to leap out of the water, then 
the pilot must bring the boat to the surface again 
by means of his ordinary controls, or perhaps, if 
his speed be sufficient, he may attempt to take-off. 
It is in this manoeuvre that there is danger of a 
too steep dive; with a moderate lift the boat may 
make a few “long jumps” after the manner of a 
stone thrown to produce “ ducks and drakes,” and 
eventually settle down or make a successful take-off 
as the case may be. When the leaps become 
accentuated, the position is rather analogous to the 
instability of the flight path when the phugoids tend 
to increase in amplitude instead of damping out. 
Part of the difficulty in the case of the flying boat 
is that the impact may come when the flight speed 
is below that at which the machine when in the air 
is under proper control, and the result may then be 
disastrous. 

There is no certainty that the correct position 
for the centre C may not be coincident with the 
centre of gravity G, or at least may be closer to it 
than shown in Fig. 3. A rough estimate gives the 
distance C G (in Fig. 4) as about equal to half the 
radius of gyration, and this would result in the boat 
rising about an instantaneous centre somewhat 
forward of the tail ;* that is, the tail would kick 
downwards on the impact. It is not unreasonable 
to suggest that the instantaneous centre should be 
situated at the tail. If this is correct, the distance 
CG should be about equal to one-quarter of the 
radius of gyration. But, as stated at the outset, 
the subject needs very close study; it is not 
possible to formulate more than the most general 
conclusions unless the design is fully specified and 
then the problem would call for considerable experi- 
mental work and full-scale ‘trial and error” for 
its solution. Beyond that, as in all engineering 
problems, it does not stand by itself; there are many 
other considerations and factors to be taken into 
account and the designer must give due weight to 
each and all. It is rarely that the engineer in 
reaching a practical solution to any problem does 
not find it necessary to come to terms and com- 
promise with expediency. It may be so in this case. 
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(Continued from page 277. 
WitiiaM Froupr LaBoraTory—(continued). 


Screw-Propeller Research ; Aerofoil-Section Blades ; 
Cavitation T'unnel.—The gradually increasing use of 
internal-combustion engines in cargo vessels is 
probably responsible for a comprehensive survey, 
now in progress, of propellers characterised by 4 
relatively high ratio of revolutions to speed of 
advance. All the propellers have a pitch ratio of 





* Relatively to the machine; relatively to the water 
the instantaneous centre is some distance vertically 
below this. 





0-5, but the series covers systematic variations of 
blade outline and includes blades of circular-back 
and aerofoil section. One set of tests has been 
carried out with the propellers mounted behind a 
wooden hull 24 ft. long under conditions representing 
a screw 13 ft. 3 in. in diameter on a 400-ft. loaded 
ship. Many of the screws, however, are now also 
being tested in open water, both fully submerged 
and afterwards with a portion of the propeller disc 
emerging from the water, corresponding to the 
condition which often arises when ships are in 
ballast. One of the more important objects of 
these open-water experiments with partially sub- 
merged screws is to study the sudden loss of thrust 
which is known to occur when propeller blades rise 
above the free-water surface. The work is not yet 
sufficiently advanced for firm conclusions to be 
formulated, but already there is some evidence that 
aerofoil-section blades give better results on the 
whole than those of circular-back section. No 
simple ruling holds good, however, even in this 
respect, and the present work, in combination with 
previous similar tests on model screws of unity 
pitch ratio, has revealed that the type of blade 
section giving the best results with emerging screws 
varies according to the pitch ratio of the screw. 
Stroboscopic examination of the partially submerged 
screws has also revealed that the nature of the 
breakdown of thrust is also a very complex matter, 
influenced by pitch ratio and blade section, and 
to some extent also by the blade width. 

These partial submersion tests, while exemplifying 
the convenience for many purposes of experimenting 
with model screw propellers in the absence of a hull, 
raise the question of the extent to which such condi- 
tions can represent the performance of screws behind 
a ship. Some attention, accordingly, has recently 
been given to a detailed survey of the different 
factors operating in the two cases and of their 
effects, from which it appears that importance 
attaches mainly to the wake of the ship and only 
slightly to interference effects associated with the 
proximity of the hull and screw. The major 
differences from the open-water condition are 
introduced by the lateral and fore and aft variability 
of the ship wake in the region of the screw, which 
affects its rotative efficiency. The turbulence in the 
ship wake, on the other hand, has practically no 
effect on propulsion characteristics so long—as is 
commonly the case—as the size of the eddies is 
small in relation to the area of the screw. Considera- 
tion has also to be given to the direction of the 
inflow of water to the propeller, which is different 
in a ship’s wake from what it is in open water. 
The direct effect of such angularity has been found 
relatively unimportant up to as much as 5 deg., 
but the indirect effects of the rapid change of inci- 
dence at which the blades attack the water require 
some consideration. 

Further light on these, and similar details of screw 
performance, is appearing from a series of experi- 
ments which are being conducted on individual 
blades of aerofoil section. These tests take the 
form of measurements of lift and drag, at towing 
speeds up to 25 ft. per second, on a family of blades 
each 3 ft. long by 6 in. chord, and ranging in 
thickness : chord ratio from 0-05 up to 0-25. The 
maximum lift on a blade of this size and shape is of 
the order of 1,000 Ib., and for purposes of design it 
is proving desirable to determine, also, the line of 
action of the resultant force on the blade. An 
interesting general result from this work, so far as 
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it has proceeded, is that aerofoil blades of this type 
exhibit constant lift and drag coefficients above 
a certain speed, suggesting that no further scale 
effect up to full size is likely to occur. The coeffi- 
cients, of course, vary with angle of incidence, and 
the latter will be covered by the tests over the 
likely range encountered in practice so as to provide 
data from which preliminary designs of aerofoil- 
section screws may be made. 

The Lithgow propeller tunnel has been improved 
during the year by modifications to the impeller- 
driving shaft, so that the end thrust-bearing is 
now outside the tunnel, thus allowing the inner 
bearing to be of rubber lubricated by water. A 
previous defect, whereby oil from the inner bearing 
slowly leaked into the tunnel under the influence 
of the low pressures maintained in the interior, is 
thereby avoided, and it is hoped that the adhesion 
of a film of oil to the inner walls will no longer be 
troublesome. The facilities for the study of cavita- 
tion on model screws have been much improved by 
the introduction of a system of stroboscopic illumina- 
tion, comprising a mercury vapour lamp to which 
electric current is supplied and interrupted in 
synchronism with the rotation of the model screw. 
With this arrangement it is hoped to take successful 
photographs from which the action of cavitation can 
be studied in detail. One of the points at present 
being studied is the influence of blade width on 
cavitation. A convenient method of demonstrating 
the effects of this factor is to experiment with a 
model propeller having blades of different widths, 
but otherwise generally similar. At the Annual 
Visitation, a four-bladed screw with two pairs 
of blades, one of normal width and one much 
narrower, opposite blades being identical and all 
of the same diameter, was demonstrated under the 
stroboscopic illumination. Visual observation showed 
very clearly that the cavitation was more marked on 
the narrow blade. In both cases, however, cavita- 
tion bubbles formed only on the suction, i.e., the 
upstream, face of the blade. Other test work in the 
tunnel during the past year has included cavitation 
studies of the propellers for two twin-screw vessels. 
In addition, a short investigation has been made 
of the characteristics of cavitation in propellers 
having blades of large area. 

Coasting Vessels. Hull Resistance. Vibrations. 
A further series of valuable results bearing on pro- 
peller design and the general propulsion problem 
have been obtained during the year from the long- 
term research on coastal vessels which is being 
conducted along lines agreed upon with the Ship- 
building Employers’ Federation. In this class of 
vessel the effects of rate of propeller revolution on 
efliciency are of particular importance, and with 
a view to studying this aspect very comprehen- 
sively, one of the models, representing a coaster 
200 ft. long, was tested in conjunction with an 
extensive series of propellers, all of which were geo- 
metrically similar, except in pitch ratio, and which 
varied in pitch ratio and diameter sufficiently to 
cover the range from 9-5 to 30 in the value of the 
relation; revolutions per minute — ship speed in 
knots. The model hull was fitted with a cruiser 
astern, the depth of which was progressively increased 
to accommodate successively smaller diameters of 
propeller. As a consequence of this change in form 
of stern alone, decreases of hull resistance up to 14 per 
cent. were obtained, while considerably greater 
improvements of the overall efficiency of propulsion 
were measured for the most favourable combinations 
of hull-shape and screw characteristics, the efficiency 
being found to vary by as much as 23 per cent. 
between the highest and lowest value of the ratio of 
revolutions to speed. The appropriate variation of 
revolutions, in the model tests, was achieved by 
changing the pitch ratio and diameter of the screw. 
As a rule it was found that a screw of small diameter 
gave a low propulsive efficiency, and it is therefore 
an important point that the deep cruiser stern, which 
can be fitted in such cases, reduces hull resistance 
and hence helps to compensate for the lower screw 
efficiency. In the same connection it is of interest 
to recall that the Laboratory’s rough-water research 
has shown that the diameter of the screw should 
not be reduced more than is necessary to adjust 
the propeller design to the shaft revolutions output 
from the engine. For smooth-water conditions, on 


the other hand, a suitable design of the after end 
of the coasting vessel largely offsets the reduction 
of screw efficiency which results from a high rate 
of revolutions. A moderate increase of revolutions, 
however, can be employed at only a relatively slight 
expense in power, and for the highest revolutions 
studied during the tests, it was found that the 
necessary increase of engine power, while variable, 
always amounted to appreciably less than 10 per 
cent. 

Two other interesting aspects of hull resistance 
have been investigated to some degree of com- 
pletion during the year. One of these, concerning 
the extent to which the shape of a ship’s bow con- 
tour affects its resistance, was originally planned 
to embrace three degrees of hull fullness, repre- 
sented by prismatic coefficients of 0-78, 0-74 and 
0-71. Eight model ships are being tested over a 
wide range of speed, three of the hulls being self- 
propelled and all of them being varied as regards 
draught. The work on the two greater degrees of 
fullness is now complete and resistance experi- 
ments are in progress upon the models of 0-71 
prismatic coefficient. 

The other research is a new, so far exploratory, 
study of the degree of roughness present upon the 
external surfaces of the plating below the water-line 
after ships have been for some time in commission. 
Vessels are being visited as they are dry-docked, 
the roughness measured, and other characteristics 
of the surface noted. Already some interesting 
and rather astonishing results are forthcoming. 
Practically all the ships so far examined, for ex- 
ample, have revealed variations up to as much as 
a quarter of an inch in the level of the paint. These 
irregularities are the more likely to increase resist- 
ance in that they are abrupt, often shaped like a 
stalactite, and persist after the plates have been 
scrubbed to remove marine fouling. An interesting 
point is that they appear to be more common on 
certain parts of the hull than elsewhere. Some idea 
of the potential losses involved can be gained from 
the case of a Brocklebank liner, for which measure- 
ments of power, speed and screw revolutions were 
made just before the vessel was dry-docked after 
10 months at sea, and, later, immediately after 
being repainted. Although the original fouling 
was hardly noticeable, the resistance of the ship 
was some 10 per cent. lower after the hull had been 
cleaned and painted. Concurrently with the study 
of the phenomena of plate roughness, consideration 
is being given to methods of preventing this form 
of troublesome loss, and in this connection the 
Froude Laboratory is collaborating with the Royal | 
Aircraft Establishment, by whom a good deal of | 
useful work on antifouling has already been carried 
out. These investigations refer especially to the 
floats and hulls of marine aircraft, but it seems | 
likely that many of the results obtained will have 
beneficial applications to steamships. 


Brief mention may be made, in concluding this 
section, of the Froude Laboratory’s investigations 
of vibrations in ships’ hulls and propellers. Measure- 
ments of structural vibrations in ships are being | 
continued as opportunity occurs, special considera- | 
tion being given to the quantitative checking of 
theoretical analyses which have shown, in par- 
ticular, the important effect of deck structures 
on the natural frequencies of hull vibration. 
Propeller vibrations have also been investigated 
mathematically for a series of simplified blade 
forms, and the results have suggested methods of 
preventing noise and “singing” caused by pro- 
pellers. A check on the analytical approach is 
being obtained by laboratory experiments on small 
vibrating blades. The Physics Department is co- 
operating in this part of the work, particular objects 
of which are to define the nature of the possible 
modes of vibration and to show how the character- 
istics vary according to the type, thickness and 
other dimensions of the blades employed. 

(T'o be continued.) 











Tuk INSTITUTE OF MARINE ENGINEERS.—The meeting 
of the Institute of Marine Engineers arranged for Thurs- | 
day, September 28, for the delivery of Sir Percy Bates’ | 
presidential address, and the series of 1939-40 sessional 
meetings for the reading and discussion of papers, both 
senior and junior, have been cancelled. 
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THE INTERNATIONAL CONFERENCE 
ON DOCUMENTATION. 


At the fifteenth International Conference of the 
International Federation for Documentation, which 
was held at Zirich from August 10 to 14, matters were 
discussed of basic interest to engineers. The need for 
the systematic collection and evaluation of existing 
technical literature, as a means of progress in research 
and invention, was shown very clearly by M. W. 
Janick, of Zug, in a paper entitled ‘‘ National and Inter- 
national Co-operation in Research and Documentation, 
with Special Reference to Electrical Engineering.” 
The engineer is concerned primarily with those 
activities that result in the conversion of natural 
resources into usable form. The outstanding feature of 
fundamental importance in this conversion is that it 
shall be accomplished with the utmost efficiency, that 
is with the minimum waste of time, effort and materials. 
Two basic factors determine the standard of efficiency ; 
these are the quality of the staff or personnel available 
for each operation and the facilities which can be used 
for extending the boundaries of scientific knowledge 
and ensuring its fullest application. Continual research 
is needed to apply every possible means in the most 
efficient and economic manner, and this must be based 
on comprehensive documentation. Thus the field for 
research is very broad. It embraces every physical 
and chemical science and ramifies into applications 
of materials, processes and technical methods. It 
involves a continual appreciation of the significance 
of new scientific discovery and invention in relation 
to methods of measurement and of manufacture 
and concerns itself also with a study of the efficient 
use of human effort. Thus it calls continuously for 
the critical analysis and evaluation of the vast bulk 
of literary material that is being published in the 
form of patents, articles in technical periodicals and 
scientific journals, pamphlets, laboratory reports, and 
other publications of technical or purely scientific 
character. 

The function of industrial research is to bridge the 


| gap between the conception of an abstract idea and its 


ultimate application. The intervening links are those 
relating to the scientific testing of the idea, the research 
required to ascertain whether it has application to the 
particular industrial objective, the small-scale experi- 
ments to evaluate its economic possibilities, the training 
of the staff and the provision of equipment to turn the 
idea, thus developed, into concrete practical use. All 
these steps require, as a basic assumption, an intensive 
study of the relative literature. Thus a close relation- 
ship between research and documentation is estab- 
lished as a sine qua non for every kind of industrial 
progress. During the last decade there has been a 
tendency towards co-operation in research and docu- 
mentation, whereby problems of common interest to 
a “number of different organisations in the same 
industry are pooled. This avoids overlapping of 
effort and enables smaller concerns to profit from 
new knowledge made available to all. Thus the 
British Electrical and Allied Manufacturers Research 
Association has done much to raise Great Britain to 
a leading place among exporters of electrical equip- 
ment. The same trend of development and co- 
operation has occurred in other countries, and every- 
where big organisations are co-operating, on a national 
or international basis, in research and documentation. 
As examples, we have the Tin Research and Develop- 
ment Council and the International Nickel Information 
Bureau. Many examples are quoted by M. Janicki 
of the advantages which have accrued from the co- 
operation of research and documentation. 

The problem of documentation was put clearly in a 
joint paper by MM. E. Mathys, E. Rickli, C. Frache- 
bourg and R. Calaine, of Berne, on ‘* La documentation 
dans les administrations Suisses des Chemins de Fer 
federeaux, des Postes, Telegraphes, Telephones et 
des Douanes. Documentation, they said, proceeds from 
the need to put in order in an establishment the processes 
of collecting, abstracting, preservation and supply of 
books, articles, data, reports and documents of all 
It has taken a long time to realise how much 
valuable assistance to those engaged in various 
spheres of human activity can be afforded by docu- 
ments, when these are properly collected, abstracted 
and made available to those interested. The periodical 
press is the means of propagation of progress, but it 
speaks in so unregulated and so incoherent a manner, 
that it is not possible without documentation to obtain 
a clear and concise idea of any particular branch of 
human knowledge. Documentation is the remedy for 
the chaos which governs the production of documents. 

Such a small country as Switzerland cannot afford 
great testing laboratories, but, by means of documen- 
tation, she can keep herself informed of results obtained 
in science and technology all over the world. In this 
paper the favourable results are described of co- 
ordinating the work of four of the largest Swiss ad- 
ministrative libraries, dealing with the subjects men- 
tioned above. In these libraries, the acquisition, care 
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and manipulation of books and periodicals is centralised 


in one building. This implies that all the material of | 
documentation is dealt with in one place according | 


to the best principles of library technique. Each 
official knows where to go for his material without 
delay. Purchases are made uniformly and methodic- 
ally, without duplication, and with economy of cost, 
labour, furniture and office equipment. Each library 
maintains its own character and borrows books freely 
from the other libraries. Periodicals circulate rapidly 
from one library to another. 

Since officials inquire for documentation on a par- 
ticular subject more usually than for works by par- 
ticular authors, a subject catalogue is a necessity and 
it must be classified in great detail. The same system 
of classification, namely, the Universal Decimal 
Classification, has been chosen by all the four libraries 
as being the most appropriate. Consequently all pub- 
lications im all the four libraries are arranged and 
classified in the same manner. A cehtral documen- 
tation service has been organised on the same plan. 
Periodicals are abstracted as received and useful data 
and information entered on cards. 
by the Decimai Classification. Like the books, each 
library keeps the cards within its special purview, 
but, in consequence of the adoption of standard 
methods, all information on the same subject is classified 
in the same way and interchange of information 
between the four libraries takes place with ease. 
The plan has been so successful that it is likely that 
it will be applied to all the Swiss administrative 
libraries. 

A report on Dokumentation in 
Industrie, by M. E. Kockerhans, of Neuhausen am 


Rheinfall, showed how the documentation service of | 


the great Neuhausen works is based on the principle 


that each new project must be designed in accordance | 


with existing work in its own field and requires com- 
plete documentation. The card index comprises 


20,000 cards, which are classified by the Universal | 


Decimal Classification. M. Oldéich Ohlidka, of Prague, 
described documentation in a large engineering works, 
where it is divided into the groups administrative 
documentation, trade documentation, documenta- 


tion centre for political economy and information | 


bureau for technical literature, and the sales and 
advertising service. The latter was described sepa- 
rately in a paper by MM. J. 
manova. The material is classified by the inter- 
national standard Universal Decimal Classification. 

A number of valuable papers were contributed on the 
study of the division of work between librarians and 
documentalists. Mr. A. B. Berthold gave an interest- 
ing survey of work on Union Catalogues in the United 
States. There are some 46 such catalogues in course 
of preparation, but unaccountably the subject inquiry 
has been overlooked. Union Catalogues have no 
been designed to answer inquiries for books on special 
topics. It would seem self-evident that they should 
provide complete information about the resources of 
libraries on particular subjects. In a paper entitled 
La Documentation et les Bibliothéques, M. Henri 
Lemaitre, of Paris, referred to an address last year 


by Dr. Marcel Godet, the President of the Inter- | 
of Associations of Librarians, 


national Federation 
who had pointed out the close relationship between 
the work of librarians and documentalists, but, while 
documentation theoretically included all and librarian- 


ship was only a part, actually librarianship was a | 


fully developed art which could give invaluable 
assistance to its younger sister documentation. 

Herr C.Walther, of Aix la Chapelle, gave an able paper 
on Aufgaben der Bibliotheken in Rationen der Doku- 
mentation, in which he showed that the library pro- 
blem is the systematic and complete collection of the 
literature within its scope. To make this literature 
as fully available to its users as possible, a detailed 
subject catalogue is necessary, as well as an extensive 


collection of bibliographies and abstracting journals. | 


Since many librarians are born bibliographers, libraries 
can do much to serve their users by preparing biblio- 
graphies on special subjects within their scope. 
E. Lancaster Jones, of the Science Library, stressed 
particularly the service that libraries can give to 


documentalists by making complete collections of | 
An elaborate organisa- | 
tion is necessary to discover the existence of a con- | 


literature within their scope. 


siderable proportion of the world’s technical literature. 
By acquiring this literature, and issuing regularly 
classified catalogues of their accessories, great libraries 
can perform a service not otherwise obtainable. 

Many other important papers were read ; especially 


important was a report on the information centre | 
for technical literature at the library of the Technische | 


Hochschule at Zirich, which began its active service 
in 1931 and has acquired a valuable collection of works 


and periodicals and prepared a card index classified | 
Other valuable papers | 
were contributed by Drs. Leardini and Broch-Toniolo | 
on the Volpi Centre for Electrotechnology at Venice | 


by the Decimal Classification. 


which aims at a complete card index to published in- 


These are classified 


der Aluminium | 


eficha and D. Hajs- | 


Mr. | 





formation within this field. This index is also classified 
by the Universal Decimal Classification. 

The proceedings of the Conference are published in 
a volume and supplement entitled Fédération Inter- 
nationale de Documentation, XV. Conférence, Zirich, 
10-13 Aott, 1939, Rapports, at the price of 10 Swiss 
francs. These can be obtained from the International 
Federation for Documentation, Willem Witzenplein 
6, The Hague, Netherlands. The Congress was held 
| under the honorary presidency of Dr. Etter, Presi- 
| dent of the Swiss Republic. In expressing the welcome 
| of the Swiss Government, Dr. Leimgruber stressed the 
|importance of documentation in administration. In 
| thanking the Swiss Government for their kind hos- 
| pitality, Dr. Alingh Prins, President of the Inter- 
| national Federation, remarked on the suitability of 
| Switzerland, with its four languages, as a venue for the 
| Conference. 








| THE PRODUCTION OF MICANITE. 
| 

| THE importance of mica insulation, and the extent 
to which the entire electrical industry and all other 
industries incorporating electrical apparatus depend 
upon its peculiar properties, are often only vaguely 
realised, even by those actively concerned in its appli- 
| cation. In modern industry, indeed, it is a key material, 
| and particular interest therefore attaches at the present 
time to a survey of its production and commercial 
adaptation, recently made by Mr. Paul M. Tyler, 

















important electric insulator employed. In principle, 
its manufacture is simple. Mica occurs naturally in 
“books,” laminated crystals capable of being split 
into sheets only about a thousandth of an inch in 
thickness. Blocks of mica which are too small to be 
used for sheet are split in this way, mainly by female 
and child labour, as it has not been found possible to 
carry out this ‘process economically by mechanical 
means. The splittings must be at least 1 sq. in. in 
area, reasonably uniform in thickness, and free from 
inclusions of other minerals. Small quantities of 
splittings are produced in Madagascar and in Canada, 
these being chiefly of the phlogopite or amber variety ; 
but, as mentioned, the world’s supply is obtained 
principally from India. 

In the American factories, the splittings are assembled 
on paper or on fine-mesh screen, and are held together 
by shellac, glyptol, or some other suitable binder, which 
is sprayed or painted over each layer of splittings as 
it is formed, until the desired thickness is built up. 
The plates, usually about 3 ft. square, are then heated 
in an oven to about 250 deg. F. to dry the varnish, 
and are inspected over a strong light in a darkened 
room, or sometimes by X-rays. Thin spots are 
strengthened with additional splittings or extra coats 
of the binder, or, if impossible of repair, are cut out. 
The sheets are then pressed for several minutes, at 
1,000 lb. per square inch and a temperature of about 
300 deg. F. and are chilled quickly. Finally, they are 
cut to shape, and ground to a smooth surface and exact 
thickness. In some American plants, it is stated, part 





TABLE I.—PRODUCTION OF BUILT-UP MICA IN UNITED STATES. 
Consumption of Production of ° | Consumption of Production of 
Year. Splittings.* Built-up Mica. Year. } Splittings.* Built-up Mica. 
Lb. Lb. Lb. Lb. 
- ee. 2 2 eee ee { | ‘ 
1927 2,252,509 2,925,941f 1934 1,763,035 1,839, 888t 
1929 3,782,287 4,042,478t | 1935 2,532,984 2,385,623T 
1931 2,046,090 1,702,938t 1936 | 3,518,058 | 3,500,000 
} 1932 898,249 922,936t | 1937 4,347,435 4,134,127 
1933 1,428,329 1,308,924t 1938 1,667,806 1,757,654 
* Data from Bureau of Mines Minerals Yearbook. 
+ The Mica Industry : U.S. Tariff Commission Rept. No. 130, 2nd Series, 1938, page 64. 
TABLE II.—BUILT-UP MICA PRODUCED IN THE UNITED STATES IN 1935 AND 1937-38, BY KINDs. 
ome : ce ae ae ee ee ee SUI its Vis I a iin le - a a 
1935.t | 1937.— | 1938.t 
| 
| Per cent. : ree a iy | 
} Product. Binder.* Value Value 
| Quantity. Value. per Ib. Quantity. Quantity. per Ib. 
Lb. Dols. Dols. Lb. Lb. Dols. 
} | \ 
F it Cages OR, ea a | l 
| Moulding plate 12-9 817,995 703,688 0°86 | 1,405,056 | 531,661 | 0°96 
| Segment plate ee 4-6 783,870 934,654 1°29 1,399,014 479,273 1°28 
Heater plate .. oe 3-2 194,171 251,502 1°29 290,564 209,814 | 1°36 
Flexible (cold) “s 16°5 176,345 183,026 104 258,620 | 119,440 | 1°34 
| All other (tape, etc.).. 19-4 413,242 875,672 2°12 | 780,873 417,466 1°57 
| Beene os sath Biss eerSy as rs 
| Total built-up mica .. 10-8 2,385,623 2,048,542 | 1°24 | 4,184,127 1,757,654 | 1°24 
~~ ‘e |; 3,605,981 1,472,783 | 0°30 
Muscovite .. os — | 7 ent oor f 3,605, »472,7 )* 3 
| Phiogopite.. :. — | 2660816 C0707 || Great ' 718,370 | ‘223,655 | 0°55 




















* Weighted averages, 1935, and January-June, 1936. 


+ The Mica Industry : U.S. Tariff Commission Report No. 130, 


|  ¢ Compiled by the Bureau of Mines. 


chief engineer of the Non-Metals Economics Division, 
| United States Bureau of Mines.* The economic signi- 
ficance of mica was impressed upon American indus- 
| trialists during the war of 1914-1918, when they could 
| obtain sufficient supplies only by negotiation with Great 
| Britain, which, in India, controlled some 80 per cent. 
ie the world supply. This dependence upon British 
| India still obtains, as, not only has that country the 
| largest mica production in the world, but it is one of 
| the few countries in which skilled labour is still cheap 
enough to enable the natural mica to be split, at an 
| economic cost, into the thin sheets from which built-up 
mica, or micanite, is made. Small ‘* books’’ of mica 
which, in a highly mechanised country like the United 
| States, would be regarded as fit only for grinding, are 
converted laboriously into splittings in India. These 
are assembled and bonded—often with shellac, another 
Indian product—into the built-up sheets now manu- 
factured chiefly in the United States, Great Britain, 
Germany, France and Japan. 

Mechanically, thermally, chemically and electrically, 
mica is found to meet the needs of the designers of 
| motors, generators and other electrical appliances 
| better than any other material. At one time, as the 
report points out, the commercial development of 
electricity was threatened by the increasing difficulty 
of obtaining natural mica in sheets of sufficient size ; 
| but this obstacle was removed by the invention of the 
built-up product, micanite, introduced in 1992. As 
subsequently perfected, this has become the most 





* Statistical and Kconomic Surveys: Non-metal 
! Economics Division, Mineral Market Reports, M.M.S. 762. 


2nd Series, 1938, page 63. 


of the process has been mechanised to the extent that 
the flakes of mica, instead of being dabbed on by hand, 
are allowed to fall from a “ snowing tower’’ on to a 
suction drum or a moving screen, on which from one to 
three layers are built up before the binder is sprayed 
on. Approximately half of the micanite production of 
the United States is manufactured by the large electrical 
companies for use in their own motors, generators, etc. 
A rough measure of the growth of the micanite 
industry in the United States is afforded by the figures 
for imports of splittings. In 1926 these reached a 
peak of 2,600 tons, but the average for the ‘five-year 
period from 1925 to 1929 was only 1,840 short tons 
per annum. In 1932, during the severe depression, 
the import was less than 500 tons, but in 1937 it 
was only a little short of 4,000 tons. The consumption, 
as distinct from the import totals, is reported to the 
Bureau of Mines by the manufacturers in pounds, and 
this figure rose from 898,249 Ib. in 1932 to 4,347,435 lb. 
in 1937. In 1938, however, the consumption fell to 
only 1,667,806 lb. Notwithstanding the fact that 
built-up mica contains a proportion of binder which, 
in some varieties, may be as much as 20 per cent., the 
total output at most factories weighs less than the 
amount of mica splittings consumed. Formerly, an 
average of about 115 lb. of splittings was required to 
make 100 lb. of micanite, but the latest figures reported 
to the Bureau of Mines indicate a shrinkage in 1937 
of only 5 per cent., and in 1938, less than 1 per cent. 
The various classifications of built-up mica have 
distinct uses, and differ chiefly in the kind and the 
proportion of the binder. Moulding plate, used princi- 





pally in commutators, but also for tubing, is required 
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to become flexible when heated, and contains about 
13 per cent. Segment plate, on the other hand, which 
is used only for flat work, contains only 3 per cent. to 
6 per cent. Heater plate, which is replacing pure 
sheet mica for such purposes as flat-iron and toaster- 
element supports, contains even less. Flexible sheets 
and insulating tapes are made in thicknesses from 
0-004 in, to 0-008 in., including the paper, cloth or 
silk facing; a common form the “sandwich” of 
high-grade splittings between layers of Japanese rice 
paper. 

The available statistics for the industry in the 
United States are summarised in Tables I and II on 
page 301. It should be noted, in Table I, that the 
figure of 3,500,000 Ib. for the production of built-up 
mica in 1936, is an estimate only, but the corre- 
sponding totals of 4,134,127 Ib. and 1,757,654 Ib., for 
1937 and 1938, respectively, have been compiled from 
the manufacturers’ reports to the Bureau of Mines. In 
Table Il, the figures given for the total of splittings 
used differ slightly from those originally published in 
the Minerals Yearbook. The value of 607,657 dols., 
relating to the consumption of splittings in 1935, is 
an f.o.b. figure, and includes the duty paid. 
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Aluminium Control, Raven 
Copies of the Order 
directly from H.M. 
Kingsway, London, 





to the Minister of Supply, 
Hotel, Castle-street, Shrewsbury. 
lin may be purchased 
Stationery Office, York House, 
W.C.2, or through any bookseller. 


AUSTRALIAN Imports oF Moror Cycies.—Of the 
563 motor cycles imported into the Australian Common- 
wealth in April, 540 were of United Kingdom origin. 


question 


COMMERCIAL Visits TO INp1IA.—As the usual time for 
business visits to India is approaching, the attention of 


Tar ConTROL Or ALUMINtUm.—In pursuance of regu- 
lations 55 and 98 of the Defence Regulations, 1939, the 
Ministry of Supply has issued the Control of Aluminium | United Kingdom firms is drawn to the facilities which 
(No, 2) Order, 1939, dated September 9. This Order | the Commissioner Service afford to repre- 
makes the sale and purchase of aluminium and alumi- | sentatives visiting India. Sir Thomas Ainscough, C.B.E., 
nium alloys, situate in the United Kingdom, subject to | H.M. Senior Trade Commissioner in India, Burma, and 
a licence granted by the Minister of Supply. On and | Ceylon, and his colleagues, Mr. W. D. M. Clarke, H.M. 
after September 23, the use of any such material for the | Trade Commissioner at Bombay, and Mr. A. Schofield, 
purpose of any manufacture or work will similarly H.M. Trade Commissioner at Calcutta, are particularly 
require a licence. Applications for such licences or for desirous of meeting visitors from the United Kingdom, 
any information in regard thereto should be addressed | as they feel that, with their organisation, they are in an 


Trade ean 


Scuracer Morors Drivine Inpucep-DrauGutT 











ahs 


ScuHraGeR Motor Driving MECHANISED STOKER. 


excellent position to render assistance, either to princi- 
pals undertaking a special mission of investigation, or 
to commercial representatives who are developing the 
sale of goods of United Kingdom manufacture in India. 
The Department of Overseas Trade, 35, Old Queen- 
street, London, S.W.1, will accordingly be pleased to 
provide representatives of firms contemplating such a 
visit with letters of introduction to the Trade Commis- 
sioners in question. In addition, an officer of the Indian 
Section of the Department in London will be available 
to discuss with representatives the proposed tour, with 
a view to rendering assistance not only as regards market 
conditions obtaining in India at the present time, but 
also, if desired, in respect of itinerary, clothing, equip- 
ment, ete. Reference No. G. 16,943/39 should be quoted 
in all communications with the Department, which should 
be sent to the above address. 
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VARIABLE-SPEED ALTERNATING- 
CURRENT MOTORS FOR POWER- 
- STATION AUXILIARIES. 


A MODERN power station contains much apparatus 
for which a variable speed drive is necessary. Although, 
in many applications, this can be obtained by mechanical 
means, such as change-speed gears or hydraulic 
couplings, these, in general, have not the simplicity of 
variable-speed motors. The availability of alternating 
current in all power stations concerned with general 
supply, except a small minority of small size, makes 
alternating-current motors particularly attractive for 
auxiliary drives of this class. The range of duties for 
which such variable-speed drives is required is, however, 
very large, so that no single type of alternating-current 
variable-speed motor is suitable for every application 
and a consideration of the various types available 
should be made before any is selected for any particular 
drive. Messrs. The British Thomson-Houston Com- 
pany, Limited, Rugby, whose range of manufacture, we 
believe, covers every electrical item of power-station 
equipment, has carried out considerable research and 
development work in connection with motors for 
auxiliary drives and a review of the various types of 
variable-speed alternating-current motors which they 
manufacture and of the types of duty for which each 
is suitable should be of interest. 

Five main types of motor are available; these are 
(1) the Schrage variable-speed commutator motor with 
brush-shifting control; (2) the stator-fed shunt com- 


mutator motor with induction regulator control ; 
(3) the induction motor with Scherbius control; 
(4) the change-pole motor or cascaded induction 


motors; and (5) the single-phase repulsion motor. The 
first of these, the Schrage motor has the widest range of 
application for general purposes. It is essentially an 
induction motor with the normal arrangement of 
stator and rotor windings inverted. The speed is 


FOR POWER-STATION AUXILIARIES. 


THOMSON-HOUSTON COMPANY, 








CIRCULATING-PumMp Motors witH SCHERBIUS CONTROL. 





LIMITED. 


special cases. These include (1) small motor with 


| remote control, for which the cost of pilot-motor gear 


is relatively high: (2) high-voltage motors, since the 
primary winding is on the stator; (3) large motors 
above the limit for which the Schrage motor can be 


| built ; and (4) totally-enclosed fan-cooled motors, the 


Dongipensmees 





BoiLerR-FEED Pume Moror witH ScHERBIUS CONTROL. 


| . p 
regulation machine. 


stator-fed motor being particularly suitable in this 
case because of the fixed brush gear and absence of 
slip rings. 

The third type of equipment referred to, the induction 
motor with Scherbius control, comprises an ordinary 
slip-ring induction motor controlled by means of a 
separate alternating-current commutator machine. 


| It can be built for any output and has been used for 


certain large power-station drives. Speed control is 
obtained by adjusting the excitation of the speed- 
A number of alternative methods 
are available, depending on the particular duty required. 


| Of the fourth class, the change-pole motor or cascaded 
| induction motors, change-pole motors have been used 


to some extent for obtaining two alternative speeds 
on certain power-station drives of small or medium 
horse-power. For large power pump drives, a cascade 
set consisting of two direct-coupled induction motors 
provides an efficient two-speed arrangement. The 


| fifth class, single-phase repulsion motors, are used 
| mainly where a single-phase supply is more readily 


available than a three-phase supply. They are not 


| normally applicable in power-station work, although 


an exception may be furnished by a crane or hoist 
for handling coal, in which case the series characteristics 


| . . . : 
| which can be obtained with this type of motor are 
sometimes desirable. 


In considering the application of these various types 


| of motor to power-station auxiliary drives, it will be 











| convenient to consider the 
| separately. 
| (1) Boiler-house fans; (2) stokers and pulverised-fuel 
| feed ; 
| pumps ; and (5) cranes. 


various classes of drive 
These may be grouped under the headings : 
(3) boiler feed pumps; (4) circulating-water 

Boiler-House Fans.—The size of these is usually 
within the capacity of the Schrage motor, but if it is 
desired to use a high-voltage supply, the stator-fed 
motor may be employed. It is usually necessary to 
protect the motor from dust, either by supplying clean 
air through ducts, by filtering the air which passes 
into the motor, or by using a motor that is completely 
enclosed. Most boiler-house fans require too much 
power for ordinary totally-enclosed motors to be used 
and special arrangements are necessary for removing 
the heat from the air inside the machine. In a large 
commutator motor, it is also desirable to provide means 
for removing brush dust which tends to accumulate 


| over a period of years and may introduce a danger of 


eventual breakdown of the insulation, particularly 
in the case of high-voltage windings. The best arrange- 
ment is an external circuit for the air, containing a 
filter and a cooler which preferably should be of the 
air-cooled type. As the amount of dust to be removed 
is relatively small, the attention required by the filter 
is much less than in the case of an ordinary filter- 


| ventilated motor. 


varied by applying to the secondary wirding a voltage 
obtained from a small commutator winding on the | 
rotor. The motor is self-contained and in most cases | 
has no external apparatus except a supply switch, but, 
if desired, it can be remote-contrelled by a pilot motor. | 
A typical diagram of connections is given in Fig. 1, | 
opposite. The limitations of this type are that the 
supply voltage may not normally exceed 600, and that 
the possible output per pole is limited by the permis- | 
sible voltage induced between the commutator segments. 
As a result of these conditions, the largest motor which 
can be built for 1,000 r.p.m. is about 200 h.p.; if the | 
speed is limited to 500 r.p.m., the capacity may be | 
raised to 500 h.p. Within these limits, the design of | 
these motors presents no special difficulty, since the | 
loading of the commutator winding depends on the | 
fraction of power corresponding to the speed regulation | 
from synchronous speed and not on the whole output | 
of the machine. 

In the stator-fed motor with induction regulator | 
control, the supply is fed to the stator winding and | 
the rotor carries a commutator winding which acts in | 
the same way as the secondary winding of an induction | 
motor. Owing to the action of the commutator, the | 
frequency at the secondary terminals is always the | 
same as that of the supply, irrespective of the speed, | 
so that the speed of the motor can be controlied by | 
means of a variable voltage transformer or induction | 
regulator connected to the commutator. A typical | 
diagram of connections is given in Fig. 2. As, with | 
this type of motor, the current loading of the commu- | 
tator winding depends on the whole output of the) 
motor, commutation is inherently more difficult than | 
in the case of the Schrage motor. It is, however, not | 
subject to the same limitation of output as the Schrage 
motor, but its power factor and torque characteristics | 
are inferior. For general purposes over a wide range | 
of output, the Schrage motor gives the best results, | 
but the stator-fed motor has advantages in aoa 


These filter or closed-air systems are equally applic- 
able to either the Schrage type or stator-fed commutator 
motors, since the danger due to brush dust is present 
in both cases. Although the current loading of the 
commutator winding is greater in the case of the stator- 
fed motor, the power handled by the commutator 
itself corresponds to the percentage speed regulation, 
or slip, from synchronous speed and is therefore the 
same whichever type of motor is used. As a result, 
provided the generally accepted limits of brush density 
are adhered to, there is no essential difference in the 
amount of brush-gear carried by the two types of motor. 
The fitting of special damping windings, frequently 
used with stator-fed motors, does not affect these general 
considerations. An example of a 170/22-h.p., 970/485 
r.p.m., 400 volt Schrage motor, with a filter in the air 
circuit, is illustrated in Fig. 3, opposite. This is one 
of eight, driving induced-draught fans, supplied by 


| the British Thompson-Houston Company to a large 


British power station. The company has recently 
received an order for eight variable-speed Schrage 
motors for another large station. These, which operate 
at 415 volts and are supplied with clean external air 
through ducts, comprise two 250/10-h.p., 575/210-r.p.m. 
motors for the forced-draught fans, four 48-5/7-75-h.p., 
725/420-r.p.m. motors for the induced-draught fans, 
and two 100/36-h.p., 1,470/1,100-r.p.m. motors for 
the exhauster fans. Change-pole induction motors 
have been used for driving boiler-house fans, but, as 
the provision of two fixed speeds does not give a 
sufficiently fine control, they are generally used in 
conjunction with a hydraulic coupling or a damper 
on. the fan. 

Stokers and Pulverised-Fuel Feed.—¥For driving 
mechanical stokers, both the Schrage and stator-fed 
motors are suitable, and many successful installations 
of both types have been made, totally-enclosed motors 
usually being employed. An example of such an instal- 
lation is illustrated in Fig. 4, which illustrates one of 
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23 totally-enclosed variable-speed Schrage motors 
driving chain-grate stokers at a well-known British 
power station. Stoker motors of this type have been 
in service for many years, the earliest dating from 
16 years ago. The most recent installation made by 
The British Thomson-Houston Company, consists of 
16 3-75/1-2-h.p., 1,480/480-r.p.m., 400-volt motors, 
provided with fully-automatic control from a combus- 
tion regulator. When a stator-fed motor with an induc- 
tion regulator is used for a stoker drive, the separate 
regulator is sometimes an advantage from the control 
point of view. On a recent installation of six motors, 
the regulators were coupled in pairs to the com bustion- 
control device, so that the two motors driving adjacent 
grates would always run at the same speed. Tests 
have shown that a similar result can 
by using two motors controlled from a single regulator 

Variable-speed motors have also been used for the 
feed and separator drives in a large British power station 
burning pulverised fuel. Schrage motors rated at 
1/0-5 hop. at 1,000/400 r.p.m. are used for the six 
feeders and six motors rated at 4/1-6 h.p. at 1,450 /58¢ 
r.p.m. for the separators. The motors are totally 
enclosed. 


Boiler-Feed Pumps.—The usual drive for boiler-feed 


pum ps is a constant-speed motor running at 3,000 r.p.m. | 
or 1,500 r.p.m., but there are cases where a small | 


range of speed variation is an advantage, especially 
for high-pressure boilers. For outputs of several 
hundred horse-power at these high speeds, it is not 
usually possible to use a commutator motor, but a 
very satisfactory drive is provided by a Scherbius 
equipment. A unit of this type installed in a large 
factory power station for driving a centrifugal boiler- 
feed pump, operating at a pressure of 1,500 Ib. per square 
inch, is illustrated in Fig. 5, page 303. The main slip-ring 
induction motor, which is rated at 650/400 h.p. at 
2,960/2,520 r.p.m. and 3,000 volts, is controlled by a 
Scherbius slip-regulating set mounted on a platform 
above the motor. The slip regulator is excited from an 
alternating-current exciter coupled through a skew gear 
to the non-driving end of the main motor. 


pilot motor driving the movable brush gear of the 
exciter. This arrangement gives the same fine control 
as is obtained with a self-contained Schrage motor. 

Circulating-Water Pumps.—The normal drive for a 
circulating-water pump is a constant-speed motor. 
In this case again, however, variable speed is required 
in special cases, such as, for example, where it is neces- 
sary to provide for alternative sources of water supply 
For a drive of this kind a commutator motor can be 
used if the power ‘s relative'y smal’, or a Scherbius 
equipment for larger powers. The pump house of a 
large British power station in which variable-speed 
circulating pumps are necessary for pumping either te 
the river or to cooling towers, is illustrated in Fig. 6, page 
303. Four equipments are installed, each comprising 
a slip-ring induction motor rated at 550/325 h.p. at 
590/490 r.p.m. and 3,300 volts, and a Scherbius slip- 
regulator set. One of the slip regulators can be seen to 
the right of Fig. 5. It is shunt-excited through an 
auto-transformer mounted in the control cubicle. 
This cubicle also carries the tap-changing switch and 
handwheel which controls the speed of 
motor in twelve steps. 

In cases in which twoalternative speeds are sufficient, 
a set consisting of two induction motors connected in 
cascade provides a practicable drive, since the inherent 
limitations of cascaded motors, poor power factor and 
low pull-out torque at low speed, which have restricted 
their application for general purposes, are not serious 
disadvantages on a pump drive in a power station. 

Cranes.—For cranes, a commutator-motor drive is 
justified when specially fine control is required, as in 
the case of a maintenance crane in a turbine room. 
On unloading cranes, where rapid control over a wide 
range of speeds is the most important requirement, 
the Schrage motor has been used with good results. 
In other cases, there is an advantage in using a motor 
with series characteristics. 








WRECK STATISTICS FOR 1938.—TI € statistical summary 
of merchant vessels totally lost, brohen up or condemned, 
recently published by Lloyd’s Register of Shipping, 
shows that, during 1938, the gross reduction in the mer- 
eantile marine of the world amounted to 510 vessels, 
making, together, 965,346 tons, excluding all steamers and 
motorships of less than 100 tons gross and sailing ships 
and barges of less than 100 tons net. These figures, 
compared with those of 1937, show a decrease of 83,466 
tons as regards steamers and motorships, and a decrease 
of 18,090 tons in so far as sailing ships and barges are 
concerned. Vessels lost in consequence of casualty 
or stress of weather in 1938 totalled 243, aggregating 
374,651 tons; of these 57 ships, making together 89,207 
tons, were owned in the United Kingdom. Vessels other- 
wise broken up or condemned totalled 267, aggregating 
590,695 tons; of these, 78 vessels, totalling 155,915 
tons, were under the British flag. 


be obtained | 


The speed | 
variation is obtained by the push-button control of a | 


the main | 


ECONOMIC AND COMMERCIAL 
CONDITIONS IN HUNGARY. 


Tue rapid succession of events of international | 
importance, that have been projected into the world | 
during the past three or four years, has naturally | 
tended to confuse any estimation of their bearing on | 
economic and commercial conditions. Further, the | 
swiftness of their advent necessitates a certain passage | 
of time before the significance of each can be correctly 
assessed. Particularly is this true of those countries | 
that are situated within the region of Central Europe, | 
and of which the economic fortunes are largely depen- 
dent on conditions that exist in neighbouring states. 
An example of such a country is Hungary, on the 
economic and commercial conditions of which an 
| interesting Report* has been published recently. 
| Undoubtedly, the outstanding event in the economic 

life of Hungary during 1938 was the Anschluss, for at 
one stroke her two best customers and principal 
| providers became united. The importance of that occur- 
| rence may be gauged by the large proportion of Hun- 
|garian export trade to them in that year, namely, 
46 per cent., while they supplied 41 per cent. of her 
total imports. Another aspect of the Anschluss, that 
may prove to be of serious consequence, is the 
extent of the dependence that Hungarian industries 
placed on securing certain raw materials from Austria 
that are likely in future to be retained within the 
| Reich. Again, she is bound to be affected by the 
events that have happened in Czechoslovakia; the 
Sudeten territories were one of her natural markets, | 
and their cession must have caused a considerable | 
| reduction in her exports. On the other hand, her | 
wood shortage, which was one of the biggest problems, 
will be ameliorated, and she will also benefit by the 
| acquisition of extensive deposits of iron ore, magnesite 
lore, manganese and antimony. Although foreign 
trade in 1938 was less than in the previous year, the 
excess of exports over imports remained at about the 
same value for both periods. The goods imported 
from the United Kingdom include raw metals, machines 
and apparatus, motor cars and chassis, and electrical 
machines and apparatus, to select those items of most 
interest to the engineer. 

Industrial activity increased from the year 1933, 
but at the end of 1937 it came to a standstill. The 
home demand for manufactured goods decreased, and 
the fall in foreign trade at the beginning of 1938 resulted 
in reduced stocks and lower output. These conditions 
prevailed until the third quarter of 1938, when industrial | 
activity increased and continued to expand during the 
last quarter of the year. The output of coal, including 
brown coal and lignite, was 4-3 per cent. higher in 1938 
than in the previous year. Considerable increases were 
also recorded in the iron and machine industries and in 
the output of oil, petroleum and paper, but decreases 
occurred in smelting works and in the textile and 
leather industries. Towards the end of 1938, there | 
| was increased activity in almost all branches of heavy | 

industry, including pig iron, steel and the output of | 
rolling mills. The production of bauxite increased | 
about 20 per cent. In the case of agricultural | 
machinery, the home demand improved with the rise | 
in the purchasing power of the agricultural population, 
but in the export trade keen competition from Germany 
was experienced. All branches of the chemical industry 
showed expansion from the third quarter of 1938. The 
demand for these products for agricultural purposes was 
very marked and had a considerable influence on the 
output of heavy chemicals, such as sulphuric acid. 
The general improvement in industry also made | 
demands on chemicals for process work. The output | 














of lighting-gas works and coal-tar distilleries also grew, | 
and the sales of their by-products noticeably increased. | 
To a certain extent, the increased output of electrical | 
energy for power purposes, of 8 per cent. in Budapest | 
and of 10 per cent. in the country, is a measure of the | 
greater industrial activity. Current supplied for light- | 
ing rose by 6 per cent. in Budapest and by 14 per cent. 
in the country, compared with 1937. Hungary is | 
entirely dependent on foreign countries for supplies of | 
copper, zinc, lead, tin, aluminium and nickel: the 
imports of all these metals rose considerably during 
1938. The State-owned railways also showed expan- 
sion in the number of passengers and freight carried. | 
During the summer months of 1938, the Hungarian Air | 
Traffic Company, Limited, operated four trans- | 
continental routes, covering approximately 2,800 km., 
over which the machines completed 558 flights. The | 
Government has been active in introducing social | 
reforms. Maximum working hours have been fixed | 
for labour as well as for clerical grades, holidays with | 
pay have been established for workmen, and minimum | 
wages are being enforced progressively in all branches | 
of industry. 

* Report on Economic and Commercial Conditions in 
Hungary, 1937-1938. No. 725. Department of Over- | 
seas Trade. London: H.M. Stationery Office. (Price | 


| le. net.) 


| pump. 


| 1,261,845 tons from the United States. 


BRITISH STANDARD 
SPECIFICATIONS. 


Amone the specifications issued by the British Stan- 
dards Institution, the following may be of interest to 
our readers. Copies are obtainable from the Publica- 
tions Department of the Institution, 28, Victoria-street, 
London, S.W.1, and, unless otherwise stated, the price 
is 2s. net, or 2s. 2d., post free. 


Wrought Iron.—For many years there has been in 
existence a specification for wrought iron for use for 
railway purposes. In order that the usefulness of the 
specification might be increased, it has recently been 
revised and the scope extended to cover wrought iron 
for general engineering purposes. In effecting this 
revision, which is designated No. 51-1939, it was 
thought desirable to issue the requirements for “‘ Best 
Yorkshire” wrought iron in a separate publication, 
and this has now been made the subject of specification 
No. 858-1939. Specification No. 51 now includes the 
three grades only, namely, A, B, and C. The mech- 
anical properties have not been altered, but the oppor- 
tunity has been taken to remodel the wording of the 
clauses with a view to removing a number of ambigui- 
ties. Specification No. 858 is similar in arrangement, 
and includes clauses on quality, chemical composition, 
rolling margins and tolerances, and in connection with 
the testing and inspection of the material. The 
specifications, in their present form, should prove of 
great service to engineers and the industry as a whole. 








PERSONAL. 


Mr. F. C. Yapp, director of Messrs. Vickers, Limited, 
and Messrs. Vickers-Armstrongs, Limited, has been 
appointed deputy-chairman of Messrs. Vickers-Arm- 
strongs Limited. 

Messrs. THE SUPERHEATER COMPANY, LIMITED, have 
decided to transfer the head office and organisation from 
Bush House, Aldwych, London, W.C.2, to the works at 
Mosley-road, Trafford Park, Manchester, 17, and all 
communications should now be addressed there. 

MR. ASHLEY SKELTON WARD, joint managing director 
of Messrs. Thos. W. Ward, Limited, Albion Works, 
Savile-street, Sheffield, has been elected Master Cutler, 
in succession to MR. A. J. GRANT, J.P. 








CONTRACTS. 


Messrs. SUNBEAM COMMERCIAL VEHICLES, LIMITED, 
Moorfield Works, Wolverhampton, have received a 
further repeat order from the City of Johannesburg 
for Sunbeam-B.T.H. trolley-omnibus chassis. The 
order is for 25 vehicles of the MF.2 four-wheel type, 
similar to those previously supplied in 1936 and 1938. 
The bodies for the vehicles now ordered will be 
built by MEssRs. METROPOLITAN-CAMMELL-WEYMANN 
Motor Bopres, Lruirep, Vickers House, Broadway, 
London, S8.W.1. 

MEssrRS. MERRYWEATHER AND SONS, LIMITED, Green 
wich High-road, London, 8.E.10, have received an 
order from the Corporation of Barking for a motor turn- 
table fire ladder. The ladder is of all-steel manufacture 
and is in five sections for extension to a height of 100 ft. 
It will be fitted with a monitor nozzle, for use as a water 
tower, and will be equipped with a loud-speaker telephone 
apparatus. The machine will be furnished with a fire 
pump capable of delivering 550 gallons per minute and 
the ladder movement can be carried out either simul- 
taneously with, or independently of, the operation of the 
The machine will also carry a 60-gallon first-aid 
outfit and a powerful electric searchlight for use on or 
away from the machine. 








TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, particulars 
of the undermentioned tenders, the closing dates of 
which areas stated. Details may be obtained on applica- 
tion to the Department at the above address, quoting 
the reference numbers given. 

Lamps, Lamp Caps and Sockets. Deputy Director, 
Posts and Telegraphs, Melbourne, C.1, Australia ; 
October 24. (T. 26,617/39.) 

Bridge, swing span of two equal arms for two navigable 
channels of 9 m. (29 ft. 6 in.) each at Zawamel over the 
Ismailia Canal, km. 37.450. Inspector of Irrigation, 
First Circle of Irrigation, Ministry of Public Works, 
Cairo, Egypt; November1. (T. 26,584/39.) 








CANADIAN IMPORTS OF ANTHRACITE.—During the 
first six months of the present year Canada imported 
405,671 tons of anthracite from the United Kingdom and 
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NOTES FROM CLEVELAND 
THE NORTHERN COUNTIES. | 


MIDDLESBROUGH, Wednesday. 


CARDIFF, Wednesday. 
The Welsh Coal Trade.—Owing to the outbreak of war 
General Situation.—Turn of events in the European | °Pperations on the Welsh steam-coal market were con- 
situation has checked ordinary business less than might | siderably slowed down last week. Exports, as was 
have been expected. Pressure for delivery of Govern- | @XPlained to a meeting of local exporters, have been 
ment requirements continues and somewhat cramps placed on a licensing system and the machinery which 
distribution of commodities for industrial purposes, | b@s been set up for this purpose has settled down quietly 


but producers of iron and steel contrive to accept and | @nd seems to be working smoothly. Certificates were 
guarantee fulfilment of general commercial orders. | being issued for the permitted destinations but for others 


mn shippers had to seek official permission. At a meeting 
The Cleveland Iron T'rade.—There is no new feature | * 
im the yo eel ow hae “ med eal - | of local coke producers, held during the week to consider 
production continues, but makers have on hand ample | ‘#® changed conditions, it was decided to appoint a 
supplies of iron for present requirements and as consumers special advisory committee representative of the various 
of foundry qualities are making increasing use of products | interests, to act in an advisory capacity to the authorities. 
of other centres, early resumption of output of Tees-side It was explained at the meeting that as little interference 


brands is unlikely. Blast-furnaces in the Middlesbrough | _ eee ~— ri ae se he ane | a 
area are employed chiefly on production of steelworks je Lae on ne BANDE CENPOWEeES Aes 


iron. Fixed values of Cleveland pig are unchanged on the oe the week announced thet they a been advieed 
basis of No. 3 quality at 99s., delivered to local buyers. | °Y the Customs Authorities that under present regula- 
‘ Bs p tions they could only permit ships to take sufficient bunker 
Hematite.—More East-Coast hematite pig is passing | coals to take them to their outward destinations unless 
into consumption than for a considerable time and | owners could guarantee to bring homeward cargoes to 
makers’ large stocks are appreciably falling. Most of | the United Kingdom or to allied ports. This regulation 
the supply is taken up by expanding requirements of | ayplied equally to all British and neutral shipping. The 
Tees-side works, but home customers elsewhere are | shipowners’ Association also announced that there was 
accepting larger deliveries than recently and their needs | no Government restriction upon the outward chartering 
promise to increase. Quotations are ruled by No. 1| of ships. Owners were, therefore, at liberty to charter 
grade of hematite at 115s. 6d. delivered to North of | their vessels to any holder of an export licence at any 
England firms. rate of freight and on any conditions they could obtain. 
Basic Iron.—The whole of the basic iron output is | There were a fair number of inquiries circulating on the 
absorbed by needs of makers’ own steelworks. | market during the week but sellers were showing the 
Foreign Ore.—Consumers of foreign ore have substan- | greatest reserve and only a small business was transacted. 
Exporters generally were engaged in revising their con- 


tially increased stocks and have heavy contracts against | 
| tracts which was made necessary by the outbreak of 


which to draw. | 
Blast-Fu ¢ Coke.—There is ample, regular supply | %**: but the amount of coal on offer remained limited. 
of Durham blast-furnace coke for the large needs of local | = . - ee | steady tone was maintained by all 
users. Prices remain at the level of good medium qualities SOCEIPIONS OF COR. 

| The Iron and Steel Trade.—The South Wales iron and 


at 24s. 3d. at the ovens. 3 
Manufactured Iron and Steel.—Production of manufac- steel and allied trades remained very busily engaged 
tured iron is on an increased scale and semi-finished and | last week. Producers were engaged to full capacity 
finished steel firms are busily employed. Re-rollers have | and little further business could be handled over a very 
substantial stocks of steel semies imported from overseas | long while to come. 
and further cargoes to come forward. Among the prin- 
cipal market quotations for home use are : Common iron 
bars, 121. 5s. ; steel bars, 111. ; soft steel billets, 71. 7s. 6d. ; EXHIBITION OF PHOTOGRAPHY IN COMMERCE AND 
hard steel billets, 87. 10s.; steel ship, bridge and tank | InpustRy.—The annual Exhibition of Photography 
plates, 107. 10s. 6d.; steel ship rivets, 14/.; iron ship | in Commerce and Industry will be held from September 19 
steel | to 29 at the Royal Institute (Princes) Galleries, 195, 














rivets, 151.; steel constructional rivets, 151. 5s. ; 

boiler plates, 111. 8s.; steel angles, 101. 8s.; steel joists, | Piccadilly, London, W.1. The Exhibition will be open 
101. 8s.; fish plates, 137. 10s.; black sheets, No. 24 | on weekdays from 10 a.m. until 9 p.m., and on Saturdays 
gauge, 141. 15s.; and galvanised corrugated sheets, | from 10 a.m. until 5 p.m. 


No. 24 gauge, 171. 5s. -_—-— 

THE CHARTERED SURVEYORS’ INSTITUTION.—The 
Council of the Chartered Surveyors’ Institution, 12, Great 
George-street, London, S.W.1, inform us that owing to the 
outbreak of war, all genera] meetings of members in 
London, and all meetings of the Council and of the stand- 
ing committees have been cancelled until further notice. 
During the period of hostilities the Journal will be issued 


quarterly. 








SAFETY EXHIBITS AT HOME-OFFICE MuUsEUM.—Some 
interesting additions have been made to the safety 
exhibits at the Home Office Industrial Museum, Horse- 
ferry-road, London, 8.W.1. These take the form of a 
series of transparent plastic guards fitted to machinery | 
ranging from high-speed power presses to textile and | 
woodworking machinery, printing machines, abrasive) py Unrrep STaTEs Pic-Inon INpUSTRY.— According 
wheels and polishing machines. Among the most| to statistics issued by the Bureau of Mines at Washington, 
interesting is a Rhodoid interlocking safety guard on a| 1s 539,399 gross tons of pig iron were produced in the 
Rhodes power press which, in addition to providing eye | (nited States during 1938. This total, which is exclusive 
safety, is claimed to give perfect protection from limb | of ferro-alloys, is less by 49 per cent. than that for 1937. 
injury by an automatic locking device. Another in- The main centres of production were in Pennsylvania 
genious piece of apparatus includes a motor-car type | ang Ohio, the former state accounting for 26 per cent. 
* windscreen wiper” fitted to a power-press guard to/ and the latter for 23 per cent. of the output. 
improve vision. In view of the rapidly-extending ee 
adoption of this type of protection in all classes of fac- 
tories it is interesting to note that the number of eye 
accidents in industry, as recorded by H.M. Inspector of 
Factories, has fallen from 8,889 in 1937 to 8,192 in 1938. 


THE ROYAL SANITARY INSTITUTE.—The Royal Sanitary 
Institute and the Royal Sanitary Institute and Sanitary 
Inspectors’ Examination Joint Board have both decided 
that it will be impossible to hold examinations, classes 
of instruction or sessional meetings until further notice. 
The work of the two bodies will continue to be carried 
out at 90, Buckingham Palace-road, London, 8.W.1, 
so long as this is possible, but, as already stated, should 
it become impossible to continue this arrangement, the 
registered offices will be transferred to ‘‘ Darroch,” 
Harrow-road West, Dorking, Surrey. 





MAIL LORRY IN AUSTRALIA EQUIPPED WITH WIRE- 
LESs.—A wireless transmitter with a range of well over 
600 miles, is the unusual accessory of a Leyland six- 
wheel ‘“‘Cub” lorry engaged in conveying mail from 
Marree to Birdsville, Australia, a journey of 300 miles 
over arid desert, 100-ft. high sand-hills and, paradoxically, 
floods and swamps. Before the lorry was introduced 
a train of camels used to carry the mail and fresh vege- 
tables to the inhabitants of Birdsville. Camels, however, 
had to be unloaded every night and the journey often 
occupied a month or more. The lorry, we are informed, | 
now makes the journey in three days, and its reliability | 
is exemplified by the fact that for upwards of a year 
the mail has not missed its train connections. Measur- 
ing 10 in., by 8 in., by 8 in., the transmitter weighs only 
10 Ib. and it derives its power from the lorry’s batteries. 
It is used by the mail employee to advise persons en route 
when he expects to reach their mail boxes, saving them 
perhaps a day’s wait in the open. By far its most 
important function, however, is to establish communica- 
tion between the lorry driver and the base depot. If 
bogged in a large swamp, known as Goyder’s Lagoon 
or stranded on one of the sand hills, the driver can make 
his plight known and ask the depot for assistance. 


PROHIBITION OF IMPORTS OF CERTAIN GoOoDs.—The 
Board of Trade inform us that they have made an Order 
under the Imports, Exports and Customs Powers 
(Defence) Act, 1939, which was passed into law on 
September 1, prohibiting imports of certain goods except 
under licence. The object of the Order is to limit, with 
effect from September 5, imports of luxuries and of 
goods of which there are sufficient home supplies, in 
order to conserve exchange for the additional purchases 
of other products required in war time. The main 
categories of goods covered by the Order include pottery 
and glass, clocks and watches, textile goods, certain 
chemicals and paints, soap, office machinery (including 
typewriters) and motor cars. Inquiries should 
addressed to the Import Licensing Department, 25, 
Southampton Buildings, Chancery-lane, London, W.C.2. 
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NOTES FROM THE SOUTH-WEST. | NOTES FROM THE NORTH. 


GLasGow, Wednesday. 

Scottish Steel and Iron Trades.—Conditions in the steel 
|and iron trades in Scotland show little variation over 
|the week and all plant is fully employed. The out- 
break of hostilities did not catch us unawares, as, for 
some time back, the production of both steel and iron 
| had been on a high level and output figures had passed 
all previous records. It might not be politic to par- 
tieularise at the present time, but as the general trade 
of the country has been improving steadily over the year 
| to date the industrial demand for steel and iron has been 
on a high level. Supplies of raw material have been 
coming in to the works regularly and ample stocks are 
now held at most establishments. Prices are unchanged 
and are likely to be maintained on present levels. These 
are as follows :—Boiler plates, 111. 8s, per ton; ship 
plates, 101. 10s. 6d. per ton; sections, 101. 8s. per ton ; 
medium plates, 12/. 2s. 6d. per ton; black-steel sheets. 
No. 24 giuge, 141. 15s. per ton; and galvanised corru- 
gated sheets, No. 24 gauge, 171. 5s. per ton, all delivered 
at Glasgow stations ; Scotch Crown bar iron, 121. 5s. per 
ton for home delivery or export; re-rolled steel bars, 
111. 15s. per ton for home delivery, and 111. per ton for 
export ; No. 3 bars, 121. per ton, and No. 4 bara, 121. 5s. 
per ton both for home delivery. 


Scottish Pig-Iron Trade.—No change has taken place 
in the state of the Scottish pig-iron industry since last 
report and production is well maintained. Hematite, 
basic and foundry iron are all being well taken up and 
makers are meeting all the demands of their customers. 
Good stocks of raw material have been accumulated 
during recent months and there is no shortage. Prices 
are steady and the following are the market quotations : 
—Hematite, 51. 15s. 6d. per ton, and basic iron, 41. 128, 6d. 
per ton, both delivered at the steel works ; foundry iron. 
No. 1, 51. 38. per ton, and No. 3, 51. 0s. 6d. per ton, both 
on trucks at makers’ yards. 














TEMPORARY WAR-TIME 
ADDRESSES. 


WE give below a list of the temporary offices occupied 
by firms and institutions during the period of hostilities. 

THE INSTITUTION OF MECHANICAL ENGINEERS, “ The 
Meadows,” Betchworth, Surrey. Telephone: Betch- 
worth 63. The Institution building at Storey’s Gate, 
| Westminster, however, will remain open for dealing 
| with personal inquiries and for persons wishing to make 
use of the library. 

THE INSTITUTE OF MARINE ENGINEERS, 73, Amersham- 
road, High Wycombe, Bucks. Telephone: High 
Wycombe 1884, 

THE INSTITUTION OF WATER ENGINEERS, “‘ Winsford,”’ 
Heathside-road, Woking, Surrey. Telephone: Woking 
1588. 

Tne CLAy PRopucTs TECHNICAL BUREAU OF GREAT 
BRITAIN, 191, High Holborn, London, W.C.1. Telephone : 
HOLborn 7666. 

MEssrS. IMPERIAL SMELTING CORPORATION, LIMITED, 
have closed temporarily their office at 95, Gresham-street, 
London, E.C.2, and all correspondence should be addressed 
to the firm at Avonmouth Factory, Avonmouth, Glou- 
cestershire. 








LIMITED. 
N.W.2. 


WESTERN ELECTRIC COMPANY, 
London, 


MESSRS. 
152, Coles Green-road, Cricklewood, 
Telephone ; GLAdstone 5401. 


Tue INSTITUTE OF FUEL.—<As already stated 
page 282 ante, the temporary address of this Institute 
is at Stangrave Hall, Godstone, Surrey. A telephone 
has now been fixed for the exclusive use of the Institute 
and the number is Godstone, Surrey, 126. 


on 








ELEcTRICITY GENERATION IN CANADA. — During 
June, Canadian central electricity stations generated 
2,245,329,000 kWh, an increase of 13-4 per cent. as 
compared with June, 1938. During the first six months 
of the present year 12,787 million kWh were consumed 
in the Dominion against 11,844 millions in the corre- 
sponding period of 1938. 


BOARD OF TRADE: EXAMINATION OF ENGINEERS.-— 
The Board of Trade announces that, as only a small 
number of candidates now desires to exercise the existing 
option of being examined under the old system for 
certificates of competency as engineers in the Mercantile 
Marine, it hag been decided that, on and from January 1, 
1940, these examinations shall be conducted under the 
new system only. The recommendations of the Depart- 
mental Committee, which were subsequently embodied 
in the regulations constituting the new system, were 
outlined in a leading article in our issue of January 7, 


1938. 
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a ee nother publications bearing somewhat | The Production of Micanite 





in what way they thought the curricula could be 
improved. It was as a result of this that we made 
| the suggestion contained in the leader in our issue 
|of August 26 of last year, which in considerable 
| measure led to the projected conference planned by 
| the Institution of Civil Engineers. 

As will be seen from Professor Willis Jackson’s 
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ADVERTISEMENT RATES. 


The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shillings for the first four lines, 
or under, and one shilling per line up to one inch. | 
The line averages six words. When an advertise- 
ment measures an inch or more the charge is 12s. per | 
inch. Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be | 
guaranteed. Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained | 
on application. The pages are 12 in. deep and 9 in. | 
wide, divisible into four columns, of 2} in. in width. 
Serial advertisements will be inserted with all practic- 
able regularity, but cannot be guaranteed. 


| the employers of one or the other, or the men 
themselves, may be expected to vary considerably. 
It is not infrequently said that the first-class man 
can look after himself and that methods of training 
must pay greatest attention to the average. This 
| we believe to be unsound. Technical progress of a 
| fundamental and not merely a detailed kind depends 
| on the first-class men, and it is they who should 
be given the main consideration. The business of 
|our universities is to produce first-class men; the 
| turning out of lower grades may be left to less 
ambitious and less expensive institutions. No uni- 
| versity can turn a beta minus man into an alpha plus 
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TRAINING FOR INDUSTRY. 

| As it may be taken as certain that the Conference | 

| on Engineering Education and Training, which was one, but they may reasonably be expected, at leass 
| to have been held by the Institution of Civil Engin-| on the technical side, to be engaged in an effort to 

TIME FOR RECEIPT OF ADVERTISEMENTS. | cering next February, will not now take place, it is _to turn beta minus into beta and beta plus into 

Classified advertisements intended for insertion fortunate that, following up Professor Southwell’s alpha. In this task, which should be their main 
ia the current week’s issue must be delivered not | address at Cambridge last year, the British Associa-| preoccupation, it is to be feared that they do not 
later than first post on Wednesday. Alterations | tion again gave considerable attention to the matter receive all the assistance they might from the 
to standing advertisements must be received at its Dundee meeting. The present time is not one schools and the parents—particularly the parents. 
at least 10 days previous to the day of Publica- i, which important new schemes of reorganisation | Professor Willis Jackson, in his paper, suggested 
a Sa proofs —-* in aus — by | are likely to be carried through, but none the less that the superiority of certain men might possibly 
sain oo Ren gs One wit not hold | the subject of training for industry has gained rather | be due to better home environment. He was not 
themselves responsible for blocks left in their than lost importance under war conditions. Al- | referring to the matter quite in the same connection 
possession for more than two years. | though, in an emergency, present arrangements must | 48 that with which we are now dealing, but his point 
|and can be made to serve, there is every reason for | of view and ours are aspects of the same thing. 

All accounts are payable to “ ENGINEERING,” Ltd. making the best of them, and even for introducing | When discussing their future with young people 
Cheques should be crossed “ The National Provincial | such modifications and improvements as circum-| nearing the end of their school days, so far from 
Bank, Limited, Charing Cross Brauch.” Post Office | stances allow. It is a commonplace of this subject | being the exception, it is almost the rule to find 
Orders should be made payable at Bedford Street, that for a manufacturing country such as this to| that they have no idea what type of career they 
Strand, W.C.2. continue to hold a leading position in the world, | are destined for. Among large classes of the popula- 
even under peace conditions, it is necessary that| tion, the start which children obtain in life is 
industry should be carried on with the greatest | necessarily largely determined by chance. They 
efficiency. The onset of a highly mechanised war | frequently have to seize the first opportunity that 
must intensify this necessity. offers. This condition, however, to a large extent 

Both the Engineering and Educational Science | does not apply to those who proceed to a university 
Sections of the British Association meeting at | education. Certainly in many cases the particular 
Dundee occupied themselves with this question of | detail of the method of ‘a university graduate’s 











TEMPORARY ADDRESS. 





education for industry. In the former, Professor | 
Willis Jackson read the paper entitled ‘ University 
Engineering Courses,” which appeared on page 292 
of our issue of last week ; in the latter, Dr. Fleming, 
the President, dealt with Education for Industry in 
his address, and Professor Jackson presented a 
further paper entitled ‘* Post-Advanced Education.” 
Genera! discussions on the subject were also held in 
both sections. We dealt with the discussion in the 
Engineering Section on page 288 of our issue of last 
week, and Dr. Fleming's address is reprinted in 
abstract on page 317 of this present issue. Professor 
Jackson's second paper, we hope to reprint later. 
Of this considerable mass of material, the paper 
by Professor Jackson entitled “ University Engin- 
eering Courses "’ arose directly from Professor South- 
well’s address of last year. It will be remembered 
that Professor Southwell said that if industrialists 
were not satisfied with the engineering graduates 


For the duration of hostilities 
the Editorial and Publishing 
business of this Journal will 
be conducted from tempor- 
ary premises at 18 and 20, 
Compton Road, Hayes, 
Middlesex. 
Number has been altered to 
Hayes 1!723. 


The Telephone 


start in life cannot be known, but the type of 
career he is to follow can usually well be settled 
during his schooldays. The matter is largely one 
of parents taking the education of their children 
seriously. If a boy is destined for some type of 
scientific career, the latter part of his schooldays 
should be conducted with this in mind. We are 
fully aware that there are modern and classical sides 
in most of the schools in which the type of young 
people we are now considering are educated, but 
boys are usually placed in one or the other of these 
with but the vaguest notions of their future. If 
parents would, in the early days, exhibit a proper 
interest in the education of their children, instead 
of merely leaving it to the schoolmaster, and would 
discuss it with them with some reference to the 
future, the children would begin to consider it with 
more interest and in particular would be more 
likely to find an attraction in matters bearing on 
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what is to be their life work. Success in any career 
depends to a large extent on the interest taken in 
it, and if a boy is to be an engineer, the sooner his 
interest is aroused in engineering matters the better. 

In saying this, we are not making a plea for the 
early specialisation against which many protests will 
be found in the various British Association communi- 
cations. It is in every way undesirable that a boy 
destined for a scientific career should neglect the 
humanities. It is, however, in every way desirable 
that he should as early as possible begin to take a 
live interest in what is to be his future work. The 
early orientation of his interests can be considerably 
assisted by his schoolmasters, but it is difficult for 
them to do this with useful effect in the absence of 
all co-operation by his parents. 

Before leaving this question of university gradu- 
ates and turning to that of the training of work- 
people, which was the other main question dealt 
with at Dundee, there is a matter of educational 
procedure which may be mentioned. Several of 
the speakers referred to the fact that many young 
people fail to do themselves justice in examinations. 
They find them such an ordeal that the results they 
produce are not proper measures of their merit. 
The rectification of this matter is entirely in the 
hands of the schoolmasters and university staffs. 
Instead of an examination being an exceptional 
event in the life of a student, it should be an every- 
day affair. At least one well-known public school 
devotes every Saturday morning to examinations, 
so that the boys soon come to regard them as a 
normal part of their education and lose the ner- 
vousness with which those who are examined 
only two or three times a year are faced. This 
procedure, or some modification of it, should be 
universal. The common neglect of the cultivation 
of a familiarity with examinations shown by the 
schools is also exhibited by the universities. Internal 
terminal examinations are not uncommon, but they 
are not frequently very casual affairs. We have 
known cases, in one of our great universities, in 
which the staff have not taken the trouble to read 
the papers submitted at a terminal examination, 
or even to return them. Internal examinations 
in universities certainly need not be held weekly, 
but they should be more frequent than they are 
and should be treated as seriously as the degree 
examinations. If this were done, the breakdown 
of promising candidates as a result of examination 
nerves would disappear. 

The aspect of training for industry which concerns 
workpeople, and which received much attention at 
the Dundee meetings, has been dealt with on more 
than one previous occasion by Dr. Fleming. The 
admirable example which has been set by the 
Metropolitan-Vickers Company for many years 


has been followed to a considerable extent by other | 


firms in the electrical industry, but it would appear 
that there is still much leeway to make up in the 
mechanical field. The work of the various junior 
technical schools which are in operation is, in general, 
praised, but there is far from being enough of them 
to cover the whole of industry. It certainly appears 
that if matters generally are to be improved, indus- 
trialists must take more interest in, and pay more 
personal attention to, the whole question. Not 
every mechanical engineering firm can organise 
such an admirable trade school as that which 


is run by Messrs. Leyland Motors, but by working 


in conjunction with local educational authorities 
they can do much to facilitate the organisation of 
trade education in their districts. 

An important contribution to this aspect of the 
subject was made by Mr. J. B. Longmuir, of Messrs. 
Mavor and Coulson, during the discussion in the 
Educational Science Section. 


few notable exceptions, there was no organised 
and systematic workshop training in that country. 
Apprentices either picked up their trade for them- 
selves or had to rely on a sympathetic foreman or 
journeyman. The position of technical education 
was equally unsatisfactory and with the exception 
of the printing industry and a few isolated local 
examples, there was no co-operation between educa- 
tion and industry. We are inclined to think that 
this indictment might be applied with rather 
lese severity to England. Although matters are 


by no means entirely satisfactory, there are examples 
of successful junior technical schools and trade | 
schools in many towns. 

Mr. Longmuir was clearly of opinion that boys 
should be given an intellectual bias towards their | 
future business in life as early as possible. Dealing | 
essentially with the matter we have discussed above, | 
but from the point of view of a different grade of | 
pupil, he said that the fears of school staffs that | 
if they talked to the boys about their future careers | 
the boys would become unsettled, were groundless. | 
In this he has our full support. One of the main | 
objects of education should be to arouse the serious | 
interest of the scholar in the matters which are of | 
importance to him. We agree with Mr. Longmuir | 
that there is more likelihood of persuading a boy 
who has an occupational objective in front of 
him, to work for the certificate that will make | 
entry into that occupation more certain. One of 
the ways in which this can be done is for industrial 
firms, in general, to work more closely in touch 
with educational authorities than they do at present. 
Mr. Longmuir suggested the setting up in all large 
towns of a junior technical school with a head- 
master who had previously earned his living outside 
the educational field. This school would work 
closely in touch with local industry. We hope | 
to print Mr. Longmuir’s remarks in detail at a 
later date, but his main contention, that training 
for industry will best be improved by industrialists 
taking a more active part in its prosecution, may 
be unreservedly supported. 








LOCAL SCIENTIFIC SOCIETIES AND 
THE COMMUNITY. 

THe conditions of existence during the past 
twenty-five years have drawn human beings away 
from contemplative towards migratory pursuits. 
It is no longer either fashionable or satisfying to 
spend one’s leisure at the carpenter's bench or in| 
toying with a soldering iron, nor is boredom any 
longer relieved by a country walk; rather is it 
considered necessary to rush at as high a speed as | 
mechanical science will permit along roads con- 
gested with others doing the same thing and, having 
reached one’s destination, to reverse the process, 
with the least possible delay. Like all generalisa- | 
tions, these remarks are, of course, subject to 
exceptions. The fact remains, however, that, 
curious as it may seem, the application of science 
to the needs and luxuries of our daily life has led 
a large proportion of the community to become 
less scientific, both in outlook and in action. It is, 
indeed, an example of the reverse of the well-known 
definition of the expert and is leading to everyone 
knowing less and less about more and more. 


This point is well brought out in a presidential 
address on “Local Scientific Societies and the 
Community,” which was to have been delivered by 
Professor H. L. Hawkins before the Conference of 
Delegates of Corresponding Societies of the British 
Association, at Dundee, on Friday, September 1. 
We make no apology for referring to his theses, 
for they form a matter which, for more than one 
reason, when hostilities cease, should receive 
the attention of the community. Readers of 
ENGINEERING are, of course, aware of the existence 
in this country of a large number of scientific 
societies, with the Royal Society at their head, all 
doing useful work and all, in one way or another, 
worthy of the respect with which they are regarded. 


| Indeed, the majority of us are actually members of 


He was very critical | 
of the conditions in Scotland and said that, with a/| 


one or more of these bodies. These societies, how- 
ever different their aim, are alike in confining their 
membership to those who possess certain minimum 
qualifications which, if they do nothing else, put 
their owner in the position to contribute his quota 
to the common stock of knowledge. 

The bodies that Professor Hawkins was addressing 
indirectly fall, however, into another category. 
They may be roughly divided into two classes, 
those which devote their attention to research and 
those which are mainly concerned with instruction. 
As Professor Hawkins points out, those in the 
former class are in constant danger of decline, 
because they need continuous stimulation by new 
enthusiasts in successive generations, while those in 
the latter are fortunate if they avoid the comatose ' 


|care is taken. 


senility of a social club. The trouble is that such 
a scientific society cannot exist in a small provincial 
town if it relies for its membership solely on the 
scientifically trained. In the first place, such 
persons are not sufficiently numerous. In the 
second, they do not possess sufficient points of 
contact. Sociability, therefore, is the key to success 
and almost a raison d'etre of such a local society, 
with the result that it must attract to its member- 
ship others besides those whose natural enthusiasm 
marks them as leaders in its enterprise. At any 
rate, their subscriptions are as valuable as those 
of anybody else, they help to form an audience 
and it is not altogether outside the bounds of 
possibility that they may contribute something of 
value to the society’s work. 

It must be recognised, in fact, that in the great 
majority of cases the members of local scientific 


| societies are amateurs in the generally accepted 


sense of the term. No great intellectual effort can 
therefore be expected from them, but their interest 
can be aroused, and when aroused, kept, if sufficient 
This may require some adaptation 
of outlook on the part of the more erudite ; for, 
as Professor Hawkins rightly says, probably the 
most fatal disease that can overtake a local society 
is that which gives it a reputation for erudition. 
If there is any reason for the fear of a prospective 
member that he or she would feel ignorant in a 
company of savants, membership certainly should 
be avoided, for the society is not worth joining. 
Interest, not intellect, should be the gauge of 
suitability. Humble inquiry is more appropriate 
even to the specialist than the declamation of a 
bearing that is only ignorance in disguise. Mutual 
sympathy and encouragement must be the spirit 
of the society. All are there to learn, and no teacher 
needs to be reminded that he learns at least as 
much from contact with keen students as they are 
likely to learn from him. 

Turning to the important question of the work 


| of such a body rather than its membership, Pro- 


fessor Hawkins makes the useful suggestion that 
those aspects of Nature which are readiest to hand 
for the majority of members should receive the 
first consideration. In a coastal town, for instance, 


|marine studies would take priority, though it 


would be well to select some other sphere of activity 
in a Midland industrial city. In other words, the 
main effort should be focussed on Jocally appropriate 


| topics, the term locally in this case being applied 


to some especially vigorous member whose enthusi- 
asm for his particular bent infects many of his 
colleagues, and, at least for his contemporaries in 
age, overshadows the milder activities of those who 
have escaped contagion. The difficulty is that, 
unless care and tact are exercised, the whole effort 
of the body may be focussed in one direction to the 
exclusion of others. This is not altogether desir- 
able, for, as Professor Hawkins wisely says: ‘‘ Hero- 
worship falls very flat when the hero proves 
mortal.” 

Most local societies are devoted to natural 
history. Very few take much cognisance of the 
physical sciences, a fact which we may deplore 
and which steps might be taken to correct. The 
explanation probably is the one we have already 
given, that the main function of a local society is to 
provide relaxation for those who have no technical 
training in science. Their activities, therefore, 
perhaps rightly, centre round “collecting,” but 
this collection need not be confined to things so 
concrete as botanical and geological specimens. 


| There is plenty of scope for much useful work in the 


amassing, checking and publishing of transient 
phenomena. Every recurrent seasonal event in 
nature invites accurate observation. In such 
work the society, as distinct from the individual, 
has a special value, for records without indepen- 
dent confirmation are of uncertain utility. More- 
over, a record of a single phenomenon, however 
well authenticated, gains immeasurably in import- 
ance when taken in conjunction with other records 
of contemporary events. The keeping of statistics 
thus becomes a matter of team work and ideally, 
as Professor Hawkins says, every society should 
include observers who keep accurate and unbroken 


| records of data on every conceivable topic capable 


of such treatment. Accurate prophecy is always 
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based on knowledge of past history correlated 
with a perception of the laws of cause and effect. 
Statistical records such as those indicated would, 
therfore, provide the raw material of prophecy. In 
the sphere of natural history such observations 
would, in a few decades, aid in forecasting just those 
tantalising mysteries that every farmer and every 
consumer wants to know and, with the necessary 
differences, such procedure might well be applied 
in more physical spheres. The most developed 
social order depends ultimately on nature, and 
common sense demands that the foundation of the 
social fabric should be studied. There is endless 
useful research awaiting the efforts of local 
observers in this indirect aspect of man’s place in 
nature. 

When, therefore, we can carry on our daily 
avocations in a more carefree atmosphere than that 
obtaining at the present moment, the organisation 
of these useful bodies on the lines suggested by 
Professor Hawkins might well receive further con- 
sideration. Even then, it is to be hoped, we shall 
all be in a position to enjoy some leisure, but 
that enjoyment may well have to take a very 
different form from that which has been usual during 
the past few years. It may, for instance, compul- 
sorily become more static and pursuits which 
contain within them a certain measure of quiet 
may, for that reason, be welcomed rather than 
otherwise. 








NOTES. 


CONTROL OF THE PRICES AND DISTRIBUTION OF 
MATERIALS. 


A NUMBER of orders have been made by the 
Minister of Supply under the Defence of the Realm 
Regulations controlling the prices and distribution 
of certain essential materials. The materials 
involved include iron and steel, lead, zinc, tin, 
copper, aluminium, wool, flax, hemp, jute, timber, 





paper, sulphuric acid, sulphate of ammonia, indus- 
trial alcohol and solvents. Arrangements have been | 
made to ensure that the trades and industries con- | 
cerned shall be promptly notified of the scope of | 
the initial control and of the procedure which they 
should adopt. In the meantime, the Minister would 
be grateful if traders would not make inquiries by 
telephone. The degree and method of control for 
each material will necessarily vary with circum- 
stances and trade practice, but the main objects 
of the control are the regulation of prices and the 
distribution of supplies, Government and essential 
civil requirements being given the preference. In 
the case of many raw materials which are also of 
importance in present circumstances, it has already 
been possible by voluntary arrangements with the | 
traders concerned to ensure the same results. 





THE MOVEMENT OF GOODS THROUGH PorTs. | 


It is announced that the Minister of Transport | 
has appointed a Port Emergency Committee at 
each of the principal commercial ports in Great | 
Britain, with a view to securing efficiency in the | 
movement of goods. Each Committee has been | 
given wide powers under the Control of Traffic at | 
Ports Order, 1939, and, in particular, will be able | 
to prevent any undue congestion of traffic by the | 
imposition of penalty rents and by the physical | 
removal of goods to alternative places of storage. | 
Each Committee is generally composed of representa- | 
tives of the Port Authority, of shippers, of traders, and 
of labour, as well as of the forms of transport serving | 
the port. In making this announcement, the Minister | 
particularly appeals to traders to take all possible | 
steps to secure the rapid passage of their goods | 


with goods as circumstances may require. As 
regards goods for export, the exporter or his agent 
should maintain close touch with the shipowner and 
generally speaking should not forward the goods to 
a port until he is satisfied that the vessel will be 
available. The Committee should be approached 
through the general manager or chief executive of 
the port, and should not be troubled unnecessarily. 








THE BRITISH ASSOCIATION 
MEETING AT DUNDEE. 


(Continued from page 288.) 
THE Desian oF Roaps. 


TuE first paper read on the morning of Friday, 
September 1, was entitled “The Design of Roads,” 
the author being Professor R. G. H. Clements, 
Maybury Professor of Highway Engineering, 
University of London. This paper was reprinted 
in our last week’s issue on page 289, ante. In 
opening the discussion, the President, Mr. H. E. 
Wimperis, pointed out that the paper did not deal 
with the engineering details of the construction 
of various types of road, but with the general consi- 
derations which should be borne in mind in deciding 
what kind of road is desirable. Commenting on the 
remark in the paper regarding the prohibition of 
frontage access on trunk roads in America, Mr. 
Wimperis said there was an unfortunate lack of 
such a prohibition in this country. 

Mr. J. S. Wilson referred to a problem in regard 
to topography which often arose. This, he said, 
might interest the younger members and perhaps 
even deter them from starting in on the troubles of 
civil engineering. He illustrated the case of a road 
over a railway, carried by a bridge which it was 
proposed to reconstruct. He had suggested that 
the railway should run at an angle under the bridge, 
and there might probably be small side roads at 
each end. The Ministry of Transport, however, 
required a height of 15 ft., instead of the usual 
13 ft. 6in., for the passage of the trains, and then 
the gas and water companies, as well as the Post 
Office, wanted to put in larger mains, after which 


| the railway company would probably come along 


and say they wanted another few feet in width. 
As a result of all this, the road had to be made 
stronger to carry the greater loads involved, 
and the gradient would be increased on each side 
of the bridge, which would add to the danger of the 
vehicles using it, on the score of less visibility. To 
reduce the gradient would probably quadruple 
the cost, and some very complicated problems 
obviously arose. It was a question of equating 
the value, from the traffic point of view, of the 
reduced gradient against the saving of an enormous 
amount of capital expenditure immediately by 
continuing under conditions which were not ideal 
but might be expedient from the point of view of cost. 

The President said that at the Air Ministry 
many years ago all those interested had been given 
an opportunity of saying what they thought was 
necessary in the design of aeroplanes, and in every 


case the suggestion was put forward as absolutely | 


vital! The total combination, however, would 
have resulted in the most hopelessly impossible 
aeroplane conceivable. When a large number of 
people were concerned, as in the case mentioned by 
Mr. Wilson, it seemed to him that the only thing 
to do was to insist on a reasonable compromise, 


so that impossible demands on the engineer should | 


not be made. 

Dr. A. T. Bowden, speaking as a mechanical 
engineer who had driven on English roads very 
considerably, suggested that a great deal of improve- 


on road surfaces, which would indicate the speeds 
at which one could travel with safety. In any 
case, the present conglomeration of signs shouid 
disappear. 

Mr. F. P. Insley, emphasising the advantage of 
a greater use of one-way routes in towns, said that 
although it had been suggested that the Ministry of 
Transport was against this policy, the trouble was 
very often due to local prejudice. Referring to 
the white line to be found down the centre of many 
roads, he deprecated the habit of the drivers of many 
slow cars of keeping near the centre. Remarking 
that in many parts of the country there were cases 
in which roads should be built in place of existing 
ones, he said that in the Bexhill district there was 
a road which was carried by a number of bridges, 
but it had been impossible to get a new road built 
to take its place because it passed over marshy 
land and would involve considerable cost. 

Professor R. V. Southwell, F.R.S., referring to 
the point made by Mr. Insley on small cars keeping 
near the centre of a road, suggested that this was 
due to the curious inability of the drivers to know 
where their near-side wheel actually was, and as 
they could see the white line on the off-side, they 
kept close to that. He suggested that, to avoid 
this difficulty, each half of the road should be divided 
into two, and then the small cars would keep the 
off-side wheels near the inner line and allow faster 
traffic to pass. Congratulating the author of the 
paper on the breadth of view he had shown, he 
suggested that it would be a good thing if some of 
our administrators showed the same breadth of 
vision and did not so often invalidate the good 
work of the engineer. 

Professor A. R. Fulton said it seemed to him that 
the author had carefully abstained from saying 
anything very definite on the policy we should 
follow in this country with regard to roads. Other 
speakers in the discussion suggested a greater use 
of subways under roads, and that the policy of 
by-passing a series of towns would hardly hold 
good in this country, as quick transport was wanted 
between each town, and the method of by-passing 
which had been suggested would have the effect of 
slowing down traffic considerably on the smaller 
roads serving the towns. 

Professor Clements, in the course of his reply, said 
there was a psychological objection on the part of 
the public to using subways. As to by-passing 
towns, he said that in some cases shopkeepers had 
asked for their towns to be by-passed, and although 
we in this country had so far felt that the motor 
road was not wanted, he did not think traffic would 
be slowed up to any extent if a number of towns 
were by-passed and were linked up by connecting 
roads. As a matter of fact, something of that sort 
had already been done in Kent. In the same way, 
although the Edinburgh to Glasgow road was 
between two important cities, many towns on 
either side had access to it. The use of colour to 
indicate safe road speeds had been tried out, but 
| had not been developed owing to the colour sensi- 
tivity of people varying so greatly. Finally, he 
said that his personal views with regard to the 
requirements of the future were that there should 
be segregation of traffic, the slower-moving forms 
of traffic being segregated from the main stream ; 
in other words, the main motor traffic should be 
put on a road by itself, and then there would be 
greater safety. 





THE TRANSATLANTIC AIR SERVICE. 
| 


Following the paper by Professor Clements, a large 
audience attended to hear a lecture, illustrated by 
lantern slides and a film, by Major R. H. Mayo, 





through the ports. As regards imports, the owner | ment from the users’ point of view could be effected | 0.B.E., on “‘ The Trans-Atlantic Air Service.” At 


or consignee should maintain close touch with the | 
shipowner to ascertain at which port the vessel | 


by some uniformity in signs. The signs put up 
many years ago for the assistance of cyclists still 


| the outset, Major Mayo said he had no financial 
interest in the adoption of composite aircraft for 


may be expected. This.may be different from the | existed in many parts, and stated that certain curves | British Trans-Atlantic services ; his only interest 
port to which the vessel was originally destined.| or hills were dangerous, when under present-day | was a technical one. Major Mayo then reviewed 


The owner or consignee should have the documents | 
relating to his consignment at the port of discharge | 
and should be prepared, either personally or through | 
his agent or representative, to clear them quickly | 
through the port to their inland destination and to | 
utilise any means of transport which may be| 
available and convenient. If an agent is employed, 
he should be given a reasonable discretion to deal 





conditions it was necessary to slow down to such 
an extent that these places were not at all dan- 
gerous. On the other hand, it was not uncommon 
to find a long stretch of road upon which one could 
travel at sixty miles an hour and suddenly to come 
on a bend without any warning, which was 
actually dangerous because of the speed attainable 
before reaching it. He suggested the use of colours 


the progress that had been made in trans-Atlantic 
flight since 1919, when Americans flew across the 
| Atlantic and were followed in the next year by the 
| flight by Alcock and Brown, to the present state 
of affairs when Imperial Airways had completed 
two weekly services successfully and there was every 
reason to hope that the schedule would be main- 
tained for a period of about two months when the 
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service would have to be cut down owing to weather 
conditions until next summer. Actually he had 
heard that day that the service had had to be 
stopped because of the crisis. Thus, after twenty 
years’ resistance, the Atlantic had yielded a little, 
but it was still far from being conquered, and much 
remained to be done before a regular service could 
be maintained throughout the year. It was neces- 
rary to have a reliable and frequent all-the-year- 
round service, and if he had to make a forecast 
it would be that this would not be possible within 
another ten years, notwithstanding the great efforts 
that had been made, particularly by pilots and crews 
who had risked their lives in this great enterprise. 
Discussing the question of route, he said there 
were one or two possible routes,-one of which was 
by way of Iceland and Greenland, but weather 
conditions and lack of harbour facilities put that 
route completely out of consideration. The other 
routes were the one from Foynes in Ireland to 
Botwood in Newfoundland and on to Montreal and 
New York, while the other was via the Azores to 
Bermuda and on to New York. Discussing the 
details of both these routes in regard to weather 
conditions and harbours and possible landing-ground 
facilities, his general conclusion was that neither 
was ideal and that the only real way to ensure a 
regular reliable all-the-year-round service across the 
Atlantic was to provide machines of sufficient range 
to do the whole journey in one hop from South- 
ampton to Montreal or New York. At the same 
time, the requirements for a passenger service were 
entirely different from those of a mail service, and 
the view he had come to was that a different type 
of machine would have to be designed and used 
for the latter. Repeating his view that the condi- 
tions across the North Atlantic to Newfoundland 
during the winter were too bad to justify using that 
route throughout the year for some years to come, 
he said the difficulties would have to be overcome 
by stages and would have to be explored by the 
flying personnel. 
conditions were safe for the flying personnel they 
were safe for passengers, but he did not think that 
argument could be adopted just yet. The stage 


which had been reached at present was not one in| 


which it could be said that the flying personnel had 
not to face risks and they were risks which passengers 
could not be asked to take. 

In the course of a general forecast of the future, 
Major Mayo suggested the possibility of special 
machines being built for mail services, travelling at 
such a speed that the mail could be posted in this 


country early one day and delivered on the other | 


side of the Atlantic almost the first thing the follow- 
ing morning, but for this to be done it would be 
necessary to increase very considerably the present 
standard of wing loading. With the present range 
of machines, the average wing loading was from 
25 Ib. to 30 lb. per square foot, but to get the neces- 
sary range of 2,400 miles to make the flight in 
one hop and to carry 1,000 lb. of mails, the wing 
loading would have to be something of the order of 
50 lb. per square foot or even more, which would 
give the best lift-drag ratio for the greater part 
of the journey and provide for suitable landing 
conditions at the end of the flight when the wing 
loading would have been brought down to about 
30 lb. per square foot. At present, however, that 
was not a practical proposition because of the take- 
off problems. Such enormous machines could 
be justified for passenger service but it would be 
difficult to justify them for mails for which a smaller 
and faster machine should be built of an entirely 
separate design. The conditions were rather 
different in the matter of take-off in the case of the 
marine type of aircraft in which they were less 
severe than in the case of land aircraft because 
it was easier to find a long stretch of sufficiently 
protected water for take-off purposes than it was 
to find aerodromes without obstructions. Therefore, 
he visualised that the long-range passenger services 
for the Atlantic, which he had postulated, would 
be carried out by the marine type of machine, while 


mail carrying would be done by the rather more | 


efficient and faster land type. 

Discussing methods of assisted take-off, he referred 
to the catapult, composite aircraft, and refuelling 
in the air. He dismissed the catapult as not being a 


| real test of whether it could be applied to heavily- 
| loaded aircraft. 


| figure if it were to justify itself. 


|of what he regarded as a suitable policy for the 
It might be argued that if the | 


practical proposition and gave an _ interesting 
description of his own composite machine, which 
was accompanied by a slow-motion film to illus- 
trate the smooth manner in which the smaller 
machine could be separated from the larger. 
Commenting that no further progress was now 
being made with composite aircraft, he said the 
reason given by the Air Ministry was that this type 
did not provide accommodation for passengers. 
Major Mayo expressed surprise at this decision, 
remarking that from the beginning this type of 
machine had been only intended for mail purposes. 
The case for composite aircraft admittedly stood or 
fell on the question of the separation of passengers 
and mails, and if that principle were accepted it} 
seemed to him that there was a very strong case for 
this method of launching safely into the air a small 
mail carrier to give the necessary performance. 
He did not advocate the use of composite aircraft 
for general Atlantic service, but only for the mails. 

Referring to fuelling in the air, he said that Sir 
Alan Cobham and his company were to be con-| 
gratulated on having overcome the many difficulties 
that had arisen and added that although this 
method had been employed on the experimental 
trans-Atlantic services this year, the extent of its 
application had not been sufficient to provide a 


Any system of assisted take-off 
must carry the wing loading up to an extreme 
The most serious 
objection to fuelling in the air was the difficulty 
under bad weather conditions and it would be 
impracticable under night conditions in the winter. 
These difficulties, he thought, would rule out the 
possibility of fuelling in the air for North Atlantic 
services via Newfoundland, but it was likely to have 
a useful field of application on the Southern Atlantic 
service where the conditions were much better. 

In conclusion, Major Mayo, giving a summary 


Atlantic, said the best hopes of establishing a worth- 
while trans-Atlantic service appeared to him to 
lie in making the services to Montreal or New York 
non-stop and to separate passengers from mails, to 
develop at once a land type of composite aircraft 
with extreme wing loading for mail services, and to 
develop by stages the large flying boat with 
moderately high wing loading for passenger service, 
at the same time providing a suitable marine base 
in England for operating such flying boats. 

A cordial vote of thanks to Major Mayo concluded 
the meeting, the remainder of the programme being 
abandoned owing to the international situation. 
It is hoped to hold the next meeting of the Associa- 
tion in Newcastle-upon-Tyne, the date provisionally 
fixed being from September 4 to 11, 1940. 


(T'o be continued) 








THE PARIS HIGH-TENSION 
CONFERENCE. 


(Continued from page 264.) 


ConTINUING our report of the International High- | 


Tension Conference, which was held in Paris from 
June 29 to July 8, we may now refer to the session 
devoted to the consideration of the rigidity of the 
foundations of transmission towers and pylons. 


TRANSMISSION-TOWER FouNDATIONS. 

In 1937, a committee of the Conference concerned 
with this subject circulated an inquiry to the various 
National Committees asking if, in the country concerned, 
it was considered desirable to take account of the earth | 
pressure and the friction of the earth in calculating | 
the stability of the foundation blocks of overhead-line | 
towers. A report was presented by M. Sariban, Vice- | 
President of the Committee, dealing with the informa- | 
tion collected. The replies from Poland, Roumania, | 
Portugal, Spain and Germany stated that account | 
should be taken of these factors; that from Austria | 
said that this should be done when the nature of the | 
ground permitted. The reply from the Dutch East | 
Indies stated that allowance should be made when | 
experimental work had shown that such allowance was | 
likely to be of sufficient precision. Holland was non- | 
commital and the Italian Committee said that, of three | 
undertakings consulted, two took no account of the | 
factors in question. The British National Committee | 
reported that it had not been possible to allow for | 
earth friction in foundation calculations. 


| recently come into extensive use. 


| concrete. 


M. Sariban’s report stated that the question turned 
entirely on the possibility of applying coefficients to a 
complicated phenomenon of the kind concerned. 
It had to be remembered that the nature of the soil 
could not be known until the excavation had been 
made and this was not usually carried out until the 
time when the pylon was to be erected. The quality 
of the soil also varied with the depth, there being, 
very frequently, a layer of humus some 0-7 m. in 
thickness below which there might be clay, sand or 
other material. In an excavation 2 m. to 2-5 m. 
deep, three types of soil were frequently encountered, 
the layers varying in thickness in different places and 
often lying at a slope. The impossibility of applying 
fixed coefficients to conditions of this sort was obvious. 
If the earth had any tendency to slip, it was usual to 
timber the excavation and when the timbering was 
removed after the foundation block had been com- 
pleted and the space filled in with earth, the filling 
would gradually settle down owing to the effect of 
rain. A pressure between the earth and the block 
might then be created which would have a favourable 
effect on the stability of the foundation. To allow this 
pressure to act, however, it was necessary that the 
foundation block should move, and in making calcu- 
lations on the stability of the foundation it had to be 
assumed that movement did not occur. The same 
remark applied to any supposed favourable effect 
of the friction of the earth. If this was to come into 
play the block must move which, on the postulates 
of the calculation, it did not do. In cases in which 
it was admitted that the pylon might have a limited 
displacement, the effect of pressure and friction would 
act in the direction of preventing this displacement. 
The opinion of the Committee was, however, that the 
effect of these factors should only be allowed for in 
special cases. 

If the foundation were on the side of a hill, the 
pressure of the earth would be prejudicial to stability, 
the tendency of the earth to slip imposing a greater 
pressure on the upper side of the foundation. The 
author considered that the most satisfactory arrange- 
ment was to form the foundation block with an extended 
footing which was subjected to the full pressure of the 
superimposed earth. This type of foundation had 
He reported that 
in view of the considerations dealt with above, the 
Committee was of opinion that in calculating the 
stability of foundation blocks for transmission-line 
towers neither the pressure nor friction of the earth 
should be taken into consideration. In special cases, 
in which a movement of the foundation was allowed 
for, the favourable effect of friction and pressure, 
added to the reaction of the foundation against over- 
turning, should be sufficient to guarantee that, under 
the action of wind and other forces, the displacement 
should not be greater than allowed for in the specifica- 
tion concerned. 

Some correspondence on the subject was reproduced 
in the form of an appendix. Mr. G. Sulzberger, of 
the Swiss Federal Railways, said that the excavation 
for a tower foundation block was usually so relatively 
shallow that the sides remained standing without 
timbering. The more resistant the earth and the more 
intimate the contact made between it and the founda- 
tion block, the greater the stabilising forces which would 
come into play if the block showed any tendency to 
move. It was accordingly most important that the 
natural state of the earth should be conserved and 
that the excavation should be completely filled with 
This would induce an initial pressure on the 
sides of the excavation as the concrete was run in. 
The greater the rigidity of the natural ground, the 
greater the stability of the foundation and with highly- 


| resistant formations, such as rock, almost complete 


rigidity was attained. The rigidity of the earth might 
be determined by a penetration test. When this 
gave a low figure, the block form of foundation was not 
usually satisfactory and a foundation with a spread 
footing should be used, although this involved more 
complicated excavation and timbering. The friction 


| of the earth was a very variable factor and it was not 


desirable to allow for it in foundation calculations. 
It varied with humidity, pressure and other factors. 

The complete overturning of a tower structure was 
preceded by a period of progressive inclination during 
which the pull of the overhead lines decreased or their 
sag increased. During this period the moment of the 
external forces varied continuously so that there was 
no certain basis for calculation. If calculations in- 
volving the resistance of the earth were to be made it 
was preferable that they should be based on the 
maximum allowable inclination under maximum load- 
ing and not on the resistance to overturning. Such 
calculations could be made without difficulty if the 
foundation block were considered to be situated in a 
medium of which the compressibility was known. 
Experience had shown that this procedure gave results 
of sufficient accuracy. 

Mr. E. B. Wedmore, of the British Electrical and 
Allied Manufacturers Research Association, wrote that 
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it was logical to argue that if it were postulated that 
no movement of the foundation block took place, then 
the effect of friction would be negligible. If move- 
ment took place both the friction and pressure of the 
earth would have an effect, but it would be difficult to 
find a coefficient to represent the properties of the 
different layers of soil in an excavation. In nearly 
all cases the foundations of the grid towers in Great 
Britain had been calculated on the assumption that 
the weight of earth on the footings of the founda- 
tions was that represented by a pyramid, the sides 
of which were inclined at 30 deg. to the vertical. 
Experience had shown that foundations constructed 
on this hypothesis had a factor of safety of 2-5 against 
torsion and 1-5 against wind pressure. The founda- 
tions had proved entirely satisfactory during heavy 
storms and when the conductors were loaded with 
ice, showing that this assumption about the weight of 
effective earth was justified. If only the earth lying 
directly above the footings had been taken into con- 
sideration, the result would have been that unneces- 
sarily large reinforced-concrete footings would have 
been constructed. 

M. Le Baron Forgene, Director General of the 
Association of Industrial Central Stations in Belgium, 
said that the Belgian regulations for tower foundations 
allowed the weight of the assembly and the pressure 
and friction of the earth opposing displacement to be 
taken into account when the nature of the subsoil 
permitted. Experience had ‘shown that this was 
usually permissible. It would hamper the develop- 
ment of the most suitable and economical designs if 
the consideration of these factors were forbidden. No 
troubles had been experienced as a result of the methods 
followed and it was only in exceptional cases that it 
was found necessary to neglect the earth pressure and 
friction. 

In the discussion on M. Sariban’s report, Monsieur 
Pux pointed out that many transmission-tower foun- 
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dations were carried on piles. In such cases the 
stability depended on the friction of the subsoil. His 
experience was that when overstrain occurred it was 
the tower structure that failed and not the foundations. 
He had tested a number of transmission poles 10 m. to 
12 m. high with foundations only 1 m. deep, and in all 
cases the pole or cross-arms had failed and not the 
foundations. M. Sulzberger remarked that distinction 
should be made between the monolithic tower founda- 
tion and the multiple foundation in which each leg 
of a tower was carried on a separate block. With the 
monolithic type the pressure exerted by the earth was 
a function of the displacement. The general Swiss 
regulations required that the movement of the top 
of a tower should not be more than 1 /100 of its height. 
In the Swiss railway regulations the figure was 1 /200 
of the height. 

M. Sariban, dealing with the point raised by M. Pux, 
said that a pile foundation was a special case. The 
subject of the Report was the method of calculation 
which should be used for normal cases. In practice, 
the effect of pressure and friction was always favourable, 
but might be small. Mr. Boyse said that in Great 
Britain consideration had been given to the working 
out of a formula for the design of compression members 
for lattice towers, but it was found that so many 
secondary stresses were induced by bolts and fastenings 
that no reliable general calculations could be made. 
The best procedure was to adopt a factor of safety, 
build a full-size tower and test it to destruction. This 
verified or discredited the tentative factor of safety 
adopted. He did not agree with the type of test 
common in the United States which consisted in sub- 
jecting the tower to a small overload. In Great 
Britain the ultimate strength was considered to have 
been passed when any part of the tower sustained an 
appreciable permanent distortion. This full-sized 
test also constituted a test on the foundations, the 
requirement being that no movement should take 
place. 

(To be continued.) 








WATER POWER IN CANADA.—Statistics issued by the 
Department of Mines, Ottawa, indicates that the total 
horse-power of the hydro-electric plants in the Dominion 








is 8,190,772, and that 50 per cent. of Canada’s hydro- 
electric energy is developed in Quebec. 





DIESEL LOCOMOTIVE FOR 
MINING WORK. 


Tue advantages of Diesel locomotives for mining 
work are becoming increasingly recognised in this 
country, and the problem of providing complete 
protection against the danger of ignition of explosive 
gases has been the subject of extensive study and 
research by Messrs. The Hunslet Engine Company 
Limited, of Leeds. The earlier locomotives supplied 
by the firm were provided with simple spark arresters 
of the centrifugal type, but later experiments were 
made regarding the more definite safeguarding of the 
exhaust, both from the point of view of possible ignition 
of an inflammable atmosphere, and with regard to the 
chemical analysis of the exhaust gases when used in 
enclosed spaces, or underground. When the Hunslet 
Company were approached by various colliery com- 
panies regarding the use and design of Diesel engines 
for gassy coal mines, discussions took place with the 
Mines Department regarding the type and severity of 
the tests to which the locomotives should be subjected. 
A test was drawn up which called for appliances to 
ensure that in the case of a flame occurring in either 
the inlet or exhaust manifold when the other mani- 
fold happened to be charged with a highly-explosive 
mixture, no flame of any kind could pass to the outside 
atmosphere. The successful passing of this test 
involved the whole of the cylinder-head design, includ- 
ing the head joint, valve stems, valve covers, and all 
joints throughout the inlet and exhaust systems, being 
fully flameproof in accordance with existing regulations 
for flameproof electrical equipment, and that both the 
inlet and exhaust orifices must be of a type which 
would definitely stop the most penetrating flame. In 
May, 1938, complete equipment designed to fulfil these 
conditions was submitted for testing to the Mines 
Department by the Hunslet Company, and was found 
to be completely satisfactory. 

A typical locomotive made by the firm is illustrated 
in Figs. 1 to 3, herewith. The Gardner engine was 
selected in the first place as being a unit of proved 
reliability and ease of starting, while the combustion, 
even when the engine was cold, was considered to be 
very suitable for mine working. Special arrange- 
ments had to be aade to make the heads flameproot 
in accordance with Mines Department requirements, 
and the whole of the inlet and exhaust equipment 
had to be specially designed and approved. On the 
inlet side, the air is passed through an efficient air 
cleaner before meeting the flame arrester, details of 
which are shown in Fig. 2. All parts of this flame 
arrester, including body and cap, cover plates, as well 
as the flame plates themselves, are manufactured in 
Austenitic stainless steel, and the complete unit is 
interchangeable in every way with the exhaust flame 
arresters. On the exhaust side, the gases first pass 
through a non-return valve into the Hunslet exhaust- 
gas conditioner, from which the gases pass through 
flame arresters into an air-mixing chamber, where 
they are mixed with 30 or 40 times their volume 
of fresh air before being exhausted into the ventilating 
current. The arrangement is shown diagrammatically 
in Fig. 3, from which it will be seen that the gases pass 
successively through two conditioning chambers a and 
b, then through a plate flame trap c into the mixing 
chamber d, into which the required volume of fresh air 
is driven by the fan e. The whole of the conditioner, 
cover plates, internal baffles and all details, are manu- 
factured in austenitic stainless steel in order to combat 
the highly corrosive nature of the water in the condi- 
tioner. Furthermore, automatic equipment, shown at 
f in Fig. 3, has been fitted so that in the event of the 
water level being allowed to fall below a certain level, 
the fuel is automatically cut off from the engine, and 
at the same time the locomotive and train brakes are 
automatically applied. This device does not, of 
course, function providing the maintenance staff have 
filled the conditioner with water at the commence- 
ment of every shift, but it is considered to be an essen- 
tial feature. Water, as proved in Continental practice, 
has been found to be the best and most economical 
exhaust cleanser. During the last few years all types 
of chemical and filtering materials have been tried, 
and although many work satisfactorily for a short 
period they all require very frequent cleaning or 
changing, with the result that they are either left to 
work inefficiently or in many cases have been omitted 
altogether by the maintenance staff. As it has been 
found impracticable to arrange automatic shut-off 
gear when these materials have been omitted, the 
result has been a highly objectionable smell in the 
roadways which could not be tolerated, quite apart 
from the fact that it is not permitted under present 
regulations. It may be mentioned,.in passing, that 
a conditioner of the type shown in Fig. 3 is fitted to 
the Diesel locomotive made by the same firm and 
described on page 270 ante. During the development 
stages, there was considerable difficulty, due to the 
exhaust-flame arresters clogging and creating back 
pressure on the engine. In the early days, this clogging 
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took place within an hour of the engine being started 
up. Development on the internal design of the condi- 


tioner and the method in which the exhaust was made | 


to enter the flame arresters has overcome these troubles, 
however, and to-day the routine arrangement is to 
change the arresters on the exhaust side every shift. 
Complete spare arresters are supplied with the loco- 
motive for this purpose, so that the dirty ones can be 
cleaned during the following shift. This is compara- 
tively an easy matter, as the design permits all the 
plates to be separated and wiped clean, while the 
plates are so designed that they can be re-assembled 
without the slightest possibility of their being misplaced 
in any way. The condition of the plates after a three 
days’ run without change is shown in Fig. 2. 

The locomotive, with its complete equipment, is con- 
tained within a height of 5 ft. and a width of 3 ft. 4 in., 
this width corresponding to a 2-ft. rail gauge, although 
in actual fact the locomotive has been designed so that 
it may be built at some future time to 18-in. rail 
gauge, when the overall width will be 2 ft. 10 in. 
Already this particular unit has been built to rail 
gauges of 2 ft., 2 ft. 34 in., and 2 ft. 6in. The main 
clutch is the Hunslet single-plate type operated by 
air. The gearbox is of steel throughout, split on 
every centre-line, as in Hunslet main-line practice, 
while the four-speed reverse and final reduction are 
embodied in the one box. The speed changes are 
operated by the Hunslet pre-selective automatic 
gear-change mechanism, which is all coupled up with 
the main clutch and throttle in such a way as to give 
perfect gear changes through a single-lever control, 
which is operated without appreciable physical effort 
by the driver. This enables him to drive and make 
gear changes without taking his eyes off the roadway, 
and also allows his other hand to be continuously on 


the control of the power brake, which can give a 
graduated or emergency application to both the 
locomotive and the train. The compressed air is 


obtained by means of a two-stage air compressor, belt- | 


driven from the main engine, specially designed in 


order to obtain a large volume of air from a machine | 


which would take up very little room. 

Although a powerful hand brake is fitted, the braking 
control in service is by compressed air, and this is 
coupled up to the whole train set, so that, on man- 
riding, every carriage is fitted with power-brake equip- 
ment operated by the locomotive driver. A separate 
pipe-line under pressure is provided from the locomo- 
tive right down the train, inter-coupled in such a way 
that, should a breakaway occur, all brakes in both 
sections of the train are immediately applied auto- 
matically, the brake on the locomotive also being 
applied in the same way. The design of the running 
gear is very substantial. A heavy jackshaft mounted 
in roller bearings within the gearbox transmits the 
drive to the wheels by grease-lubricated coupling rods. 
The wheel centres are of cast steel, with high-tensile 
locomotive tyres shrunk on as in main-line practice. 
Roller-bearing axleboxes are fitted, comprising forged- 
steel boxes with phosphor-bronze side liners in contact 
with cast-steel horn guides. The radiator is of all-steel 
construction, fitted with interchangeable sectional 
elements. In view of the high speeds at which these 
locomotives are capable of running, it was considered 
essential to have a really effective headlight, and a 
special 60-watt unit had to be designed and tested at 
Buxton. As batteries were considered impracticable, 
dynamo lighting was decided upon, and a dynamo was 
specially designed and submitted to Buxton for test. 
Whichever way the locomotive is travelling, a powerful 
beam can be thrown several hundred yards. 

The engine develops 25 h.p. at 1,300 r.p.m. The 
four gears give road speeds up to 15 m.p.h. if required, 
and can be so arranged as to suit any particular road- 
way. The gears are arranged so that the higher speeds 
can be maintained on the various sections, and a typical 
speed range might be 3} m.p.h., 5 m.p.h., 8}. m.p.h., 
and v m.p.h. on the four gears. Under such condi- 
tions, the particular locomotive in question could haul 
a train carrying 100 men up gradients of 1 in 20, and 
at a speed of 8} m.p.h. up gradients of | in 100, or 
124 m.p.h. up gradients up to 1 in 200. All down- 
grade work, can be carried out at speed, providing all 
the man-riding cars are fitted with straight air brakes 
and emergency air brakes. For steeper gradients, such 
as, for instance, 1 in 15, the train would have to carry 
fewer men, or a larger locomotive would be required. 








320-Fr, TRANSMISSION TOWER IN PENNSYLVANIA. 
\ tower 320 ft. high and weighing 140 tons has recently 
been erected for the crossing of the Monongahela River 
in Pennsylvania. An earth grillage type of foundation is 
employed, with no concrete in the base. Two circuits 
are supported and the span is 2,840 ft. The vertical 
ft. and the horizontal 
clearances between circuits are 30 ft. for the upper and 
lower phases and 40 ft. for the centre phase. The operat- 
ing pressure is 66 kV. 


clearance between phases is 25 


| the subject, each of the above problems will be con- 








THE MECHANICS OF TOWING 
ROAD VEHICLES.* 


By R. Bortase Matraews, Wh. Ex., A.M.Inst.C.E. 


Srvce the authorities concerned with air-raid protec- 
tion have adopted the two-wheeled trailer for small 
fire engines and gas decontamination equipments, and 
the Post Office are already using trailers in large 
numbers, the mechanics of towing now call for more 
careful consideration than they have received in the 
past. Lorry drivers have a strong antipathy to 
hauling trailers, owing to the more strenuous work 
involved in driving—caused by imperfect design— 
while motorists generally seem to have considerable 
misgivings in passing a trailer caravan, since, appa- 
rently, they fear that it may wobble without notice. 
The driving of a car can be extremely disagreeable 
and the steering very unstable, if the caravan it is 
towing starts a bad independent movement; in fact, 
this condition may occasionally be dangerous, especially 
with an ill-designed trailer and inefficient car. There 
are at present over 40,000 modern type two-wheeled 
caravans in use in this country, and there will soon be | 
a similar number of A.R.P. vehicles, for the makers of | 
such vehicles are at present working to full capacity. | 
In America, there are already over 400,000 two-wheeled | 
trailer vehicles and nearly a million four-wheeled 
trailers. 

The chief troubles in towing a trailer are due to 
yawing, pitching and rolling. Subsidiary difficulties 
are: Hunting, cutting-in of the trailer when a corner 
is turned, incorrect distribution of weight on the trailer, 





| coupling or hitch designs, centrifugal-force effects, and | 


tractor vehicle defects, such as over or under steering. | 
inefficient springing, etc. All designs should provide 
for counteracting bad road-surface conditions, excessive 
camber and the like. After a general consideration of 


sidered in turn. 

It would seem that the main difficulties depend 
primarily upon the forces produced when the vertical | 
and lateral movements of the towing point on the car 
are enforced upon the trailer, which has considerable 
inertia. The most important factors, however, appear 
to be the moment of inertia of the trailer about its 


}axle, and the angle through which the trailer moves 


for a given linear displacement of the towing point. 
This leads to the conclusion that the axle of the trailer 
ought to be as far aft as possible, so that distance L, 
Figs. 1 and 3, opposite, is a maximum and the angular 
movement of the trailer is minimum for a given dis- 
placement d. It is obviously necessary that the force 
which the trailer exerts upon the towing point should 
not reverse in direction and must always be downwards, 
although, of course, varying in magnitude. For this 
reason the centre of gravity should be slightly forward 
of the trailer axle and as low as possible. This leads 
to the conclusion that the heaviest weights, the position 
of which in the trailer is variable, should be stowed low 
down behind the axle and that the position of the axle 
should be fixed relative to the structure of the caravan, 
so that with these portable weights in the stowed posi- 
tion, the pressure on the towing point is about right. 
In order to prevent yawing, it would also appear that 
the attachment of the trailer axle should be such that 
its position relative to the towing point cannot alter. 

Even if a two-wheeled trailer is balanced when at 
rest on a level road, there will be a downward load on 
the hitch during the braking of the trailer. In the 
case of the two-wheel trailer, there may be a consider- 
able tail load on the tractor vehicle, possibly sufficient 
to make the car’s front-wheel pressure too light for 
efficient steering. In practice, the weight of a two- 
wheel trailer caravan is about 10 lb. per inch of body 
length. As an approximation, therefore, the axle 
should be set back from the centre of gravity by about 
1 in. to 14 in. for each foot of length to attain a suitable 
nose-heaviness. There are, of course, numerous excep- 
tions to this approximate rule. 

In order to compensate for the load on a vehicle and 
also for the camber on the road surface off the crown, 
as well as for the bending of the axle under load, the 
wheels should be cambered or inclined by suitably 
setting the axle stubs, i.e., the lower parts of the two 
tyres in contact with the road are set nearer together 
than the tops, as indicated in Fig. 2, opposite. When 
fully loaded, the wheels become vertical. If the vehicle 
is overloaded, the axle bends too much and the camber 


| is reversed, which results in rapid wear on the insides 


of the tyres. To minimise the flexing of the axle under 
load, the springs should be placed as close as practicable 
to the wheels, thus reducing the bending moment. 
When a trailer is being towed, there is a tendency for 
the forward parts of the wheels to separate owing to the 
tractive effort on them. To counteract this, they should 
be set in by about 4 in. to  in., as indicated in Fig. 3. 
This should be tested from time to time, particularly 


* Paper prepared for presentation before Section G 
of the British Association, at Dundee, September, 1939. 
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| angle is smaller in proportion. 
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when the bearings commence to wear. Uneven tread 
wear is also caused by misalignment of two trailer 
wheels. The cambering of axles and setting of journals 
to give toe-in of wheels is uncommon on trailer axles 
and the question arises whether or not it is necessary 
with the modern wheel and tyre, on taper-roller bearing 
hubs. 

We may turn now to the problems previously men- 
tioned, and deal with them in the same order. 

Yawing.—This is one of the most common sources of 
annoyance to passing motorists and also a danger to 
the driver. The rear-tyre pressure of the tractor 


15, 








| vehicle should always be increased above the normal 


pressure, when it is used to haul a trailer, and especially 
a two-wheel trailer, otherwise the tractor vehicle may 
get into an unstable, over-steered condition. As tail- 
wag cannot always be entirely overcome, even in the 
best of understeered tractor vehicles, an effort must be 
made to obtain as good a directional stability as possible 
on the trailer. Tail swing on a trailer may become 
excessive on a bend or curve in the road if assisted by a 
slippery surface, or under-loading at the tail end, or 
under-inflated tyres, or a high centre of gravity. To 
improve the action of the rear end of a trailer, the rear 
springs are often constructed with a downward tilt in 
front, so that a roll tends to skew the axle in a direction 
opposite to that which usually happens. Trailers with 
long wheelbases are less liable to yawing, as the steering 
Just as it is important 
to avoid backlash on the steering gear of a tractive 
vehicle, so it is very important to eliminate it on a 


| trailer chassis. 


The general principle of oversteer and understeer 
applies equally to a trailer as to a tractor vehicle, 
though the trailer has the advantage that the auto- 
matic steering action of the draw-bar at once sets the 
front wheels over at an angle, almost reducing the 
deviation to a negligible quantity. Unfortunately, 
there is no control of this nature for the rear wheels, 
and this explains why the average trailer has over- 
steering characteristics, which means that there is 
always a tendency for the tail to swing out on road 
curves. The method of braking is of considerable 
importance when considering the hauling of trailers. 
Yawing is considerably reduced when only the trailer 
is braked, provided the wheels are not locked by the 
brakes. It will be realised that if the trailer is being 
held back by its own brakes, the coupled vehicles will 
be straightened. On the other hand, if the drawbar is 
in compression, even a slight disturbance will have a 
serious effect on the trailer, which will have a tendency 
to slew around. 

Yawing may be less on a rough road than on a good 
one, because any hunting periodicity is broken up by 
the irregularities introduced. In fact, in the Colonies 
and in the United States, trailers are often driven at 
high speeds to overcome the effects of bad road sur- 
faces. The brake drums fitted on trailer wheels are 
usually too small and should be considerably increased 
in both diameter and width. The ideal way of operat- 
ing these brakes is, of course, by means of a vacuum- 
servo attachment operated through a control valve 
from the induction pipe of the towing car; or even 
better, by means of an electric brake. Provision must 
also be made on the drawbar or at the side of the trailer 
for operating the brakes by hand. 

Pitching.—One cause of pitching is that the axle is 
too near the centre of the vehicle in a two-wheel trailer. 
Another cause is that the normal loading of the trailer 
tends to balance out the weight ahead of the axle. 
A high centre of gravity reduces the resistance of the 
tyres to lateral forces; in particular, the outer tyre 
receives more than its share of the load. With the 
usual cambered shackled springs, the axles are thrown 
out of parallel, owing to the flattening of the springs 
on one side altering the position of the axle from ite 
normal, when centrifugal force acts through the centie 
of gravity. As the load carried by the inner wheels is 
reduced, the springs on that side tend to increase their 
camber, i.¢., upward curvature, which increases the 
misalignment in the opposite direction. This diffi- 
culty can be overcome to a large extent by employing 
springs which are nearly flat under normal load. 

It is obvious that the centre of gravity of a two-wheel 
trailer should come so far forward of its axle that even 
under the greatest acceleration which the car can pro- 
duce, or the vertical acceleration on the hitch when the 
combined unit passes over a hog-back bridge, the draw- 
bar will never tend to lift from its attachment. If the 
centre of gravity of a two-wheel trailer is high, this, 
taken in conjunction with the moment of inertia of the 
trailer about the axle, will produce the effect of lifting 
or depressing the tail of the tractor vehicle by the trailer. 
Hence, it is important that the height of the centre of 
gravity of the trailer should not be too much above the 
line of action of the drawbar pull. As in practically 
all cases the centre of gravity of the trailer will be above 
the axle, and as it is an unstable vehicle, the trailer 
would have no natura! period except possibly in relation 
to the springing of the back axle of the tractor vehicle. 
A trailer is never loaded uniformly. It is a relatively 
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light structure containing several heavy articles irre- 
gularly located with respect to the fulcrum or axle. 
When the weights are located towards the extremities, 
the whole trailer tends to pitch fore and aft slowly, 
whereas if the main weights are near the fulcrum the 
pitching will be faster, as indicated in Fig. 1, below. 
Rolling.—Rolling may amount to several inches hori- 
zontally sideways on the top of a two-wheel caravan. 
A wheel suspension on which the wheels are too close 
together is one cause ; another is too narrow a spring 
base. The trailer wheels and springs should therefore be 
placed as near the outside as possible. Long, flexible 
springs on a trailer are more liable tc roll than short stiff 
ones, so that a remedy is to stiffen the springs. Inde- 
pendent springing with swing torsion-controlled arms has 
been designed to reduce rolling to a minimum. This is 
assisted by the fact that the farther end of the torsion 
rod is anchored on the opposite side of the chassis. 
Rolling will also set up yawing, but this is partly due 
to the action of the usual design of cambered springs, 
viz., shackled at the rear end and pinned or anchored 





] 
wheel trailer with a turntable (or fifth-wheel steered), | 
a projection of the axis of each front wheel, intersects | 
at the same point. Now the rear axle will also attempt 
to get into such a position that its projection coincides 
with the same point. However, the distance A, Fig. 4, 
and the distance B, together with the radius C in con- 
junction with the wheelbase of the trailer, are often 
not in correct proportion, and the trailer, therefore, 
corners badly, increasing the difficulty of steering and 
causing wear on the tyres. 

Weight Distribution.—Weight-distribution is, of 
course, a matter of design for a particular service, and 
the avoidance of subsequent abuse. On a two-wheel | 
trailer, any yawing can be considerably reduced by | 
bringing forward any movable weights, or better still 
by setting the wheels back in the original design. 

Hitches and Drawbars.—An important point in con- 
sidering the towing of trailers is the drawbar design. 
A long drawbar minimises, to a certain extent, the effect 
of an oversteered tractor vehicle on its trailer, since, | 
obviously, for equal displacements of the rear hitch of 








joint is very suitable. The A.R.P. authorities decided 
on the jaw-and-pin hitch in spite of recommendations 
from a competent body. A similarly ineffective hitch 
is the hook-and-eye. The S.A.E. standard ball is 2 in. 
in diameter. There is no standard size in this country 
but 1{ in. is often used where the S.A.E. standard is not 
followed. The ball coupling should be of a quick- 
acting, self-locking type, to ensure rapid hitching with 
safety. While, from the towing point of view, the usual 
tow-bar system is fairly satisfactory, it is not so when 
reversing. A standard height of 16 in., + 2 in., has 
virtually been decided upon for hitching plates. Draw- 
bars should be parallel to the road, for if inclined up- 
wards or downwards, alternate forces of tension or 
compression in the bar will result in vertical forces at 
each end. The force will be downwards at the higher 
end of the drawbar when accelerating and in the reverse 
direction when braking. Many drawbars have been 
bent and distorted when reversing or manceuvring, 
largely due to their often being incorrectly fitted in an 
inclined position and also because they are designed for 


| tension and not for compression. 


Centrifugal Force Effects.—In the case of many 
trailers, there is more tendency to yawing due to the 


| action of centrifugal force than to pitching. To pas- 
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at the front end. If the spring camber decreases under 
load, the spring shackle swings back, but the axle is 
attached to the spring at a mid-way point, and, there- 
fore, only moves back half the amount the shackle 
moves. These points are illustrated in Figs. 2 and 3. 
Any elongation of either spring moves the axle away 
from its position at right angles to the chassis framing, 
so that the axle steers the trailer first to one hand and 
then to the other. Coil springs have been employed 
in an attempt to overcome this difficulty, and the axles 
and springs are also made wide-tracked to minimise 
the results of this action. Alteration of the loading on 
the floor to increase the front load will assist in stopping 
any rolling tendency. 

Hunting.—A tendency to hunt on the part of a trailer 
should be overcome by providing some form of viscous 
or friction damping or by strengthening the tow-bar 
spring. 

Cutting-in when Cornering.—When the front wheels 
of a tractor are locked over for going around a corner, 
a projection of the axis of each wheel meets at the 
centre of the circle of turning. Similarly, on a four- 
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a tractor vehicle from its normal line of travel, the 
steering angle will be less as the length of the drawbar 
increases. As an extended tail of a tractor vehicle 
augments any displacement of the centre of the rear 
axle, the hitch point should be reduced as much in 
distance as possible from this point. In fact, it is 
obvious that theoretically the hitching point should be 
in front of the rear axle if the movement is to be 
reduced to a minimum, for this is the point which 
follows the average track of the vehicle. It is note- 
worthy that all the newer American agricultural tractors 
are provided with hitches having attachment points 
between the front and rear wheels. Based on a simple 
calculation of the forces involved, the formula 


sengers in the towing vehicle, this yawing is the more 
objectionable movement of the two. The moving of 
the centre of gravity forward of the axle will cause the 
trailer to tend to run wider than the car when going 
around a bend, owing to centrifugal force, which is 
restrained by the hitch; hence it will run steadily as 
it tends to follow the car. When the centre of gravity 
is behind the axle, this is not the case, and the trailer 
when pulled by the car out of a straight course tends 
to swing the tail out and thus starts it yawing, as it 
does not tend to follow the car. For this reason, it is 
the practice to load a trailer so as to be a little nose- 
heavy. Yawing may also occur in an uncorrected 
vehicle on a straight run, due to slight swerves, road 
bumps or cambers, gusts of wind or draughts from 
passing vehicles. 

The Tractor Vehicle.—A trailer is often blamed for 


| faults which really arise in the tractor vehicle. Coupled 
| vehicles cannot be regarded as two separate units, 


| another make. 


since they react on each other when travelling on the 
road. A trailer apparently prone to yawing with one 
type of tractor vehicle, will show no sign of it with 
Further, it must be borne in mind that 
the faults of a tractor vehicle can be picked up and 
magnified by a trailer. Even a little unsteadiness or 
carelessness in steering has a considerable reaction on 
the trailer. Trailer pitching is particularly noticeable 
with the light springing of a modern motor-car. The 
tightening up of the shock absorbers or the adding of 
auxiliary clip-on springs, specially made for the purpose, 
or increasing the tyre pressure, or a combination of 
these remedies, will tend to reduce pitching. Worn 
spring shackles or too much slack in the steering gear 
both tend to set up yawing. Again, if there is a 
tendency for the front of the tractor vehicle to wobble 
or wander, this effect will also be transferred to the 
trailer in an augmented form. Under- or over-steering 
effects are due to the swing out of the centre of gravity 
when the vehicle turns or has a force, such as wind, 
read camber, imperfect steering, turning a corner, 
heavy rear loading, etc., impressed upon it. The 
action of the centrifugal force tends to deflect the front 
springs, by depressing them on one side and raising 


| them on the other, thus calling for an alteration of the 


W x D=P x His arrived at, where W = weight of | 


the car; D = the distance of the centre of gravity in 
front of the centre of the ground contacts; P = the 
drawbar pull; H = the height of the drawbar from 
ground level. The formula leaves torque reaction due 
to rolling resistance out of account and only covers the 
influence of drawbar pull. Rolling resistance may be 
quite considerable over loose or soft ground, amounting 
to 300 lb. or 400 lb. per ton weight of the car. To 
compensate for this and still provide for even running, 
an average figure of resistance must be taken and the 


position of the steering wheel. These effects increase 
with greater speed. Oversteering is magnified, when 
the hitch is placed too far back. Understeering is self- 
correcting, while over-steering, being unstable, requires 
corrective steering. An understeered vehicle can be- 
come an unstable oversteered one’ by increasing the 
loading on the tail in conjunction with low rear-tyre 
pressure and high front-tyre pressure. Any backlash 


| in steering gears renders a motor vehicle liable to over- 


dimension D further increased accordingly. The draw- | 


bar pull and torque reaction due to rolling resistance 
transfers weight from the front wheels to the rear 
wheels, the amount transferred being mainly influenced 
by the drawbar height. If W = the weight on the rear 
wheels before the drawbar pull is applied and W, = the 
weight after the drawbar pull has been applied, and if 
H = the drawbar height, P the drawbar pull and L the 


wheelbase, then W, = W +- 


4 


To the weight trans- 


ferred from front wheels to rear wheels at least 10 per 
cent. of the weight on the front wheels of a normal car 
must be added for torque reaction due to rolling resist- 
ance. On soft ground this figure will be increased. 
The coupling joint should be flexible in all directions 
and without any slack when hitched, and hence a ball 


steering, but the remedy is obvious. 

Road-Surface Conditions,—If the transmission of the 
road shocks to the body can be avoided, it is easier to 
keep the wheels in alignment and true in their tracking. 
Springs deflect on hitting a bump, pushing the axle to 
the rear ; on the rebound the axle comes forward again 
and the two motions cause the trailer to pitch. If a 
trailer is overloaded on one side, the centre of gravity 
is moved over and the weight on the spring on that 
side is increased. The spring deflection moves the 
axle back more on one side than on the other, so that 
one tyre is caused to run out of line all the time, with 
increased load wear. Normally, the springs of a 
trailer have to carry the load and absorb road shock, 
convey the tractive effort to the axle, and transmit the 
braking torque, but by utilising torque arms for the 
tractive effori and braking, the springs are relieved of 
all duties, except that of cushioning the load. This 
results in smooth running and consequently less racking 
and wear and tear on the body. 

In conclusion, the author wishes to thank Mr. A. T. 
Dear for practical assistance, and Wing-Commander 
T. R, Cave-Browne-Cave for helpful criticism. 
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LABOUR NOTES. 


Tue Control of Employment Bill introduced in the 
House of Commons last week gives the Minister of 
Labour extensive powers to control employment during 
the period of war. It provides that he may make an 
Order directing (1) that after the date specified an 
employer to whom the Order applies shall not, except 
with the consent of the Minister, publish any adver- 
tisement stating that he desires to engage any employee 
to whom the Order applies ; and (2) that after the date 
named such an employer shall not engage or re-engage 
any such employee unless consent to the engagement 
or re-engagement has been given by or on behalf of the 
Minister. An Order made under the Bill may apply 
either to all employers and employees or to such as 
may be specified. The Minister is also empowered 
to appoint inspectors for the execution of these new 
provisions for the control of employment. These 
inspectors will have the right to enter and inspect 
premises and request information. 


For each offence against the provision prohibiting 
advertisements for employees an employer will be liable 
on summary conviction to a fine not exceeding 1001. 
There will be a similar penalty for contraventions of the 
provision forbidding engagements or re-engagements 
of employees without the necessary authority, with the 
additional penalty of a fine not exceeding 5/. a day in 
respect of each employee so employed. Penalties 
are also provided for the obstruction of inspectors, for 
refusing to furnish documents or information and for 
knowingly supplying false information. The expression 
* advertisement ” is defined in the Bill as “ including 
any notice, circular, or other document.” 


On Thursday last week, a special committee of the 
Trades Union Congress General Council discussed the 
Government's emergency legislation, particularly the 
Control of Employment Bill. At the close of the 
meeting, the following official statement was issued : 
‘As the T.U.C. General Council had had no oppor- 
tunity of previously seeing the terms of the Bill, the 
committee decided, in view of the importance of the 
interests involved, to discuss the measure along with 
other measures through a deputation which was re- 
ceived at the Ministry of Labour this afternoon. The 
T.U.C. deputation included Sir Walter Citrine (general 
secretary), Mr. H. H. Elvin (vice-president), Mr. Ernest 
Bevin, Mr. W. Holmes, Mr. W. Keen, Mr. A. Conley, 
and Mr. Ebby Edwards. The committee met again 
for a short discussion following the conference with 
the representatives of the Ministry, and decided to 
defer to a later meeting further consideration of the 
Ministry's reply to the points raised.” 


The Board of Trade has made Orders under the 
Defence Regulations affecting the shipbuilding and 
ship-repairing industries. The Orders provide that 
ships may be built or repaired in the United Kingdom 
only under the authority of a licence granted by the 
Board of Trade. Licences will be required in respect 
of work at present in hand, but it is not intended, it is 
stated, that any such work should be suspended unless 
a notification to that effect is given by the Board of 
Trade. Shipbuilders and ship-repairers are, however, 
required to furnish to the Board of Trade all details 
of the merchant shipbuilding or repair work they 
now have in hand. 

In the course of a study prepared by the Cost of 
Living Division on the basis of prices collected by the 
Retail Price Division of the United States Bureau of 
Labour Statistics, some interesting points are discussed. 
The idea of the survey was to collect and compare the 
living costs in five northern and five southern cities 
in order to provide the Wage and Hour Division with 
data useful to it in its administration of the Fair 
Labour Standards Act. In other words, it was desired 
to ascertain what for any given expenditure in northern 
cities would yield an equivalent living in southern 
cities of the same size. The chief problem which had 
to be met, the writers say, was how to define equality 
of well-being. “If,” they continue, “ northern and 
southern wage earners consumed the same goods and 
services in the same quantities, this would be a simple 
task. The same level of well-being in both regions 
would in that case be provided by the same quantities of 
the same goods and services. By pricing the individual 
items, the relative cost of living in the areas of com- 
parison could be readily determined. This procedure 
has certain advantages and has, with some modification, 
been used in the past.” 


But, the authors go on to say, this method “ does 
not allow for differences in consumption habits.” ‘ The 
Southerner,” they continue, “ prefers, for example, less 
bread and more hominy grits, less beef and more pork. 





Ideally, the best method of accounting for regional 
differences in consumption habits would involve 
drawing up separate budgets, based upon the con- 
sumption habits of the areas to be compared, and 
providing as nearly as possible for equivalent levels of 
well-being. In the case of food this might be accom- 
plished fairly well by making the budgets equal in 
their nutritive value as measured in calories, vitamins, 
and minerals, although even this procedure might not 
assure that the budgets would be equal in terms of 
palatability, variety, and other non-physical charac- 
teristics. For all other groups, with the exception of 
fuel, this method would be even more difficult because 


of the difficulty of defining equal standards of adequacy, 


as, for instance, in the matter of clothing. Therefore, 
because of the difficulties involved in this method, the 
Bureau has not attempted to set up separate budgets 
of equivalent adequacy, for the areas compared, but 
has attempted to reach the same objective by analysing 
and allowing for the regional differences in habits of 
consumption. No item has been included in the 
comparison which is not purchased in both regions.” 


Industrial and Labour Information states that among 
the industries affected by the import restrictions in 
New Zealand are the clothing, textile and footwear, 
industries. The results of these restrictions has been 
an increased activity and an increasing need for labour, 
particularly of women and young persons. Manu- 
facturers have told the Press in recent months that 
they find themselves unable to cope with the numerous 


orders they are receiving. The Wellington clothing | 


manufacturers say that they are confronted with two 
problems: those who have stocks of materials are 
hampered by a shortage of female labour, while those 
without materials, as a result of the import restrictions, 
are doing very little business. They cannot obtain the 
necessary staff even by advertising in different towns 
in New Zealand. One manufacturer said that they 
could get any number of elderly women, but what the 
industry needed was girls of 16 years of age. It is 
stated that in the city of Auckland 500 girls could 
readily be absorbed in the footwear and clothing 
industries alone if they were available. 


The Wellington textile manufacturers are also faced | 
with a serious shortage of female labour, amounting to | 


a deficiency of 20-50 per cent. Widespread inquiries 
and the offer of special inducements, including the 
payment of wages above the award rate, have proved 
ineffective and many machines are lying idle. If the 
manufacturers could get the necessary girls, production 
could be increased by about 40 per cent., but even this 
increase would probably not suffice to meet the market 
shortage likely to result from the reduction of imports. 
So acute has the scarcity of female labour become in 
Auckland that several boot factories have sought to 
import machinists from Australia and others are making 
inquiries there for girls; but these efforts have not up 
till the present met with great success, as working 
conditions are much the same in Australia as in New 
Zealand. Judging from the advertisements in news- 
papers, many other industries are also short of labour ; 
there is a special need for girls of 16-17 years of age 
and for young men. STS 

The Wellington manufacturers point out that the 
cost of living is high in the city, and that women not 
ordinarily resident there would not go and work in 
Wellington for about 2/. a week. These manufacturers 
suggest that the Government should establish a hostel 
where girls coming from the country might live. There 
are in New Zealand at present many unemployed 
typists who would be glad to go into factories, but the 
employers are not prepared to train girls over the age 
of 16 or 17. In the clothing industry the employers 
have considered the possibility of engaging young 
men, as has been done in the United States. For the 
boot and shoe industry, it was stated that during the 
depression the number of apprentices had had to be 
reduced, and further, that as the work was now more 
intricate it was necessary to employ more labour than 
formerly. 


In August, the home branch membership of the 
Amalgamated Engineering Union increased from 
352,322 to 354,744, and the Colonial branch membership 
from 35,888 to 36,129. The number of members on 
sick benefit increased from 3,392 to 3,422 and the 
number on superannuation benefit decreased from 
14,240 to 14,232. The number in receipt of donation 
benefit increased from 1,522 to 1,544 and the total 
number of unemployed members decreased from 
5,294 to 5,185. 

In the course of a note in the September issue of the 
Amalgamated Engineering Union’s Journal, Mr. Little, 


who retired from the presidency of the organisation on | 


September 8, thanks the members for the confidence 


| and trust which they reposed in him and, he hoped, 
| still had in him. He also extends to the officers of the 
| union his very sincere thanks for the help which they 
| had extended to him unstintedly, not only during the 
| time he was president but also during his whole career 
as a servant of the union. “ Forty-five years,” he 
| goes on to say, “is a long time in retrospect during 
| which many changes have taken place, but to me it 
| has been a period of time spent in work which has always 
been attractive and congenial. For my successor, I 
have sincere feelings of goodwill and every hope that 
he will succeed even where I may have failed, and I 
| beseech the members to render to him that loyalty 
and assistance they have so generously extended to 
|me during my period of office. May I now wish for 
tHe great union it is our proud privilege to represent a 
period of prosperity and success that will outstrip 
the great traditions of the past ?”’ 


| The Committee of Experts that was appointed by the 
Swedish Government to consider the position of State 
employees in labour disputes has submitted its report, 
together with a draft notification on the subject. 
| As regards the obligations of a State employee in case 
of a dispute on the labour market which is not contrary 
to the law, a collective agreement of the rules of an 
association, the experts accept the principle that a 
State employee should not be required to do other 
than protective work apart from his ordinary duties. 
The proposed definition of “ protective work ” covers, 
on the one hand, any work necessary to finish an opera- 
tion, and, on the other, work which cannot be postponed 
without risk to life or property. 


According to the weekly organ of the International 
Labour Office at Geneva, the Committee also proposes 
special provisions concerning stoppages of work which 
are described as dangerous to the community. In 
such disputes, public employees may be required to 
carry out work that has been stopped, but only the 
Government should be allowed to issue an order to that 
effect. In the opinion of the majority of the Committee, 
pending a decision by the Government, the authority 
or institution which has made the application for such 
a decision should itself have the right to issue such 
an order. On this point, however, two of the experts, 
representing labour, expressed a different opinion. 
On the question of what is meant by “ disputes danger- 
ous to the community,” the experts adopt the view 
that a dispute cannot be described as such unless 
there is a tangible and direct connection between the 
dispute and the injurious effects to which it is feared 
it will lead or can be shown to have led; in addition, 
these effects must be of a widespread character, either 
quantitatively or qualitatively, and must be such as 
to interfere seriously with functions that are of the 
highest importance to the ordinary life of the com- 
munity. The Committee proposes that the provision 
should apply to all State employees, but, in the event 
of war and mobilisation, military staff would be 
excluded. 








ASSOCIATION OF SPECIAL LIBRARIES AND INFORMATION 
BuREAUX.—On account of the present situation the 
officers of the Association of Special Libraries and 
Information Bureaux, 31, Museum-street, London, 
W.C.1, have decided to cancel the arrangements for the 
Conference, which, as stated on page 229 ante, was to 
have been held at Hugh Stewart Hall, University College, 
Nottingham, during the week-end September 15-18. 


AWARDS AT UNIVERSITY COLLEGE, LONDON.—The 
Provost of University College, Gower-street, London, 
W.C.1, has recently sent us a list of awards made in the 
Faculty of Engineering at the College. These include 
the Goldsmid Entrance Scholarship to Mr. P. H. W. 
Whyman; the Chadwick Medal and Prize in municipal 
hygiene and engineering to Mr. R. A. E. Lamming; the 
Clinton Prize in electrical engineering to Mr. W. J. 
Bourne; the Archibald P. Head Medal and Prize to 
Mr. F. R. Murray; and the Vernon-Harcourt Prize in 
civil engineering to Mr. P. R. Harmar. 





THE PRINCIPLES OF CAMOUFLAGE.—Originally printed 
for private circulation, a pamphlet on The Principles of 
Camouflage, by Mr. Reginald A. Ryves, A.M.Inst.C.E., 
has been made available to the general public. The 
pamphlet contains an article contributed to The Field 
of September 16, 1905, to which the author has added 
his experiences during the War of 1914-1918. The subject 
of camouflage in general and the concealment of vehicles, 
guns, shrapnel helmets, and the like are dealt with in an 
interesting and practical manner, stress being laid on 
the importance of colour value. The pamphlet is obtain- 

| able, price 4d. post free, from the author at Five Poplars, 
‘37, Priory-avenue, Harlow, Essex. 
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THE VOITH-SCHNEIDER SYSTEM 
OF PROPULSION.* 


By Carprarin E. C. GoLpswortny. 


TEN years ago, in 1929, the first Voith-Schneider 
propeller was fitted and demonstrated in the launch 
Torqueo, the propeller having a blade-orbit diameter 
of 800 mm. and being driven from a 60-h.p. petrol 
motor. To-day, there are 120 ships fitted with Voith- 
Schneider propellers, operating in most countries of 
the world and in powers up to 2 by 2,200 h.p. with 
propellers of 2,600 mm. blade-orbit diameter, driven 





With the advent of the Diesel engine, escent 
owners were anxious to obtain the advantages whic 

this prime mover gave. The saving in weight would 
help in the draught, and thus add to the utility of the 
ship; the space gained in the engine-room and the 
elimination of the boiler-room and bunkers would 
increase the passenger or cargo accommodation ; the 
ship would be cleaner, the engine-room staff reduced 
and there would be a considerable reduction in running 
costs per mile. The problem was complicated in that 
it was necessary to bring down the relatively high speed 
of the Diesel engine to a shaft speed between 40 and 50 
r.p.m, This has been done by mechanical reduction 
























Fia. 1. 


by steam, Diesel engines and 
electric motors. The results of Fig.2. 
the Torqueo proved beyond Race 





any doubt that a third system 
of propulsion had been added 
to the paddle and screw for 
mechanically-powered ships. 
Furthermore, a method had - 
been found whereby the ship 
could be propelled and con- 
trolled by the propeller alone, 
provided power was available 
to turn it in one direction. 

Propulsion demands (a) the 
best efficiency possible for the 
ship under consideration; (6) good ship-manceuvring 
properties; and (c) simplicity of machinery, due con- 
sideration being given to the first cost and running 
costs. Good propulsion calls for the proper swept area 
of the propelling unit, from which we see that the large 
slow-running screw has undoubted superiority in deep- 
draught vessels, for, except in the heaviest seas, it is 
completely immersed and always doing its allotted 
work. The paddle, being designed for a certain immer- 
sion, is relatively inefficient in a seaway, since the water 
level at the paddles is not constant and the thrust is 
impaired. In shallow water, however, the draught of 
the vessel would necessitate a small-diameter screw 
running at comparatively high revolutions, giving 
inefficiency of propulsion, particularly if the vessel is 
to be used for towing purposes. Under similar condi- 
tions, the paddle is better, in that a large swept area 
at constant immersion is given, which, combined with 
low revolutions, makes for good propulsive efficiency. 
Thus, with slow-running steam engines th paddle 
vessel has high efficiency, reasonable mancev \ ability 
and simplicity of machinery, with relatively iow first 
cost. The under-water hull can be given fine lines and 
there are no appendages aft, such as bossings, shafting, 
or A brackets to reduce the hull efficiency. 








* Paper prepared for presentation before Section G of 
the British Association at Dundee, September, 1939. 
Abridged, 
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gear or by the use of electric 
generators and motors. The 


disadvantages of either (6989.8.) 


mechanical gearing or of 

the electric drive for Diesel- 

engined paddle vessels are 

the added complication of the machinery, the relatively 
high first cost and the loss in transmission through the 
gears or electricity, which in the latter, with direct 
current, may be up to 20 per cent. It is, perhaps, 
because of the above that neither of these systems has 
been adopted to such an extent as the technical 
qualifications merit, with the result that many owners 
still prefer the steam engine. The Voith-Schneider 
propeller brought about a radical change in thought for 
vessels of limited draught, in that it gave all the desired 
features for such vessels in one complete unit and was 
applicable to Diesel, steam or electric drive. 

Theory and Design.—The Voith-Schneider propeller, 
shown in Fig. 1, above, consists of a number of vertical 
blades of aerofoil section rotating in the horizontal 
plane. These blades are spaced symmetrically about 
a rotating disc or runner wheel in an opening of the 
hull bottom and flush with the latter. The blades can 
be made to perform a swinging motion around their 
axis, and the law governing the blade movement is 
illustrated in Fig. 2. The normals to the blade profile 
must all, and at all times, intersect at a point N within 
the blade orbit, this point being off centre transversely 





to the thrust direction. The farther the point N is moved, 
the greater the pitch of the blades, and consequently, 
the thrust, until the limit at which full power is deve- 
loped. If the point N is at dead centre the blades will 
revolve and give no thrust, but with an increase of 
thrust the ship’s speed will increase without any change 
in the speed of the engines. It is important to note, 
therefore, that the Voith-Schneider propeller is of 
variable pitch. By moving point N to the opposite 
side, through the centre and beyond it, a thrust in the 
opposite direction is given and the blade profiles move 
in a similar but opposite manner to that for ahead 
thrust, there being still no change in the speed or 
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direction of the engine or propeller. Point N can also 
be swung round the propeller centre, so that the thrust 
direction can be varied, thereby steering the ship with 
the propeller and making it possible to swing her with- 
out any movement ahead or astern. The movement of 
the blades can be compared with a person sculling a 
boat with one oar at the stern, where the oar moves in 
a double circular orbit as if there were two Voith- 
Schneider propellers with one common blade. The 
Voith-Schneider propeller alone controls the ship’s 
movements, unlike the normal vessel which requires 
variability of engine speed, reversible engines, and 
rudder. With twin propellers, a ge! lateral 
displacement of the ship can be obtained, which is of 
particular value to floating cranes and other such 
craft. 

The present design of the Voith-Schneider pro- 
peller is fundamentally the same as the first propeller 
tried out in the launch Torqueo, built for J. M. Voith 
in 1929. Subsequent experience with all types of 
ships operating on lakes, rivers and at sea has brought 
about certain refinements. Originally, the propeller 
was built with hydraulic control, but, some six years 
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ago, this was altered to mechanical control, still retain- | 
ing the pressure-oil servo-motors for the central control 
column. Apart from this major alteration, there have 
been only minor modifications with regard to the pump, 
the bearings and seatings of the blade shafts. 

The normals to the blade profiles which intersect at | 
N are, in practice, replaced by a linkage, shown in 
Fig. 4, page 315, so designed that a relatively small 
displacement of the control disc will correspond to a 
large eccentricity of the point N. The arrangement 
of the two pressure-oil servo-motors, by which the 
blade motion is controlled, is shown in Fig. 5, above. 
These servo-motors act on the upper end, N’, of a 
double lever, the lower end of which moves the control 
dise of the blade linkage. The point N can be univer- 
sally displaced within the outline of an approximate 
square, and will give all the required variations of 
speed and thrust direction. At full speed ahead (N at 
A), the blade position can be altered by about 40 deg., 
allowing sharp turns to starboard, B, or port, C. If N’ 
is at D or E, the ship has no speed of advance, but a 
rudder angle of 90 deg., and turns, with full power, on 
the spot. The speed servo-motor is controlled from a 
lever on the bridge and the steering servo-motor from a 
small handwheel, also on the bridge. This arrangement 
is similar to that used for the control of screw-propelled 
vessels and does not, therefore, present any strange 
features to the officers on the bridge. 

The steering capacity of the Voith-Schneider propeller 
is considerably greater than that of the normal ship 
with a rudder. This is due not only from the turning 
of the thrust direction, which would probably give no 
more improvement than a ship at full speed, but from 
each individual blade which, when it is displaced 
from ahead position, produces large forces with com- 
ponents athwartships, so that each act in a similar 
manner as a small rudder at high speed. Another 
feature of the Voith-Schneider ship is the course stabi- 
lity when the ship has a good length of keel and nor- 
mally disposed propellers. This good stability is 
probably due to the horizontal rotation of the propellers 
which, combined with a properly-designed stern, 
flattens out the wake to a broad smooth surface. 

No form of propulsion will give of its best unless the 
ship’s hull is designed for that specific drive, allowing 
the proper flow of water to and from the propeller. 
With the Voith-Schneider drive in shallow-water 
vessels itis possible to use less draught and so increase 
the utility of the ship or for a given draught to have a 
larger swept area, thereby increasing the pull. On the 
other hand, with a deeper-draught vessel, the Voith- 
Schneider propeller can be placed farther below the 
water line than the screw propeller. This will be of 
advantage in rough seas, since the Voith-Schneider 
propeller will tend always to keep fully immersed. 
This is amplified by the fact that the race of the Voith- 
Schneider propeller sticks to the hull, so that when the 
stern lifts the water tends to rise with the stern, thereby 
giving continuity of thrust and control of the vessel 
and better speed in bad weather. The absence of all 
appendages, such as shaft brackets, bossings, stern 
frame and rudder, ensures a smooth and undisturbed 
flow of water to and from the propeller. This is not 
possible with the screw propeller, since the various 
appendages give irregular entrance velocity at various 
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points of the blade-tip circle, which leads to loss of 
efficiency. 

The mechanical features of the propeller are shown in 
section in Fig. 3, on page 315. The pinion shaft (above 
propeller on right of centre) has self-aligning bearings, 
and on this shaft, operated by a chain, is the oil pump 
supplying the servo-motors at a relatively high pressure 
oflctoom 160-280 lb. per square inch, depending upon 
the size of the installation and a.pressure between 10 and 
30 lb. per square inch on the lubricating system. The oil 
system is totally enclosed, the propeller housing being 
filled with oil to the underside of the main roller bearing 
and connected with discharge and suction pipes to an 
oil tank situated alongside the propeller. Oil channels 
are fitted, running to all the bearing parts situated 
above the oil level, so that a constant supply of oil is 
present as soon as the propeller starts up. The motion 
of the horizontal shaft is translated to the vertical 
drive through a spiral-bevel gear, and such gears are 
suitable up to powers of, perhaps, 3,000 h.p. to 4,000 h.p. 
There are ships in service with this form of drive with 
more than 2,000 h.p. per shaft. Above these limits it is 
necessary to employ electric drive with the motor 
placed directly above the propeller. The great advan- 
tage here is that alternating current can be used, since 
the propeller is of constant speed, thus giving simplicity 
of control gear and reducing first cost. An interesting 
example of such an application is the H.A.P.A.G. 
Company’s Helgoland. This vessel has turbo-electric 
drive, each motor being 2,000 shaft horse-power, 
situated directly above the Voith-Schneider propeller, 
with a flexible mechanical coupling between the gears 
and the running part to avoid the possibility of shocks 
being transmitted to the motor. 

The servo-motors are spring-loaded and are operated 
through the pilot valves, which, in turn, are controlled 
from either the speed lever or steering wheel on the 
bridge. With a twin-propeller installation, the servo- 
motors are harnessed together so that the propellers 
act as one unit, although turning as a rule in opposite 
directions. They can be deharnessed for athwartships 
movement by fitting an additional speed lever on the 
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bridge. The connections from the bridge to the servo- 
motors are normally by rod and chain, but hydraulic 
and electric controls have also been fitted. The servo- 
motor pistons operate on the top end of the central 
control arm, which is held rigidly in position in a ball 
joint some two-thirds of the way down. The bottom 
end of the control arm fits into the control collar which 
corresponds to point N, and is displaced according to 
the movement given to the speed lever or steering 
wheel. The amount of thrust given to the blades is 
directly proportional to the magnitude of the displace- 
ment of the bottom of the control arm from which the 
rods and levers connect to each blade shaft. Many 
parts of the linkage are identical and interchangeable. 
All joints and moving surfaces are bronze bushed. 
There is a main ball-bearing between the standing and 
rotating parts, and a main thrust collar with white- 
metal bearings. 

The runner wheel is circular and has a clearance of 
about } in. with the ship’s hull. On the inside of the 
runner wheel are vanes which throw out any water and 
keep it out whilst the propeller is operating. When 
the propeller stops, the water will naturally rise between 
the casing of the runner wheel and the ship’s well, 
taking up its normal water-line level. To keep this 
water out of the propeller, two spring-loaded carbon- 
ring packings are provided, with drainage channels to 
the ship’s bilges. The packings are kept tight with 
grease and provision is made for this purpose on the 
propeller housing. An additional carbon-ring packing 
with a covering labyrinth ring is provided to stop 
centrifugal splash oil from the gear wheel falling out 
into the clearance channels and so into the bilges. 

The blades are made either of phosphor-bronze or 
forged steel, depending on the horse-power and require- 
ments of the owners. The shafts are tapered and 
firmly secured in a completely enclosed housing, with 
needle or roller bearings on the upper and lower parts. 
The lower bearings are fitted securely into the bottom 
of the runner wheel and the upper bearings into the 
top of the blade shaft-pots. In shallow-draught vessels 
a single spring-loaded chrome-leather cup is sufficient 
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to retain the oil and keep the sea water out, while in 
the deeper sea-going vessels a double seal is given. 
The casing and runner wheel are of steel and electrically 
welded, the strength of materials naturally varying 
with the power and size of the propeller, while stainless 
steel is being increasingly used for the runner wheel in 
sea water. The installation is simple, the propeller 
being shipped as a complete unit and bolted to the 
top flange of a circular foundation well, which is an 
integral part of the ship’s structure, connected to the 
hull, floors and frames. The pinion shaft is coupled 
to the engine shaft, the control rods from the bridge 
connected to the servo-motors, and the oil pipes to 
the tank. 

Tank experiments and the studied results of the 
many ships in service clearly indicate the following 
advantages to be derived from the use of the Voith- 
Schneider propellers. The propulsive efficiency of the 
Voith-Schneider propeller is comparable with a good 
screw and properly designed paddle. In comparatively 
shallow-draught craft, therefore, the Voith-Schneider 
propeller is superior to the screw owing to its increased 
swept area. It also has the advantage over the paddle 
in rough weather and in its adaptability for either 
steam, internal-combustion engine or electric drive. 
The maneeuvring capabilities of the Voith-Schneider 
ships are superior to those given by any other form of 
propulsion, which, together with the uni-rotational 
engine and propeller, and bridge control, constitute 
vital safety factors for vessels operating in crowded 
and restricted waters. The machinery installation as 
a whole is simple, in that rudder and steering gear are 
eliminated, reverse and reduction gears are not needed, 
and with direct drive, apart from the engine and 
propeller, only a shaft coupling is necessary. Since 
the thrust is taken up in the propeller and transmitted 
direct to the hull, no thrust block is required. The 
overall cost of the Voith-Schneider ship is comparable 
with the screw-propelled vessel in moderate sizes and 
power, while experience has shown that the average 
running costs are in keeping with other forms of drive. 
It would be absurd to claim that the Voith-Schneider 
propeller is suitable for all types of vessels, but it may 
be claimed to have decided advantages over the screw 
or paddle in certain types, while there are border-line 
cases which must be decided by local conditions, the 
type of engine to be used and the service of the vessel. 
Broadly speaking, the following are particularly suitable 
for Voith-Schneider propulsion :— 

Shallow-Draught Vessels.—About 75 per cent. of the 
vessels fitted with Voith-Schneider propulsion have a 
draught of 6 ft. or under. The problem of getting the 
requisite swept area rules out the screw, particularly 
if the vessel is to be used for towing purposes, even in 
tunnel construction. Paddles at the side, stern or 
quarter would be suitable with steam engines, but 
complicated with Diesel or electric drive, while the 
manceuvrability, particularly at low speeds, is inferior. 
With the Voith-Schneider propeller, the diameter can 
be increased to compensate for the.shortness of blades, 
thereby ensuring the correct swept area and revolu- 
tions. It is sometimes stated that the Voith-Schneider 
propeller is particularly liable to blade damage in 
shallow-draught ships, but this problem has been 
successfully tackled by the designers. The blade 
shafts in passing through the runner wheel are now 
enclosed in a complete cylinder so that should severe 
blows be given to the blades and even if the blade be 
broken off at the neck, water can only rise into the 
cylinder, but not into the runner wheel itself. The 
blades are weaker than the shafts and will, therefore, 
give before any damage can be transmitted to the 
internal parts. In severe grounding, with the blades 
revolving and striking on rock, internal damage may 
be done, but such a grounding would be equally 
disastrous toa screw. The tips of the blades are always 
above the level of the keel and the blades can be changed 
easily and quickly if necessary. It is also customary 
to fit some form of skeg protection, as a precautionary 
measure, when operating in rivers with sunken logs 
and rocky ledges. One vessel operating on the Niger 
has now been in continuous service for nearly two 
years, and though submerged objects have been struck, 
no damage has been done and no replacements or spares 
used. This has been the general experience with 
shallow-draught ships, while there has been one 
notable exception where the force of the blows not 
only damaged the blades, but bent the blade shafts 
and broke down certain welding on the runner wheel. 
Precautions have now been taken against the dangers 
known to exist, with perfectly satisfactory results. 

Dual-Purpose Vessels—Salvage vessels requiring 
high power for pumps or deck machinery could use the 
one main engine for all purposes with an all-through 
shaft driving generators, pumps or other machinery. 
The control of the vessel at slow speeds, or when stopped 
and operating in deep water in a tideway or seas, would 
be fully assured with Voith-Schneider propulsion, since 
any power required could be given to the propeller, 


ensure such complete control of the ship when operat- 
ing under the. difficult conditions constantly recurring 
in salvage work. Fire floats could utilise the one main 
engine for propulsion and pump work. The draught 
could be reduced by increasing the diameter of the pro- 
peller and giving the float more beam. This would be 
of great value in river or tidal waters to get closer to 
the seat of the fire, so increasing the effective power 
of the water streams. The control of the fire float 
would also be greatly enhanced, in that the effect of the 
reaction of the water jets tending to throw the float 
out of position would be quickly counteracted. Float- 
| ing cranes are especially suitable for Voith-Schneider— 
there being now seven such craft fitted—since it enables 
such craft to operate under any conditions without 
additional help from tugs and to work in places where 
the normal self-propelled crane could not operate, ex- 
cept under considerable difficulty and with great delay. 
Vessels Operating in Restricted Waters.—Voith- 
Schneider propulsion gives the best control of the 
ship, and also gives complete control at low speeds 
and when stopped. The ship can turn on one spot, 
go alongside or get away from quays with safety even 
if there is room only for her bare length, and can stop 
from full speed in considerably less time than with 
screw or paddle. The manceuvrability when going 
astern is the same as for ahead motion. Valuable time 
can therefore be saved in congested waters and the 
safety factor of the ship be considerably increased. 

Tugs.—This class of ship has two distinct sub- 
divisions, viz., the ship-handling and the barge-handling 
tug. Common to each is the necessity of having a 
propeller with a good tow-rope pull. This demands as 
large a swept area as is consistent with the draught, 
power and type of engine to be installed. Each also 
requires a high degree of manceuvrability ; the one 
to get quickly and easily into position to make fast 
to the ship and the other to sh ee a barge or train 
of barges and drop them at probably different wharves. 
The ship-handling tug, when fast, must be capable of 
orientating herself to give the desired pull for change 
of direction to her tow. This, particularly for a stern 
tug operating in strong tidal waters, is no light task 
and many tug owners prefer the paddle vessel for the 
stern, if not for the bow, tugs, since they have a turning 
point about their middle length and so can manceuvre 
quicker to give the desired pull. The Voith-Schneider 
propeller satisfies all these requirements. The swept 
area can be increased by enlarging the blade-orbit 
diameter, so giving a good tow-rope pull which also 
allows of considerable reduction in draught, thereby 
increasing the tug’s sphere of operation. With regard 
to maneeuvrability, the full thrust and power of the 
engines can be put at right angles to the ship, so that 
without any movement ahead or astern, she can turn 
through 90 deg. in less than 10 sec. This is of great 
advantage to a ship-handling tug and to the safety of her 
tow. Many tug owners will not use the Diesel engine 
despite its economy in operation and stand-by costs, 
and one of the main reasons is that this type of engine 
is essentially non-flexible ; that is to say, if the tow 
or pull on the propeller is too heavy the revolutions 
will be reduced. This reduces the output of the engines, 
which, in turn, reduces the effective pull. Diesel- 
electric drive overcomes to a certain degree this 
inflexibility but adds to the machinery complications 
and has not been greatly adopted. There is also the 
comparatively high loss in transmission power from the 
main engines to the propeller shaft. Steam is com- 
paratively flexible and the power given can be varied 
within wide limits. It is costly for stand-by, must 
bunker more frequently and has not the radius of 
action of the internal-combustion engined vessel ; 
smoke is also a source of annoyance in ship-handling 
tugs. In the case of the Voith-Schneider propeller 
driven by a Diesel engine, if the pull is too heavy for 
the propeller at full pitch the pitch can be reduced 
so that the full revolutions are maintained by the 
engines and full output is given to the tow with the 
highest efficiency of tow-rope pull. 

Ferries.—These mostly operate in restricted waters 
and must constantly come alongside and get away 
from quays or berths. Increased manceuvrability, 
therefore, decreases time of passage and has a beneficial 
effect on the running costs, especially where the service 
is continuous throughout the year. A paddle vessel 
to come alongside a pier at right angles to her course, 
must make a large sweep and approach the pier in a 
parallel direction, thereby adding to her steaming 
distance, time and running costs, while the screw 
vessel is little better in handling and less efficient 
in propulsion if shallow draught is an essential. The 
Voith-Schneider propelled ship can approach her 
berth at right angles and when in position swing in 
under perfect control, cutting down time and costs. 
Further, Diesel engines can be used, and if the ferry is 
for vehicular traffic, the deck space, and so the earning 
capacity of the ship, can be considerably increased. 
The Dundee ferry Abercraig is stated to have 80 per 
cent. more deck space than a similar steam paddle 





leaving the residue to be utilised for other purposes 
atthesametime. No other system of propulsion would 





ferry could give, 





An additional feature of Voith-Schneider propulsion 
is that single-ended vessels may be used on services 
where previously double-enders have been necessary, 
so that the vehicles may drive on and off in one direction. 
The single-ender must be turned 180 deg. twice on 
every alternate passage, and the time taken with 
screws or paddles and the poor control of the ship 
when going astern has previously ruled them out. 
Unfortunately, the double-ender is extremely inefficient 
and, with screws, requires up to about 70 per cent. 
more power for the same speed as a similar single- 
ender ; or, conversely, the speed on the same power is 
15 per cent. to 20 per cent. less. With Voith-Schneider 
propulsion, however, the ship can turn 180 deg. in 
less than a minute, so that the time lost in turning on 
alternate trips is amply compensated for in the increased 
speed, while there is perfect control of the ship under 
stern way. ‘Therefore, except in very short passages 
or in certain special cases, the single-ended vessel may 
be used for such ferry services. An additional advan- 
tage of having a single-ended vessel is that she can be 
used for excursion or other purposes, thereby extend- 
ing her utility of operation on the most economical basis. 

Spectal Installations—The better control of the 
Voith-Schneider ship in bad weather makes this system 
admirably suited for naval coastal-patrol boats, for 
convoy vessels and for minesweeping craft, which have 
to work in heavy weather and must, of necessity, 
have the highest mancuvrability. An interesting 
application of such a type is an aircraft rescue vessel, 
having a movable crane on a track at the after end. 
Normally, the propellers are controlled in the usual 
manner from the bridge, but when the crane is in 
operation over the stern, the propellers and the ship 
are controlled electrically from the crane pedestal. 
Complete co-ordination of ship and crane movements 
is thereby assured. The Japanese cable-laying ship 
Toyo Maru, shown in Fig. 6 opposite, has a normal 
arrangement of two screws and a rudder for steaming 
to and from her cable ground. When over her cables, 
or working cables, the main engines are cut out and 
the ship is propelled gnd controlled by one Voith- 
Schneider propeller of 1,200-mm. blade-orbit diameter, 
driven from an electric motor of about 100 h.p. The 
ship is kept steady on her course and the effect of wind 
and weather counteracted, more effectively than is 
possible at these low speeds with the normal arrange- 
ment of screws and rudder. The natural growth of 
this idea is for sea-going ships of large dimensions to 
be fitted with a Voith-Schneider propeller in addition 
to the two outside screws. This will give a certain 
increase in power and steering when on long runs, 
and when entering and leaving port, and going through 
channels, the two main screws can be cut out and the 
ship propelled and steered by the Voith-Schneider 
propeller. 








EDUCATION FOR INDUSTRY.* 


By A. P. M. Fremine, C.B.E., D.Eng., 
M.Sc. (Tech.). 

Ar a time when national security is a primary 
consideration, the significance of the manufactur- 
ing industries is easily recognised. In more 
normal times, however, it may not be appreciated 


that on the state of industry directly or indirectly 
entire 


depends the material well-being of the 
population. Many amenities which have pro- 
foundly affected our social and economic life, 


such as the widespread availability of electric 
power, rapid communication, accelerated transport 
facilities, etc., have been made possible only be- 
cause the manufacturing industries have been able 
to turn new scientific knowledge to practical 
account. The appropriate education and training 
of the personnel for such fundamentally important 
service is consequently a matter of national con- 
cern. 

The purpose of industry is to convert some 
natural resource into a form suitable for use by 
the community; as, for example, metallic ores, 
which are transformed into innumerable appli- 
ances, the down of the cotton plant that even- 
tually becomes clothing, the chemical energy of 
coal, or the kinetic energy of falling water, that 
is converted into electrical power. This trans- 
formation process, which we call industry, may, 
and usually does, include many stages, each one 
of which may constitute a separate industry, the 
finished product of one factory being the raw 
material of the next. The fundamental need in 
this chain of processes is that each shall be 
accomplished with the minimum possible waste 
of human effort, materials and time, and it is 
evident that the problems involved in achieving 
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this Stine must be fully appreciated before | 


the educational considerations affecting them can 
be planned and applied. To avoid any miscon- 
ception of my meaning of this term siheieney, I 
wish to point out that the enlightened industrialist 
recognises that true efficiency depends upon every 
consideration being given to the well-being of the 
personnel in his organisation. 

Apart from continual changes of a technical 
character, many developments have taken place 
in the organisation of industry, which present new 
educational needs. Industrial units have changed 
from privately-owned to  limited-liability com- 
panies. These in turn have grown in size, or 
become associated with other organisations in the 
same industry, or formed part of a co-ordinated 
chain of manufacturing concerns associated with 
the same ultimate product; or again, single or 
groups of companies making the same product 
have formed combinations to rationalise the dis- 
tribution of output and to co-operate in eliminat- 
ing manufacturing and other costs where over- 
lapping occurs. All these changes in organisation 
impose the need for personnel capable of filling 
a wide range of positions for each of which special 
training is needed. Industrial conditions are thus 
never static, and therefore the personnel of in- 
dustry must be ever alert to apply new knowledge 
wherever it affects their particular field of opera- 
tion, and be fully adaptable to the changes in the 
processes of manufacture and organisation which 
result. 

Preoccupied as he is with the technical, 
economic and administrative problems associated 
with continuous, and often rapid, development, 
the industrialist is apt to overlook the need for 
constant attention to the educational reactions of 
this development, and of his associated respon- 
sibilities. On the other hand, and to an equal 
extent, those concerned with technical education 
especially may suffer from an unbalanced view 
as to the value of such education relative to all 
the other problems which face the industrialist. 
The difficulty of co-ordinating these two points of 
view is often responsible for an excessive ‘‘ time- 
lag ’’ between the incidence of a new technique in 
industry and the preparation of a personnel cap- 
able of handling and utilising it effectively. 

There are four main classes of entrants into in- 
dustry, namely, those who enter at the school- 
leaving age from elementary, junior technical, 
central and secondary schools; those from 
secondary schools who have attained School 
Certificate or Higher School Certificate standard; 
those who have had university training; and those 
adults who enter at any age and from any edu- 
cational level. Of the first three classes, the 
university group contains the smallest proportion 
of misfits. At the lowest entry level, economic 
need and local conditions of employment may, 
and usually do, determine the choice of vocation. 
The importance of vocational guidance in the 
early years cannot be too highly stressed, and 
although good work is being done in this direction 
much more is needed; it should in fact be accepted 
as a responsibility by every competent teacher. 
Such acceptance implies familiarity with local 
conditions and opportunities. One useful adjunct 
might be the keeping, from school entry age on- 
wards, of a record of the particular character- 
istics, aptitudes and preferences displayed by the 
pupil. Such a record would be of considerable 
value at the time when discrimination is made 
between secondary junior technical and junior 
commercial schools. For those entering industry 
at the lowest stage there is, at present, little 
conscious preparation for industry from the edu- 
cational point of view other than that in the 
junior technical schools. The practical industrial 
bias given in these schools, for at least the two 
final vears, is of definite advantage. Whether 
the selection of those proceedings to the junior 
technical school could be improved is open to 
question, but there is certainly no doubt of the 
advantage of this period of education to those 
who do follow it. A much greater proportion of 
junior technical school pupils who enter industry 
advance rapidlv than is the case with their fellows 
not so educated. Indeed, the tendency is for many 
of them to be recruited to the ranks of fore- 
men, junior managers. draughtsmen and so on. 
with the result that the equally important field 
of artisanship is not very well fed numerically 
‘rom this source. Records of one factory, compiled 
over a period of years. show that. whereas 64 ner 
cent. of the entrants from elementary schools be- 
came artisans, less than 10 ner cent. of the entrants 
from junior technical schools did so, in the 
same period. 

The type of industria] training required for the 


} nical college. 


manual worker who aspires to learn a trade or | 
acquire a craft consists of a long period of prac- | 
tical experience with the tools, materials and | 
processes of his chosen trade or craft, and accom- | 
panying classroom education which may be| 
secured by evening study in a local part-time 
institution, by part-time day training, or in a| 
works’ school during working hours. The | 
character of these studies varies considerably, but | 
it is becoming increasingly desirable that they 
should lead to National Certificates, as a course 
of this type provides sufficient basic technical | 
knowledge. Moreover, it provides a good basis | 
for further study for the youth who is worthy of 
promotion. For those youths who do not aspire 
to technical employment and whose natural bent 
is of a more practical character, the workshop 
courses provide an admirable adjunct to their | 
practical experience. 

Those who enter industry at the School Certifi- 
cate or Higher School Certificate level have 
usually had the advantage of a preliminary science 
preparation which facilitates their acquisition of 
industrial process experience. Moreover, their 
higher general education level makes it possible 
for them to attain staff positions where their more 
maturely developed powers of judgment and their 
social attributes are of advantage. 

Those who enter after university training have | 
already acquired a considerable amount of know- 
ledge of the technological and fundamental prin- 
ciples required in the particular branch of in- 
dustry they select. A high degree of specialisa- 
tion at this stage is extremely undesirable. Indeed 
the latest tendency in industry is for any | 
specialised training that may be required to be 
provided by the concern itself a year or two after 
entry. For example, in the company with which | 
[ am associated there are several specialist train- 
ing schemes in operation. The recruits for these 
schemes are, in the main, drawn from those uni- 
versity graduates who have acquired general ex- 
perience in the factory for a period of one or two 
years. Such arrangements may be usefully supple- 
mented by advanced courses of lectures where 
these are available at the local university or tech- 








Much attention is now being devoted to the | 
problem of finding suitable personnel trained to 
undertake the increasingly difficult problems of | 
management. This is a matter of vital impor- 
tance in ensuring continuity of progress in manv- | 
facturing concerns. It is essential that the 
selected men should be given preliminary and | 
widely-applied responsibility before making use 
of such aids as the ancillary instruction now avail- 
able in many technical institutions. A wise 
management recognises that giving promising 
young men a wide range of experience will bring 
out their latent capacity for administrative 
responsibility. 

Recruitment for research work in industry is 
another case where the selection of personnel in- 
herently suited for such work must be the basic 


factor. Methods of training research workers | 
are beginning to evolve. but so far no recognised 
plan is established. In my own laboratories 


general apprenticeship in the factory is followed 
by experience in several of the laboratories under 
the guidance of experienced research workers, 
supplemented by lectures on the work in their own 
and associated fields by senior members of the | 
department. In some cases such workers are sent | 
back to a university or other research laboratory 
for further experience. 

The normal trend of industry and its corre- | 
sponding educational requirements can to some 
extent be forecast. New scientific knowledge with 
its technical application is likely to continue to 
be a determining factor in industrial development. 
Continual improvement in efficiency of produc- 
tion tends to reduce the amount of labour re- 
quired. On the other hand, out of scientific dis- 
coveries new products, processes and materials 
arise, and these, through the formation of new in- | 
dnstries, contribute towards redressing the balance | 
of employment. The film and the radio industries | 
may be cited as examples of large-scale employ- 
ment brought about by the technical application 
of scientific discovery. Such developments, how- 
ever, emphasise the need for mobility and 
adantability on the part of the personnel 
employed. 

It is apparent that the mechanisation of processes 
will become more extensive, and this should ulti- 
mately result in the securing of the necessary | 
volume of production in shorter working periods— 
especially if employment could be more evenly dis- 
tributed. Some of the time then available for | 


| additional leisure might be well employed in edu- | 


| 
cation of a cultural and social character and in 


physical training. By suitable planning it should 
be possible to reduce and eventually to eliminate 
the system of part-time evening study. The de- 


| ficiencies of this system of technical education for 


those engaged in industry are well understood, 
but whether technical study is conducted in part- 
time day or part-time evening periods, the prac- 
tice of compressing a large amount of highly 
specialised knowledge into intensive courses should 
be avoided. While appreciating the present use- 
fulness of courses such as those leading to the 
Higher National Certificate, particularly to those 
young people who have no other means of acquir- 
ing the basis on which to proceed to technical 


‘employment, such courses should, in a planned 


educational system, be considered as expedients 
only. They provide neither the time for original, 
critical, or constructive thought, nor the means 
of developing latent personal qualities by any 
form of social and corporate life. That so many 
young people succeed by the existing methods is a 
tribute to the individual rather than to the system. 

Certain industrial activities, notably those 
associated with supplies such as water, gas and 
electricity, are easily recognisable as public ser- 
vices. As time goes on there will be a growing 
realisation that every industry is in fact a national 
service, although it may be conducted by private 
enterprise. Considered in this light, the impor- 
tance of employing every means of increasing the 
efficiency of industry becomes apparent. Among 
other considerations, it is obviously essential to 
utilise all the facilities available for the training 
in numbers and in quality of its personnel. The 
conventional system of education is subject to 
control by national and local educational authori- 
ties, but there is no control over the equally im- 


| portant practical side of education for the in- 


dustrial worker. The laissez faire methods, 
whereby the quality and extent of practical 
education of industrial personnel depends on a 
relatively few progressive industrial concerns, com- 
pare unfavourably with the planned and more 


| efficient methods that are possible in authoritarian 


countries. Under present conditions this weakness 
can be remedied only by more complete voluntary 
co-operation within industry. Such co- operative 
effort would relieve the burden that now falls 
upon a few individual firms. An effective way 


| of stimulating this might be the remission of in- 


come tax on the money expended on such train- 
ing. Control could be instituted by restricting 
the remission to courses approved by a suitably 
constituted authority. 

The establishment in industrial firms of separate 
nursery ’’ workshops in which the fundamentals 
of handicraft skill and machine operations are 
taught concurrently with the appropriate work- 
shop instruction will become more widespread. 
A few schemes of this type are already in opera- 
tion in private firms and in a number of 
Government establishments in this country, while 
the method has been extensively developed in 
Germany and to a lesser extent in other countries. 
Experience will show at what stage the trainee 
should be transferred from the “‘ nursery ’’ work- 
shop to the normal manufacturing conditions. 
The result of introducing manual training at an 
early age, such as exists in the educational system 
in Russia, will be watched with great interest. 
In contrast to this, with the raising of the school- 
leaving age, the tendency in this country will be 
for young people to enter industry for practical 
training at progressively increasing ages. This 
may involve a more intensive period of practical 
training, but the difficulties of this should be 
offset bv the greater maturity of the trainees 
concerned, 

An educational problem that is already acute 
and will be even more so in the future is the 
supply of suitable teaching staff for the uni- 
versities and technical institutions. Formerly 
much of the scientific and technical development 
relating to industry came from the universities. 
Due largely to the establishment of large-scale re- 
search by industrial concerns, and to the great ex- 
pansion of their technical staffs, the initiative in 
progress has passed to industry, and many 
scientists who previously found their vocations 
in academic life are now attracted to scientific 
and technical employment in industry. The result 
is that in those faculties in which the work has 
a technological bearing there is a great shortage 
Of personnel available for teaching, so that the 
time is opportune for the technical institutions 


| and universities to consider a long-term policy 
| as regards selecting and training those who will 


eventually become the academic leaders. In this 
connection co-operation should be arranged with 
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SILICON-CARBIDE TUBE RECUPERATORS FOR INDUSTRIAL FURNACES. 
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industry to provide a suitable range of practical 
experience without the permanent absorption of 
the personnel so trained. Industry has already 
shown its willingness to co-operate with education 
in this respect by providing short ‘* refresher ”’ 
courses for those in academic employment. The 
technical knowledge and experience of eminent 
technologists in industry might well be utilised 
more completely than at present by co-opting such 
men to the professorial staffs of universities and 
technical colleges, and thus augmenting, for 
special courses, the existing teaching facilities. 
New technical processes now arise so rapidly from 
scientific discoveries and become so promptly 
established in industry that the text-books used 
for teaching purposes can never be completely 
up to date. The introduction of post-advanced 
courses in the Lancashire area appears to be the 
correct solution to this problem. These courses, 
which comprise short series of lectures on specific 
technical subjects, are given mostly by experts 
in industry and are conducted on a basis of ex- 
position and discussion. They serve admirably 
the needs of the technologist in industry who is 
endeavouring to bring himself up to date in a 
new subject. 

The greater availability of technical scholarships 
and fellowships might well serve as a means of 
attracting suitable personnel to industrial em- 
ployment. The extension of fellowship facilities 
available for those who seek experience abroad is 
extremely valuable, particularly if these are 
awarded to men who have already had sufficient 
experience to know definitely in what particular 
directions they wish to supplement their existing 
knowledge. In the past, many educational oppor- 
tunities of this type have not been used to the 
best advantage due to the immaturity of those 
receiving the awards, who have not had sufficient 
experience to appreciate fully that educational 
and industrial methods can never be transferred 
wholly from one country to another because social 
and economic conditions differ. Some industrial 
organisations have established research fellow- 
ships, whereby university staffs can spend time in 
industrial research organisations, which provides 
experience of inestimable value to the fellowship 
holder on his return to academic life. 

As yet there is no clearly defined and assured 
path by which a youth can proceed through the 
various stages of education into industrial employ- 
ment. The national system of education provides 
the means whereby those of suitable ability can 
obtain education and training up to and includ- 
ing the university or technical college level, but 
the practical training in industry and an assured 
start in a job is at present fortuitous. In this 
direction there is room for greater co-operation 
by industry to ensure the completion of the in- 
dustrial training and a start in the chosen career. 
Such an arrangement would give direction and 
impetus to the various stages of preparation be- 
tween school or college and industry; moreover 
would relieve both the youth and his parents of 
a good deal of anxiety. Greater co-operation than 
at present exists between education and industry 
is essential in regard to the syllabuses of work- 
shop and technical studies appropriate to the 
educational level at which entrance into industry 
is made. 

Any attempt to improve our methods of educa- 
tion has an immediate and obvious advantage 
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from the industrial point of view. All education 
should be liberal and even to meet the urgent 
needs of industry no technical specialisation 
should be permitted which excludes the possibility 
of time being devoted to broadening the mind in 
both the mental and the social sense. Men and 
women who have been trained to think for them- 
selves, rather than merely to assimilate facts, are 
bound to develop valuable habits of constructive 
criticism and be the more ready to utilise and 
develop new ideas. Since science plays an ever- 
increasing part in the development and progress 
of new products of industry, a knowledge of 
scientific principles and of their economic 
significance is essential to the proper utilisation 
and appreciation of these products. Consequently 
it is highly desirable that elementary science 
should have a definite place in general education. 








SILICON-CARBIDE TUBE’ RE- 
CUPERATORS FOR INDUSTRIAL 
FURNACES. 


As is well known, the recuperator in a steel-billet 
reheating, or similar type of furnace, is an installation 
which uses the heat, contained in the waste gases 
leaving the furnace to preheat the incoming air for 
combustion. The hot gas and cold air are led through 
series of adjacent passages separated by material 
possessing good thermal conductivity and low permea- 
bility to gases. Brickwork, tiles and tubes made of 
refractory materials are used in the construction of 
recuperators, but, of late years, marked improvements 
have been brought about by the adoption of special 
alloys for certain types of recuperators, and of silicon- 
carbide tubes for other types. A good deal of work 
has been carried out in the United States on Carborun- 
dum refractory tubes, by Messrs. Fitch Recuperator 
Company, Perth Amboy, New Jersey, and we under- 
stand that, up till the present, recuperators embodying 
tubes of bonded silicon carbide have been applied to 
upwards of 100 furnaces in the basic industries, includ- 
ing a number of continuous ateel-slab and_billet- 
reheating furnaces. The standard tube developed 
for the purpose is 4 ft. 4 in. long and has an external 
diameter of 5-75 in. and an internal diameter of 4-10 in. 
Suitable ‘“ core busters” consisting of 2-in. cylindrical 
fireclay rods are fitted within the tubes in order to 
increase the internal convection area and the rate of 
heat transfer. The rods are furnished with short 
radial arms, the purpose of which is to maintain them 
in a central position within the silicon-carbide tube. 
The material of the tube is claimed to possess a thermal 
conductivity approximately ten times that of fireclay 
refractories ; it does not fuse or soften, but dissociates 
chemically at a temperature above 2,200 deg. C. It is 
much less permeable to gases than fireclay and most 
other refractories, it being stated that its resistance to 
leakage due to permeability is from 10 to 100 times that 
of fireclay refractories by actual determination. The 
average modulus of rupture of the material is given as 
900 Ib. per square inch at 1,350 deg. C., and its com- 
pressive strength, at the same temperature, is over 
10,000 lb. per square inch. It is stated that in a stan- 
dard spalling test the material showed no loss after 
100 coolings, as compared with a 4 per cent. loss 
after 40 coolings in the case of high-grade fireclay. 

The refractory is highly resistant to mechanical and 
flame abrasion on account of the inherent hardness of 
silicon carbide and the close-grained, dense structure of 
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the bonded material, and for all practical purposes the 
tubes are inert, at the temperatures usually encoun- 
tered, to all the products of combustion of ordinary 
fuels. High air velocities are essential for the maximum 
amount of heat transfer, per unit area of heating surface, 
and in the case of many materials, air leakage has often 
presented difficulties. This question of air velocity 
and leakage has formed the subject of a great deal of 
experimental work, and, in one test conducted over a 
period of several weeks, in the United States, the 
leakage of air through a tube terminal wall, having an 
areca of 75 sq. ft. and containing 105 standard tubes 
of the type referred to above, was measured every day. 
The temperature of the gas side of the recuperator 
was raised to 1,320 deg. C., and the total loss—at 1 in. 
water-gauge pressure—was found to amount to 15 cub. 
ft. per minute. A matter which requires some emphasis 
is that it is necessary for the assembly of the tubes in the 
walls to be tight enough to prevent leakage, while, at 
the same time permitting a certain movement of the 
tubes for heating up and cooling down. To this end, 
all contacting surfaces of the wall blocks are ground, 
in addition to being recessed or undercut, to allow the 
block joints as well as the tube ends to be sealed by 
means of a cement, which, we understand, is resilient 
under working conditions. 

The employment of a recuperator system, in place 
of reversible regeneration, provides a continuous flow 
of gases in one direction only, with a constant flow 
of heat. In Figs. 1 and 2, on this page, are shown sec- 
tional views of a reheating batch type of furnace 
employed for heating slabs for a plate-rolling mill. 
The furnace was originally equipped with regenerators 
and reversing mechanism, but was subsequently 
remodelled so as to incorporate a recuperator embodying 
silicon-carbide tubes in place of the original regenera- 
tors. It is now fired from both ends simultaneously, 
the waste gases leaving the furnace through a fiue 
opening in the rear wall, and thence through the 
recuperator to the chimney stack. The change-over 
from the regenerative to the recuperative system is 
stated to have produced an increase in the furnace 
hearth area and in the weight of steel charged, a more 
uniformly heated product, and a marked reduction of 
scale. Fuel oil is the heating medium employed, the 
present consumption being from 70 gallons to 140 
gallons per hour, the weight of steel slabs charged 
varying from 35 tons to 54 tons per heat. The tem- 
perature of the pre-heated air emerging from the recup- 
erator is given as 525 deg. C. (977 deg. F.). 








AUTUMN MEETINGS OF THE METALLURGICAL INSTI- 
TUTES.—Owing to the outbreak of war, the Autumn 
Meeting of the Iron and Steel Institute, which was to 
have been held at Cardiff from September 12 to 15, has 
been cancelled. The Autumn Meeting of the Institute 
of Metals, which was due to commence in Glasgow on 
September 5 and to conclude on Friday, September 8, 
was also cancelled. 


THE TEAM VALLEY TRADING EsSTATE.—Messrs. North 
Eastern Trading Estates, Limited, Team Valley Trading 
Estate, Gateshead-on-Tyne, 11, inform us that they 
now have 145 tenants, of whom 110 are in production, 
employing 3,720 persons. In addition, 538 men are 
engaged on building work. Among the new tenants 
are manufacturers of paint brushes, snap-fasteners, 
building chemicals, steel roof frames, batteries, and 
other goods. 
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ELECTRICAL APPARATUS. 


506,672. Spot Welding Machine. The British Thomson- 
Houston Company, Limited, of London, and N. A. Tucker, 
of Rugby. (2 Figs.) December 6, 1937.—The invention 
is a spot welding machine which can be operated at 
high speed with a constant pressure applied to the welding 
electrode for each weld. In the main cylinder 1 are two 
pistons 2 and 3 and a welding electrode 4 is attached 
to the piston 2. The piston 3 is reciprocated by a con- 
necting rod and an eccentric on a shaft 8 driven by an 
electric motor. The upper end of the piston 2 is hollow 
to form an auxiliary cylinder which is covered by a head 
10, and the piston 3 is provided with a stem which 
projects through the head and carries a piston head 12 
to reciprocate in this cylinder. A compressed-air 
reservoir is built on to one side of the cylinder 1 and a 
port 14 establishes constant communication between 
the cylinder and the reservoir. Passages are also pro- 














\f—~ 
8 
- ; “FH SPPUAOLLPELLLALAAY LS PAA \ 
| °7 S 
N 
3 N 

















Sess 


SSS 















vided to communicate between the space above the 
piston 2 and spaces in the auxiliary cylinder on each side 
of the piston head 12. The port 14 is always open, so 
that the electrode is subjected to the constant pressure 
of the air in the reservoir. The down stroke of the 
piston 3 and the piston head 12 permits the electrode to 
be driven down by the pressure of the air in the cylinder 1, 
the passages permitting sufficient displacement of the 
air in the auxiliary cylinder to allow the piston 3 to 
have a longer stroke than the piston 2. On the return 


stroke, the head 12 co-operates with the head 10 to/| 


raise the piston 2, the air between the heads giving a 
cushioning effect which can be adjusted by a throttle 


valve in the passage connecting this space with the main | 
fitted with | 


cylinder. The respective pistons can be 


piston rings to ensure a good working fit. This is of 


advantage as piston rings are more efficient than leather | 
washers for this purpose and are also more durable. | 


(Accepted June 2, 1939.) 


INTERNAL-COMBUSTION ENGINES. 


507,940. Diesel-Engine Injection Pump. The Austin 
Motor Company, Limited, of Birmingham, and R. F. 
Colell, of Birmingham. (1 Fig.) February 5, 1938.— | 
The pump unit provides a pilot and a main injection 
from separate pistons feeding a common non-return valve 
and injection nozzle. A is the pipe leading from the 
non-return valve to the injection nozzle, and C the main 
fuel-pump cylinder in which the main piston head E 
works; the lower edge of this is of the usual helical form. 
A groove connects the lower side of the head with the 
space above. The piston is reciprocated by a cam F 


| and coil spring. A pair of arms on the piston work in | in an imaginary cylinder 19 above the tuyeres is approxi- 
slots in a sleeve J the upper end of which has spurteeth en- | mately the same as the content of the metal in the annular 
gaging a rack moved by the engine governor to rotate the | ring 20 round the cylinder, even when the converter 
|}main piston. K is the cylinder of the pilot pump, the | lining is new. When the converter lining becomes worn 
| pilot piston M being grooved and of similar construction | the proportion becomes still more favourable for the 
| to the main piston. The pilot piston is operated by a} return of the metal to the bottom. Im any case the 
| pilot cam through a rocker lever. P is the chamber to | ratio of the volume in the cylinder 19 to that in the 
| which the oil is supplied and from which a port R leads | | annulus 20 is not greater than three to one in a newly- 
|to the pilot cylinder. S is a second port leading from | lined converter, this ratio applying to all cylinders and 
the upper end of the pilot cylinder to the main cylinder. | annuli of heights extending up to the maximum diameter 
| The operation is as follows :—The pilot cam first operates | | of the converter. The height h of the bath at the 
| the pilot piston. As the space above it is full of oil| maximum diameter is 750 mm., and at this height the 
| the piston at first causes oil to flow back to the chamber P, | ratio of the radius R of the converter to the radius r 
but the advancing piston head covers the port R and | of the circular part of the tuyere box over which are 
| the oil is forced up through the port S and the main cylin- | distributed the tuyere passages is not less than 3: 2. 
der C to the nozzle in the engine cylinder. As soon as | In a converter of this shape the blow is quieter, because 
| the metal tends to circulate smoothly in the general 
| direction of the arrows, the spherical shape of the wails 
| assisting this action. The losses due to spitting are 
thereby much reduced, and also, by the quiet working 
| of the blow, the over-oxidation of parts of the bath is 
avoided. In the basic Bessemer process a higher per- 
| centage of silicon can be carried in the metal, requiring 
| larger additions of lime. That portion of the converter 
| lining carrying the molten metal during the blowing 
| process is lined with a refractory material 24 such as 
|chromium oxide. By this means wear is reduced and 
| the circulating effect due to the shape is kept constant. 
(Accepted June 8, 1939.) 


| 507,936. Rotary Furnace. Stein and Atkinson, 
| Limited, of London, and T. A. Booth, of London. (4 Figs.) 
| February 1, 1938.—The invention is a horizontal rotary 
| or oscillatory furnace suitable for the refining of copper 
|or other non-ferrous metals from which impurities are 
to be separated by oxidation, the conversion of iron into 
steel, and the conversion of high-carbon steel into mild 
steel. The furnace chamber consists of a metal shell 
with a refractory lining and is of bellied shape. At each 











the bottom edge of the head of the piston M passes the 
port R the pilot injection is finished and oil flows back | 
via the groove to the chamber P. Meantime, the cam F 
has commenced to raise the main piston, but since the 
head of the piston M has re-opened the port R, the piston 
E at first returns oil through the ports S and R to the 
chamber P. As soon, however, as the head closes the 
port S, the oil cannot flow back, and is forced past the 
non-return valve to form the main charge. As soon as 
the bottom edge of the main piston head passes the | 
| port S, the main injection is finished, and the oil flews | 
| back to the chamber P via the groove, pilot cylinder and 
port R. (Accepted June 23, 1939.) 


MINING, METALLURGY, ETC. | 


507,200. Bessemer Converter. H. A. Brassert and 
Company, Limited, of London, and H. A. Brassert, of 
U.S.A. (5 Figs.) December 8, 1937.—This invention is a 
| Bessemer converter which will give higher yields, lower | 
| losses and less oxidation of the steel. It also enables 
| larger slag volumes to be used under better control. 
Practice has shown that a newly lined converter of the 
conventional cylindrical design suffers from heavier | 





end it has external roller-tracks which rest upon driven 
| rollers. The furnace is fired by an oil burner 5 projecting 
| into a central opening 6 at one end of the chamber and 
supplied with hot air from a recuperator 7. The products 
of combustion leave the chamber by a central opening 8 
at its other end and pass thence to the recuperator. The 
charging is performed from the same end through a 
charging door 9, and an elbow connection 10 in communi- 
cation with the recuperator 7 is mounted upon a carriage 
so that it can be moved to one side while the charging 
trolley 21 is run into position. The chamber is provided 
with a tapping spout. Horizontal rows of holes 13 are 
drilled towards the middle of the chamber. These holes, 
| which taper slightly towards the interior of the chamber, 
| can be closed by sand plugs 14 and sealed off similarly 
to slagging holes. The unplugged holes receive tuyeres 
consisting of metal pipes 15 fitted into tapering refractory 
| plugs which are clamped in the holes. The clamps for 
both the plugs 14 and 16 consist of a cover plate which 
fits over the plug and a surrounding area of the shell 
| and is held in position by screws in a bar which is engaged 
|} in lugs 20 welded to the shell. When a charge is to be 
| heated without using the tuyeres the holes are all closed 
by sand plugs and sealed. If the furnace is a rotary one 
: | the chamber can be completely revolved. When it is 
| spitting and colder working than a converter in which | required to use the tuyeres, the holes are brought above 
| the lining has been partially eaten away. The reason | | the level of the charge and the plugs are removed. The 
for this is that the metal driven upwards by the wind | tuyeres 15, 16 are then inserted and secured in the place 
above the tuyeres finds no return path to the bottom, | of the plugs 14 and blast connections are made, the 
wherers, when the converter is worn, the metal runs! pipes 15 passing through the cover plates. The blast is 
upwards above the tuyeres and flows downwards along |turned on and the chamber is revolved so that the 
the walls, setting up a revolving motion. In the new | tuyeres open below the surface of the charge and the 
construction, the lower portion of the walls 17 is sub-| blast passes through it. Finally, the chamber is revolved 
stantially spherical and merges smoothly into an upper | to bring all the tuyeres above the surface of the charge 
frustro-conical belly portion 18. The volume of metal | and the blast is turned off.—( Accepted June 23, 1939.) 
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HARMONIC ANALYSIS OF THE) mental investigation of the pressures in an internal- | resonance effect of an oscillator. ‘The amplitudes 
PRESSURE FLUCTUATIONS IN A combustion engine, the maximum amplitudes of the | of an oscillator are proportional to the impressed 
FLUID. oscillations can be determined by a bouncing-pin| pulsations and are increased by the natural fre- 
By De. MP, Team method. A method for determining both the mean | quency of the oscillator. On varying this natural 
i a heig: Hed ' and maximum values of the pressures in fluid motion | frequency, we find that the amplitudes become 
THE fluctuations in pressure that occur in a state| was described in a paper by R. Houghton,* and| large at several frequencies, and this enables us 
of turbulent fluid motion are of a complex nature, | from these values it is possible to decide whether the | to determine the frequency and amplitude of the 
and their determination may involve the use of | fluctuations are of practical importance, most important harmonics. In the case of a 
_ fig.1. 
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3 Fig.2 ee ee = aiid simple fluid pressure gauge, oscillations are pro- 
| | | duced by the inertia of the liquid inside it, and the 
| | degree of damping depends on the viscosity. The 
3——_+11_1 —rage a ae ae ee i © amplitude of oscillation h is proportional to the 
| | t > ° . : . 
| 4 | b Ud maximum amplitude h, of the impressed pulsation, 
| i & oe = Le the magnification depending on the natural fre- 
}e] it aa YP oa quency 7, of the oscillator. If J is the length of 
: tm ts the fluid column in the gauge, g the acceleration due 
L { = + - ay 4 J to gravity, and Pa the frequency n of the impressed 
0-8}- -+-4— - x t 
L cH ; in H| force, we have :— 
[=a = = a ! 2 
hr sa be = | Genp = Aleny) (1) 
h = —_—— am a one S + + - 9 g 
a | _——s ‘I | Substituting A= 2, we obtain the natural fre- 
quency 7, of an undamped oscillator, and it follows 
4 that 
= 4 ——-T7 1 2 
b h= ho X B=) (2) 
of leases “ The ratio h: ho, a characteristic of the experiment, 
1 — is called the amplitude ratio. 
vd arr Ne . An oscillator can only follow the impressed fluc- 
didtlias . \ e tuations when the rate of motion is small, and 
aaa a ee Ew y A is less than 2. If A= 2, the undamped amplitude 
i #7 = ‘i Se tends to become infinite and resonance occurs. When 
0-08 Li] L " g A is greater than 2, the amplitude rapidly falls, 
— = . *i. =. - 70 8 30 102 =| because, on account of inertia, the liquid in the 
; gauge cannot follow the impressed pulsations. The 
large-scale oscillograms and lengthy calculations.; When large oscillations are produced, the frequen-| parameter A can be called the frequency-number 
In general, a complete knowledge of the pressure | cies of the resulting harmonics is not always the same | (F.N.). 
distribution is not necessary, provided the limiting | as those of the applied pressure, but may be some| The viscosity of the liquid reduces the amplitude 
amplitudes can be obtained. In the case of a bearing, | mult‘ple of them. A simple method for obtaining | of oscillation, particularly near the natural fre- 
or the pressure chamber of a torque meter, the|the frequency and amplitude of the harmonics| quency. In Fig. 1 the dotted curve shows how 
fluctuations in pressure become important only | that are produced is based on the slightly damped | the amplitude ratio varies with the parameter A. 
when their amplitudes are sufficiently great to| — Laminar fluid motion can only occur with a Rey- 
impose large mechanical stresses. In an experi- * ENGINEERING, vol. 143, page 425 (1937). nolds number below 2,000 for values above 2,000 
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the motion in the gauge is turbulent and cannot be | 


determined theoretically. The points plotted on 
Fig. 1 were obtained by experiments on a }-in. 
diameter pipe with a mercury gauge. The impressed 
pulsation was in the form of a sine wave and the 
Reynolds number approximately 50,000. The full- 
line curve, which is drawn from the average values 
of the test results, exhibits considerable damping 
on account of the turbulent motion. Tests were 
made at different impressed frequencies, and it 
was found that the length of the liquid column 
did not affect the value of the amplitude ratio. 
The pressure gauge is calibrated by connecting it 
to a source of simple-harmonic pulsation and plotting 
the amplitude ratios for varying values of A. From 
this curve we are able to read off the maximum 
value of h:h, and the corresponding value of A. 
The gauge is then connected to the source to 
investigated, and the amplitude of oscillation 
observed. To see how the amplitude is affected 
hy change in A, we can vary either the length of 
the liquid column or the frequency of the impressed 
force. The results are then expressed on a graph in 
a Similar manner to Fig. 1, and from the graph the 
most important harmonics can be picked out. In 
+ practical test on a four-stroke engine, the fluid 
gauge was calibrated as above explained and A 
was varied by altering the speed of the crankshaft. 
The results are plotted in Fig. 2, the abscisse 
being functions of the speed of rotation. The 
maximum amplitude occurs for A= 7, the next 


» ‘ . 
greatest for A \? and the third greatest for 
A=). In 


motored, and the combustion space considerably 
enlarged, so that the pressure-volume relationship 
was as shown in Fig. 3. The calculated values of the 
first three terms of the Fourier series : 


these experiments the engine was 


F A, sin (wnt + $,) + A,sin(2 ant + $4) + 
Ag sin (3 mnt + ds) 4 os 
aire 
- w 
0-78 sin wnt + 0°52 sin (2mnt — 2) +4 


0-28 asin (Bant + wm). 


and A, can 
the calibra- 


The values of the coefficients A,, Aj, 
be obtained approximately by placing 


tion curve, Fig. 1, on the maximum points of 
Fig. 2 and drawing the dotted lines shown on the 
latter figure. The results are as follows : 
1-90 — 0-30 
A, = = 0-80; 
1-95 — 1-05 
A, = = 0-45; 
1-90 1-40 
A; = - 0-25. 


It is possible to get more accurate values by reducing 
the damping in the gauge, but this renders it 
more difficult to observe the frequencies at which 
the amplitudes become large. 

The method of investigation is useful where there 
is not room to accommodate an indicator, or where 
the fluctuations are too small to be measured by 
an ordinary type of gauge. Fig. 4, page 321, shows 


ENGINEERING. 
INTERNAL-COMBUSTION MARINE 
ENGINES FOR SMALL CRAFT. 

An interesting feature of the Engineering and 
Marine Exhibition, which was to have been held at 
Olympia from September 14 to September 30, would 
have been a number of examples of marine engines, 

|of both the heavy-oil and petrol types, suitable for 

small craft In the ordinary course, we would have 
dealt with these engines as individual items in our 
general record of the exhibits, but, in the present 
| circumstances, it appears more convenient to select 
| some typical examples and consider them as a group. 
| Accordingly, we give below descriptions of eight 
| engines, illustrations of which appear on the accom- 
| panying Plate XI. 

We commence with an account of two engines 

made by Messrs. John I. Thornycroft and Company, 
| Limited, Thornycroft House, Smith-square, London, 
S.W.1. These engines are shown in Figs. 1 and 2, 
respectively. The first is an engine which has been 
| designed to enable motor-boat users, particularly 
| those with a big annual mileage, to keep down their 
| running costs by employing heavy oil instead of 
petrol ; not that the petrol engine is thermodynami- 
cally uneconomical, but additional taxation on this 
fuel is rendering it more costly to use nowadays. The 
9 brake horse-power “‘ Handybilly ’’ petrol engine 
was, indeed, under the old conditions, economical, 
and, apart from this, possessed characteristics which 
made it popular. These characteristics have been 
| generally retained in the new heavy-oil ‘“ Handy- 
billy,” for which the claim is made that it will 
develop 10 brake horse-power for a fuel cost of less 
than 5d. per hour, taking the price of the oil at 7d. 
per gallon, including tax. This low fuel cost is due 
to the fact that the consumption is only 0-6 lb. per 
brake horse-power per hour. Oils having a specific 
gravity of from 0-83 to 0-90, such as Diesolite, 
| Essogasol, Shell gas oil or Anglo-Iranian gas oil are 
suitable. The new engine is constructed on the 
Hesselman system, in which the working parts are 
generally on the same scantlings as for the normal 
| paraffin or petrol engine, e.g., the connecting rod and 
| crankshaft dimensions can remain the same. This 
is due to the fact that with the Hesselman system 
the maximum pressures are very little higher than 
those of the engines using the more volatile fuels. 

Although heavy oil is used, the engine cannot be 
classed as a Diesel engine. The fuel is injected 
into the combustion chamber by a small pump of 
simple construction, at or about the point of maxi- 
mum compression. The force of the injection 
and the heat due to compression of the air in the 
combustion space break up the injected fuel into 
30 fine a vapour that it is easily ignited by an ordinary 
sparking plug. Ignition current is provided by a 
high-tension magneto driven through spiral gearing 
from the after end of the camshaft at the same speed 
as the crankshaft and producing a strong spark at 
low speeds, a characteristic which facilitates starting. 
A flexible adjustable coupling ensures accurate 
timing. Starting is effected by injecting a very 
small amount of petrol into the induction pipe by 
means of the hand-operated plunger pump seen 
below the starting handle in the illustration. The 
petrol is contained in a 2-pint tank at the flywheel 


the results of an experiment in which the volume of end of the bedplate, this quantity being sufficient 
the oscillating air was only L cub. in., and the varia- | under ordinary conditions, for about 30 starts, 
tions in pressure between 2 in. and 4 in. of water.) with three or four strokes of the hand-pump per 
The continuous line in Fig. 4 was calculated by con- | start. The crank is rotated in the ordinary way by 
sidering the small volume of oscillating air and as-|a crank handle, but, if desired, a 12-volt electric 
suming laminar motion in the gauge. The calcula- | starter can be fitted. Injection of fuel commences 
tions agree better with the experimental results than immediately the engine starts to rotate and the 
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|The reducing and reversing mechanism runs in an 
oil bath and is noiseless in operation. A hand 
throttle lever controls the engine speed and the 
|amount of fuel delivered by the injector pump is 
| automatically controlled according to this speed. 
|The valves are of the overhead type mounted in 
| the cylinder head and actuated by push rods and 
rockers. A removable cover permits easy adjust- 
|ment of the valve clearance from the top. The 
| lubricating system is interesting. The lower part 
|of the transmission-gear casing forms an oil sump 
from which the oil is thrown, by the rotating clutch 
| drums, into a pair of sloping ducts. From these it 
| gravitates to a trough under the forward connecting 
‘rod. The surplus flows from this trough to a second 
}one under the after cylinder, the excess finally 
returning to the sump through a passage in the 
bottom of the crankcase. The connecting-rod big 
|ends are fitted with dippers to distribute the oil 
|to the cylinders. The engine can be fitted at an 
| inclination as great as 1 in 8 from the horizontal 
without affecting the oiling system. The valve gear 
|is lubricated by drip feed from an oil well in the 
valve cover. 

The cylinders are water-cooled, the plunger-type 
| circulating pump being driven by a ball-bearing 
| eccentric from the forward end of the camshaft. The 
| valves are spherical and the general construction of 
the pump enables it to work without undue wear 
even in shallow sandy waters. The strainer can be 
withdrawn and cleaned without stopping the engine. 
A thermostat ensures the maintenance of a fairly 
| high water temperature, thus allowing slow running 
| for considerable periods. The exhaust is silenced by 
|a water-injection bend on the manifold, a two-way 
| cock being fitted to enable the circulating water to 
|be discharged directly overboard when stopping 
| the engine, so avoiding any possibility of water 
being sucked back. The 10-brake horse-power 
|heavy-oil “ Handybilly” engine weighs about 
1 ewt. more than the 9-brake horse-power petrol 
“ Handybilly ” engine and the height above the 
‘output shaft is 4 in. greater. This height in the 
| heavy-oil engine is 2 ft. 5} in., the bottom of the 
‘sump being 5} in. below the shaft centre. The 
|overall length from the face of the flywheel to 
| the face of the output coupling is 3 ft. 2} in., and 
the overall width, across the holding-down lugs, 
is 1 ft. 94 in. 
The engine shown in Fig. 2 is a recent develop- 

ment, designed by Messrs. Thornycroft to fill a 
gap between the two-cylinder, 18-brake horse-power 
compression-ignition engine, R.J.2, often fitted to 
ships’ lifeboats and similar-sized craft, and the 
| four-cylinder 36/47 brake horse-power engine, R.J.4, 
designed for larger and slower craft. The engine 
illustrated is known as the R.J.3 type, and develops 
30 brake horse-power at 1,200 r.p.m. The cylinders, 
of which there are three, are 4 in. bore by 6 in. 
| stroke and the piston displacement is 225 cub. in. 
|The engine runs on light Diesel fuel oil, of any 
|of the well-known brands, and has a guaranteed 
fuel consumption not exceeding 0-45 pint per 
|brake horse-power per hour at the maximum 
| power of 30 brake horse-power. It will be evident 
|from Fig. 2 that the engine is built with integral 
reverse gear and, as the ends of both shafts are in 
the same line, apparently it can be used to give 
‘a direct drive. Nevertheless, where the firm’s 
| policy of the combination of a moderate-speed 
| engine with a large, slow running, and consequently 
efficient propeller, is endorsed, reduction gear, with 
either a 2 to 1 or a 3 to 1 ratio, can be fitted. The 
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is the case in Fig. 1, because the Reynolds number temperature of the combustion chamber is raised | details of construction are largely similar to those of 
was only about 1,000. It often happens that both | sufficiently by the first one or two explosions to | the four-cylinder engine, but there are certain points 
the pressure variations and frequencies are too large ensure complete combustion of the following| of difference, ¢.g., the pistons, of a special alu- 
to allow the use of an open gauge. In these cases, charges. If necessary, methylated spirit can be|minium alloy, have iron inserts for the ring 
one end of the gauge is connected to the source of | used instead of petrol for starting. grooves, the bilge pump is an optional fitting and 
oscillation and the other to a closed vessel, which There are two cylinders of 34 in. bore by 44 in. | certain of the accessories are differently disposed. 
acts as a Helmholtz resonator, sealed by the fluid | stroke. The displacement is 86-5 cub. in. The | The firm’s standard two-chamber type of combustion 
oscillating in the gauge. By this means the | engine speed is 1,100 r.p.m., but the ahead speed | chamber is embodied, which, in addition to effecting 
large variations in pressure are caused to give | of the propeller is reduced to 700 r.p.m. by combined | economy in fuel consumption, ensures easy starting. 
small amplitudes of oscillation in the gauge. reduction-reversing gear housed in an extension| Hand starting from cold is practicable under all 

The author is indebted to the Hungarian|of the engine bedplate. The ahead transmission | normal conditions, de-compressing gear being 
Széchényi Scientific Society for financial help and | is through a double roller chain and the astern | fitted, but electric starting gear can readily be 
to Professor A. G. Pattantyus for allowing the experi- | transmission through spur gearing, the propeller | arranged, the engine being shown so equipped in 
mental work to be carried out in the Hydraulic | astern speed being 680 r.p.m. Reversing is effected | the illustration. The 12-volt dynamo is fitted on 
Machine Laboratory of the Royal Hungarian| by the lever seen behind the starting handle, the top of the flywheel crankcase, and the starter 
Technical University. which actuates expanding metal-to-metal clutches. ' motor, not seen, is so arranged that the engagement 
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of the starter pinion with the flywheel gear ring 
is effected by a low-voltage current, the full voltage 
being applied automatically after complete engage- 
ment. The bilge pump, when fitted, is mounted 
on the timing-gear casing and driven through a 
dog clutch which can be engaged while the engine 
is running slowly. The weight of the engine, 
arranged for direct drive is 16 cwt. If reducing 
gear is fitted this weight is increased by 1 cwt., 
the electric starting gear, with a battery of sufficient 
capacity to run 12 lights, adding another 2 cwt. 

The engine illustrated in Fig. 3, on Plate XI, is a 
recent production of Messrs. John Fowler and 
Company (Leeds), Limited, Leeds, and is designed 
either for marine propulsion or marine auxiliary 
service. The engine is of the Fowler-Sanders Diesel 
“2DY” type and has two cylinders with a bore 
of 3} in. and a stroke of 44 in. For continuous duty 
and long non-stop runs, and when operating under 
particularly adverse conditions, the engine is rated 
at 11 brake horse-power at a speed of 1,000 r.p.m. | 
Its normal rating for the work usually required in| 
small craft is, however, 15 brake horse-power at | 
1,500 r.p.m. The guaranteed fuel consumption at | 
full load is 0-42 pint of oil per brake horse-power 
per hour. It will be seen that a reversing gear 
is incorporated. This is a Parsons type F gear 
and is fitted to the flywheel casing, a compact 
arrangement being thus secured. A reduction gear 
with a 2 to 1 ratio can be incorporated when required. 
The construction is of a type well fitting the engine 
to the exacting conditions of sea service and total 
enclosure and weather-proofing are features of the 
design. All the moving parts, including the C.A.V.- 
Bosch fuel-inspection pump and nozzles, and the 
overhead valve gear, are protected by easily 
removable covers, and large inspection doors in 
both sides of the crankcase afford ready accessibility 
to all the components therein. 

The crankcase and cylinder block form a single 
casting and the main bearings are bolted to the 
crankcase in a manner giving exceptional rigidity 
to the crankshaft. A detachable sump is attached 
to the base of the crankcase, with a lubricating oil 
screen interposed. The cylinder liners are of the 
“wet” type and are removable. They are of a 
wear-resisting material, nitrogen-hardened, and are 
fitted by grinding. The cylinder head is bolted | 





to the crankcase by long studs and carries the over- | 
head valve gear. The combustion chamber is of 
the Fowler-Sanders “ two-way swirl” design, which 
is claimed to be particularly suitable for marine 
propulsion engines as ensuring easy hand-starting | 
in all weather conditions, apart from its advantages 
as regards the efficiency, reliability, and satisfactory 
combustion conditions of the engine. Cooling-water 
circulation is maintained by a self-priming pump 
situated at the forward part of the engine and 
driven from the crankshaft. The pump is suitable 
for handling salt water. All working parts of the 
engine, except the connecting-rod small ends and 
pistons, which are splash lubricated, are pressure- 
lubricated by a gear-driven pump in the base of the 
crankcase, drawing from the large oil-well in the 
sump. A plunger-type hand pump is provided 
for draining the sump. The engine is stated to be 
very easy to operate and therefore does not require 
skilled attention. The controls are simple and 
conveniently grouped. When required, a panel 
containing a lubricating-oil pressure gauge, a circu- 
lating-water thermometer, and a tachometer is 
mounted above the gearbox. The dry weight of the 
complete unit is 7 cwt. 

An example of a four-cylinder, four-stroke-cycle 
Diesel marine engine is shown in Fig. 4, Plate XI. 
This is of the McLaren-Ricardo type and illustrates 
the present practice in this field of Messrs. J. and H. 
McLaren, Limited, Midland Engine Works, Leeds, 10. 
T his is distinguished by the makers as the S.L.M.R.4 
engine, and develops a maximum continuous daily 
load of 30 brake horse-power at 1,250 r.p.m., with 
outputs of 24 brake horse-power at 1,000 r.p.m., 
and of 36 brake horse-power at 1,500 r.p.m. The 
cylinders are 95 mm. (3-74 in.) bore by 125 mm. 
(4-92 in.) stroke. The engine is a complete unit 
with reverse gear aft of the flywheel casing and is 
of compact design, weighing just over 14 cwt. As 
may be inferred from the term McLaren-Ricardo, 
the cylinder heads are formed with the Ricardo 








|and has fully-automatic spark control. 
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Comet Mark III combustion chamber, comprising @ 
spherical chamber having its lower half insulated 
from all water-cooled surfaces and communicating 
with the clearance space in the cylinder by a 
tangential port. The top of the piston is formed 
with two shallow pockets united by a passage which 
is in line with the combustion-chamber port when 
the piston is at the top of the stroke. The sump 
is of cast iron and carries a main bearing between 
each pair of cranks. It is bolted to a cast-iron crank- 
case of stiff box section and having access doors. 
The forward crankcase cover carries a spring-loaded 
centrifugal governor and the water circulating 
pump, the cylinders, heads and atomisers being 
well jacketed. 

The cylinders are fitted with renewable wet liners. 
The inlet and exhaust valves are of the overhead | 
mushroom type, of special heat-resisting steel and 
push-rod operated. The valve guides are of phos- 
phor-bronze and are renewable. Individual C.A.V.- 
Bosch fuel pumps are fitted and the atomisers are 
of the spring-loaded type. All the working parts 
are pressure-lubricated by means of a pump in the 
crankcase. Either air-starting or electric-starting 
can be arranged for. The controls are at the after 
end of the engine, with an instrument panel above 
the reverse-gear case. 

A marine petrol engine of a somewhat unusual 
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the exhaust manifolds and is then led to the cylinder 
jackets. The dynamo is seen to the left of both 
illustrations below the exhaust manifold. It runs 
at the crankshaft speed and both it and the 
electric starter are 12-volt units instead of the 
6-volt equipment usually fitted to the Ford engine. 
The lubrication and sump arrangements have been 
redesigned so that effective operation is obtained 
even though the engine is installed at an angle to 
the horizontal of 15 deg. The complete unit is 
run on the test bench before installation and the 
converted engine forms a reliable high-speed marine 
engine with a good power-weight ratio. 

The illustration, Fig. 7, on Plate XI, apparently 
contradicts our opening statement that this account 
deals with marine engines for small craft, as the 
engine shown in it is direct-coupled to a generator 
and is fitted with a radiator and a fluid flywheel, 
the plant being one of those supplied as an A.R.P. 
emergency generating set. The presence of this 
equipment is, however, really a testimony of 
adaptability, since the “‘ Vee R.B.” engine, as it is 
called, is suitable for use both as an auxiliary engine 
and for propulsion. In the latter case, it is either 
of the standard cast-iron construction or of light 
alloy construction for fast craft. The engine is 
made by Messrs. Davey, Paxman and Company 
(Colchester), Limited, Standard Ironworks, Col- 





type is shown in Figs. 5 and 6, on Plate XI. This 
is a skilful adaptation of the well-known Ford V-8 
industrial engine by Messrs. J. Samuel White and 
Company, Limited, Golden Cross House, Charing 
Cross, London, W.C.2. Messrs. White’s policy in 
making use of a design which has an established 
reputation for standing up to exacting conditions 
and adapting it to meet similar conditions in marine 
work may be taken without question as a sound one, 
in view of the firm’s long experience in high-powered 
craft. It will be granted, moreover, that the 
White Ford V-8 engine, as illustrated, presents a 
thoroughly workmanlike appearance, a high power 
output being maintained without sacrifice of light- 
ness. It is not proposed to give a detailed account 
here of the Ford V-8 engine as used in industry, 
but it may be stated that it is an eight-cylinder 
petrol engine with the cylinders arranged in Vee | 
formation in two banks of four. The cylinder | 
bore is 3 in. and the stroke 3} in. It is fitted 


As modi- 


chester, and is of the Paxman-Ricardo Vee type, 
The example illustrated is an eight-cylinder four- 
stroke-cycle engine with two banks of four cylinders 
lying at an included angle of 60 deg. The cylinders 
|are 7 in. bore by 7} in. stroke, and the output 
ranges from 265 brake horse-power at 1,000 r.p.m. 
to 400 brake horse-power at 1,500 r.p.m. These are 
continuous ratings, the output being 12-5 per cent. 
greater with the one-hour traction rating. The 
approximate net weight, with flywheel, is 48-5 cwt. 
in cast iron and 30-3 cwt. in light alloy. The upper 
half of the crankcase and the two cylinder blocks are 
single castings, the former carrying the main bear- 
ings and having seating flanges. The pistons and 
rods can be withdrawn, together with the bearings 
and caps through the crankcase doors without 
disturbing the cylinder heads or emptying the water 
jacket. 

The cylinders are fitted with dry-type liners: 
|which are accurately honed and interchangeable. 





| with coil ignition with high-tension distribution |The cylinder heads are in pairs and are of heat- 


treated cast iron, and contain the Ricardo Mark III 


fied for marine purposes it develops 65/68 h.p. | combustion chamber which, it will be recalled, is 
at 2,750 r.p.m. continuously, the maximum rating | of spherical contour with both the port to the cylin- 
being 75 h.p. at 3,200 r.p.m. The fuel consump- der and the atomiser tangential to it so that a 
tion for the continuous rating is 42/44 lb. per | swirling movement of air and fuel spray is obtained. 
hour, with a lubricating-oil consumption of about | The throat containing the cylinder port is removable 
1-75 lb. per hour. The fuel consumption at the | and is made of a special heat-resisting steel. The 
maximum rating is 53 lb. per hour. The total| inlet and exhaust valves on the cylinder head are 
weight of the marine unit is 728 lb. The leading | of alloy steel and they and their seats are faced with 
features of the conversion are as follows. Referring | Stellite. The pistons are of die-cast light alloy 
to Fig. 5, it will be seen that a reversing-gear| and have high-expansion iron inserts for the upper 
casing is fitted at the flywheel end of the crankcase. | rings. The connecting rods are drop forged of 
This is of a special aluminium alloy and houses | 40 tons heat-treated steel and the crankshaft is 
the Parsons type-F gear in which the ahead drive | machined all over from a single forging, with ground 
is through a plate clutch with cone and lever | crankpins and journals. There are four cranks, 
operation, whilst the astern drive is by means of a | the big ends of one of the bank of cylinders being 
brake band. The reverse gear is independently | forked. The valves for all the cylinders are 
lubricated and can be readily adjusted without | operated by a common case-hardened camshaft 
removing the gearbox cover. | with the cams running in an oil bath. The cam- 

The view in Fig. 6 shows the major alterations | Shaft is chain-driven from the crankshaft. The 
at the forward end of the engine. s of the centrifugal, spring-loaded en- 


The standard | 80vernor 1 , . c 
arrangement of belt drive for the dynamo and | closed type, continuously lubricated and operating 
circulating-water pump has been removed, its 


on the fuel-injection pump control. Speed can 
place being taken by a geared drive, an arrange- | be adjusted while the engine is running. The fuel 
ment more suitable for marine conditions. Both 


pumps are of the standard C.A.V.-Bosch type with 
the water pump and dynamo are driven by helical camshafts built in. The atomisers are of the spring- 
spur gearing from an extension of the crankshaft. 


loaded single-hole type. The air manifolds are 
All the gears are designed for noiseless operation | incorporated in the valve-gear covers. The exhaust 
and the shafts are carried in ball bearings. The 





manifolds are water-cooled, the discharge from the 
gearing is independently splash-lubricated, the whole circulating pump, which is driven from the crank- 
being enclosed in an oil-tight aluminium-alloy 
casing bolted to a steel plate which carries the 
forward seating angles. The after seating is formed 
by brackets bolted to the flange of the reverse-gear 
casing. The water pump is of the gear type, bolted 
to the gear casing, and runs at approximately half 
the crankshaft speed. It is seen to the left of 
Fig. 6, its discharge being led to the oil cooler 
visible in Fig. 5, above the flywheel casing. From 
the oil cooler the water passes through the jackets of 





shaft, being passed through the jackets before being 
delivered to the cylinder and head jackets. Starting 
is normally by compressed air on both banks of 
cylinders through a timed distribution valve, but 
electric starting by a 24 volt electric motor and 
Bendix drive can be fitted if required. Prvssure 
lubrication is used throughout. The Vee R.B. 
engine is also made with 12 cylinders or 16 cylinders, 
and can be fitted with superchargers, when the out- 
put will be increased by 25 per cent., and can be 
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provided with reverse gear and reduction gear having | great majority of pupils, who had been so long | was sure to be followed by fierce industrial and 


a 2 to 1 or 3 to | ratio. 

The six-cylinder Diesel engine illustrated in Fig. 8, 
on Plate XI, is a slower running type, developing 
336/370 brake horse-power at 600 r.p.m. and 
420/460 brake horse-power at 750 r.p.m. It has a 
somewhat unusual appearance owing to the arrange- 
ment of the valve heads. The cylinders are 9} in. 
bore by 12 in. stroke. The heads are of the| 
Ricardo Comet type and are water-cooled. The! 


neglected and fobbed off with an inferior education. 
With the raising of the school-leaving age, all pupils 
would have an opportunity to receive a three-years’ 
advanced course. 

Summarising the educational requirements for 
those in industry, Mr. Longmuir advocated a bolder 
policy of grading, which would give the pupil free 
choice of a course suitable for his occupational 
desires. The fears of school staffs that if they 


|commercial rivalry. If we were to be prepared 
for it, the provision of a well thought out scheme of 
| technical education for the rank and file of our 
workshops and commercial houses was long overdue. 
| Mr. G. L. Darbyshire, of the London Midland and 
| Scottish Railway, made a written communication, 
which was read by the President. He said the 
|pay roll of the London Midland and Scottish 
| Railway numbered 250,000. He gave details of 





details of construction generally follow the firm’s | talked to the boys about their future careers the | the wide range of employment covered, the methods 
standard practice, though the illustration shows | boys would become unsettled were groundless. | of recruitment and qualifications for engagement, 
some fittings which are only supplied when specific- | There was more likelihood of persuading a boy who|the training arrangements, both internal and 


ally required ; for example, the overspeed governor | 
seen to the right of the fuel pumps, and the particular 
arrangement of the hand pump for priming the 
lubricating system near the flywheel. Incidentally, 
the flywheel is normally attached to the other end 
of the shaft, under the governor handwheel. This 
engine is designed primarily for industrial purposes 
and is made with from four to eight cylinders, 
with a total output of from 224 brake horse-power 
to 560 brake horse-power. It is modified for marine 
propulsion and is also made with a 17 in. stroke | 
instead of a 12 in. stroke, when the output range is 
from 240 brake horse-power to 480 brake horse- 
power, the speed being 428/450 r.p.m. 





THE BRITISH ASSOCIATION 
MEETING AT DUNDEE. 


(Concluded from page 310.) 
SECTION L.—EDUCATIONAL SCIENCE. 


ALTHOUGH it is not our usual practice to report 
the discussions in the Educational Science Section 
of the British Association, we have made an excep- 
tion in the case of the meeting held in the morning 
of Friday, September 1. This followed Dr. 
Fleming’s address, which we reprinted on page 
317 of our issue of September 15, and was devoted | 
to a general discussion on Education in Industry. 
This is a subject which has been dealt with on 
many occasions in our columns during recent years. 


EDUCATION IN INDUSTRY. 


The discussion was opened by Mr. J. B. Long- 


had an occupational objective to remain to obtain; external, and referred to films for instructional 
the certificate that would make entrance to his| purposes, departmental publications, etc., as instru- 
chosen occupation more certain. Moreover, a boy|ments of staff education. The President, Dr. 
with an objective was more educable than a boy | Fleming, commented that there seemed plenty of 
with none. Careers masters and mistresses generally | opportunity for advancement, and also to some 
received little encouragement, and few of them | extent for stepping out sideways and then pro- 
knew enough about industry and commerce to be | gressing upwards in what might be regarded as 


able to advise or give the necessary guidance. There seemed to be 
Juvenile Advisory Committees set up under the 
Ministry of Labour only made contact with the 
boy when he was leaving school, which was too late 
to be effective. 

Our education should be less bookish, and the 


attempt to convert all our secondary schools into | 


miniature universities should be stopped. Less 
ground should be covered in every subject and 


|more promising employment. 
throughout the service a well organised system of 
| special classes. He mentioned the exchange of 
| staff with American and French railways as an 
| interesting example of co-operation, enabling the 
men to get the best experience of other countries. 

Principal J. Cameron Smail, O.B.E., of the 
Heriot Watt College, Edinburgh, said that technical 
| education in Great Britain had been built up largely 


| there should be more practice—less talk from the 


|on part-time education, mainly in evening classes. 
teachers and more performance in school from the | The results had undoubtedly justified the method, 
pupils. It was found that boys who had had little | but the strain on individuals was considerable. 
or no handwork at school and whose engineering| Day classes had been in operation in dockyard 
training did not start until 17-18 years made very | schools and various works schools and in particular 
slow manual progress, and never succeeded in| industries, such as printing, but no joint national 
reaching the dexterity of the boys with a hand-| scheme was operating. The outstanding results 
work training who started work at 15-16 years. | of the dockyard scheme showed the possibilities for 
The ideal method was to set up in every large city| educated students. The personnel for control, 
or town a Junior Technical School, such as those | organisation, administration and design had been 
in Coatbridge, London and Birmingham, under a| largely recruited through part-time education. The 
headmaster with the additional qualification of | psychological value of the sandwich system was 
heaving earned his living outside education. Such | insufficiently appreciated, and further investiga- 
a school would provide, in addition to the three-| tion was desirable. Colleges were confronted with 
years’ course, a five-years’ course leading to a| difficulties in staffing and equipment, the varying 
central institution. In time, the University Entrance | degrees of sympathy and indifference of employers 
Board would have to accept such a certificate for|and the consequent variation in the attitude of 
entrance to a university. The traditional higher| students. Industries were advancing, and the 


'grade day-school in each county, city or region | shortage of well-educated young people, owing to 


various causes, was likely to force the matter to a 


muir, M.B.E., of Messrs. Mavor and Coulson,| would provide for the less than 10 per cent. who 
Glasgow. He emphasised the responsibility and desired, or were capable of taking, a leaving certi- 
obligation upon everyone who employed young ficate to enter an Arts Degree course at a university. 
workers to see that they had adequate practical | The junior technical school would be the centre of 
and technical training to suit their abilities. The| evening continuation class education, and _ its 
narrow specific workshop or office training should courses would lead directly to continuation classes. 
be provided by the employer, but the responsibility | The connection between existing day classes and 
for technical training should be shared with those | continuation classes was not satisfactory, and was 





responsible for education. With a few notable | 
exceptions, there was no organised and systematic | 
workshop training in Scotland, and apprentices | 
either “ picked up” their trade themselves or had | 
to rely on a sympathetic foreman or on the journey- | 
men. The position of technical education was | 
equally unsatisfactory. With the exception of the | 
printing industry and a few isolated local attempts, 
there had been no co-operation between education 
and industry to discharge their joint obligations. 
For that, industry was as much to blame as educa- 
tion, and they had not always made certain that | 
their young employees took full advantage of 
facilities provided. There would be no real pro- 
gress in technical education until co-operation was 
effective and employers took more interest in both | 
day-school and technical education. 

The foundation of all education, he continued, 
was the day-school system. He criticised the 
general impression that the Scottish day-school | 
education was second to none, and said it could 
not be agreed that the foundation was well laid 
for the great majority of young people. It was on | 
the education which the great majority received 
that an education system should be judged, and 
not by the results of the highly intelligent and the | 
resolute few who were compelled by parents to 
remain till they qualified for a certificate. Technical | 
education was even more unsatisfactory than day- 
school education. Scottish education had exploited 
the many for the sake of the few who would bring 
honour to the school or college. An opportunity 
presented itself now to liquidate the debt to the | 


one of the causes of the inefficiency of our con- 
tinuation classes. From experience in three separate 
engineering works, no difficulty was encountered, 
provided the right kind of encouragement was given, 
in getting every apprentice to enrol for evening | 
classes. He pleaded for closer co-operation with | 
industry, on the lines of the Edinburgh Continuation 


definite issue in the near future. 

The basis of education now being extended by 
the raising of the school-leaving age should provide 
pupils with a slightly wider background and more 
advanced intelligence. The difficulties ahead lay 
in designing adequate and effective courses for 
young people in beneficial employment and for 
those who remained at school a year or so longer. 
There might be some danger of a too narrow view 
being taken of the whole field of technical training. 
There was also the possibility that teachers in 
technical schools might not retain full contact with 
workshop and factory processes and methods. For 
that purpose, contact with works managers was 


| Class Scheme. 


necessary, so that instruction methods might be 
adjusted from time to time. The administrative 
machinery which was required for the co-ordination 
of courses of study in different parts of the country 
might be found in the development of regional 
councils, such as the Yorkshire Council, for further 
was the conversion of the leaders of industry and | education. In Great Britain there was elasticity, 
commerce to the importance of such education. | Sometimes extended to a degree which rendered 
Where industry had taken the initiative and | effective co-ordination a matter of difficulty, and 
received actual help from education, the classes! Regional Councils could be valuable to each 
had been immediately successful ; and he instanced | Other in canalising the most effective schemes and 
the Dutch method, where the State paid 70 per in bringing local authorities to realise the steps 
cent. of the net cost and the locality paid 30 per | being taken elsewhere. 

cent. A striking feature of Dutch technical schools} Dr. F. T. Chapman, of the Board of Education, 
was the extent to which they were conducted by| said that the most urgent educational problem 
private associations or institutions. Failing an| before industry in this country at present was the 
association, the municipality took charge, and, | training of craftsmen. The training of technologists 
failing the municipality, the State would take | was in a much more satisfactory position, though 
charge. The plan was worthy of consideration for| capable of improvement in detail. Dealing with 
Scotland. It would enable industries, chambers of| the training of craftsmen from the point of view 
commerce and other associations to take the | of the engineering industry, he said that for crafts- 
initiative. After pointing out that visits to tech-| men, as well as for technologists and for managers 
nical schools and colleges in Belgium, Denmark and | and administrators, training presented three aspects 
Germany had convinced him that in technical | —the learning of techniques, the acquisition of skill 
education we lagged far behind, Mr. Longmuir| and the study of technology. As an ideal training 
said that the present unsettled state of Europe | for a skilled craftsman, he suggested recruitment 


Mr. Longmuir stressed the employers’ obligations 
for the technical education of young workers and | 
the limitations of works schools, and discussed the | 
possibilities of introducing day continuation classes ; 
a pre-requisite to the establishment of the latter 
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at the age of thirteen to a junior technical school 
or trade school, followed by an apprenticeship 
terminating at 20 to 21, during which half or more 
of the first two or three years was spent in an 
apprentice school either within, or closely associated 
with, the works. On the basis of his records in 
the school and the works, he should be awarded, 
say, a National Apprenticeship Certificate, setting 
out his training and successes. Apprentices with 
special ability would come to the front in the 
apprentice school, and for them special opportunities 
for farther education should be provided on a part- 
time or sandwich basis for the remainder of their 
apprenticeship; in special cases that would be 
followed by two years’ full-time education, which 
would lead to a degree. Such a scheme would 
produce, besides a supply of good craftsmen, a 
stream of men well qualified to occupy posts on the 
managerial and technical staff. 

Mr. S. E. Goodall, of Messrs. The Metropolitan- 
Vickers Electrical Company, Limited, mentioned a 
form of apprenticeship developed by his company 
some twelve years ago. It covered a period of five 
years’ practical and theoretical experience. The 
accumulated evidence of the past seven years, since 





the first apprentices had completed their five-year 
periods of training after leaving school, had fully 
justified the experiment. Increasingly the opinion 
was held that the advantages of that course were 
greater in the aggregate than those which could be 
claimed for previously existing arrangements. Boys 
who intended to take a university course and who 
had attended a public or good grammar school, 
were selected during the spring and early summer 
of the year in which they would leave school. The 
general capacity and character of each boy was 
assessed by a committee of senior members of the 
company’s staff, representing all branches. The 
successful applicant was required to have secured 
an academic training at least equal to the entrance 
requirements of his selected university, prior to the 
autumn after leaving school in the July. 

When he had been declared eligible to enter the 
university without further examination, he com- 
menced a period of works training at the end of 
September and was released from the works at the 
end of the following July. During those ten months 
he was given general workshop experience of all 
kinds and was released each Thursday for the whole 
day to attend a specially designed course of instruc- 
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tion at the Manchester College of Technology ; that 
covered pure and applied mathematics, physics and 
chemistry. Home reading was encouraged and 
homework for the College course was required to be 
done satisfactorily. At the end of the ten months’ 
practical works experience, the apprentice’s record 
was carefully scrutinised from every point of view, 
and, if fully satisfactory, the apprenticeship was 
confirmed. 

If the apprentice found that he did not wish to 
continue in the engineering profession, he was free 
to leave at that stage ; it was felt that to give them 
the opportunity to change their careers at that time 
was well worth while in the general interest, even 
if it resulted in some loss to the company. During 
the university course, apprentices were required to 
spend two months of their long vacation in obtaining 
further practical experience, either in the works or 
in work of a character approved by the company. 
They were encouraged to obtain experience away 
from their own works during the summer vacation, 
so as to broaden and develop their experience as 
much as possible. After graduating, the apprentice 
returned to complete the remaining part of his 
apprenticeship. Last year, of 19 apprentices who 
took their final degree examination, seven obtained 
first-class honours,six obtained second-class honours, 
five passed, and one failed. 

The paper by Professor Willis Jackson, entitled 
** Post-Advanced Education,” which we publish on 
page 326 of this issue, formed a contribution to this 
discussion. 








PRE-HEATED AIR LIGHT-ALLOY 
MELTING FURNACES. 


In ENGINEERING, vol. 146, page 262 (1938), we gave 

an illustrated description of a tilting furnace with 

-heated air system for non-ferrous Poem made rare | 

essrs. Monometer Manufacturing Co 
Savoy House, 115-116, Strand, London. W WO. This 
furnace has since been re-modelled as to detail, as a 
comparison of Fig. 1, annexed, with the illustration 
reproduced in our previous account will show, but a 
more striking development is apparent in the accom- 

ying drawings, Figs. 3 and 4. These show what is 
Encwn as the Tine Lip-Axis Tilting Furnace, a descri 
tion which will be as a fitting one from 
side elevation, Fig. 3, In this it will be seen that 
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the axis a about which the furnace tilts is in line with | 

the pouring spout 6. The spout, in consequence, | 

remains always in the same position, and there is no) 
need to move the receiving ladle as the furnace is 

tilted for pouring. At first sight, it would appear 

that the tilting handwheel c is directly attached to the 

furnace. This, however, is not the case, the handwheel 

gear being carried on the side frame. It actuates, 

by means of a totally-enclosed and oil-bathed skew | 
worm gear, a shaft d, fitted with two universal joints. | 
This shaft actuates similar worm gear e, the worm | 
wheel of which is keyed to a shaft /, Fig. 4, carrying | 

three pulleys, namely, a large central one g, and two | 

smaller ones, 4, h. To a point on the circumference of | 
pulley g is attached a Renold chain i, which passes at its 

other end over a quadrantal extension j on the bottom 

of the furnace. The two smaller pulleys have attached 

to a point on their circumferences Renold chains 

from which counterbalance weights & depend. 

It will be clear that when the handwheel c is turned 
in the appropriate direction the chain ¢ is wound up| 
and the furnace is tilted to the pouring position, the 
counterbalance weights giving an assisting torque to the | 
shaft and a retarding one when the furnace is being | 
restored to the melting position. Manipulation of the 
furnace is, therefore, very easy, and pouring can be 
precisely controlled. The frame is of fabricated steel, 
and is exceptionally deep and stiff. As shown in 
Fig. 4, a platform and ladder for charging purposes, 
ete., are provided at the side opposite to that carrying | 
the tilting handwheel. The cold-air supply from the | 
fan to the burner | enters the heating dome of the 
furnace m by way of the pipe n, and leaves it through 
the pipe o. The dome is heated by convection from | 
the refractory lining of the furnace, and the resulting 
pre-heated air not only ensures a dry atmosphere | 
inside the furnace, but provides greater pressure at | 
the nozzle. The pipes n and o are fixed, and are 
provided with spherical ends on which the branches 
from the dome seat themselves in the melting position. 
When the furnace is tilted, the air supply is auto- | 
matically cut off by the spring-loaded device seen at 
the bottom of Figs. 3 and 4, the pressure of the spring 
being overcome, when the furnace is in the melting | 
position, by contact with a boss on the furnace bottom. 

The furnace is provided with a sealed chamber at 
the top, which prevents the products of combustion 
from reaching the molten charge, so ensuring freedom 
from contamination to the crucible contents. Con- 
versely, no flames can issue from the top of the furnace, 
so that the metal can be charged or fluxed when the 
furnace is in full operation. The exhaust gases are 
carried away by an outside flue. The furnace may be 
gas-fired by the firm’s forced-draught gas burner, 
working with an air pressure of 26 in. water gauge, 
and a volume of 16,000 cub. ft. to 20,000 cub. ft. 
per hour being supplied. Adjustable valves are fitted 
for both gas and air supply. The furnace, when gas- 
fired, has a melting capacity of 220 lb. of aluminium, 
and the melting time ranges from 35 minutes to 55 
minutes. This gives eight melts to nine melts per day of 
eight hours, and a metal production of approximately 
1,700 lb. to 2,000 lb. The gas consumption may be 
taken at 425 cub. ft., or 2-1 therms, per 100 Ib. of 
metal. Alternatively, the furnace can be fired by 
heavy oil when the production may be increased to 
2,200 Ib., as the melting time ranges from 30 minutes 
to 40 minutes. The oil consumption is 1-5 gallons per | 
100 Ib. of aluminium. For oil-firing, a low- - pressure 
burner is used, working with the same pressure of air | 
supply as mentioned above for gas. The preheated air | 
improves the combustion of the atomised oil and, in 
general, enables a heavier oil to be used than would 
be possible without it. The burner can be adjusted | 
with great precision, so that the proportion of oil used 
per metal charge can be kept at the correct figure. 
A slide enables the air supply to be adjusted. 

The central-axis tilting furnace shown in Fig. 1 is 
generally of the same design as that described in the 
previous article, but the cast-iron pedestal of the old | 
design has given place to the substantial fabricated 
steel frames shown. Further, instead of the exposed 
worm and wheel of the tilting gear, a new enclosed 
self-lubricating design has been produced. This, by | 
supporting the worm in a swivelling casing, enables 
the height of the handwheel from the floor to be 
adjusted to suit individual requirements. The new 
gear is stated to provide finger-tip control and effortless 
tilting with continuous pour free from jerking. It is 
here illustrated not only for the purpose of showing 
the improvements effected over the furnace previously 
described, but also to make clear the basic differences 
between the central-axis tilting and the lip-axis types 
of furnace. The tilting furnaces of either type are 
made in several capacities. The furnace illustrated 
in Fig. 2 is a preheated-air bile-out melting furnace, 
made in capacities of 150 lb., 250 Ib., and 350 lb. of 
aluminium, It is illustrated here in order to show the 
manner in which the pre-heating and burner system is 
adapted to a non-tilting furnace. It will be noticed 


that welding is very largely used in construction. ! 


| industrial organisations as an integral part of their 
| training 


POST-ADVANCED EDUCATION.* | 
By Prorgssor WILLIs JACKSON. | 


In the introductory statement of a paper read before 
the Engineering Section of the British Association in | 
1937 by Dr. Fleming and myself on the Training of | 
U niversity Graduates for Engineering Industryt we | 
said, “ At no time has it been of greater importance | 
to the country that the technicians responsible for 
industrial progress and development should be edu- 
cated and trained in the most complete and efficient 
manner possible, for on them rests the responsibility 
| for raising the level of our technical achieyement so 
that we can meet with success the increasing competition 
of other industrial countries,” and further, “ that the 
task of educating and training these men effectively for 
engineering careers is a joint responsibility between the 
universities and industry, and that the difficulties 
imposed by the extremely rapid growth of relevant 
fundamental knowledge and technical development can 
be met satisfactorily only by a broader interpretation 
of industry's share of this responsibility, and a more 
effective co-ordination of its resources with those of 
the universities than is at present the case.’ 

In that paper we tried to emphasise that the primary 
function of a university in relation to its students of 
applied science is not to provide industry with ready- 
made specialists with a limited outlook, nor to over- 
load the undergraduate mind with factual information, 
but rather to develop trained minds capable of taking 
wide views and of applying scientific methods to 
industrial problems, both as they exist at present and 
as they will arise with each progressive stage of develop- 
ment. Following this educational preparation the 
engineering student should embark on a course of 
practical training of the broadest possible nature to 
|obtain the practical experience necessary before he 
can decide with reasonable assurance upon the branch 
of engineering for which he is specially fitted, and as 
a further preparation for this final specialisation. It 
has been very gratifying to note that during the past 
few years there has been a considerable extension of 
the provisions for such post-graduate practical training, 
and speaking for the electrical side of engineering 
practically every firm of note has now introduced a 
scheme of post-graduate apprenticeship, and only 
in exceptional circumstances recruit graduates direct 
to technical or other positions. 

During this practical training, a man will acquire 
by observation, and by independent reading and 
inquiry, a good deal of general engineering knowledge 
and much information relating directly to the par- 
ticular branch of work in which he will subsequently 
make his career. The ability to acquire information 
by such independent effort is one of the greatest assets 
which a man can possess and one which our educational 
institutions, junior as well as senior, should strive 
increasingly to develop. The amount of information 
and accumulated experience with which a man must 
become acquainted before he can hope, or be expected, 
to make an original contribution to development, is 
often so considerable, however, that its acquisition 
purely by independent effort may be an extremely 
inefficient process, and for this reason particularly 
there is a great need for provisions for systematic post- 
graduate instruction. These remarks probably apply 
with equal force to graduates of applied sciences other 
than engineering and certainly to that very large body 
of men who acquire their knowledge of fundamental 
scientific principles through attendance at part-time 
evening courses leading to Higher National Certificates. 
In keeping with this broad conception, the type of 
instruction with which I want to deal has been termed 
post-advanced instruction. 

In some cases this instruction is provided within 


schemes. This applies for example in the 
case of the Metropolitan-Vickers Electrical Company, 
the Marconi Company, and the engineering section of 
the Post Office, but concerns their own employees 
only. I want to draw attention rather to the provisions 
made in certain loce] technical institutions, acting in 
close co-operation with surrounding industrial concerns, 
for the benefit of members of these concerns as a whole. 
In view of the direct association with it of both Dr. 
Fleming and myself, it is perhaps permissible for me 
to mention first the scheme of post-advanced lecture 
courses in Electrical and Mechanical Engineering organ- 





ised by the Regional Advisory Council which is ‘re- 
sponsible for co-ordinating technical and other forms 
of further education in the region comprising the 
counties of Cheshire, Derbyshire, Lancashire and the | 
West Riding of Yorkshire, acting in collaboration with | 
the Institutions of Electrical and Mechanical Engineers. | 

These lecture courses were inaugurated at the beginning 


of last session and their introduction was justified in | 


Region collectively cater adequately for those students 
who, by pursuing formal courses of instruction, wish to 
secure the advanced knowledge of engineering prin- 
ciples which constitutes part of an engineer’s general 
| equipment and which, at the same time, often earns 
for him recognised professional qualifications. But it 
is probable that there are many engineers engaged in 
the highly differentiated engineering industry of the 
region who would be attracted by courses of lectures 
dealing with specialised problems ielated to their 
daily work. If these lectures were given by specialists 
in intimate relation with the practical problems of 
industry, if they attracted engineers who, in their 
professional capacity, were directly concerned with the 
subject matter of the courses, and if the lectures were 
informal and provocative of discussion, it was believed 
that they would constitute a useful innovation in 
engineering education in the region.” 

After considering the topics of special importance 
to the various industrial concerns in the region, the 
committee instituted eight courses of lectures for last 
session with the following titles :—{1) Vibration 
Problems in Engineering (20 lectures). (2) Physical 
and Mechanical Aspects of Lubrication (10 lectures). 
(3) Fusion Welding as Affecting Engineering Design 
(20 lectures). (4) The Mechanical Design of Heavy 
Electrical Machinery (20 lectures). (5) The Factory 
Acts as Affecting Mechanical Engineering Design (4 
lectures). (6) The Application of the Factory Acts 
and of the Electricity Regulations to Electricity Under- 
takings (10 lectures). (7) Transient Electrical Phe- 
nomena (10 lectures). (8) Modern Developments in 
Illuminating Engineering (10 lectures). In the first 
instance these courses were conducted in Manchester, 
but lecture course (3) was repeated in Northwich for 
the benefit of Imperial Chemical Industries, and in 
general, where the necessary teaching arrangements 
can be made, it is the intention to conduct a par- 
ticular course in any centre affording an adequate 
number of suitable students. It will be exceptional 
for a particular course to recur in any one centre within 
a period of several years and thus the eight subjects 
to be made available in Manchester next session are 
different from the above. 

In each case the course is controlled by an Organising 
Lecturer with authority to invite other specialists, 
more immediately concerned than himself with certain 
sections of the syllabus, to co-operate by giving lectures 
supplementary to his own, and the classes are arranged 
to take the form of a lecture period of one hour followed 
by a period of informal discussion. The latter point 
is, in my opinion, one of very great importance. The 
virtue of the informal discussion lies in the fact that 
the student begins to taken an active, as distinct from 
a purely passive and receptive, part in the dissemina- 
tion of the knowledge to be gained. It stimulates, one 
hopes, independent critical thought, encourages self- 
expression and develops self-confidence, characteristics 
which are all too lacking in the products of our examina- 
tion-obsessed educational system. The extension of 
the principle to the earlier stages of education is not, 
of course, straightforward because of the limited 
experience and restricted point of view of the students, 
but with the more mature persons now under considera- 
tion it is of great importance to encourage and instruct 
them to formulate their difficulties and personal 
opinions, and to voice these openly. Even then, the 
distribution of a summary of each lecture, together 
with a statement of relevant references, a week or more 
beforehand, is essential if the discussion is to be fully 
effective. 

The same Regional Authority, acting in this case in 
collaboration with the Society of Chemical Industry 
and the Institute of Chemistry, has been operating a 
similar scheme of post-advanced instruction in chemis- 
try since 1931. The special lecture courses made avail- 
able under this scheme for last session were as follows :— 
In Liverpool: (1) Some Problems in the Micro-Struc- 
ture of Metals (10 lectures) ; (2) The Recent Chemistry 
of the Fats (10 lectures); (3) Methods and Progress 
in Micro-Analysis (10 lectures); (4) Recent Investi- 
gations Applied to Organic Chemistry (20 lectures). 

Manchester: (1) Modern Theories of Organic 
Chemistry and their Practical Application (20 
lectures); (2) Introductory Laboratory Course in 
Micro-Analysis (20 lectures); (3) Polarographic and 
Other Modern Electro-Chemical Methods for Rapid 


Analysis (10 lectures); (4) Enzyme Chemistry 
(10 lectures); (5) The Vulcanisation Process (10 
lectures); (6) Problems of Dyeing and Printing in the 


Light of Modern Physical Chemistry. 

Contemporary with these developments in Man- 
chester and Liverpool, an essentially similar scheme 
has operated in Sheffield under the auspices of the 
Engineering Departments of the University. En- 
couraged by the success of a specialised course of 


the following terms :—‘‘ The Technical Colleges of the | evening lectures on Railway Electrification, arranged 





| for the 1937-38 session, in collaboration with the 


* Paper presented before Section L of the British | Sheffield works of the Metropolitan-Vickers Electrical 


Association at Dundee, on Friday September 1, 1939. 
t See ENGINEERING, vol. 144, page 469 (1937). 


| Company, three courses of about 20 lectures each 
| were organised for last session on the subjects :—(1) 
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Electric Traction with Special Reference to the Design 
of Direct-Current Motors for City Transport ; (2) Light- | 
ing; (3) The Mechanical Properties and Testing of | 
Metals. 

These lecture courses attracted many men oc- | 
cupying quite senior positions in the surrounding | 
industry, in addition to their more junior colleagues, | 
but as many of these experience difficulty in attending | 
regularly on one evening per week throughout a session, | 
it is proposed to organise for next session shorter series | 
of from three to six lectures only, each on specific | 
aspects of technical problems important to the local | 
industry. 

In most large technical Colleges there are available | 
a number of classes of post-Higher National Certificate 
standard which, although provided as constituent | 
parts of organised courses of study leading to recog- | 
nised certificates or qualifications (important among | 
which is often the associateship of the college) come, | 
nevertheless, into the category of post-advanced 
instruction. Of these, the courses dealing with the 
various aspects of workshop organisation and manage- 
ment, industrial management, business practice and the 
like, deserve special mention, particularly in view 
of the differences of opinion which exist among both 
educationalists and industrialists as to whether some 
preliminary instruction in these subjects should form 
a constituent part of undergraduate courses in applied 
science, in particular of engineering. In my view, 
accepting as I do the desirability of a period of appren- 
ticeship training immediately following the under- 
graduate course, there is no virtue in their introduction, 
except in most elementary form, into what is inevitably 
already a very full course. A student can be in no 
position to appreciate a discussion of these subjects 
until, having entered industry as an employee, he 
comes face to face with them as practical realities 
directly affecting his welfare and his progress to a 
position of responsibility. It is important that the 
university student should be made to appreciate that 
his later responsibilities and his essential knowledge, 
will extend much beyond the range of pure technica- 
lities, but formal instruction on the matter at this 
stage of inexperience is unlikely to be sufficiently 
profitable to justify reduction in the time available 
during the course for independent scientific reading 
and thinking. In my opinion, the acquisition of what 
might be accounted useful preliminary knowledge of 
workshop practice and organisation, etc., can be dealt 
with quite satisfactorily by arranging for students to 
spend some part of their long vacations with indus- 
trial concerns and by ensuring that during these 
periods they read suitable elementary books on these 
subjects. 

The early part of the period of apprenticeship training 
when a man is obtaining a quite general experience, 
previous to the selection of a specialised branch of work 
as his own, would seem to be the ideal period for a 
prolonged systematic study of these largely non- 
technical subjects, and the regulation of the Institution 
of Mechanical Engineers, which requires candidates 
for the grade of associate member to pass an examina- 
tion in the economics of engineering, is of importance 
in this connection and affords an example which might 
well be followed by other institutions. One hears 
widespread complaints regarding the dearth of tech- 
nically trained men who have sufficient interest in, and | 
knowledge of, the problems of organisation and adminis- | 
tration, combined with the right personal qualities, | 
to meet the needs of modern industry. In this case, 
the fault is not that the appropriate courses are not 
widely available but that all too few university gradu- 
ates and holders of Higher National Certificates take 
advantage of them. It seems that with many students 
the thirst for knowledge soon disappears, if it existed 
before, once the attraction of a degree title or of a 





certificate has been removed. The recently-organised | : 
contain more copper, and the American Society for 


schemes of post-advanced instruction which I have 
outlined offer no such attractions and afford no artificial 
examination stimulus to the acquisition of knowledge, 
and their success and extension of their scope is a 





matter of considerable educational significance and 
importance. 








PATENTS, TRADE MARKS AND DEsSIGNS.—It will no 
doubt be a matter of interest and perhaps of importance 
to many of our readers to know that special provisions 
have been made by the Board of Trade, whereby, not- 
withstanding the war, it is permissible for British subjects 
to apply for patents and to register trade marks in 
Germany, Austria, and Czechoslovakia, and to pay the 
necessary fees for such purposes and also to pay patent 
and trade-mark renewal fees. The consent of the Patent 
Office, however, is necessary in such matters. In 
regard to patents in non-enemy countries, application 
can only be made for patents in such countries by 
permission of the Patent Office, and this may be with- 
held in the cases of inventions likely to prove of national 





importance. 


FREE-TURNING BRASS.* 
By Maurice Cook, M.Sc., Ph.D., and E. Davis, M.Sc. 


Or the large number of copper alloys which are in 
commercial use, free-turning brass, as it is commonly 
termed, is the one which is employed to the greatest 
extent where ease of machining is the most important 
requirement, and considerable quantities of this alloy 
are used in rod form for the production of a very great 
variety of machined parts. The British Standard 
specification (No. 249-1926) for brass bars for high-speed 
screwing and turning covers brass containing 56 per 


gical characteristics of free-turning brass and the 
effect they have on its machining properties. It 
describes briefly the results of some investigations 
which the authors have carried out at different times 
in connection with this alloy, and the effect on 
machinability of such factors as variations in the copper 
and lead contents, addition of other metallic elements, 
cold working and annealing, and lead-particle size and 
distribution. Machinability is a quality which it is 
difficult to define accurately, for machining operations 
themselves are of very diverse character, and it is well 
known that the order of machinability for different 





| cent. to 60 per cent. copper, 1-75 per cent. to 3-0 per 


materials is not the same when judged by different 







































































TABLE I. 
Tensile Elongation. Machin- 
Alloy. Copper. Lead. Strength. Per cent. ability 
Per cent. Per cent. Other Elements. Tons per on Te. 
sq. in 2 in. Drill Test. 
Free-turning brass 57-92 2-95 28-0 39-0 100 
Tellurium-copper +e 99-21 -- 0-75 per cent. Te 14-7 36-0 91 
Hot-stamping brass .. 58-9 1-51 29-8 29-0 75 
Manganese-bronze 56-14 1-16 1-0 per cent. Sn, 2-0 per 41-0 20-0 64 
om. Mn, 0-77 per cent. 
re 
Leaded aluminium bronze 89-12 0-98 9-82 per cent. Al 33-3 9-0 52 
Naval brass .. os 61-78 - 1-28 per cent. Sn 28-1 31-0 44 
Muntz metal .. 59-84 — 30-4 34-0 40 
Aluminium bronze .. 89-8 _ 10-1 percent. Al .. on 34-7 14-0 38 
Nickel aluminium bronze 90-91 = 7-1  o Al, 1-97 per 29-3 56-0 38 
cent. 
75 : 25 Brass 75-19 -- 20-0 67-0 36 
63 : 37 Brass .. 62-95 — 21-0 65-0 36 
High-tensile brass 57-08 — 3-11 per cent. Al, 1-92 per 48-4 25-0 32 
cent. Mn, 0-88 per cent. 
Fe 
Gunmetal 87-84 ~ 10-04 per cent. Sn, 2-02 per 31:7 60-0 32 
cent. Zn 
H.-C. copper .. 99-94 _ 0-04 per cent. O2 14-3 36-5 29 
TABLE III. machining operations or machining tests. The machin- 
aD ale ability of a metal or an alloy is usually related to the 
Machinability Figures. | speed at which it can be machined, tool wear, power 
__| consumption, and the surface finish resulting from the 
‘ Copper. Lead. operation. Again, the order of importance of these 
Alloy No. Drill Test. . A , - 
Per cent. | Per cent. oe ie considerations varies according to circumstances and 
; requirements. 
Front. Back. - oe . P =. 
Machinability Tests.—Various types of machinability 
test have been devised, but it is not possible to base 
1 56-99 2-88 101-0 105-0 generalisations on the results obtained from any single 
: phe 4 = => one of these, and in determining the suitability or 
4 59-14 2-79 89-0 89-0 | otherwise of any material in respect of its machining 
5 60-69 3-28 81-5 81-5 properties the most satisfactory test is clearly the 
: as 4 4 4 particular machining operation which is to be used. 
8 62-99 2-98 79-5 | 80-0 In the investigations described the drill-penetration 
a | test has, for the most part, been used. The limitations 
pa 
TABLE IV. 
Zinc 
5 Copper. Lead. Tin. Tron. Manganese. Nickel. Aluminium. 
Alloy No. Per Gat. Per cent. Per cent. Per cent. Per cent. Per cent. Per cent. (by — 
9 58-32 3-06 tr: 0-05 trace nil 38-55 
10 58-31 3-00 1-16 | 0-04 nil trace nil 37-48 
11 | 57-33 3-52 trace 0-46 nil trace nil 38-47 
12 | 58-32 3-02 trace 1-23 nil trace nil 37-41 
13 58-38 2-88 trace 0-05 0-57 nil nil 38-11 
14 58-91 2-98 trace 0-06 0-87 trace nil 37-16 
15 58-16 3-01 trace 0-04 nil 0-52 trace 38-25 
16 58-80 3-05 trace 0-05 0-01 1-10 nil 36-98 
17 59-00 2-91 trace 0-06 nil nil 1-17 36-85 
18 59-53 2-84 trace 0-06 trace 0-71 0-59 36°71 
19 58-64 3-14 0-28 0-29 0-19 0-36 0-21 36-89 


























cent. lead, total impurities not more than 0-75 per 
cent., and zine the remainder. There are, of course, 
other specifications for this type of material; for 
example, lead contents in excess of 3-0 per cent. are 
quite common. The corresponding American alloys 


Testing Materials’ specified composition (Specification 
No. B. 16-1929) is copper 60 per cent. to 63 per cent., 
lead 2-5 per cent. to 3-75 per cent., iron (maximum) 
0-15 per cent., total impurities (maximum) 0-5 per 
cent., and zinc the remainder. Alloys of these composi- 
tions can be readily produced in rod or bar form by 
extrusion, and, if required, can be suitably work- 
hardened by cold-drawing. 

The ease with which free-turning brass can be screwed 
and turned is chiefly accounted for by its lead content, 
and lead is the addition which is commonly made to 
copper alloys in general where modification in respect 
of improving machinability is required. The machining 
characteristics of copper alloys vary considerably 
according to their composition ; some relative machin- 
ability values for a range of commercial alloys are given 
in Table I, above. 

The present paper is concerned with the metallur- 





* Paper prepared for presentation at the cancelled 
Glasgow Autumn Meeting of the Institute of Metals, 
in connection with a general discussion on “ Machin- 
ability.” Abridged. 


of this test are fully realised, but, when carried out 
with suitable precautions, it does give reasonably 
reproducible results and provides an indication, in a 
general way, of the machinability of a material. It is 
true of this test, as of other machinability tests, that 
the order of machinability which it indicates with a 
given set of materials may not necessarily agree exactly 
with the order given by some particular machining 
operation or some other machinability test. When 
examining materials in respect of machining charac- 
teristics, the results derived from any machinability 
test must be interpreted with caution and reserve, 
but, generally speaking, machinability tests provide 
fairly reliable indications of machining characteristics, 
and they are not so far removed from commercial 
machining operations as, for example, to indicate that 
a material has, according to results obtained, poor 
machining properties which would be found on actual 
machining operations to be good, or vice versa. 

All the materials referred to subsequently have been 

repared in the form of extruded rod, and drill tests 
= been carried out on samples from both front and 
back ends of rods in the direction of the longitudinal 
axis. The machinability figures given are mean values 
obtained from at least six determinations. The test 
has taken the form of drilling samples of rod with a 
4-in. diameter 118-deg. high-speed steel twist drill 
with a pitch of 1 in., running at a speed of 1,000 r.p.m. 
under a load of 56 lb. The drilling was carried out 
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for 15 seconds and no lubricant was applied. The | 
machinability value has been taken as the depth of | 
the hole so formed expressed as a percentage of the 
depth of the hole drilled in a standard sample of free- 
turning brass under identical conditions. The standard 
samples were taken from 1-in. diameter extruded rod 
containing copper 57-92 per cent., lead 2-95 per cent., 
tin 0-07 per cent., iron 0-05 per cent., and the remainder 
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zinc. The test is simple in character, but precautions — 
have to be taken if accurate and reproducible results | é 
are to be obtained. Most of these are fairly obvious. | 
The drill should penetrate to a depth of at least 1 in. | 
into the standard sample. The surface of the sample | 
drilled should be flat and normal to the axis of the | 
drill, and accurate timing is, of course, important. | 
Frequent checks should also be taken with the standard | 
sample, and in the course of the tests described checks | 
on standard samples were made usually at intervals of | 
about six drillings. The results obtained with this 
test appear to be accurate to within +2 per cent. 
Effect of Variation in Copper Content.—For deter- 
mining the effect of varying copper content on machin- 
ability, tests were taken on 1-in. diameter rod extruded 
from eight billets containing 57 per cent. to 63 per cent. 
copper, with a nominal lead content of 3 per cent. 
the alloys contained about 0-07 per cent. tin, 
0-07 per cent. iron, 0-01 per cent. arsenic, and a trace 
of nickel. The actual copper and lead contents are 
shown in Table III. The strength and hardness of | 
the alloys progressively decrease and the ean 
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TABLE V. | 
——— _ onan —— — . am Sees | ” 
Tensile | Elongation.| _Brinell Machin- - - 
Alloy Ne Strength. Per cent. Hardness ability 
7 x0, Tons per on (1,000 kg., Figure. 
sq. in. | 4 VA. 10 mm.). | Drill Test. 
; 
9 F* 26-5 o | 7% | 9% 
9 Bt 28-1 2 | 90 100 
10 F 28°7 28 | 95 
10 B 30-6 24 107 | 102 
11F 27-5 39 83 o4 
11B 28°! 35 95 102 
12F 27-2 40 87 80 
12 B 28-3 3 | 88 85 
i3 F 27-3 37 83 90 
13 B 28-3 32 08 93 
14 ¥F 26-0 47 82 80 
4B 27°6 so | 92 85 
15 F 27-0 6 | 76 95 
15 B 28-0 35 92 100 
16 F 23-2 a 72 78 
16 B 25-8 | n4 80 
17F 34-6 33—Ci«*YS 103 105 
17B 34-8 rn ee 
18 F 29-2 42 87s eo | 
18 B 29-8 | 39 106 =| = 100 
| | | 
19 F 23-3 | 39 89 100 | 
19 B 30-0 | 34 98 105 | 
* Front. t Back. 
progressively increases with increased copper content. | 
This is also accompanied by an increase in the amount 
of alpha constituent present. The lead-particle size | 











and distribution were similar for the whole eight rods. | 
Drill penetration tests were taken on samples from the | 
front and back ends of the extruded rods and the | 
results obtained are given in Table III. These tests 


indicate that, as measured by drilling, the machin. |some additional information regarding the effect of 


copper content on machinability. Four operations, 

















abilit, re decreases most rapidly in the range of | : : 

the Ay copper content and amy Ae slightly with | namely, rough turning, smoothing, screwing, and 

variations in copper content of higher values. Using TABLE VI. 

= wy = A _ in which the apparatus was|~ S| or . : ~ | ao 

of the single-tooth milling-cutter type, and expressing| jjoy No. | Copper. Lem , tron. by diff. 

the results as the number of ft..Ib. required to emeve | ” | oom res. | Sem. | Pee cent. 

1 cub. in. of metal, Morris found that varying the | : 

copper content from 58 per cent. to 63 per cent. had | 20 57-72 | 0-04 0-08 | 42-2 

very little effect on the resistance to cutting. Another | 21 57-46 0-50 0-03 41-99 

test carried out on this range of samples consisted of | 23 oo. 46 ‘= co 6d| she 

determining the number of strokes required with an 24 57-42 | 1-90 0-04 | 40-63 
25 57-72 2°55 0-04 39-68 


ordinary power hacksaw to cut through the 1-in. > | 
diameter rod. As in the case of the drill penetration 
test, a standard sample was used at frequent intervals 
for check purposes. The order of machinability shown cutting off, were considered, and for each operation 
by this test in oes this series of samples is the | the conditions were maintained the same for the whole 
reverse of that o ed from the drill penetration | | range of samples. In the rough-turning and smoothing 
test. The ease of sawing, however, increases fairly | operations box tools were used, the single cutting edge 
steadily with the copper content within the range | of which had a 5 deg. top rake and a 5 deg. side rake. 
considered. The results from these two tests afford a The depth of the roughing cut was 0-180 in., and that 
good ex le of the difference in machinability of the | of the smoothing cut 0-007 in. No lubricant was 
same —— | indicated by tests of different types, and | | applied during any of the operations. An operator 
illustrate the need for caution in interpreting the results | who had no knowledge of the differences in composition 
of machinability tests. of the samples, from a consideration of their behaviour 

Some observations were also made on the behaviour | in the various operations, their surface finish after 








of the alloys in a high-speed turret lathe. These tests | machining, and the appearance of the chips, had no 
were only qualitative in character, but they provided | hesitation or difficulty in placing the alloys in order of 


Fie. 2. ARRANGEMENT OF FuEL-TANK HEATER. - 


ease of machinability, which agreed with the order of 
decrease in copper content except that he reversed the 
positions of samples 7 and 8, which can, perhaps, be 




















TABLE VII. 
Tensile | Elongation. Machin- 
Alloy No Strength. Per cent. Brinell ability 
any HS. Tons per on Hardness. Figure. 
sq. in. 4vVA. Drill Test. 
| 
20F* | 29-0 | 43 95 | 38 
20 Bt 29-5 | 42 95 | 40 
| } 
21F 31-0 | 39 | 95 60 
21B 31-9 37 101 61 
22F | 309 | 39 so | 2 
22B | 31-1 | 39 92 | 75 
23 F 28-9 41 89 75 
23B | 30-9 36 | 95 79 
| } 
2aF | 29-6 | 40 | 89 91 
4B 30-5 | 39 389 2 
| 
25F | 29-8 | 41 89 | 95 
3B | 30-0 | 37 90 98 
* Front. t Back. 


explained by reference to their compositions. The 
differences shown by the other two tests between these 
two samples were very small, and, moreover, the copper 
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content of sample 8 is only 0-58 per cent. more than 
that of sample 7, but, on the other hand, the lead 
content of 8 is 0-29 per cent. more than that of 
sample 7. Samples from front and back ends of rods 
showed no detectable differences in behaviour in these 
machining trials. 

Effect of Other Metals.—Normally free-turning brass 
does not contain, except in small amounts as impurities, 
any special alloying additions other than lead. There 
are, however, complex brasses made which contain 
various additions, and in connection with the effect 
of other metallic alloying elements on machinability 
a few drill penetration tests have been made on eleven 
alloys, the compositions of which are given in Table IV, 
on page 327. They were prepared in the form of extruded 
rods } in. and } in. in diameter, the former being used 
for drill tests and the latter for tests on an automatic 
lathe. The tensile properties, hardness, and results of 
drill penetration tests are given in Table V, opposite. 
The drill test showed that 1 per cent. tin had 
no apparent effect on machinability. According to 
the present tests, the presence of 0-5 per cent. of iron 
has no appreciable effect on the results obtained by 
the drill penetration method, but increasing the iron 
to 1-0 per cent. brings about a definite reduction in the 
machinability figure. The machinability figures given 
in the last column of Table V show that the machin- 
ability of the standard alloy (No. 9) is slightly lowered 
by 0-5 per cent. manganese and still further decreased 
by 1-0 per cent. manganese. The presence of 0-5 per 
cent. nickel does not appear to have had any effect, 
but with 1-0 per cent. nickel the value is less than that 
observed with the standard alloy. With 1 per cent. 
aluminium a slight improvement was obtained and the 
two — alloys, Nos. 18 and 19, gave results 
comparable with those shown by the standard alloy. 

Tests were made on an automatic lathe in an attempt 
to obtain some indication of the machining properties 
of this series of alloys by reference to tool wear. The 
same tool was used throughout and was reground after 
test, and the wear was measured by the time taken 
for the finished size to increase 0-0055 in. in diameter. 
The results obtained in these tests, however, were 
variable and somewhat indeterminate, but the best 
results were shown by the standard alloy and alloy 
No. 19. The result with the 1 per cent. aluminium 
alloy was outstanding, and, in machining this, the 
tool wear was more than twice as rapid as it was with 
the standard alloy, although it gave a good machin- 
ability figure in the drill test. This may conceivably 
be due to the possible inclusion of particles of alumi- 
nium oxide, which, while not affecting the speed with 
which the alloy could be drilled or otherwise machined, 
might act as abrasives on the tools. 

Effect of Lead Content.—The influence of lead in 
improving the machining properties of copper alloys 
is ly recognised and its beneficial effect in this 





direction is evident in most machining operations and 





tests ; in a recent paper one of the authors* has also 
produced data showing the beneficial effect of lead 
additions up to 2-88 per cent. on the machinability of 
nickel brasses of the copper 45 per cent., zinc 45 per cent. 
and nickel 10 per cent. type. Differing opinions have, 
however, been expressed with regard to what are con- 
sidered to be suitable amounts for varying copper 
content and different machining operations. The effect 
of lead on machinability as measured by the drill test 
has been determined on a series of six brasses in the 
form of j-in. diameter extruded rod, the compositions 
of which are given in Table VI, and the machinability 
values obtained in Table VII, opposite. A similar 
marked effect is also shown by the saw test and a 
lead-free alloy was found to give a value of about 
70 per cent. by comparison with a free-turning brass 
of similar copper content. Although lead improves 
the machinability in a very pronounced way, the 
presence of lead in the amounts considered, as will 

seen from the given in Table VII, does not 
adversely affect the hardness or tensile properties to 
any marked extent. It does, however, in increasing 
amounts progressively decrease the Izod impact value, 
and it reduces the range of temperature over which 
alloys of this type can be satisfactorily hot stamped. 


(To be continued.) 








SINGLE-DECK OMNIBUS FOR 
SERVICE IN RIGA, 


Tue first completed ’buses comprising part of an 
order for 90 vehicles placed with Messrs. Leyland 
Motors Limited, Leyland, Lancashire, by the 
Riga municipality have been recently delivered. 
The whole of the 90 chassis are being supplied by 
Messrs. Leyland, together with 20 complete single- 
deck bodies and 70 sets of body parts of Park 
Royal manufacture, and it is stated that the 
whole order is the largest yet placed in this 
country for a Baltic state. The "buses are of 
unusual interest in that they incorporate a number 
of innovations to facilitate operation for long 
periods in temperatures ranging between 10 deg. 
C. and 20 deg. C. below zero. Like the majority 
of the Latvian country, the city of Riga is devoid 
of hills, so that the difficulties of "bus operation 
created by the climatic conditions are largely 
those of protecting the mechanism of the "bus 
against severe cold, of providing the passengers 
with adequate heating, and of defrosting wind- 
screens, windows, and destination indicators. 
In working out the design of the new ‘buses, 
full advantage has been taken of the experience 
gained in operating earlier models, the specifica- 





* M. Cook, J. Inst. Met., vol. 62, page 139 (1938). 
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tion having been developed in close collabora- 
tion with the Riga officials. 

One of the ‘buses is illustrated in Figs. 
1 to 4 on this and the opposite pages. The chassis, 
illustrated in Figs. 1, 2 and 4, closely follows 
the Leyland Tiger design, which is a non-for- 
ward drive model with left-hand steering. The 
Tiger chassis is fitted with a 6-cylinder airless- 
injection engine of 8-6 litre capacity, and is largely 
used for heavy-duty passenger work in this 
country. The frame, as shown in Figs. 3 and 
4, has channel-section carbon-steel side members 
braced with tubular cross members, 4-in. in 
diameter. The maximum depth of the side mem- 
bers is 12 in. The transmission on the Riga ‘buses 
is made up of standard Leyland overseas units, 
which are similar to those used on the home 
models except that the universal joints are heavier. 
As the chassis is of the non-forward drive 
type, it has been possible to locate the trans- 
mission on the centre line of the chassis, as shown 
in Fig. 4, thus positioning the axle pot midway 
between the rear wheels and not offset, as usual 
in the home models. In addition, the worm gear 
on the Riga chassis has 8-in. centres instead of 
the usual 7-in. The gearbox has four speeds 
and is carried on the engine bell housing. The 
constant-mesh and third-speed wheels are of the 
single-helical type with engagement by dog 
clutch. All gears can be removed from the box 
in position, and the selector gear can be dis- 
mantled without disturbing the gears. The for- 
ward gear ratios are 1, 1-73, 3, and 4-78 to 1, 
the reverse gear being 5-57 to 1. The propellor 
shafts are tubular, and are carefully balanced. 
The couplings are of the needle-bearing type. The 
rear axle is fully floating with underslung worm. 
The axle casing is a one-piece nickel-steel forging, 
with detachable cover. The worm-gear assembly 1s 
carried on taper-roller races in adjustable sleeves 
in a light-alloy casing. The axle shafts, 1}-in. 
diameter, are of 60-70 ton steel. The hubs are 
mounted on adjustable taper-roller races. 

The engine has a cylinder bore of 44 in. and 
a piston stroke of 54 in. The R.A.C. rating is 
48-6, and the power developed at 1,800 r.p.m. 
is approximately 96 brake horse-power. The com- 
bustion chamber is of the direct-injection type with 
a single-hole sprayer. The injection pump is a 
C.A.V.-Bosch model. The clutch is of the single 
dry-plate type, but a number of the "buses for 
Riga are fitted with the Leyland —— torque 
converter, which has been previously described in 
our columns. To prevent the fuel oil congealing 
at low temperatures in the fuel tank and feed 
pipes, the chassis is fitted with fuel-tank heaters. 
The principle used for this heating system is to 
by-pass the engine exhaust gases through a 
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lete with a silencer, | I infer that Dr. Mucklow is either ignorant of, or chooses | 7.15 p.m. to 9.15 p.m., on Wednesdays, commencing 
r tank. The exhaust | to ignore, the phenomena of explosion and implosion | on September 27, at Bradford Technical College. The 
branch to the tank can be seen in Fig. 2. The | that occur upon the abrupt release of gases from a/ lecturer is Mr. D. A. Lightband, and the fee for the 
first feed pipe from the tank to the engine is | pressure vessel. If a child’s balloon be perforated by | course is 1/. The second course will deal with “ Gearing : 
lagged and clipped along the exhaust pipe. Aja pin the balloon deflates slowly without any noise | Its Design, Manufacture, and Performance” ; it will 
further device to ensure satisfactory mechanical | to speak of, but if the perforation is large the balloon comprise ten lectures to be delivered by Dr. W. A. 
operation at low temperatures is a radiator shutter | explodes with a loud noise, caused by the implosion | Tuplin, at Huddersfield Technical College, from 7.30 
completely covering the tubes. This shutter is | immediately following the explosion and the subsequent | p.m. to 9 p.m., on Tuesdays, commencing on January 9, 
built in two separate pieces, either of which can | rapid oscillations of the air. If gases contained under} 1940. The third course will concern “ Electrical 
be detached without disturbing the other. The | pressure in a vessel are suddenly discharged by the rapid | Rectifiers” and will consist of eight lectures to be 
bottom plate is a plain aluminium sheet exclud- | opening of a suitable orifice in the vessel, an explosion | delivered by Professor E. L. E. Wheatcroft, at Leeds 
ing all draught to the bottom half of the | of the gases from the vessel occurs, a characteristic | College of Technology, on Wednesdays, from 7.30 p.m. 
radiator, as shown in Fig. 1, and the top plate | of which is that the pressure inside the vessel falls|to 9 p.m., commencing on January 10, 1940. The 
has slots which can be » ae by a sliding plate | considerably below atmospheric and is followed by an | fee for each of the second and third courses is 15s. 
secured by knurled hand screws. implosion of the gases or air outside the vessel towards | Correspondence regarding the present courses and 
Three Clayton heaters supply the interior | the interior, if the orifice remains open. = _. | suggestions for courses for future years should be 
heating. Together they are capable of maintain-| Explosion and implosion, as far as their intensities | addressed to the secretary of the Yorkshire Council 
ing an equable interior temperature of 20 deg. C. | are concerned, will be maxima when no pipe is fitted | for Further, Education, at the address given above. 
when the exterior temperature is as low as | on the exhaust orifice, and the exhaust-pipe theory | 
15 deg. C. below zero. Efficient methods are which Dr. Mucklow favours is inapplicable to a treat- 
used to prevent frost settling on the windows. | ment of the problem. As the time interval between PERSONAL 
Storm windows are fitted in the main saloon | explosion and implosion is of the order of a few thou- . 
on each side of the conductor's platform. They | sandths of a second, special arrangements have to be | Messrs. THE GLACIER METAL COMPANY, LIMITED, 
consist of two panes of glass with a narrow air | made to detect it. The eye cannot do so except in| alperton, Wembley, Middlesex, inform us that Mr. M. 
space between them, thus preventing condensa- the case of the discharge of the gases from a gun follow- | Metuvisn has voluntarily retired from his position as a 
tion on the interior windows being directly | ing the discharge of the projectile. director of the Company, as from September 1. Mr. P. J. 
affected by the low exterior temperature. The I hope to submit to ENGINEERING at an early date a FLAHERTY, of Messrs. Johnson Bronze Company, Penn- 
same system of double windows is also used for | fuller treatment of this subject, which I hope will| syivania, U.S.A., has been appointed to the vacancy 
the driver’s windscreen, but in this case elec- | make this matter clearer. The explosive noise of the | on the board. 
trically-heated wires also run between the panes. exhaust clearly distinguishes the nature of the pheno- | Consequent on the outbreak of war, MESSRS. SIEMENS- 


In addition, further heat is provided by direct- 


secondary exhaust pipe, com 
which runs through the fue 











rater, be we —_ Re my erty ~ ty bana | ScHUCKERT (GREAT BRITAIN), LumITED, Great West-road, 
arene re x _—— Brentford, Middlesex, have severed all connection with 








ing hot air on to the screen from the engine b ‘ 

through two small hinged doors on top of the ponds to the pin-hole in the ——— lly | Germany and the company is now entirely under British 
bonnet. In conjunction with the destination in- 38. Blackheath Park bee ait B a " a direction. The chairman of the board is Mr. HENRY 
dicator screen at the front of the bus, there are . on “ng S E3. ; AMES D. HENDERSON. | worGaN, who is also chairman of the London Chamber 
two compartments for carrying glass slides which eaeee, S os os |of Commerce. Mr. A. WuiTE has joined the board 
can be illuminated from the rear. Each *bus is September 11, 1939. |}and has been appointed managing director (pro tem.) 
provided with five interchangeable slides of | in order to effect the necessary reorganisation. 
different colours, each denoting a particular route. | | ComMANDER F. J. CAMPBELL ALLEN, joint managing 





Should the destination indicator become illegible ' ‘ . 
through frosting, the colour clearly shows the ENGINEERING TRAINING AND reer renal er ag ota tag need poset ary bape 
particular route. The seating arrangements, EDUCATION. in Seawall hia ail 

by British standards, are somewhat unorthodox, as . eee ee ee Se ee we ee ~ 
arrangements have been made to provide the maxi- School of Mines, Treforest.—The Calendar for the | be able to keep in touch with the firm, but, meanwhile, 
mum standing room for passengers. Some of the 1939-40 session of the South Wales and Monmouth- | the business will continue to be carried on by his co- 
seats are arranged longitudinally ‘and others are shire School of Mines, Treforest, Glamorganshire, has Giestem, 38m. “ A. Wanmam, t Santen, and Se. 3. 
placed back to back so that some of the pas- recently been published. Full-time courses are avail- | JAMIESON, in Glasgow. 

sengers face the rear of the "bus. 





able in mining engineering, in mechanical, electrical | 
and chemical engineering, and in surveying and pros- | 
| pecting, leading to the Joint Diploma in Mining, the | TENDERS. 


| London University B.Sc. Degree in Engineering, and | 
, | We have received from the Department of Overseas 


rl | oth inati . Part-ti day courses, i 
LE ERS TO THE EDITOR. | prmay Arnie ngennes ay . pone es Agee pontig or x | Trade, 35, Old Queen-street, London, S.W.1, particulars 














| one day per week, are also available, and are intended 
| for colliery managers, engineers, surveyors, technical | of the undermentioned tenders, the closing dates of 


THE KADENACY SYSTEM OF | chemists and gasworks engineers. Evening classes are | Which are stated. Details may be obtained on applica- 
SCAVENGING. | held in a variety of subjects, including safety in mines | tion to the Department at the above address, quoting 





Ze enn Hessen op Tucmsensme | training, mining, mechanical and electrical engineering, | the reference numbers given. 
vias eS ee gas supply, workshop practice, surveying and foundry| Steel Bridgework, and bolts and rivets. South African 
Str,—We have read the article contributed by | practice. Students are prepared for the Ordinary | Railways and Harbours, Johannesburg; November 2. 
Dr. Mucklow on the Kadenacy System in your issue | National Certificates, the City and Guilds of London | (T. 26,863/39.) 
of August 18, and it appears to us from the conclusions | Institute, the London Matriculation, and other exami- | Instruments for two steam boilers and one turbo- 
reached at the end of this article that Dr. Mucklow | nations. The first term of the session begins on | alternator for Newport Power Station. Secretary for 
has a completely false conception of the Kadenacy | Tuesday, September 26, for day courses, and on| Railways, Victorian Railway Commissioners, Melbourne, 
System. ’ Monday, October 2, for evening courses. The sand-|¢1, Australia; November 29. (T. 26,902/39.) 
We regret, therefore, that Dr. Mucklow did not accept | wich system of training, whereby students spend six 
the invitation which we extended to him on two! months at the School and six months in a works, | 
ye gen tag - laboratories, and make an examin- alternately, is in vogue at the School. | 
ation of the Kadenacy System and of commercial Brigh . . ’ _Th, CHADWICK PuBLIC LECTURES.—In consequence of the 
, 8 8 , , ; ghton Technical College.—The Calendar for 
sngins to hich tae bean apie with outstanding | app 890-40 csion of Brighton Technical Collage has| te" hae bean declded to postpane fr the preen 
proof of the correctness of the assertions contained in | 2"%* reached us. This contains particulars of full-time | delivered this autumn. Due notice will be given when 
the Kadenacv Patents and of statements made in and part-time day or evening eS in civil, mechanical, | the lectures are to be resumed. The offices of the Chad- 
Professor S. J. Davies’ article electrical and structural Cugctrmg, Surveymne, build- | wick Trust are at 204, Abbey House, London, S.W.1. 
Professor 8. J. Davies has replied to Dr. Mucklow | 8 and a number of other subjects. Full-time day | — ‘ : 

8. J. plied to Dr. Mucklow . 
in a letter appearing in the same issue of ENGINEERING students are prepared for the engineering degrees of the 
and has, we think, said sufficient to show that Dr, | L0ndon University and for the Ordinary and Higher) oa. Herpert AKROYD STUART PRUZE.—The Council 
Mucklow’s conclusions are without any foundation. wed Blesteiceh agincere. isiies dar oot cleans of the Institute of Marine Engineers, 73, Amersham-road, 

w y : 2 CS ia oie ~ - : i : Mr. S. N. 
We enh empha heer thn Dv, Melo, |store fo al Centos cage | gh ra, Dae, he crane M8, 
into account the practical results obtained on engines aman, and building, for the A.M.Inst.C.E. examina- | every two years under the will of the late Mr. Herbert 

Finally, we would say that if Dr. Mucklow realised | 40D and for City and Guilds and other certificates. | Akroyd Stuart, for the best essay on “ The History and 
that the exhaust from a Kadenacy engine is ballistic in The Calendar contains full syllabuses, detailed time- | Development of Heavy-Oil Engines.” Mr. Mukerji’s 
character, and does not follow the ordinary laws of tables, information concerning fecs, and particulars of | essay will be published in the November issue of the 
flow, we feel sure that he would look at the whole ae Pr the  aeengeny a ; 4 Institute’s Transactions. We understand that the 
-_ tory of the College and lists of examination competition on this occasion elicited a number of essays 




















question in a different light. . . 
Yours faithfully, aa SS ee Seetomber 56 be he dn | of exceptional merit. Entries for the next competition 
_— Armstrone Warrworts Securrrizes | OUTS OF September 19. , ee 
Company, Lanrep, Specialised Lecture Courses for Engineers.—The | 


H. Sammons, M.I.Mech.E. Yorkshire Council for Further Education, Education TOLLEY’s CHART ON ARMAMENTS PROFITS Tax.—We 
Manager. | Offices, Calverley-street, Leeds, 1, has organised a| have received a copy of a synopsis, in chart form, showing 


Kadenacy Department, specialised type of lecture courses which are intended|the main provisions regulating the new Armament 
Buckingham Avenue, for qualified engineers. The courses have been arranged | Profits Duty (A.P.D.). Every endeavour appears to 
Trading Estate, Slough, Bucks. largely on the is of suggestions made by the Insti-| have been made to arrange the synopsis in such a manner 
September 8, 1939. tutions of Mechanical, Electrical and Production | that points relating to the Duty can be ascertained. with 


Engineers, and the lectures will be given by specialists | the minimum of trouble. References are also made to 

: in contact with the practical problems of industry.| explanations given in Parliament by Government 

To tHE Eprror oF ENGINEERING. They will be informal, and discussion will be invited. | spokesmen. The Duty is imposed for a period of three 

Sm,—-I have read Dr. Mucklow’s article on the | Three courses are to be held during the 1939-40 session. | years from April 1, 1939, and copies of the synopsis, 

Kadenacy system of scavenging, in the issue of| The first will deal with ‘“ Electric Traction” and_| price 1s. 1d. post free, can be obtained from Mr. C. H. 
ENGINeerino of August 18 last, page 187, from which | will consist of about 25 lectures to be delivered, from | Tolley, 94, Gleneldon-road, London, S.W.16. 
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NOTES FROM THE SOUTH-WEST. 
CARDIFF, Wednesday. 


The Welsh Coal Trade.—A fair inquiry was again 
encountered on the export side on the Welsh steam-coal 
market last week. Exporters, generally, were showing 
the greatest reserve, however, and the amount of busi- 
ness that could be concluded remained restricted. In 
spite of this, a very steady tone was maintained, as 
collieries as a rule held sufficient orders on their books 
to provide an outlet for almost the whole of their present 
outputs. As a result, the amount of coal available was 
only of a restricted character. On home account a brisk 
demand was encountered, but here, again, the volume 
of business that could be booked was held in check by 
the curtailed amount of coal which sellers had to offer over 
some weeks to come. Prices, therefore, were fully main- 
tained at recent levels. On contract account, business 
was placed with local shippers by the Portuguese Rail- 
ways for about 30,000 tons of through coals. According 
to an official circular issued by the South Wales Coal 
Exporters’ Association during the week, exports to 
France will be conducted through the French Coal 
Mission in Great Britain, and will be subject to a system 
of permits. The circular sent out by the Association 
stated that they were advised by the Mines Department, 
through the British Coal Exporters’ Federation, that the 
French purchasing commission were now installed in 
London and had commenced issuing Permis d’ Achat 
in respect of all new purchases for France. Imports 
into France would be conducted through groups of 
importers, who would act on behalf of the various con- 
sumers, but orders for the British collieries would be 
placed through the normal trade channels. Duff coals 
remained the strongest section of the market. Sellers 
had very little of these grades to offer for delivery over 
some considerable time ahead, and recent prices were 
fully upheld. Sized coals were also difficult to negotiate 
for early delivery, while best large descriptions were being 
steadily raised. Dry large were less freely available than 
of late. Smalls moved off satisfactorily. Cokes displayed 
a good activity, while patent fuel remained well stemmed 
with orders. 


The Iron and Steel Trade.—The South Wales and 
Monmouthshire iron and steel and allied trades were 
again employed almost to full capacity last week. New 
business was difficult to arrange owing to the well placed 
position of most producers. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 


Tron and Steel._-War-time demands likely to reeult 
in unparalleled activity will prove that Sheffield and 
district heavy industries are capable of playing their 
part. Costly reorganisation schemes, and the over- 
hauling and replacement of plant undertaken by manu- 
facturers during slump years have already been justified 
by the constant need during recent times to maintain 
production at high level. Full value, however, will 
now be reaped by companies, which at the time appeared 
to be indulging in extravagance with undue optimism. 
Already manufacturers of raw and semi-finished materials, 
responsible for record outputs almost monthly, report a 
noticeable increase in pressure for supplies, and despite 
lighting restriction, are working day and night. Priority 
is being given to contracts involving national defence. 
Fortunately, the majority of this commercial work is 
for trades the programmes of which have undergone 
considerable revision. Building-trade requirements, to 
which Sheffield contributes substantially in both plant 
and materials in normal times, have been curtailed, while 
much less business is being done with automobile engi- 
neers who, for a long time, have taken a large percentage 
of the local output of steeland related products. Rolling 
mills, cog and billet mills, forges, foundries, press- and 
machine-shops are fully occupied, while makers of all 
classes of billets, strip and bars, find difficulty in meeting 
the demand. Armour-plate departments, gun and shell 
shops are beginning to absorb huge numbers of opera- 
tives previously engaged in Sheffield’s lighter industries, 
which have been rendered idle by the outbreak of hos- 
tilities. National concentration on food production 
will come as a welcome fillip to agricultural engineers 
and implement makers, while manufacturers of gardeners’ 
tools hope to benefit by increased demands from allot- 
ment holders. 


South Yorkshire Coal Trade.—All grades of house 
coal continue in good request. Faced with the possi- 
bility of early rationing. householders are providing 
adequate winter stocks before prices rise. With the 
restoration of nearly normal services, railways are 
taking larger quantities of steam coal than for the 
past few weeks. Increased activity in industrial centres 
is resulting in a stronger call on inland account, though 
this does not counterbalance the drop in export require- 
ments. Pig-iron producers remain good buyers of 
coking coals, while smalls continue easy. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

General Situation.—The market is gradually becoming 
adapted to conditions imposed by outbreak of hostilities, 
and while pressure for supply of material for Government 
needs limits tonnage for delivery for ordinary industrial 
needs, producers of iron and steel expect to meet all 
requirements of priority claims without greatly neglecting 
demands of commercial customers. 

The Cleveland Iron Trade.—Consumers of foundry iron 
continue to take increasing supplies from other producing 
areas and Cleveland pig makers see no inducement to 
resume production of Tees-side brands. They have 
sufficient tonnage stored to enable them to deal with 
contracts for some time to come. Under such conditions, 
prospect of movement towards re-commencement of 
normal output is remote. Merchants are handling 
moderate parcels, and regularly distributing tonnage 
among home users, while hoping to be able to ship small 
cargoes sold some time ago to Scandinavian buyers. 
Prices are ruled by No. 3 Cleveland at 99s., delivered 
within the Tees-side zone. 

Hematite.—Producers of East Coast hematite pig 
have heavy stocks which are, however, steadily decreas- 
ing, due to gradual expansion of local and other home 
consumers’ needs. Second hands have command of 
tonnage ample for their requirements. Quotations 
remain at the level of No. 1 grade of hematite at 115s. 6d., 
delivered to North of England areas. 

Basic Iron.—The whole of the huge make of basic iron 
is passing into direct use at producers’ adjacent steel- 
works. 

Foreign Ore.—Consumers of foreign ore have ample 
supplies on hand and adequate tonnage coming forward 
under old contracts. 

Blast-Furnace Coke.—-Durham blast-furnace coke 
continues quite plentiful and users are extensively 
covered. Good medium qualities are obtainable at 
24s. 3d. at the ovens. 

Manufactured Iron and Steel.—Firms producing 
finished iron are more actively employed than for a 
considerable time ‘and manufacturers of semi-finished 
and finished steel are busy. Re-rollers continue to make 
extensive use of steel semies from overseas, supply of 
which is substantial. Sheet makers have full order books ; 
producers of structural steel maintain output at an 
exceptionally high level and manufacturers of ship- 
building requisites are regularly making substantial 
delivery demand. Principal market quotations for 
home trade stand: Common iron bars, 121. 5s.; steel 
bars, 111. ; soft steel billets, 7/. 7s. 6d. ; hard steel billets, 
81. 108. ; steel ship, bridge and tank plates, 101. 10s. 6d.; 
steel ship rivets, 14/.; iron ship rivets, 151. ; steel con- 
structional rivets, 151. 5s.; steel boiler plates, 111. 8s. ; 
steel angles, 101. 8s.; steel joists, 101. 8s.; fish plates, 
131. 108.; black sheets, No. 24 gauge, 141. 5s.; and 
galvanised corrugated sheets, No. 24 gauge, 171. 5s. 








UNITED STATES AIRCRAFT-SALVAGING LORRY.—The 
United States Army Air Corps has developed a new 
type of six-wheel motor lorry to be employed in the 
work of salvaging fallen aircraft. Attached to the 
lorry is a platform trailer 40 ft. in length, while on the 
lorry itself is mounted a 10-ton crane the boom of which is 
15 ft. in length. The lorry is fitted with searchlights 
for night operations and also carries a powerful winch 
for towing damaged aeroplanes which have fallen in 
places difficult of access. 





THe INSTITUTE OF TRANSPORT.—The outbreak of 
war has rendered necessary a curtailment of the activities 
of the Institute of Transport, for the present at all events. 
Mr. T. E. Thomas, will be inducted however, as President 
for the year 1939-40 ands will deliver his Presidential 
Address on Monday, October 9, as already announced, 
but at the Charing Cross Hotel, Strand, London, W.C.2, 
at 2.30 p.m., and not at the Institution of Electrical 
Engineers at 5.30 p.m. Should it be necessary, at short 
notice, to abandon the meeting, an announcement would, 
if practicable, be published in The Times and in The 
Daily Telegraph and Morning Post of October 9, and/or 
of October 7. If cancelled earlier, announcements would 
also be made in the technical Press. The programme 
of other meetings to be held in London, which was 
announced in the July issue of the Institute Journal, is 
suspended. The suspension may not apply to the 
annual general meeting, which is due to be held on 
December 11; official notices of this meeting would be 
circulated to members later. So long as it is possible, the 
business of the Institute will be conducted from its 
present headquarters, at 15, Savoy-street, London, 
W.C.2. The publication of the Journal may be sus- 
pended temporarily, or its issue may be made at less 
frequent intervals. The papers and lectures arranged, 
but not read or delivered, may, it is hoped, be made 
available through the medium of the Journal. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Scottish Steel Trade.—No change is reported in the 
state of the Scottish steel trade, and production is being 
maintained up to the high standard of recent months. 
The present output is well ahead of all previous records, 
and the tonnage going directly into armaments is 
extremely heavy, while shipyards are consuming a very 
large tonnage of steel and munition works are also doing 
likewise. Constructional engineers are exceptionally 
busy, as they have many important contracts to fill. 
The current demand overall is on a very high level, but 
with the works all running to capacity makers seem quite 
able to meet the demand. The raw material position, 
which caused some anxiety in the early summer, does 
not give any concern now as the stocks on hand are 
ample to meet all the requirements of the trade. The 
Ministry of Supply has now full control of the whole 
production of steel material and all orders are classified 
according to the priority list, but despite the heavy 
demand for Government purposes quite a fair tonnage is 
being released under licence for general industrial 
purposes of an urgent nature. Prices are steady and 
are as follows :—Boiler plates, 111. 8s. per ton; ship- 
plates, 101. 10s. 6d. per ton; sections, 101. 8s. per ton ; 
medium plates, 121. 2s. 6d. per ton; black-steel sheets, 
No. 24 gauge, 141. 15s. per ton; galvanised corrugated 
sheets, No. 24 gauge, 171. 5s. per ton, all delivered at 
Glasgow stations. 

Malleable-Iron Trade.—The demand for bar iron has 
improved considerably and the various works are fully 
employed. The re-rollers of steel bars have so much 
work booked that capacity running is general, but they 
are in the happy position of having enough semi-manu- 
factured steel on hand to keep them going steadily for 
@ number of months. The recent imports were very 
heavy and makers are now comfortably off for supplies. 
The following are the current quotations :—Crown bars, 
121. 5s. per ton for home delivery or export; re-rolled 
steel bars, 111. 15s. per ton for home delivery, and 111. 
per ton for export; No. 3 bars, 121. per ton, and No. 4 
bars, 121. 5s. per ton, both for home delivery. 

Scottish Pig-Iron Trade.—The past week has shown no 
change in the state of the Scottish pig-iron trade and 
all the furnaces in blast are running steadily. Heavy 
demands are general from the steel works and both 
hematite and basic iron are moving freely. The sales 
of foundry iron, while better, could show some further 
improvement. Prices are unchanged and the following 
are to-day’s market quotations :—Hematite, 51. 15s. 6d. 
per ton, and basic iron, 41. 12s. 6d. per ton, both delivered 
at the steel works ; foundry iron, No. 1, 5l. 3s. per ton, 
and No. 3, 5l. 0s. 6d. per ton, both on trucks at 
makers’ yards. 








TEMPORARY WAR-TIME 
ADDRESSES. 


We give below a list of the temporary offices occupied 
by firms and institutions during the period of hostilities. 

ENGINEERING, 18 and 20, Compton Road, Hayes, 
Middlesex. Telephones: Editorial Department, Hayes 
1730; Publishing Department, Hayes, 1723. 

Messrs. WOLFRAM PRODUCTS AND REFINERIES, 
LimITreD. All orders and future correspondence should 
be addressed to the works, at 32, Tewin-road, Welwyn 
Garden City, Herts. 

THE ASSOCIATION OF SUPERVISING 
ENGINEERS, 36, Heddon Court-avenue, 
Barnet, Herts. Telephone: Barnet 5660. 

Messrs. THE BRITISH ALUMINIUM COMPANY, LIMITED, 
have removed their head office to the Raven Hotel, 
Castle-street, Shrewsbury, Salop. Telegrams: Cryolite, 
Shrewsbury. Telephone: Shrewsbury 4451. All the 
Company’s branch-office addresses remain unchanged. 

Messrs. G. A. HARVEY AND COMPANY (LONDON), 
LIMITED, are closing their west-end offices at 58, Victoria- 
street, London, S.W.1, and transferring the staff to their 
Greenwich Metal Works, Woolwich-road, London, 8.E.7. 

MESSRS. WILD-BARFIELD ELECTRIC FURNACES, LIMI- 
TED, 2-6, Highwood-avenue, Bushey, Herts. 

MESSRS. SHARPLES CENTRIFUGES, LIMITED, “ Hill 
Grove,”” Rooksmoor, Woodchester, near Stroud, Glos. 
Telephone : Amberley 79. 


ELECTRICAL 
Cockfosters, 








THE INSTITUTION OF STRUCTURAL ENGINEERS.—The 
secretary of the Institution of Structural Engineers 
informs us that the December, 1939, examinations of 
the Institution have been postponed. The examinations, 
however, will be held in 1940, and all concerned will be 
informed of the arrangements in due course. As the 
Institution holds examinations in all parts of the world, 
as well as at eight centres in Great Britain, it will be 
appreciated that its organisation will have to be re- 
modelled to meet war requirements. 
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FOOD PRODUCTION IN WAR TIME. 


Frew questions have been given greater promi- 
| nence in the last year or two than that of ensuring 
| an adequate food supply to the people of this country 
|in the event of war. While it has been impossible 
|to forecast with any accuracy the success of the 
| precautions which can be taken to guard against the 
| destruction of our shipping by enemy action, there 
| has been universal agreement that reserves of food 
|should be built up, and that measures should be 
| put in hand to enable our home production of 
| foodstuffs to be increased to the greatest practicable 
|extent. Now that war has actually been declared, 
the reserves already built up have enabled the 
Government to announce that there is no danger of 
|a shortage of essential foodstuffs for some time to 
come, though some inconvenience caused by diffi- 
culties of distribution and a scarcity of non-essential 
foods is probably inevitable. A valuable breathing 
space is therefore provided in which to implement 
| the second measure of security, an increase in home 
| production. Fortunately, in this case also, certain 
| steps have already been taken, such as the creation 
|of a reserve of implements and the distribution of 
| lime and manures. 
| For many years, farming in this country has been 
|among the least reliable methods of securing a 
| livelihood, and while this has been due in part to 
increasing wages bills and a variety of other causes, 
the fundamental factor has been the competition 
arising from imports, both from the British Empire 
|and foreign countries. With the outbreak of war, 
|the position in this respect was fundamentally 
| altered in a night. To-day, and so long as the war 
| may last, the farmer has an assured market for 
every bushel of cereal, pound of root, pint of milk, 
|or unit of livestock that he can produce, and it is 
| quite certain that the Government will not allow 
| arguments about fair profits for the producer to 
|stand in the way of increasing production. The 
| only issue at stake, therefore, is how far it is possible 
| to increase production, and the methods by which 
| this may be best achieved. Although modern 


| 
| 





warfare only too certainly brings no profit to the 
countries involved, the last war in which this 
country was engaged at least afforded valuable 


1| lessons as to the most likely directions in which 


progress can be made. One method then found of 
very appreciable value was the conversion of waste 
ground in the neighbourhood of towns and villages, 
small public spaces, and private gardens into allot- 
ments or vegetable patches, and one of the first 
steps taken by the Ministry of Agriculture has been 
to point out that the produce of an average allot- 
ment will keep a man, his wife, and three children 
in potatoes and vegetables for 212 days out of 
the 365. This procedure has the advantage that 
all the necessary labour can be obtained without 
interfering with other activities, since all the work 
involved can be done by the consumers themselves 
in their spare time. This is at best, however, only 
a measure of amelioration, since in time of war the 
leisure time of the majority of individuals is decidedly 
scanty, and the main question is how the existing 
farming industry itself can be expanded to the 
greatest possible extent. 

As is well-known, one of the results of the pro- 
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been a tendency for farmers to allow land to pass 
out of cultivation, and in the past twenty years the 
area under crops other than grass in Great Britain 
has shrunk by some 3,900,000 acres. At the present 
time, probably some 10 per cent. less land is under 
cultivation in this country than was being culti- 
vated at the outbreak of the last war. For a few 
years prior to 1914, about 35 per cent. of energy- 
supplying foods was produced internally, but as a 
result of the special measures taken between 1914 
and 1918, the home supply was increased to about 
42 per cent. in the latter year. The present total 
may be taken as about 30 per cent., although some 
authorities give a still lower figure. The need for a 
large and rapid expansion, therefore, requires no 
emphasis, and it has been announced by the Ministry 
of Agriculture that facilities will be at once provided : 
for bringing an additional one and a half million 
acres under the plough. It may be mentioned in 
passing that this figure is about equal to the total 
only achieved in four years in the last war. 

The question is sometimes asked, what advantage 
is to be gained by breaking up grassland, and 
in this connection it is of interest to quote figures 
given by Sir Thomas Middleton in his presidential 
address, on August 31 last, to the Agricultural 
Section of the British Association. Sir Thomas 
stated that, out of a total population of about 
153 millions maintained by the soils of the United 
Kingdom in the years 1909-1913, less than one- 
third had been maintained by the 34 million acres 
of cultivated grassland, and over two-thirds by the 
13 million acres under crops other than grass. 
Per 100 acres of land, 12 persons and 80 persons, 
respectively, had been provided for. It should be 
emphasised that these figures relate to the energy 
value of foods only. 

Since economic considerations can no longer be 
allowed to govern the acreage under the plough, 
the main questions involved are the supply of 
implements and the necessary labour to operate 
them. In this connection, it is encouraging to note 
the statement by the Ministry of Agriculture that 
we enter the conflict in a far better position for 
ploughing up Britain than we were even at the end 
of 1918, when the last national effort had reached 
its height. The plans are ready, and fuels and 
other requisites are stored against the emergency. 
In addition to the 60,000 tractors in private hands, 
there is a reserve stock ready to be released. A 
point of considerable importance, not referred to 
by the Ministry, is the great progress that has been 
made, not only in tractor design, but in that of all 
types of field implement since 1918. As a result, 
each implement will be capable of an increased 
performance per unit of labour, a consideration that 
can hardly be overstressed when manpower is in 
the greatest demand in every direction. This is 
hardly the place to discuss in detail the advances 
which have been made in implement design, but 
the developments which have occurred in the 
combine harvester are worthy of particular mention. 
Writing in October, 1929, eleven years after the last 
war, we mentioned that the first combines had 
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recently been tested in the British Isles, so that 
the whole history of their employment in this country 
is embraced by the post-war years. Perhaps the | 
most important feature of this development having 
a bearing on the present situation is the gradual 
reduction in size of these machines, making them 
more and more adaptable to typical British farming. 
A machine of this type, which it is claimed can be 
used with advantage when not more than 40 acres 
are ready for harvest, was described on page 11 of 
the present volume. Contemporaneously with the | 
development of the combine, the crop drier has | 
taken its place as an important unit in the mechani- | 
sation of farming practice, while the developments | 
in smaller implements since the last war, such as 
bracken eradicators, unit cultivators, seedling 
sowers, and so on, are too numerous to detail. 

Quite apart from the plough, the majority of | 
field implements are now tractor-drawn, and a 
number of them are also fitted with subsidiary 
internal-combustion engines. The question of an 
adequate fuel supply is vital, therefore, and 
although the restrictions on the use of petrol for 
road vehicles, which came into force on September 23, 
are probably mainly of a precautionary nature, it 
is obvious that every possible advantage should be 
taken of appliances operating on fuels other than 
the light hydrocarbons. Unfortunately, steam- 
operated cable ploughing tackle is now rarely used 
in this country, so that the resources in this respect 
are probably very limited, but no stone should be 
now left unturned to utilise the potentialities of the 
gas producer to the full. We reviewed the whole 
position as regards these appliances for road trans- 
port on page 737 of volume 146 of ENGINEERING 
- (1938), and many of the comments then made apply 
with equal force to gas producers on tractors. There 
is reason to believe that the Government have had 
the whole question of gas producers for road vehicles 
and tractors under review for some time, and it | 
may be hoped that encouragement to manufacturers 
of portable producers to develop their products to 
the greatest practicable extent will no longer be 
delayed. The practicability of the gas-operated 
tractor is no longer in question, as large numbers are 
in regular use abroad. 

Apart from its purely engineering aspects, there 
are a number of directions in which a higher yield 
vould be obtained from the soil. Any improvement 
in the health of livestock, for example, will increase 
the yield, there is still much to be learned of soils 
and their management, and although much progress 
has been made in recent years in the selection of 
cereal strains giving a high yield, finality in this 
direction has by no means been reached. Very 
valuable work has already been done on these and 
allied problems by the various agricultural research | 
institutions, and it may be assumed with some 
confidence that this work will be continued at an 
increased tempo so long as the war may last, to the 
benefit of the farmer himself and those whom he 
serves. 








ENGINEERING AND PUBLIC 
HEALTH. 


In local government the year ended March 31 
1939, was celebrated as the jubilee of the county 
councils and also marked the tenth anniversary of 
a most important piece of legislation—the Local 
Government Act of 1929. This measure increased | 
the powers and duties of the county councils more 
considerably than any other Act since 1888, not 
the least of the changes which it initiated being | 
their translation into major health authorities. 
Under it, the councils are given powers which will, 
we hope, enable them to develop and co-ordinate 
a number of services which have up to date been 
more or less disorganised, and, though it is to be 
feared that under present conditions it will not be 
possible to proceed at the full rate for some time, 
it is also to be hoped that the speed of advance 
will be kept as high as possible and at least there 
will be no reversal of policy. 

To some extent the shadow of war hangs over 
the twentieth annual report* of the Ministry of, 


* Twentieth Annual Report of the Ministry of Health.— 
London: H.M. Stationery Office. [Price 5e. net,). 


|more variable than usual. 
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Health for the year ended March 31, 1939, in| 
which an account is given of the progress made in | 
a large number of services during the preceding | 
twelve months. These services are, of course, | 
administered by the various local bodies through- | 
out the country. The report covers the whole | 
range of the Ministry’s work, including finance, 
public health, public assistance, housing, national 
health insurance, and pensions. In addition, for 
the first time it deals with certain aspects of civil 
defence, among which mention may be made of 
the progress in the schemes for the treatment of | 
air-raid casualties. These include the provision of 
290,000 emergency beds in hospitals in England | 
and Wales. In addition, schemes for evacuation | 
involving the movement in an emergency of some | 
3,000,000 people were planned. Fortunately, the | 
former of these precautions has not yet been | 
required, though it remains to be seen how long the | 
country will continue to be immune from hostile | 
air raids. On the other hand, the “ great trek ”’| 
envisaged in the latter has taken place, as is well 
known, and has been on the whole successful, 
though in details it perhaps hardly deserves the full | 
amount of self-congratulation with which it: has| 
been saluted in official circumstances. To those who | 
live in the areas concerned it is becoming increas- | 
ingly clear that a great deal of detailed adjustment | 
is urgently necessary and that if hostilities are to | 
endure for three years a fundamental alteration of | 
policy may also be desirable, if not essential. It 
does not seem to be realised by the Ministry’s | 
officials that they have brought about a profound | 
change in the social life of a great part of the| 
country, almost without the country knowing it, | 
and that that change will be resisted with increasing | 
vigour unless complaints of injustice are more | 
sympathetically received. 

Turning to those portions of the report in which | 
engineers may be expected to take some profes- 
sional interest, a lengthy section deals with sanitary 
and other services. As regards water supply, the 
average rainfall in 1938 over England and Wales | 
as a whole was 34-9 in., or slightly less than the 
average of 35-2 in. for the period from 1881 to 
1925. The incidence was, however, unusual, for | 
during the three months from February to April 
the monthly average was only 2-2 in., which was 
less than in any similar period since 1785. On 
the other hand, from October to December it 
reached the high figure of 14-5 in., which goes 
to show that whatever else changes, the British 
weather remains as inexplicable as ever. The 
distribution of rainfall over the country was also 
There was less than 
80 per cent. of the average in parts of the east and 
south-east England, but more than 130 per cent. 
in parts of the Lake District. As a result of this 
extraordinary unevenness of distribution, some 
depletion of resources during the summer months 
was anticipated and restrictions were imposed as | 
@ precaution in certain districts. That such a course 
was necessary indicates the need for steps being 
taken permanently to augment resources where 
such a course is shown to be advisable. 

That being so, we are glad to learn that substantial | 
progress is recorded as having been made towards 
the provision of supplies in rural areas where, of 
course, storage facilities are less fully developed 
than in the towns. In fact, the great majority 
of the schemes assisted by grants under the Rural 
Water Supplies Act, 1934, have now been completed. 
Although there is no grant available for new schemes, 
county councils and rural district councils are 
actively encouraging the provision of supplies in 
rural areas by contributing towards the cost in 
cases where the deficit, which would have to be 
borne by the parishes concerned, might otherwise 
be too great. Though something still remains to 
be done, here again the position generally may 
be regarded as satisfactory. This is confirmed 
by the statement that rural supplies during the 
past few years have been so much improved that 
it is estimated that piped supplies are now available 
for about seven-eighths of the rural population. 
Closely related to the actual provision»of water is 
the subject of maintaining its wholesomeness for 
human consumption, and it is, therefore, worth 


| recording that this important matter was made 
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the subject of a memorandum by the Minister 
during the year. On the more purely legislative 
side, the Central Advisory Water Committee recom- 
mended the consolidation and modernisation of the 
Waterworks Clauses Act and other general acts 
regulating public water supply. It is, however, 
extremely unlikely that anything much will be 
done in this direction at present, though the impor- 
tance of the Committee’s recommendations cannot 
be gainsaid. 

Loans amounting to about 6,527,000/. were 
sanctioned by the Minister during the year for 
schemes of sewerage and sewage disposal, including 
surface water drainage. As regards the analogous 
subject of public cleansing, the latest returns show 
that there are few local authorities with populations 
exceeding 20,000 who still dispose of any substantial 
amount of refuse by crude tipping. This method 
should, of course, never be practised when a more 
sanitary method is, or can be, made available. 
Even these methods, however, require, some care 
in operation. For instance, a large number of 
authorities are now using the method known as 
controlled tipping, but it is pointed out that to 
be satisfactory the tips should be formed in strict 
accordance with the Ministry's code of precautions, 
since experience shows that these cannot be relaxed 
without risk of trouble arising on sanitary grounds. 
Some progress is also being made in the reduction of 
atmospheric pollution. It is gratifying, for instance, 
to record that during the year two new regional 
committees have been set up in Greater London and 
Bristol, respectively, this bringing the total of such 
Committees up to nine. The Greater London 
body covers the area of the Metropolitan Police 
District and comprises districts administered by 
about 100 separate authorities, while the Bristol 
body is representative of most of the local authori- 
ties within a radius of about 25 miles of that city. 

A lengthy section of the report is naturally 
devoted to housing. Further steady progress, it is 
stated, has been made during the year in the drive 
against the slums, in the abatement of over- 
crowding, and in the reconditioning of existing and 
the building of new houses. By the end of the 
year under review, over 1,000,000 persons had 
been removed from slum houses to new houses 
since the slum clearance campaign began in 1933, 
while the number of new houses erected since 1918 
by local authorities and private enterprise has 
reached 3,998,366. This very large amount of 
extra accommodation was needed to counteract the 
slowing down in building which was occurring 
prior to 1914 and the cessation which took place 
during the war itself. For the present, building is 
continuing, but if hostilities are prolonged, it is 
probable that it will come to a standstill and that 
when the war ceases history will repeat itself. If 
that is the case, it is hoped that full use will be 
made of the experiences of the last twenty years. 
That this prophecy of the probable course of events 
is a fairly safe one is shown by the fact that even 
the international crisis last September retarded 
progress. Nevertheless, the number of houses built 
by local authorities during the year under review 
was the highest in any year since 1927-28 and 
23,774 more than in 1937-38. This increase was 
mainly due to the acceleration of building for slum 
clearance purposes in order to attract the subsidy 
payable in respect of houses completed by Decem- 
ber 31, 1938. Of the new houses built, 45 per cent. 
were in reception areas. This fact has undoubtedly 
done something to assist the evacuation to which 
reference has already been made. 

The national emergency of last autumn also had 
a deleterious effect on the progress of town and 
country planning. The number of schemes approved 
was slightly less than in the previous year. On the 
other hand, at the end of the year there were more 
schemes in an advanced stage than twelve months 
before. It is further pointed out that to judge 
progress solely by the number of schemes approved 
would be misleading, since the schemes now being 
dealt with cover on the average much larger areas 
than did earlier schemes. In fact, three of the 
schemes approved during the year covered 500,000 
acres between them, or nearly twice the total 
acreage of previously approved schemes. This 
increase, it is claimed, reflects the increased recourse 
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to joint planning schemes covering several local 
government districts and also the spread of planning 
to the rural areas. As a result of these tendencies, 
the number of schemes submitted for the Minister’s 
approval during the twelve months under review 
fell from 96 to 80, and the number adopted locally 
from 111 to 101. Local inquiries were held into 
58 schemes, and 28 schemes were approved. 

Finally, we may mention that during 1936 the 
Minister’s attention was drawn to the consequences 
of surface working for ironstone in Northampton- 
shire and other Midland counties. As a result, a 
committee was appointed to advise what measures 
should be taken to utilise land ‘“ destroyed” by 
the excavation. This body reported that the 
problem was not so serious as had been conceived, 
the rate of destruction being only about 200 acres 
per annum. Nevertheless, some 80,000 acres in all 
might, in the long run, be involved, and its restora- 
tion to its original agricultural condition would be 
impracticable on a large scale, chiefly owing to the 
cost involved in levelling. Afforestation was sug- 
gested as the only remedy, and it was recommended 
that an Areas Restoration Board should be set up 
to deal with the matter. 








NOTES. 


THE OPERATION OF THE FuEL RATIONING SCHEME. 


THE scheme of fuel rationing, details of which 
have already been given in ENGINEERING, is to 
come into force at the beginning of next month. 
It is stated that this rationing is precautionary, 
the object being to conserve stocks and to guard 
against a breakdown in communications. That 
being so, it is to be hoped it will be applied with 
tact and that in households where conditions have 
changed the rigidity will not be too severe. Never- 
theless, some economy will undoubtedly be neces- 
sary and the British Electrical Development 
Association have, therefore, done wisely in indicating 
at this early stage the lines along which economy 
may be effected. The simplest and most effective 
way of reducing electricity consumption is, it is 
pointed out, to be economical in the use of fires, 
which are heavy burners. The employment of one 
instead of both elements is to be encouraged, and 
periodical switching off the one element in use will 
also assist matters. For instance, fires should not 
be left burning in unoccupied rooms. The candle- 
power of lamps in halls, passages and intermittently 
used parts of the house should be reduced, and they 
should only be used when essential. The making 
of ice in refrigerators is to be discouraged, as is the 
use of excessive water for boiling vegetables. Inci- 
dentally, the less water used for this purpose the 
better, as our French Allies are well aware. Suitable 
saucepans should be used and employed in turns. 
Ovens should not be used to cook single dishes ; 
electric cookery books include recipes for all- 
oven meals. The residual heat can be employed 
for heating water for washing up. No more water 
should be heated in a kettle than is necessary. 
These are all useful hints. At the same time, it 
may be pointed out that the consumption of elec- 
tricity for many purposes, including street and 
shop lighting and for advertising signs, has already 
been drastically reduced, with a corresponding 
effect on the plant loading. This might well be 
taken into account in applying the rationing scheme. 
Pari passu, the advice given above also applies to 
the employment of gas, the consumption of which 
is also to be rationed. 


ANALYsIS OF BLack-OvuT PRECAUTIONS. 


As indicated in a previous note, the authorities 
have seen fit to modify the very severe restrictions 
imposed on the use of motor-car headlights and the 
employment of torches by pedestrians. In this 
they are wise, for one result of the original regulations 
would inevitably have been a large increase in the 
number of fatal and other accidents in the streets. 
The modifications are accompanied by the proviso 
that the increased lighting is not to be used during 
actual air-raids. This, of course, is a most just 


| 





stipulation and one with which members of the| 


public for their own safety will be only too 
willing to comply. 





shows that the wise principle to follow would be 
to permit as full use as possible of lighting in the 
interests of safety during the normal periods 


| 


of 1,202 officers and ratings. The German sub- 
marine was immediately attacked by destroyers, 
and, the Admiralty stated, “is believed to have 


and only to insist on complete blackness when | been sunk,” although a Berlin communiqué subse- 
danger is threatened. A demand has also arisen| quently claimed that the sinking of the Courageous 


for some modifications in the provisions for the 
darkening of premises and for the total abolition 
of street lighting. Here, however, the position is 
rather different. Once the initial expense and 
trouble necessary to shield the artificial lighting 
used in buildings from the outside has been over- 
come there seems no reason why the precautions 
taken should not be applied as part of a regular 
routine. The real difficulty lies in providing the 
total opacity demanded and in counteracting the, 
in some cases, over-zealous demands of the con- 
stabulary and other war-time officials. Experience 
shows that no suitable material is completely opaque, 
and that it will, therefore, be necessary not only to 
reduce the amount of light in use, but to pay close 
attention to the “siting” of the fittings. This 
movement, it may be expected, will be assisted 
by the fuel-rationing scheme. As regards street 
lighting, as readers of ENGINEERING will be aware, 
there are a number of schemes whereby a central 
control of electric lamps is possible. Whether, 
however, it is possible for supply authorities to 
instal these under war-time conditions is another 
matter. The suggestion that street lighting might 
be extinguished by opening the main switches at 
the generating station, of course, emanates from 
the ignorant. On the whole, therefore, it seems 
that street lights must remain extinguished. 


Petro, SuPPLIES AND HOARDING. 


At the eleventh hour, the petrol-rationing scheme 
for motor-cars was postponed for a week and unless 
another change takes place will come into operation 
to-morrow, Saturday, September 23. The ostensible 
reason was that so many applications for quantities 
exceeding the ‘‘ coupon ”’ amount had been made 
that it was considered fairer to settle these before 
reducing supplies to the ration level plus anything 
extra that might be allowed. This may well be 
the case, for there is no doubt that a very large 
proportion of the total motoring community have 
applied for additional quantities, and it is desirable 
that these applications should be carefully sorted 
out in order that those to whom petrol is a necessity, 
or perhaps it would be better to say to whom its 
absence would cause extreme inconvenience, should 
receive first consideration. Among these priority 
classes are doctors, in so far as they are not 
receiving supplies under A.R.P. regulations, com- 
mercial travellers, and dwellers in remote districts, 
who, without a reasonable supply, will hardly be 
able to carry on their avocations or even to exist. 
Almost equal in their claims to consideration are 
those who, owing to the drastic reduction in train 
and coach services, and evacuation, find it extremely 
difficult to reach their old or new places of employ- 
ment. It is to be hoped that the claims of all these 
will receive precedence over the mere pleasure user. 
In the meantime, it would appear from the condi- 
tions of the roads on Sunday, that most pleasure 
motorists were indulging in a last excursion before 
the shortage renders this form of recreation impos- 
sible. There are also indications that a certain 
amount of hoarding against the “ petrol-less ” day 
is being attempted, and the Mines Department 
have issued a warning that this practice is both 
dangerous and illegal. There need, it is added, be 
no anxiety about petrol supplies provided that the 
public and the garages order no more than normal 
necessary requirements. 


Tue Loss or H.M.S. “ Courageous.” 


By the sinking of H.M. aircraft-carrier Courageous, 
torpedoed by a German submarine on Sunday 
evening, September 18, the Royal Navy has suffered 
its first casualty of the war, and has lost one of the 
few warships still in commission which saw service 
in the war of 1914-1918. Apparently the vessel was 
struck by two torpedoes, as various accounts by 
survivors agree that there were two explosions, 
close together. The ship sank in about 20 minutes. 
According to Admiralty announcements, 687 officers 
and ratings were rescued by other warships and 


In fact, experience to date|some merchant ships, out of a total complement 





had been confirmed by a report from the submarine 
commander. The lost aircraft-carrier was a unit 
of the Reserve Fleet which was commissioned in 
August, and had been engaged in protecting mer- 
chant ships against submarines. She was one of 
the three cruisers designed to the late Lord Fisher’s 
requirements in 1915 for operations in the Baltic 
and was built by Messrs. Armstrong Whitworth and 
Company, Limited, at the Naval Yard, Walker-on- 
Tyne. The propelling machinery consisted of 
four-shaft Parsons geared turbines, constructed by 
Messrs. Parsons Marine Steam Turbine Company, 
Limited, Wallsend-on-Tyne, and steam was supplied 
by 18 Yarrow oil-fired boilers. Great secrecy 
surrounded the construction of the vessel and her 
sisters, Furious and Glorious, the machinery of the 
Courageous, for example, being given two engine 
numbers, 115 and 116, in the Turbinia Works list. 
The vessel had an overall length of 786 ft. and a 
beam of 81 ft., over the anti-torpedo bulges subse- 
quently added to the hull. Her draught, however,was 
only 26 ft., owing to the limitations of Baltic 
navigation, and some internal stiffening was found 
to be necessary after her completion for service. 
After the war, she was converted to an aircraft- 
carrier, and on page 257 of our 125th volume we 
illustrated the ship in her new form, proceeding 
to sea for trials on February 27, 1928. As a cruiser, 
she had developed on trial nearly 94,000 shaft 
horse-power, and a speed of 31-58 knots, but the 
addition of bulges and the considerable top-hamper 
represented by the flight decks and superstructures, 
naturally involved some sacrifice of speed. Although 
she was a serviceable vessel, and had contributed 
much valuable technical data to the design of the 
later carriers, she was well past the normal span 
of a warship’s life, and the material loss to the 
Navy is slight by comparison with the loss of so 
many of her highly technical personnel. 








OCCUPANCY TESTS OF AIR-RAID 
SHELTERS. 

Many of those who are responsible for the safety 
and well being of their workers in the event of an 
air raid will find much useful information in a 
report on a comprehensive series of occupancy tests 
of air-raid shelters which has been prepared by 
the directors of Messrs. J. and E. Hall, Limited, 
Dartford, and is published for them by Messrs. H. K. 
Lewis and Company, Limited, 136, Gower-street, 
London, W.C.1, price 2s. net. The tests were carried 
out in April and May last, under the direction of Mr. 
V. A. Patterson, in collaboration with a number of 
members of the medical profession and of the Depart- 
ment of Industrial Physiology of the London School 
of Hygiene and Tropical Medicine. 

The shelters provided at the Dartford Works are 
of sufficient capacity to accommodate the whole of 
the staff of approximately 1,700 persons and are 
arranged in four groups on land adjacent to the 
works buildings. ‘Two types of shelter are employed, 
one of steel, completely below ground level, and the 
other of pre-cast concrete, only partly below ground 
level. The tests were carried out on one shelter 
of each type. The steel shelter is 27 ft. 4 in. in 
length with vertical walls and a semi-cylindrical 
roof; the width is 7 ft. 8 in. and the height at the 
centre is 6 ft. 7} in. The shelter is constructed of 
corrugated steel and has a concrete floor 5 in. in 
thickness. The steel is surrounded by 6 in. of con- 
crete and a special reinforcing mat is embedded 
in the centre of the thickness of the concrete, the 
topmost part of which is 1 ft. 9 in. below ground 
level. Access is obtained, by means of a concrete 
stairway, through a gas-tight door at one end 
and an alternative exit is provided at the other end 
in the form of a gas-tight trap door reached by a 
ladder. Seating accommodation is provided for 50 
occupants and as the gross volume is 1,210 cub, ft., 
the volume per person is 24-2 cub. ft. The total 
surface of the walls is 666 sq. ft. and the area of the 
floor is 209 sq. ft. Electric light is supplied from 
the works mains or from an accumulator. ° 
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The other shelter used in the tests was a standard 
Stent pre-cast concrete shelter, 27 ft. 6 in. in length, 
7 ft. wide and 7 ft. high at the centre. The floor, 
which is 192-5 sq. ft. in area, is of concrete, approxi- 
mately 5 ft. below the general ground level. There is 
no protection above the ground level other than that 
afforded by the pre-cast slabs, except that the 
excavated earth was used to cover the slabs to a 
thickness of about 2 ft. The shelter is entered by a | 
concrete stairway at one end, this stairway approach- 
ing the shelter axially, but not directly in front of the 
door, and there is an alternative exit at the other 
end through a gas-tight trap door reached by a 
step ladder. The volume of this shelter is 1,390 cub. 
ft., or 27-8 cub. ft. for each of the 50 occupants. 
The total surface of the walls is 819 sq. ft. and the 
area of the floor is 192-5 sq. ft. In this case also 
electric lighting is provided from the works mains 
or from an accumulator. 

Six tests were carried out on the two shelters 
with the following objects : To determine the time 
for which the full number of occupants could | 
remain inside the shelter without undue discomfort, 
with the entrance and exit completely sealed ; to 
determine the rate of increase of temperature and 
moisture content under these conditions of occu- 
pancy ; to determine the rate of increase of the 
concentration of CO, in the atmosphere under these | 
conditions ; to obtain any data of a physical, physio- | 
logical or psychological nature which would be of | 
value should the shelters be used during air raids ; | 
and to obtain information which might indicate in | 
what ways the conditions inside the shelters could be | 
controlled or improved during prolonged occupation. | 

The first test was made in the steel shelter, with | 
the entrance and emergency exit doors completely | 
closed and sealed against gas. 
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comfort due to heat and moisture accumulation 
does not arise in a period of two hours, even though 
no ventilation is provided. From the physiological 
measurements and observations made in tests 
numbers 5 and 6, however, it is clear that some 
symptoms of discomfort appear in a large proportion 
of the occupants after about an hour. When no 
oxygen is added or CO, removed, symptoms appear 
in all subjects at the end of the second hour, marked 
panting, headache and lassitude being prominent 
signs. The addition of oxygen and the removal | 
of CO,, however, considerably reduce the number of 
subjects affected and also reduce the severity of the 
symptoms. Activity on the part of the observers 
was found to be accompanied by more severe 
symptoms than were experienced by resting subjects, 
but the addition of oxygen considerably improved 
the condition of active individuals. Some degree of 
mental impairment, evidenced by difficulty in con- 
centration, was found to accompany the lack of 
oxygen. 

The conclusions reached as a result of the tests 


| briefly referred to above are as follows :—Under- 


ground shelters of standard steel construction 
designed for 50 factory workers can be fully 
occupied for a period of two hours without ventilation | 
and with exits and entrances sealed against gas 
without any serious effects on the occupants, | 
although some discomfort and mental impairment 
may be apparent towards the end of this period. 
As it will not be necessary to close gas-proof doors 
until a gas alarm is given, comfortable conditions 
can be maintained inside shelters of the types tested 
by leaving the doors ajar. A small air-filtration | 
plant would enable the shelters to be occupied for 
longer periods without discomfort. It appears | 
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The terms of reference were: “To consider the 
design and operation of three classes of engines, 
viz.. XA, XB and XC types, and to advise on 
(1) the suitability of the designs, as originally 
framed and as subsequently modified, for the 
type of work for which the engines were intended ; 
(2) the suitability of the procedure followed in 
preparing and approving the designs for these 
engines; (3) the circumstances attending, and the 
justification for, the initial and subsequent purchases 
of these engines ; (4) the conditions subject to which 
these engines can be used with safety, with particular 
reference to their suitability for the track on which 
they were required to run, and, conversely, the 
suitability of the track for these engines; (5) any 
modifications which would have the effect of increas- 
ing their scope without any sacrifice of safety ; and 
(6) any modifications that should be made in the 
procedure hitherto followed for the trial and pur- 
chase of engines.” 

The preliminary activities of the Committee, 


|in the course of which representatives of consulting 


engineers and certain serving and retired officers 
of the Indian railways were interviewed in London, 


| were followed by a six-weeks’ tour in India during 


the latter part of the monsoon in 1938, thus enabling 
observation to be made of the effect of the rains 
on the permanent way in different parts of the 
country. The 7,000 miles of the Committee’s 
itinerary covered important sections of nine of the 
and included 
inspections of several locomotive works and running 
sheds. Over 3,000 miles were travelled on the foot- 
plates of 29 engines of different types, the condition 


|of the track over this mileage being additionally 


studied by means of a Hallade recorder, which 


In the second test | that there is less likelihood of unpleasant concen. | was mounted in the same vehicle throughout the 


the conditions were similar, except that an air-| trations of CO, developing in sealed concrete! tour. Representative experiments made by officers 
filtration plant, delivering 71-5 cub. ft. of filtered | shelters than in steel shelters, this being possibly | from the Central Standards Office, to assess the 
air per minute, was employed, the vitiated air escap- | due to the CO, permeability and /or absorbing Capa- | extent of flange forces and to determine their effect 
ing through a small vent in the roof. The third) city of the concrete. If it is essential for individuals | on the track, were also examined. Finally, after 
test was made with the entrance and emergency | in a fully-occupied shelter to retain their full mental | the Committee's return, further meetings were 
exit doors left ajar, as they would be during a raid in | alertness, as, for example, those in a control room, | held in London, attended by representatives of 


which gas was not used. The fourth test was 
carried out in the concrete shelter with the entrance 
and exit doors completely closed and sealed against 
gas. This was the only test made in the concrete 
shelter, the two remaining tests being carried out 
in the steel shelters under conditions generally 
resembling those of the first test, but in the fifth 
test physiological as well as physical observations | 
were made, while in the sixth test, 40 cub. ft. of| 
oxygen was admitted at the end of the first hour | 
and an attempt was made to absorb the expired | 
CO, by exposing 40 lb. of soda-lime in 47 gauze 
bags on a line stretched along the ceiling. 

The occupants ranged in number from a minimum 
of 42 in the fifth test to a maximum of 48 in the 
fourth, and as much variety as possible, as regards 
age and occupation, was arranged for. Full physical 
data on the tests are given in the report in the form 
of tables and graphs, and these may be studied with 
advantage by those particularly interested. Our 
space will not permit us to give the results in full, 
but some interesting points may be referred to. 
One particularly noteworthy feature appears from 
the data on the test in the concrete shelter. In this, 
the observed CO, concentration after 2} hours 
occupation was only 60 per cent. of the theoretically 
calculated concentration, while the corresponding 
figures for tests numbers | and 5 in the steel shelter 
were 94 per cent. and 93 per vent., respectively. 
It would thus appear that the concrete absorbs 
CO, as the concentration increases. In the test in 
which the air-filtration plant was employed, the 
observed concentration of CO, after 2 hours was 
2-6 per cent., as compared with the calculated value 
of 5-54 per cent. without filtration. The CO, 
concentration, as would be expected, was greatly 
reduced by keeping the doors slightly open, the 
observed concentration in test number 3 being 
1-2 per cent., as compared with a calculated figure 
of 5-3 per cent. The effect of the soda-lime used | 
in test number 6 was to reduce the CO, concentration | 
from the calculated value of 5-32 per cent. to 3-8 per 
cent. 

The report gives detailed data regarding variations | 
in temperature and humidity which indicate that 
in fully occupied underground steel shelters dis- ! 


| 


it is desirable either that artificial air filtration and | 
ventilation should be maintained, or that adequate 
supplies of oxygen should be liberated at hourly | 
intervals and that CO, should be continuously | 


|absorbed by chemicals such as soda-lime, exposed | 
|in suitable containers and locations. 


In conclusion, we wish to commend the public- | 
spirited manner in which Messrs. J. and E. Hall, | 
Limited, have made these interesting and important | 
data generally available with very little delay, at a | 
time when they must be experiencing exceptional | 
pressure of other work. Actions such as these, | 
which we hope and believe will not be rare, must | 
tend to hasten the time when the class of protection | 
dealt with in the report shall have been rendered | 
unnecessary. 








THE REPORT OF THE PACIFIC 
LOCOMOTIVE COMMITTEE. 
In July, 1938, rather more than a year after the 
railway disaster at Bihta, in which more than a 
hundred passengers lost their lives as the result of 


| the derailment of an XB-type standard Pacific 


locomotive, the Government of India appointed a 
Committee to make a thorough investigation of the 
three main classes of Pacific locomotives in service 
on the Indian railways. The members of the 
Committee were Lieut.-Colonel A. H. L. Mount, | 
C.B., C.B.E., M.Inst.C.E., Chief Inspecting Officer 
of Railways, Ministry of Transport (chairman) ; 
Mr. R. Carpmael, O.B.E., M.Inst.C.E., Chief Engi- 
neer (Civil), Great Western Railway; Rai Bahadur 
P. L. Dhawan, C.1.E., M.A., a member of the Federal 
Public Service Commission and formerly Chief 
Engineer (Civil), North Western Railway; Mr. 
Robert Léguille, Regional Chief Mechanical Engineer, 
French National Railways; and Mr. W. A. Stanier, 
M.I.Mech.E., Chief Mechanical Engineer, London 
Midland and Scottish Railway. The Committee 
were assisted by Mr. E. S. Cox, A.M.I.Mech.E., | 
technical assistant to the Chief Mechanical Engineer, 


| London Midland and Scottish Railway. Mr. K. C. 


Bakhle, B.Sc. (Lond.), Divisional Engineer, Great 
Indian Peninsular Railway, was appointed secretary 
to the Committee. 


consulting engineers, locomotive builders, and 
retired officers of Indian railways. The outcome 
of these labours is a voluminous report* of nearly 
200 foolscap pages, which was presented to the 
Government of India on March 31, 1939, and has 
been since issued to the public by the India Office. 

Under the terms of reference, which required 
them to consider the suitability of the original 
designs and the justification for the initial purchases 
of the three classes of Pacific locomotive, the 
Committee found it necessary to depict the circum- 
stances in which this type was brought into use. 
The second chapter of the Report, therefore, 
reviews the history of Pacific locomotives in India 
and outlines some of the difficulties experienced 
in the operation of these engines, and the steps 
taken to effect improvement up to the time of the 
accident at Bihta in July, 1937. At the outset, 
however, the Committee clearly state that, as their 
inquiry was primarily of a technical nature, they 
did not pursue the attribution of individual respon- 
sibility, deeming that consideration of what is being 
done now is of more importance in the public interest, 
in order that mistakes may be avoided in the future. 

It appears that the decision to introduce Pacific 
locomotives on Indian railways formed part of the 
policy adopted by the Railway Board following the 
recommendations of the Acworth Committee, the 
members of which toured India in 1920 and 1921, 
when the railway system was suffering acutely 
from the effects of the Great War. Not only at 
that period, but for years previously, public opinion 
in India had constantly complained of the inade- 
quacy of the Indian railway system to meet the 
needs of the country. The Acworth Committee 
emphasised the regrettable extent to which the 
system had been allowed to degenerate during the 
war, and urged the need for capital expenditure 
to bring it up to date. Notable among the technical 
measures of economy was the need for a curtailment 
of the fuel bill, the disproportionate growth of 





* Pacific Locomotive Committee Report. Delhi: The 
Manager of Publications. London: The High Commis- 
sioner for India, India House, W.C.2. [Price, Rs. 4 As. 4, 


tor 6s. 9d.) 








SEPT. 22, 1939. 


ENGINEERING. 


337 








PACIFIC LOCOMO 


TIVES IN INDIA. 


XA CLASS 











Coal 72Tons 
Water 3000Galls. 


















--10'6" - >< 2/0 





++ 6.0" | 
| te | le---4810"-->) 
| (cL s89 Tonal Wheelbase ------------------ + | 
W------------------- 63.0" Length over Buffers-- --------------------- al 
Weight Tons 15.6 13 13 13 12 w1 #05 1141 
(7032.a) 16.6" Between Tubeplates “gNGINKERING” 
Fig.2. XB CLASS 
br 
ty 
= 
JOS Ei 
<7)" he $19 6.7 > <-6'7" >< - 8.0" >< --101 68 - 
by 1 te le i fe: | 
| fe---------— _--~---.--... >| metres 22:6" ------ eo 
| Mena-------------------- 66:7 Total Wheelbase------------------ wbioinl 
\«---------------------~18:11% Length over Buffers -------------------------- 
Weight Tons 22.6 17] 17 17 6-65 32°82 32 
gose.s) 18.6" Between Tubeplates “ENGINEERING” 
Fig.3 XC CLASS 





~----------------------- 16.158 Length over Buffers------------------------> 
Weight Tons 24671 1968 9°75 198 17-22 39°19 53°35 
(7032.c) 18:6" Between Tubeplates ‘eueeeenet 


which is illustrated by the facts that, while the 
engine mileage over the period from 1913-14 to 
1922-23 had increased by only 12 per cent. on the 
broad gauge (5 ft. 6 in.) and 4 per cent. on the metre 
gauge, the fuel bills had grown by 110 per cent. 
and 118 per cent., respectively. “One way of 
reducing these costs,” it was suggested, “was by 
extending the use of second-grade coal, supplies 
of which were available over a wider area than 
first-grade, and were ample in certain collieries 
which had been acquired by the Railway Board as 
some measure of protection against continually 
rising prices. We understand, however, that an 
investigation into boiler ratios then indicated that 
existing types of locomotives would be unsuitable 
for the economic use of this coal, and that, to obtain 
the necessary boiler horse-power, wide fireboxes 
were considered to be essential. Hence the demand 
for the wheel arrangement of the Pacific type, in 
place of the existing narrow-firebox 4-6-0 type, if 
sufficient power was to be obtained to meet the 
anticipated need for heavier loads.” 

The need for economy in the use of second-grade 
coal prompted the Bombay, Baroda and Central 
India Railway, in 1919, to initiate experiments with 
certain metre-gauge engines specially fitted with 
wide fireboxes, the trials of which were attended 
with great success. The Railway Board, in conse- 
quence, sanctioned the purchase of six experimental 
broad-gauge Pacifics, although refusing permission, 
to each of the three Administrations concerned to 
purchase more than two such engines pending the 
outcome of trials over an experimental period of not 
less than one year. Of these engines, two 4-6-2 
passenger locomotives for the Bombay, Baroda and 
Central India Railway, and two similar, but lighter, 
Pacifics for the East Indian Railway, “ were 
designed and built by manufacturers in England, 
in co-operation with the consulting engineers, to 
the specifications of the locomotive superintendents 
concerned. The first two, with 193 tons axle 





loading, were received on the B.B. and C.I.R. about 
July, 1924, and were known as the P class; the 
other two, with 164 tons axle loading, were put 
into service on the E.I.R. about the same time, and 
were known as the PS class. So far as we could 
ascertain, no more than ordinary conventional 
consideration was given at the time to the design 
of these engines as vehicles, namely, to the lateral 
motion of the bogie and hind truck. No doubt the 
usual practice was followed by the locomotive 
superintendents concerned of fixing the weights 
on axles, spacing of wheels, weight per foot run, 
etc., the design generally being left for settlement 
between the consulting engineers and the builders. 
..+In March, 1923, this Administration (the 
Madras and Southern Mahratta Railway) as a 
separate approach to the use of low-grade fuel, 
obtained sanction to purchase two Baldwin Pacifics, 
the design of which was typically American, with 
bar frames, steel fireboxes, etc., the builders being 
given a free hand. These two engines had an 
axle loading of 17 tons, and their purchase was in 
accordance with the Railway Board’s policy to 
experiment with the Pacific type.’ The two Bald- 
win engines started work on the Madras and Southern 
Mahratta Railway about September, 1924. 

By January, 1925, these six Pacifics had been 
running for some months and “no complaints had 
been received with regard to their riding, though no 
specific trials were carried out, and the Railway 
Board apparently took no steps at the time to satisfy 
themselves in this respect. However, later they 
did avail themselves of the experience of the two 
B.B. and C.I.R. engines, which were running on that 
line ; they sent to the consulting engineers a memo- 
randum by the Chief Mechanical Engineer, dated 
January, 1926, with a request that consideration 
should be paid to the 17 points of design raised there- 
in. The following relevant extracts are of interest : 

“ The design of the tender bogie is not satisfactory. 
It is very ‘hard riding’ and the Engineering 


Department complain of the engines spreading the 
|road where the latter consists of flat-footed rails 
| spiked on to wooden sleepers. This is undoubtedly 
|due to the great weight of the engine and tender 

acting on the admittedly weak attachment of rail 
| to sleeper, which consists of one dog spike to take 
side thrust. It is noticeable, however, that the 
tyres of the leading tender bogies wear sharp flanges 
very quickly, and it is suggested that a different 
design of bogie should be considered which will 
provide for both lateral movement and rotation. 
| “* American practice appears to differ in that 
| some tender trucks have both lateral movement and 
| rotation, and some have rotation only. I think 
we can disregard the Engineers’ complaint about 
spreading the road as they can readily strengthen 
the attachment of rail to sleeper by using additional 
spikes and bearing plates on curves. The excessive 
| wear on tyres, however, is presumably due to 
| either (a) excessive friction resisting the rotation 
of the bogie, or (b) absence of lateral movement. It 
is possibly due to a combination of these . . . 

“The coupling between engine and tender is 
reasonably rigid, and the overhang of the rear end 
of the engine may force the leading end of the 
tender to deviate a greater amount than can be 
compensated for by rotation only of the bogies . . . 
| It appears as economical to design a bogie with 
| lateral flexibility as without it, and it is suggested 





that the question be very carefully considered and 

| lateral movement provided. A reasonable amount 
| of lateral flexibility can obviously be of no detriment, 
/and will probably completely eliminate the trouble, 
and the increased cost of design will be negligible. 
In any case, excessive tyre wear is a very expensive 
item. It is understood that the bogie tender on the 
Great Indian Peninsular Railway has also proved 
very unsatisfactory.” 

Meantime, as a further measure of economy and 
|in pursuance of its policy of standardisation, the 
Railway Board set up, in February, 1924, a Loco- 
motive Standards Committee, with instructions to 
| give special attention to the following points regard- 
| ing new types of locomotives : (a) number of types 
| and classes of a type to be kept down to a minimum ; 
| (b) axle loads to conform to the standards of loading 
| existing and recommended ; (c) balancing in co- 
operation with the Engineering Department ; (d) 
lightening of reciprocating parts; (e) weight in 
relation to tractive effort ; (f) accessibility and eco- 
nomical cost of working and maintenance; (g) 
adequate boiler power; and (h) largely increased 
grate areas to permit of the more extended use of 
low-grade coals. Careful consideration was also 
to be given to the merits of a number of specified 
details, among which were the avoidance of tortuous 
exhaust passages and the necessity for interchange- 
ability of boilers. Thus the Board’s instructions 
were that the new standards should be adopted 
where justified ; that axle loads were to conform 
to existing and recommended standards ; and that 
the co-operation of the Engineering Department 
was to be obtained. 

** As their first task,’’ to quote the present Report, 
“the Locomotive Standards Committee toured 
India from November, 1923, to February, 1924, 
and though it had been hoped that they would have 
been able to benefit by the experience gained from 
the operation of the six experimental engines already 
mentioned, it is clear that they could not have 
done so, for their First Report was submitted in 
1924, before any of these engines arrived. The 
preamble to this Report discussed the benefits 
that it was hoped to derive from the restandardisa- 
tion of the existing B.E.S.A.-type engines, and 
from the evolution of the new I,R.S. designs. The 
Locomotive Standards Committee formulated their 
proposals after consultation with the using Depart- 
ments of Class I railways, and prepared a series of 
recommendations embracing all future types of 
broad- and metre-gauge locomotives.” In particu- 
| lar, they prescribed technical details of the XA, 
| XB and XC types of Pacifics, which are the main 
subject of the Pacific Locomotive Committee’s 
| investigation, and it is noteworthy that no criticism 
| appears to have been received from any Administra- 
tion with regard either to the adoption of the 
| Pacific (4-6-2) wheel arrangement, or to the specified 
' sizes and range of the standards proposed. 

























The diagrams of the three standard Pacifics, as 
constructed, are reproduced in Figs. 1, 2 and 3, on 
page 337. The following technical particulars, listed 
in Table I herewith, were recommended : 


TaBLe I.— Recommended Particulars of 4-6-2 Two- 
Cylinder Superheated Locomotives. 

Branch Light Heavy 
| XA. XB. xc. 


; 


Axle load, tons, coupled wheels 17-0 19-5 





| 49-5 

Weight of engine, tons ‘ ..| 50-5 82-0 4-5 | 
Weight of tender, tons , oN) 40-8 68-6 | 77-0 | 
Boiler pressure, Ib. per sq. in 180 180 180 | 
Diam. of cylinder, in. | 17% | Qt CO - 
Stroke, in. - Ll 26 28 28 
Diam. of coupled wheels, in. | Old 74 7 | 
Tractive effort at 85 per cent. boiler | 

pressure, Ib ; o* --| 19,810 | 26,760 | 30,630 | 
Ratio of adhesion at 85 per cent. | 

boiler pressure 4-24 | 4-2 4-28 | 
Grate area, sq. ft. 32 45 61 | 
Evaporative H.5., sq. ft. 1,600 2,250 | 2,550 
Superheater H.S., sq. ft 3n4 | 540 | 612 


As built, the engines differed slightly from the | 
particulars given in the table. The XA class was 
given cylinders 18 in. by 26 in., and the XB class, 
21} in. by 28 in., and the tractive effort of the former 
class was increased to 20,960 Ib. The weights of | 
the engines and tenders, light and loaded, respec: | 
tively, were: XA engines, 61-35 tons and 66-6 tons, 
and the tenders, 21-42 tons and 42-25 tons; XB 
engines, 81-65 tons and 90-25 tons, and tenders, | 
34-64 tons and 64-82 tons ; XC engines, 87-04 tons | 
and 98-16 tons, and tenders, 37:45 tons and 
78-04 tons. All three classes of engines were | 
given Cartazzi hind trucks. 

In advocating the characteristics in Table I, the | 
Locomotive Standards Committee explained that | 
(a) the axle loads selected were suitable for rails of | 
the following weights, respectively : For a load of | 
22-5 tons, 90 Ib. per yard ; for 19-5 tons, 85 lb. ; for 
17-0 tons, 75 lb.; and for 12-5 tons, 60 Ib. The | 
cylinder diameters had been calculated to give| 
a tractive effort at 85 per cent. of the boiler pressure | 
equal, as nearly as possible, to the adhesive weight 
divided by 4°25; the grate area had been fixed | 
by dividing the tractive effort at 85 per cent. | 
of the boiler pressure by 600 ; and the evaporative | 
and superheater heating surfaces had been obtained | 
by multiplying the grate area by 50 and by 12, respec- | 
tively. With regard to track limitations, the | 
Committee pointed out that the engines met, as | 
far as was practicable, the requirements that the 
revolving parts should be completely balanced, | 
that the cylinders should be horizontal in preference | 
to inclined, and that the connecting rods should be | 
long, in preference to short. 

“ With regard to the lightening of reciprocating | 
parts,” according to the Report, “the Committee | 
recognised that alloy steels were liable to give trouble 
and confined themselves to recommending trials with 
alloy-steel piston, connecting and coupling rods on | 
two locomotives on each railway requiring them. 
The desirability of introducing multiple cylinders, 
mechanical stokers and boosters, was discussed | 
with the prospective users; but opinion was) 
unanimous against their introduction under the 
conditions existing at the time. In particular, | 
it was held that the increased capital cost, complica- 
tion, and maintenance charges resulting from the | 
adoption of more than two cylinders could not be | 
justified for Indian railways. The introduction of 
high-pitched boilers, increased size of cylinders and 
straight-line valve gear necessitated an increase 
in the overall height and the width over cylinders. 
This resulted in the engines infringing the Schedules 
of Maximum Moving Dimensions, of 1922, but the 
new dimensions were, in the opinion of the Loco- 
motive Standards Committee, the minimum within 
which satisfactory locomotives could be designed. | 
Administrations were therefore instructed that it 
would be necessary to satisfy themselves, prior to 
the introduction of the new locomotives, that no 
fixed structure existed which would interfere with 
safe running. For example, the overall height for 
the XA type conforms to standard, 13 ft. 6 in. ; 
but this dimension for XB and XC types was 
increased to 14 ft. 0 in. and 14 ft. 6 in., respectively. 

“ From the specification and diagram laid down 
by the Locomotive Standards Committee, it appears 
that the XB type was largely based on the informa- | 




















| Board, to prepare, under the direction of the consult- | moment’s trouble, and I feel that, as this arrange- 


/recommendations of the Locomotive Standards| and XC engines.” 
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tion available regarding the first four British-built | B.B. and C.I.R. expressed the opinion that this 
Pacifics, which by then had been constructed but | type of control (1 in 7, compared with 1 in 10 on 
had not reached India, and, as the latter were of | the XC) was working satisfactorily on the first two 
experimental type, close collaboration had been | experimental Pacifics on his line. Later, in May, 
necessary between the builders and the consulting | 1926, the consulting engineers also received a letter 
engineers; for this reason, the same builders were| from the Board to the effect that ‘the Cartazzi 
engaged and paid, by arrangement with the Railway | boxes on the B.B. and C.I.R. have not give a 


ing engineers, the sets of preliminary drawings for | ment has been so successful on the broad gauge, we 
the standard Pacifics in compliance with the require- | should adopt it on the metre gauge engines for the 
ments in the Report of the Locomotive Standards | sake of uniformity if nothing else.’ It also seems 
Committee. The consulting engineers also consi-| that the Board and the consulting engineers cannot 
dered that the recommended standardisation was of | have overlooked the Bissel truck as an alternative, 
such importance that one of their partners paid a| in view of its wide use elsewhere, and it was, in fact, 
special visit to India, from November, 1924, to | provided on the Baldwin engines which had then 
February, 1925, and reviewed relevant matters| been under trial on the Madras and Southern 
with the Locomotive Standards Committee and with Mahratta Railway for nearly two years. The 
the various Administrations concerned. He also | proposal to adopt the Cartazzi type of radial axlebox 
discussed with the Railway Board the preliminary | was finally agreed to, as the result of discussions at 
general-arrangement drawings, which he took out | the builders’ works in Mareh, 1927, the arrangement 
to India . . . He also wrote and supported the| having the merit of being the same for both XB 


Committee on most details; but having visited | (To be continued) 
nearly every Administration in India, he also 
strongly expressed the opinion that the existing | 
B.E.S.A. locomotives of the latest type should | 
‘not lightly be set aside or altered,’ his intention! THE LATE MR. C. M. SCHWAB. 

being that certain B.E.S.A. types should be retained Tux news of the death of Mr. Charles Michael 


= addition to the — standards. F _ | Schwab, in New York, on September 18, will be received 
It is convenient at this stage to mention certain | with regret by steel men and metallurgists in this 
remarks of the Pacific Locomotive Committee,| country and throughout the British Empire. Mr. 
bearing on the original design of the X-class Pacific as | Schwab, who was chairman of Messrs. Bethlehem Steel 
a vehicle. In the First Report, May, 1924, of the | Corporation and was for many years one of the leading 
Locomotive Standards Committee, only one recom- | steel manufacturers in the United States, was born at 
mendation—advising spring compensation in two | Williamsburg, Blair County, Pennsylvania, on Feb- 
a ee ee WO | ruary 18, 1862. While still in his early boyhood, his 
groups, if practicable—was of any importance with family removed to Loretto, Pennsylvania, where he was 
reference to the riding of the engine ; while in their | educated at the local school and at St. Francis College. 
Second Report, of March, 1925, only two bore} On leaving school, Mr. Schwab obtained work in a 
materially on this point, one approving overhead | grocer’s shop at Braddock, Pennsylvania, which was 
spring gear, and the other recommending Cartazzi- | frequented by the workmen of the Edgar Thomson 


type radial axles for the hind trucks of broad-gauge | Steelworks of Messrs. Carnegie Brothers and Company. 
engines. Commenting on these points, the Pacific | — get ae A ange ra Fomggpar 
Locomotive Committee remark that the original | 1 hi cr : . 
outline designs prepared by the builders of the | Pom ee Ms cpese thane in soquiting knowledge sqpeting 
. re - : processes employed there. Captain 
experimental Pacifics showed springs carried on) William R. Jones, who was then superintendent of the 
high stirrups on the top of the axleboxes, the com-| Edgar Thomson works, met the young grocery clerk, 
pensating beams being above the centre line of the | and, being impressed by his energy and intelligence, 
coupled wheels. — him into = ey <s " was ay — = 
“When the detailed design was being pre of driving stokes ot = deliee s day. Mr. Schwab's 
by the builders of the 7 Pacifics Po ruigen penton oS CES CEN, Mek Me cage 
A Mp . , a or managing men, however, soon asserted themselves, 
supervision of the consulting engineers,” to quote | and promotion came rapidly. On the death of Captain 
the Report again, “the springs were lowered to| Jones, as the result of an accident in the Edgar 
rest directly on the tops of the axleboxes, and the | Thomson works, Mr. Schwab succeeded him as super- 
compensating beams were lowered to positions below | intendent of the plant, and, in 1892, he was also made 
the centres of the axles.” The main reference from | S¥Perintendent of the Homestead Works of the Car- 
India on the subject emphasised that “ (a) the ny oped = oy pg eel - early age em 
spring must be brought down as near as possible to Ccauia Cannes poy in tg leaner teen a 
the crown of the box ; and (6) the horn stay should | ejected president. ; si teaaibriidtid 
preferably secure the frame and the horns, but if this At this period it was gradually being realised that 
cannot be carried out, the frame should be stayed | if further commercial development on economic lines 
and not the horns, which has been the practice in| was to be made possible, a fusion of interests among 
the past.” | the larger steel companies was necessary. It was 
The Pacific Locomotive Committee states that, | Chiefly due to Mr. Schwab's ability and energy that an 
“owing to the desire to use a combined hornblock a mg — a yoy 
and framestay, there was not room for the retention yw eh a ctor cary my 1901. Th cnntiened te this 
of the compensating levers in the original position, | capacity until 1903, when he resigned and acquired & 
and the builders informed us that, in conference | controlling interest in Messrs. Bethlehem Steel Cor- 
with the consulting engineers, it was not considered | poration. He retained, however, large personal inter- 
objectionable to increase the length of the spring | ests in Messrs. The United States Steel Corporation 
links ; it was suggested that the rubber spring pads and its subsidiary companies. Under his chairmanship, 
might, with advantage, be carried below the bottom | the Bethlehem plant was gradually built up into a 


: , great steelworks, and it has long been noted for the 
of the frame, in order to afford more room for a completeness of its equipment and the excellence of its 


wider rubber pad. . ++ In February, 1927, the products. Apart, however, from his contribution to 
consulting engineers approved the whole arrange- | the advancement of the manufacture of iron and steel, 
ment of guides and springs for the X-class Pacifics | Mr. Schwab rendered eminent services to the cause of 
being kept uniform. the Allies during the war of 1914-18 in the production 
“The Cartazzi type of radial box was discussed of munitions, and, later, in the spring and summer of 
by the partner of the consulting engineers during his 1918, when our mercantile marine was being weakened 
_ ee : ; A - by the activities of enemy submarines, by the truly 
tour in India, and before the issue of the Locomotive | valiant efforts he made as Director-General of the 
Standards Committee's second report, of March, | Emergency Fleet Corporation to provide ships for the 
1925, which its adoption was accepted for broad- | conveyance of American troops, stores and equipment 
gauge designs. It was the only type of truck of | to France at the most critical period of the war. After 
which there was then first-hand experience (about the cessation of hostilities, in December, 1918, he 
three years) on Pacifics in England, and the consult- | Tesigned this position, and returned to the Bethlehem 
ing engineers pointed out that it was light in weight Steel Corporation. Among other honours received for 
and gave maximum freedom in ashpan design. It his work during the war was that of Officer of the Legion 
also provided for centring force different in nature - oem Te (ee OREEE agem Lie, ty te 
: : ren vernment. 

from that of the spring-controlled bogie, and about | Mr. Schwab had long been a member of the American 
this time the Chief Mechanical Engineer of the Iron and Steel Institute, and on October 18, 1927, 
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STEAM GENERATOR. 


MESSRS. GRESHAM AND CRAVEN, LIMITED, SALFORD. 
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he was elected President in succession to the late 
Mr. E. H. Gary. He continued to occupy this position 
for five years, and then became chairman of the board 
of directors of the Institute, but advancing years caused 
him to resign this position in 1934. Mr. Schwab, who 
had become a member of the Iron and Steel Institute 
in 1895, was elected an honorary vice-president in 
1926, and was awarded the Bessemer Gold Medal in 
1928. In returning thanks to the President and mem- 
bers of the Institute after the Medal had been conferred 
upon him on May 3, 1928, Mr. Schwab made a striking 
speech which will long be remembered by his hearers. 
He stated that he was celebrating that year the 50th 
anniversary of his entry into the iron and steel industry, 
and that in the course of his long career he had con- 
ducted business of a value running into millions of 
dollars with Great Britain without any dispute, diffi- 
culty or unpleasantness occurring at any time. In 
1932, Mr. Schwab again visited this country to receive 
the Melchett Medal at the hands of the President of 
the Institute of Fuel at a meeting in London. In 
addition to his steel and industrial interests, Mr. 
Schwab was a director of several insurance, banking 
and other commercial firms. 








THE ‘ VAPOR-CLARKSON ”” AUTO- 
MATIC OIL-FIRED STEAM GENE- 
RATOR. 


To meet a need which is becoming increasingly felt, 
Messrs. Gresham and Craven, Limited, Ordsall-lane, 
Salford, 5, Manchester, have developed a novel form 
of coiled-tube boiler, which is fully automatic and can 
be arranged to supply dry or superheated steam or 
hot fluids under pressure. An illustration of the boiler, 
which is termed the Vapor-Clarkson generator, is given 
above. It is, perhaps, not so self-explanatory as are 
most illustrations of boilers, but it may be said that 
the evaporating portion consists of helical coils attached 
to a base bolted to the bottom of the central cylindrical 
casing. The water-circulating pipes, seen-to the left, 
are attached to this base so that the complete coils 
may be withdrawn from the casing for cleaning, 
inspection, and forth. The method of with- 
drawal] depends on the mounting of the boiler. The 
casing is provided with four bracketed feet. If the 
boiler is supported on these, the coils are withdrawn 
downwards. If, on the other hand, it is preferred to 
support the boiler on the base, the four bracketed 
flanges on it are used for connecting, and the casing 
and appurtenances are withdrawn upwards to expose 
the coils. In both cases the base and casing are held 
together by only four bolts, two of which are made to 
serve as starting screws, and disconnection is simple, 
though two or three pipe joints will have to be broken. 


80 
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The object of the Vapor-Clarkson generator is to | 
provide an automatic and self-contained means for | 
supplying dry or superheated steam for such purposes 
as the heating of running or standing railway vehicles, 
motor or steam vessels, buildings, factories, etc. It 
can be used, either as a stationary or portable unit, 
for the heating of asphalt or oil containers and the 
like, while, when arranged to supply superheated 
steam, it will be serviceable for drying, cleaning, 
sterilising, etc. In its alternative use for supplying 
high-temperature liquid sprays, a number of applica. | 
tions are indicated. The unit illustrated has a capacity 
of 300 Ib. of steam per hour at pressures up to 200 Ib. 
per square inch, with optional superheat. The heat- 
release rating per cubic foot of combustion space is 
unusually high. Oil firing is employed and full 
working pressure can be attained in approximately 
three minutes from starting up. A single motor 
operates the feed pump, fuel pump, magneto for 
starting ignition and the blower for combustion air. 
The fuel supply is automatically regulated in relation 
to the amount of water circulated through the coils 
and to the amount of combustion air delivered. The 
illustration shows an electrically-driven unit, but when 
current is not available a petrol or paraffin engine can 
be used with necessary modifications to the controls, 
the electrically-driven unit being switch or push-button 
operated. 

With regard to construction, the coil assembly has 
staggered coils, designed so as to compensate for 
expansion and to split the combustion gases into 
narrow films which flow freely in the opposite direction 
to the water in the coils. The operating motor is not 
shown, but drives a pulley on the centrifugal blower 
distinguishable on the left. The blower spindle is 
prolonged to drive the fuel pump, seen in front of the 
blower and above the oil strainer. The spindle has 
also a pulley from which the ignition magneto, mounted 
on top of the blower, is belt driven. A belt from the 
magneto spindle drives the reciprocating feed pump, 
which is situated behind the boiler. The pump suction 
is provided with duplicate strainers. As the boiler is 
virtually of the flash type, it is necessary to treat the 
feed water by some effective softening process. The 
cylinder seen to the right is the steam separator, the 
upper valve being the steam outlet and the lower one 
the drain. Duplex safety valves are seen at the top 
of the separator and behind them is the outlet for the 
combustion gases. The remainder of the fittings, and 
some at the back of the boiler and not visible, are 
connected with the controls. When arranged for con- 
tinuous operation, the drive, either motor or internal- 
combustion engine, will run continuously until shut 
down. Should the steam valve be closed or no 
steam demand be made, the fuel and feed water are 
automatically by-passed and steam generation stops 








| matic operation, only possible with motor drive, the 
electric control panel ensures continuous working 
without manual attention, once it has been started, 
control automatically occurring as a function of the 
pressure and temperature of the supply. When auto- 
| matic variable output is required, a selector switch, 
| manually-operated, is fitted to the control panel. The 
variation possible is between 100 Ib. and 300 Ib. of 
steam per hour. 

The automatic safety controls ensure that should the 
water supply fail, either initially or subsequently, the 
burner will not start in the one case and shuts down 
in the other. The degree of superheat controls both 
the quantity and the pressure of the fuel supply, the 
burner being shut down when the pre-determined 
degree of superheat has been obtained and auto- 
matically re-starting when the unit has cooled down 
below that point. The degree of superheat is adjustable 
up to 500 deg. F. or 600 deg. F. The whole set shuts 
down on a pre-determined pressure being reached and 
automatically restarts on fall of pressure, Should 
ignition fail, or the fuel supply give out at the start, 
a switch at the outlet for the burnt gases shuts down 
the whole set, manual re-setting of a switch being 
required to re-start after investigation and rectification 
of the stoppage. Overheating from any cause results 
in a similar close down and needs manual re-setting of 
a switch. The fuel consumption is at the rate of 1 Ib. of 
oil per 101b. to 12 1b. of steam, The weight, complete with 
driving motor and control panel, is given as 580 lb., 
though this can be reduced for special cases to about 
400 lb. by the use of special alloys. The floor space 
occupied is 36 in. by 24 in., excluding the motor, 
which can, however, be mounted above the unit. The 
height to the base of the chimney is 28 in. When the 
generator is used for cleaning an additional pump is 
fitted and a hot-liquid jet, which can be regulated up 
to any temperature by adjustment of the suction valve 
on this pump, is produced. Thus, a dirty locomotive 
can be cleaned with a steam jet to loosen dirt and grease 
and finally sprayed with a hot mixture of water and 
suitable oil, leaving a fine film of oil all over the engine. 
| Any desired chemical can be added to the water tank 





| and atomised for use as a spray. 








CATALOGUES. 


Sheet-Metal Machinery.—Messrs. Lee and Crabtree, 
Limited, Wrose Brow Works, Shipley, Yorks, have issued 
a folder giving particulars of their inspection record 
presses. 

Friction Clutches.—Messrs. British Twin Dise and 
Clarifiers, Limited, Bush House, Aldwych, London, 
W.C.2, have sent us a leaflet describing their Twin-Disc 
clutches. 

Heating Elements.—Messrs. Geo. Bray and Company 
Limited, Leicester-place, Blackman-lane, Leeds, 2, have 
sent us a catalogue describing their Chromalox and 
Tubalox electric heating elements, immersion heaters, 
and radiators. 

Hydraulic and Other Plant.—** Modern Engineering ”’ 
is the title of a booklet recently published by Messrs. 
Tangyes, Limited, Cornwall Works, Birmingham, which 
illustrates the variety of plant manufactured at this 
works. 

Enclosed Arc Lamps.—We have received a copy of a 
booklet dealing with the efficient usage of the lamps and 
ship carbons made by Messrs. Charles H. Champion 
and Company, Limited, 60-66, Wardour-street, London, 
W.1, for photographic printing purposes. 

Industrial Oil Engines.—Messrs. Morris Motors 
Limited, Cowley, Oxford, have sent us a catalogue 
describing various applications of their industrial engines, 
replace parts for which, it is stated, can be obtained 
from more than 3,000 authorised dealers. 

Rubber Cables and Wires.—We have received from 
Messrs. British Insulated Cables, Limited, Prescot, 
Lancashire, a supplementary list of their fire-resisting 
insulated cables, which are made in accordance with the 
standards and formule of the Cable Makers’ Association. 

A.R.P. Fizxtures.—Messrs. The Rawliplug Company, 
Limited, Rawlplug House, Cromwell-road, London, 
S.W.7, have issued, in the form of a leaflet, a useful 
guide to facilitate compliance with the present lighting 
restrictions. 

Excavating Machinery.—Messrs. Ruston-Bucyrus, 
Limited, Lincoln, have sent us an informative catalogue 
describing their Universal 10-RB j-yard excavator. 
This is the smallest machine made by them and is capable 
of being used as a shovel, crane, drag line or skimmer. 

Self-Priming Pumps.—A portable self-priming pump- 
ing unit, petrol, Diesel or electrically driven, is described 
in a leaflet published by Messrs. Ransomes and Rapier, 
Limited, Waterside Works, Ipswich. The self-priming 
action is stated to be fully automatic, requiring no 








though the drive may be running. With fully auto- 


adjustment. 
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LABOUR NOTES. 


Wuewn the House of Commons went into Committee 
last week on the Control of Employment Bill, Mr. 
Grenfell, the Labour representative of the Gower 
Division, moved the following amendment to clause | : 
Provided that before making an order under this 
sub-section the Minister shall refer a draft of the order 

roposed to be made to a committee appointed by 
im, consisting of a chairman and equal numbers of 
members representing respectively, organisations of 
workers and organisations of employers which appear 
to him to be concerned; and the Minister may pay 
to the chairman of any such committee as, aforesaid 
such remuneration as the Minister may, with the 
approval of the Treasury, determine. The amend- 
ment, Mr. Grenfell said, had been accepted by the 
Minister. It was, therefore, added to the Bill. 





The following further amendment was moved by Mr. 
Brown, the Minister of Labour and National Service, 
who explained that it carried out an agreement which 
he had negotiated with the representatives of labour— 
“ The Minister shall not, by virtue of any order made 
under this section, refuse consent to the engagement 
or re-engagement of an employee unless he is satisfied 
that an opportunity of suitable alternative employment 
is available to the employee; and, when he refuses 
consent, he shall notify to the employee any opportu- 
nity which he considers suitable, and the employee 
may appeal to the court of referees constituted under 
the Unemployment Insurance Act, 1935, which acts 
for the district in which he resides, and if that court 
is satisfied that no such opportunity as aforesaid was 
available to him, the court shall allow the appeal, 
and accordingly the consent of the Minister shall be 
deemed to have been given as from the date of the 
decision of the court. Where the appeal of an employee 
is allowed under the last foregoing subsection, the court 
shall, in accordance with regulations made by the 
Minister with the consent of the Treasury, award to 
the employee compensation in respect of any loss 
occasioned to him by reason of the refusal against which 
the appeal was brought, and such compensation shall 
be paid as part of the expenses of the Minister under 
this Act. The regulations made under this section 
shall make provision as to the compensation which 
may be awarded under the last foregoing subsection 
and as to the assessment of such compensation, and 
the regulations shall, in particular, provide for securing 
that benefit under the Unemployment Insurance Act, 
1935 to 1939, shall not be payable in any period in 
respect of which such compensation has been awarded.” 
The amendment was agreed to. 


Mr. Grenfell moved this new clause :—‘‘ Where the 
engagement or re-engagement of employees by em- 
ployers is effected in accordance with arrangements 
made, whether before or after the commencement 
of this Act, between an employer or any organisation 
of employers and a trade union, being arrangements 
approved by the Minister, and in accordance with such 
directions, if any, as may be given by the Minister 
with respect to the operation of the arrangements, 
any provisions of an Order made under subsection (1) 
of section one of this Act having effect by virtue of 
paragraph (6) of that subsection shall not apply to the 
engagement or re-engagement.” The intention was, 
he said, to provide for the continuation of the well- 
established custom of regulating the entry to employ- 
ment by the trade unions and the employers. This 
practice had worked very satisfactorily, and had made 
for peace and efficiency in the staffing of various 
industries. It was one of the conditions of the Opposi- 
tion’s support of the Bill that this practice should be 


maintained. The employers did not object to the 
clause, nor did he think the House would do so. He 
understood that a very small proportion of the 


employers of labour would come under the clause, 
which he was moving with the consent of the organisa- 
tions concerned. 


Mr. Brown pointed out that not only did the clause 
not preclude the practice mentioned ; it went further. 
It was meant to cover all the arrangements which 
had worked harmoniously, and any similar arrange- 
ments which might develop later on. A member 
asked if the clause would cover an arrangement between 
the two sides in the mining indus=ry and the Minister 
replied that it certainly would. The clause was read 
a second time and added to the Bill. When the 
Committee stage was concluded and the House resumed, 
the Bill was read a third time. 


The Railway Staff National Tribunal was due to 


meet in London on Tuesday this week to consider 


the claims of the three trade unions of railwaymen 
for improved conditions of employment. It is pointed 


place in the 
the claims o 
they were referred to the impartial tribunal. 


out, however, that an important change has taken| purpose clearly defined. The opportunity will come 

ition of the railway companies since | for the Labour movement of Europe to translate into 
the men were framed and even since| practice the aims and ideals they stand for, and, 
The | in so doing, they will take a big step towards making 


railways are now under Government control, and| this world a place in which men and women can live 
although the managers are answering the cases of the| their lives in decency. security and peace. The 


| 
| 
| 
| 


unions they are now the Railway Executive Com- 
mittee—acting as the agents of the Minister of Trans- 
port. 





Judging from the texts of agreements which local 
branches of the International Association of Machinists 
have negotiated recently with the employers of their 
members, there is comparatively little uniformity in 
America on the subjects of working hours, payments 
for overtime, and rates for shift workers. In a 
San Francisco agreement, for example, under which the 
hourly rates for production workers range from 52} 
cents to 1 dol., operatives on the second shift are 
paid 5 per cent. more and operatives on the third 
shift 10 per cent. more. An eight-hour day, forty-hour 
week is established, with time and a half for ordinary 
overtime and work performed on Saturday forenoon, 
and double time for overtime in excess of two hours, 
on work performed on Saturday afternoon, Sunday 
and holidays. Workers who have a year’s continuous 
service to their credit are given a week’s vacation with 
pay. Wage rates naturally vary over a wide area, 
and even in California, which has been mentioned, 
working hours are not uniform. In several important 
centres the week is of 44 hours’ coupled with an. eight- 
hour day. The wage rates for skilled workers in 
almost every instance range from 90 cents an hour 
to a dollar, and the payments for overtime, Sunday 
and holiday work are about the same. 





An agreement, negotiated with a Chicago firm, 
provides for hourly wage rates ranging from 90 cents 
to 1-10 dol. for machinists, 63 cents for helpers, an 

| eight-hour day, a 40-hour week, time and a half for 


overtime and work performed on Saturday forenoon, | 





and double time for work performed on Saturday | 


afternoon or on Sunday. Employees with five years’ 
continuous service to their credit are given a week’s 
vacation with pay. Elsewhere in the State the 44-hour 
week rules. An unusual agreement has been signed 
by the union’s representative in Indianapolis with the 
Zenite Metal Corporation. It continues in effect 


the provision of an existing agreement until the| 


beginning of next year and 


* provides for monthly | 


meetings between the management and the union| 
committee for the purpose of eliminating uneconomical | 
| industry, in oil mills, and in silk-spinning mills but 
}as the number was less in other undertakings the 


practices.’ 


In a Boston agreement, workers with one year’s 
continuous service are given a week’s vacation with 
pay and “ time off ” with pay on eight holidays a year. 
Quite a number of firms, in the East, West and Middle 
West, appear to be working the 44-hour week on an 
eight-hours day basis, but the great majority are 
operating the forty-hour week and giving what seem 


to be the American standard rates for overtime, work | 
on Saturday forenoon and afternoon and on Sunday. | 


The number of undertakings which are adhering to the 
|longer working week suggests that the American 


Federation of Labour’s campaign for a 30-hour week | 
tants should be classified as professional workers 


is not making the headway which Mr. Green and his 
associates hoped for. 


In the course of a report on problems of trade-union 
strategy and policy, Mr. Kupers, a vice-president of 
the International Federation of Trade Unions, expressed 
the opinion that the question was not yet ripe for 
action by the organisation. The position of the trade 


union movement, he said, in its relations with the | 


State, was different in practically every country. In 
practically every country also the position of the 
movement was different from what it had been fifty 
years earlier. In the beginning it was not merely 
the employer but also the State which was strongly 


opposed to workers’ organisations, and the workers’ | 


organisations were openly hostile to the State. Repeal 
of the prohibition of trade unionism had, however, 
made it possible for the movement to expand. The 
State, until recently, had been for the most part an 
instrument of pure political power. There was no 
social legislation or social insurance with the result 
that the workers had no interest in the State. Times, 
however, had changed. The trade union movement 
was becoming stronger and stronger and was also 
gaining in political influence. 


In the course of a reference to the war, the writer 
of the editorial notes in the September issue of Man 
and Metal, the journal of the Iron and Steel Trades 
Confederation, expresses the opinion that great changes 
will come out of the struggle. ‘‘ To cope with them,” 
he says, “ it is vital that the Trade Union Movement 
should emerge strong, undivided, and intact, with its 


struggle and sacrifice must not be this time in vain.” 





Under an Act adopted by the Grand Council of the 
Swiss Canton of Vaud, persons desiring to open a 
private employment agency must first obtain a permit 
from the competent authorities, which is issued on 
presentation of a certificate of good conduct and 
payment of a fee of 50 to 100 francs. A permit is 
granted only when the applicant is able to provide 
security and is competent to run an agency on proper 
lines. Private employment agencies may not be 
established directly or indirectly by persons exercising 
some other occupation the nature of which suggests 
that they may take advantage of those in search of 
employment. Employment agencies attached to a 
charitable institution are not required to pay a licence 
fee or to give financial security. 





Private employment agencies come under the super- 
vision of the Department of Justice and Police. The 
Cantonal Public Employment Exchange co-operates 
in this supervision when the state of the employment 
market so requires. In order to facilitate supervision, 
all applications for and offers of work must be entered 
in special official registers which must always be kept 
uptodate. All charges payable by clients and amounts 
charged by the agency must also be entered in these 
registers. The terms charged by the agency, when 
approved by the authorities, must be displayed on 
the premises. Agency fees may amount to 10 per 
cent. of the first month’s wages, but in no case may 
they exceed 20 francs, two-thirds of these charges 
being payable by the employer and one-third by the 
worker. 





A communication received by the International 
Labour Office at Geneva states that according to 
inquiries undertaken by the Shanghai section of the 
Chinese Statistical Society, average daily working 


| hours in Shanghai during 1937 and 1938 were 114 in 


cotton-spinning and weaving mills, flour mills, oil mills, 
and paper mills, but as hours were slightly lower in 
other undertakings the general average was 11-03 
hours a day for industry as a whole. The number of 
working days in the month was 26 to 28 in the enamel 


average for industry as a whole was 20-40 days a 
month in 1937 and 22-48 a month in 1938. 


According to another communication, the Council 
of the Accountants’ Association of Roumania recently 
approved the transmission to the Minister of Labour 
of a memorandum showing the necessity of conferring 
legal status on the accountants’ profession. The 
memorandum urges that an Accountants’ Institute 
should be established with the sole right to issue the 
diploma of accountancy. It also asks that accoun- 


in the Bill being prepared concerning the organisation 
of the professions. 








INSTITUTION OF NAVAL ARCHITECTS.—The Council 
of the Institution of Naval Architects, 10, Upper Bel- 
grave-street, London, S.W.1, has awarded the Martell 
Scholarship in naval architecture for 1939 to Mr. Norman 
W. Honey, of H.M. Dockyard, Sheerness. The Scholar- 
ship is of the value of 1301. per annum, and will be 
held at the Royal Naval College, Greenwich. The Earl 
of Durham Prize has been awarded to Mr. P. E. Bish 
of H.M. Dockyard, Devonport. 

British Founpry ScHoo..—Thirteen students have 
been awarded the diploma of the British Foundry School 
following the work and examinations for the session 
1938-39. These comprise Messrs. John Birchall (Hor- 
wich), J. V. Chatterton (Birmingham), L. Clarke (Willen- 
hall), V. D. Griffiths (Birmingham), P. H. Lawrence 
(Derby), E. J. Ludlow (London), W. L. Proctor (Bir- 
mingham), V. Ganesh Rao (Jamshedpur, India), 
W. Roberts (Adlington, Lancs), F. W. Rose (Leeds), 
F. W. Taylor (Walsall), B. H. Trenear-Thomas (Bir- 
mingham), and C. H. Wilson (Nottingham). In view of 
the outbreak of war, the Governing Body, with the 
approval of the Board of Education, has decided 
to close the School until further notice. Mr. Edmund 
J. Ludlow, whose name appears in the pass list above, 
has been awarded the first of the Fellowships recently 
established by the Worshipful Company of Founders, 
for the purpose of providing further facilities for training 
to men of outstanding talent. 
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SIMPLE MODELS FOR THE STUDY 
OF MECHANISM.* 


By Proressor FrepERIc Bacon, M.A., M.I.Mech.E. 


A pRawineG of a mechanism is only able to depict it 
at rest in a single pre-selected configuration ; it needs 
a kinematic model to exhibit the complete sequence of 
positions assumed by the moving parts and their 
relative motions. Working models of the kind usually 
found in educational institutions, however, tend to be 
too elaborate, costly and cumbrous to be available in 
adequate numbers and conveniently portable form. 
The author’s object has been to evolve a series of simple 
kinematic models which are sufficiently light and 
compact to render them suitable for passing round from 
student to student while they remain seated in the 
lecture room. In this way the students are able to 
handle the models immediately after their underlying 
principles have been expounded by the lecturer. 

The models of kinematic chains, such as the double- 
slider crank chain, shown in Fig. 1, are not mounted 
on base boards, but are sufficiently light and stiff to 
enable them to be picked up in one hand by any one of 
the kinematic links of the chain, while the other hand 
is left free to operate the model. The student is thus 
able to examine for himself in a convenient and intimate 
manner the relative motions in every configuration and 
the different mechanisms obtainable by “ inversion.” 
A colour scheme is used to assist the beginner to dis- 
tinguish clearly between the different kinematic links. 
In the model illustrated in Fig. 1, the framework and 
supports are built up of square and round sections of 
the cast phenolic resinoid known as Catalin. This 
material is easy to machine with ordinary metal-working 
tools. Holes bored through it with ordinary twist 
drills serve as excellent self-lubricating bearings for 
silver-steel shafts. In light models of this kind, cast 
and extruded sections of phenolic resinoids, as well as 
strips of laminated Bakelite, can often be used in place 
of brass, with great saving in weight, as the specific 
gravity of such modern plastics is only about 1-3, 
t.e., half that of aluminium, or one-sixth that of brass. 
The model illustrated in Fig. 1 is suitable for demon- 
strating the various mechanisms obtainable by inver- 
sion, viz., Oldham’s coupling and elliptic chuck, 
elliptic trammels, and the donkey pump or Scotch 
yoke. 

In other models, such as that of a Hooke’s joint, 
shown in Fig. 2, the framework is built up of thin 
aluminium and bent sheet-steel angle section. Such 
skeleton frameworks are not only light and stiff, but 
also possess the advantage of permitting almost 
unobstructed observation of all moving parts. Trans- 
parent sheet celluloid is introduced where suitable for 
the purpose and desirable on account of its trans- 
parency. The elliptic disc in Fig. 1, and the circular 
dials in Fig. 2, are made of this material. In the 
model shown in Fig. 2, the angle between the horizontal 
intersecting shafts is adjustable, and the corresponding 
angles of rotation of the two shafts can be read off on 
the transparent circular dials, 

* Paper prepared for presentation before Section G of 
the British Association at Dundee, September, 1939. 





ENGINEERING, 


FOR 


THE 





STUDY OF MECHANISM. 














\ 5 “ENGINEFRING” 


(69574) 


Flat linkwork models, either self contained, as in 
Fig. 3, or permanently pivoted to small drawing 
boards, are built up of thin steel strip. The joints 
between the links are made with hollow aluminium 
eyelets, which are easily fitted so as to turn freely 
without backlash. Such joints give a flush finish and 
possess the important advantage of enabling the 
position of the axis of the joint to be plotted by tracing 
a small hole with a sharp upright pencil point inserted 
through the hole. In the four-bar chain shown in 
Fig. 3, the object is to trace the centrode curves P O P, 
Q0Q. By slotting the crossed diagonals the point 
where their axes intersects is located as the centre of 
the little parallelogram traced through the window 
exposed between the overlapping slots. 

In models requiring small drawing boards, these are 
made of Venesta Shuttaply, which consists of birch 
plywood ¥, in. thick, the veneers being stuck together 
with a special thermo-setting adhesive which is quite 
insoluble in water. A uniform size of 12 in. by 16 in. 
has been chosen as handy and suitable for mounting the 
sheets obtained when Imperial drawing paper is cut 
into four. 

Boards of this form, carrying pivoted links cut out 
of transparent celluloid and appropriately ruled, make 
it possible to plot curves of piston velocity and accelera- 
tion by standard constructions in two or three minutes 
without the aid of any drawing appliances other than 
the model, a pair of dividers, a pencil and a sheet of 
squared paper. Other models, such as those of 
epicyclic gears built up of standard Meccano parts, 
enable the student to check for himself by simple direct 
experiment whether the values he calculates for the 
various velocity ratios are correct. A valuable feature 
of these small portable models is that they can be 
stored away within a very small compass. In the case 
of the flat-linkwork models, they can be conveniently 
kept in foolscap folders filed on edge in an ordinary 
office filing cabinet. Even the larger three-dimensional 
models stow in cardboard or plywood boxes which are 
lighter and no larger than a fair-sized book. 





PRODUCTION RESEARCH IN ITS 
APPLICATION TO THE MACHINE 
SHOP OF A DOCKYARD.* 


By Proressor Dr.-Ine. G. SCHLESINGER. 


THE machine shop and dockyard of Wilton-Fijenoord, 
Rotterdam-Schiedam, more than 100 years old, were 
rebuilt in 1920 on the site they occupy to-day. Figs. 5 
and 6, on page 342, show the subsequent enlargement 
of the dockyard from 1925 to 1938. The work of 
the dockyard embraces both the building and the 
repairing of merchant ships and warships. In the times 
of greatest activity 5,000 workmen are occupied, 
600 of whom work in the machine shop. The capacity 
of the machine shop of a dockyard has a decisive effect 
on its efficiency. The fitting must also be highly 
skilled. In the last two years quickest completion 
of repairs has been of greatest importance. As the 
number of skilled workmen is limited at Rotterdam, 
special attention had to be given to the efficiency 
of their work in the machine shop, in respect of both 
quality and quantity. 

At the end of 1936 the management of Wilton- 
Fijenoord were faced with the necessity of increasing 
considerably the output of their limited number of 
workmen, on account of an unexpected increase of 
work. It therefore became necessary to improve the 
existing equipment, both by buying a certain quantity 
of new machinery and by modernising the older 
machine tools as quickly as possible and without inter- 
fering with production. The existing staff also had 
to be accustomed to an increased speed of production 
without arousing disputes as to wages. The reorgani- 
sation of the machine shop was begun in December, 
1936, the work being entrusted to the author. This 
extensive and difficult operation could only have been 
carried through with the help of the directors, Messrs. 
Teschmacher and von Gent, and of the chief engineer, 
Mr. Rosskamp-Abbing. The shop was running at the 
end of 1937. The result of the reorganisation has been 
a considerable reduction of working costs with an 
increase in the average wages of the workmen on 
piecework. At the same time, the time required for the 
delivery of completed work was considerably reduced. 

The modernisation of an old-fashioned workshop is 
made in two stages: (1) the modernisation of existing 
machines that are still useful or adaptable; (2) the 
purchase of new high-speed machines as pace makers. 
Old but useful machines can be easily and quickly 
rebuilt in the owner’s works with moderate expense. 
They must first be examined to ascertain if it is worth 
while to undertake modernisation for rapid work. 
A simple repair of an obsolete machine that has had 
long use is but a makeshift for a short time. An 
overhauled machine tool which can no longer be 
adapted to the rate of output of to-day is a perpetual 
disturbance to the rate-fixing office. Such a tool will 
always work expensively and nearly always badly, 
and it reduces the working morale of the operators, 
who are compelled to work slower. New machines 








* Paper read before the Scottish Branch of the Institu- 
tion of Mechanical Engineers on March 15, 1939. 
Abridged. 
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For Soft | | 
and . 
Semi- , ; __ | For Cast lotal Number 
hard | or Hard Steels ; Iron, For Bronze and | of Tools. 
7 33-45 tons less than - - “ 
Steels ; ‘ s Yellow Brass. 
| Section 22-32 pe oy &. 115 | 
Turning Shape | of tons per Brinell. | 
Operation. cmnps. Shank. sq. in. 
| | Mm. . pa | 
| Tungster | | 
| High- High- High- | *' bi og High- High- | } | 
speed speed | speed | To . P speed speed | 
| Tools; | Tools; | Tools ; tone ner | .£00l8;| Tools ; | In Use.| Stock. | Total. 
“tough "| “ tough "| “ hard” | a | “tough ”) ™ hard ” | 
ees roughing.) finishing. tensile. | roughing. ay | | | 
— — —_— — ; ! : ! 
. l | 
Roughing ; 16 x25 | 28 (14)* 28 (14) 14 (7) 14 (7) | 84 42 126 
right-hand X Y 20 x 30! 8 (4) 8 (4) 4 (2) 4 (2) 4 (2) 4(2) | 32 16 48 
| \ 25x40] 4(2) 4 (2) 2(1) 2 (1) 12 | 6 18 
| | | | 
—— -_ ee a 
Roughing ; JX 16x 25] 14(7) | 14(7) 14 (7) 14 (7) 56 28 84 
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25 40 2 (1) 2 (1) 21) | 2 (1) 8 4 12 
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| 25 x 40 | | 
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right-hand. 20 x 30 ; 8 | 8 (4) 4 (2) $ (2) 4 (2) 4 (2) 32 16 48 
25 x 40 | 4(2) | 4 (2) 2 (1) 2(1) 12 6 18 
—— ae - .— ot st nats — i. a } ~ 7 . 7 = es 
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| 16, 12 (6) 12 6 | 18 
20 12 (6) 4 (2) 16 8 | 24 
25 2 (2) 4 (2) 6 4 | 10 
130 2 (2) 4 (2) 6 4] 10 
| | | | 
Boring | YN 10 (diam.) 12 (6) 12 6 | 18 
facing | —s 14 vat 12 (6) 12 6 | 18 
16, 12 (6) | Bt ep) 2 
| | 20 “ 12 (6) 4(2) | 16 | 8 | 24 
| 25, 2 (2) 4(2) |} 6 | 4] 10 
} 
ai ——————— —_ _— iene _ amraes Ts are a ae cee Se 
| 
Totals . 552 279 | 831 
| | 
| | 
* The numerals in brackets denote the number of tools in stock. 


and feeds ordered by the rate-fixer can not only be 
reached, but surpassed. 

The manufacture of the high-speed tools comprises 
(1) hardening and tempering, (2) grinding, and (3) con- 
trol of cutting angles, hardness, and quality of cutting. 
A well-equipped hardening department enables the 
high hardening temperatures required in the treatment 
of tungsten-carbide and super-rapid tools to be main- 
tained exactly. The furnaces must have automatic, 
or at least have visible, control of the temperature. 
There must, in addition, be a constant check on the 
hardening process. Experience has shown that to 
get the correct angles on tungsten-carbide tools the 
shank of the tool must be correctly prepared, so that 
there is no difficulty in brazing the carbide tips to the 
correct angles. These hard tips must subsequently 
be ground by hand as no technique has yet been 
evolved for grinding them by machine. 

It was necessary to install a central grinding shop 
for tool maintenance. Special grinding machines had 
to be chosen for grinding cemented-carbide tools, as the 














must undergo a process of lapping by a diamond- 
impregnated grinding wheel, as otherwise the cutting 
edges are not sufficiently smooth and the surfaces 
produced are rough. The smoother the cutting edge 
the longer is the life of the tool. For 150 workmen 
occupied at lathes, turret lathes, slotting, shaping and 
planing machines, not more than one or two men are 
required to prepare the tools, with an additional man 
for finishing in the central grinding shop the cutting 
edges for all the single cutting tools. 

The workshop must, of course, take advantage in 
the right way of the long potential life of high-speed 
tools. Such tools keep sharp, according to the material 
to be worked and the cutting speed chosen, at least 
one working day of eight hours, and under certain 
circumstances even up to a week of 44 hours. This 
depends also on the section of chip. A roughing tool 
ought to last one day, a finishing tool one week. The 
workman therefore always has time, as he learns to 
judge quickly the duration of a tool, to call the tool- 
room boy in good time by a red-lamp signal to procure 
a new tool in exchange for the blunt one. It is 





emery grinding wheel is not suitable for this purpose. 
Further, the sharply ground tungsten-carbide tools 





unnecessary for the work to be interrupted for the 
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| exchange of tools. The tool room must have sufficient 
sharp tools in stock. 

To fix the minimum quantity of tools required, 
Table II and Fig. 8 was used as a basis, providing as 
|@ preliminary 20 machines with super high-speed 
|tools, the table having been developed along the 
| following lines :— 

(1) work to be done by the tool ; 

(2) shape of the turning tool ; 

(3) section of the shank, which gives the size of 
| the machine tool ; 
} 
| 


(4) cutting angles as to 
(a) material ; 
(6) manufacturing method ; 

(5) number of tools with the workman (personal) 

and in stock (tool room). 

The table gives in the last two columns the number 
of tools with which the workman has constantly to 
be provided and the number of tools in reserve in stock, 
and hence the total number which has to be procured. 
Only when this is known can the management get a 
clear idea what will be the total cost of the new tools. 
In addition to the main table of tools generally used, 
there are still the tools for special purposes, as shown 
in Table III, page 344, such as cutting-off tools, tools for 
rounding, tools for shaping grooves, tools for inner and 
outer threads. The special tools are not required in the 
same quantities as the common cutters, as they are 
not used by all workmen nor are they all used at the 
same time. 

The cutting angles (Fig. 7 and Table I, opposite) 
and the quantity of tools to be ground are the basis for 
the installation of the central grinding shop, which 
now works with a minimum of turning and planing 
| tools as compared with a maximum two years ago 
| when every turner tried to keep as many tools as possible 
| in his case. When beginning the reorganisation it was 
| found that one turner had, on account of the size and 
| special type of his lathe, between 60 and 140 turning 

tools, which were in most cases incorrectly ground. 
| This state of affairs contradicts the principle of the 
| maximum exploitation of the tools, bath as regards 
| cutting capacity and the most economical stock. 

The rate-fixing office determined the times for piece- 
| work by means of a preliminary table of cutting speeds. 
| Of the existing kinds of work material (about 50), 
| 14 typical manufacturing groups were selected, which 
comprised the total list for the drawing office. For 
each group the cutting speeds and fi were fixed 
for the various machining processes, which were in 
turn subdivided according to the general types of 
manufacturing (e.g., roughing, finishing, threading, 
| drilling, boring, reamering), and according to the three 
| classes of tools chosen by the management, a 








——— | high-speed steel for the older machines and super-hig 


| speed steel and tungsten-carbides for the new and 
| modernised machines, respectively. Such general and 
| easily understood guiding rules are necessary for a 
| quick-working rate-fixing office, which in this case 
consists of seven men with one in charge. 

The problem was all the more difficult because the 
| repair of ships of every size, from all countries of the 
| world, is always individual work. Jobs are scarcely 
| twice alike and bases of comparison from former work 
can only be used in a general way. The ships are, 
moreover, of widely different ages, so that the standards, 
especially of ti , are sometimes quite unusual. 
The exchange of threads alone demands an enormous 
stock of gauges and cutting tools—Whitworth, Sellers, 
and U.S.A. threads in inches, and metric threads from 
the Continent. 

To ensure that the workmen operate correctly all 
the heterogeneous machine tools—machines of 1908 
and 1938 are used together, since the usual lifetime of 
thirty years was unavoidable—every machine has its 
table of figures, permitting a rapid combination of the 
speed of revolution, the diameter of the piece, and the 
prescribed cutting speed. The workman knows from 
the drawing the diameter to be machined. He looks 
for the nearest number in the first vertical column of 
his table, reads horizontally to the right until he comes 
to the number given in the wage sheet for the cutting 
speed, and finds, vertically above, the speed of revolu- 
tion for which he has to set up his working spindle. 
This number is only approximately correct, but it 
may without danger vary by +6 per cent., since the 
data of the mtodzhig office correspond to a certain 
margin of security for the tool. It is seldom that 
prescription and practice agree exactly. The able 
workman who tries to get a high piece-work bonus will 
select the next higher number, the more cautious will 
choose that below the given cutting speed. In each 
case he effects a compromise by adopting the rate of 
feed corresponding to the speed selected; he may be 
confident that his super high-speed tool, well ground 
and hardened, will not get blunt before the proper time. 
These tables of reference have proved very satisfac- 
tory, as even the least trained workmen will learn to 
use them in a very short time. They may be used for 
all three kinds of tools: high-speed steel, super high- 








speed steel, and tungsten-carbide steels. They even 
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allow for the future development of cemented carbides 
in respect of increase of speed, and will not have to 
be changed for the next ten years. The tool angles 
for machining the different materials are limited to the 
three kinds of grinding (Nos. 2, 4 and 5 of Table I, 
page 342), which proved fully adequate. For special 
cases, which often occur, special cutting angles are used 
with a special tool. 

The direct consequence of the introduction of the 
super high-speed tools was the necessity of concen- 
trating all machine tools of the same kinds by depart- 
ments, which is not always done in repair shops. This 
made it possible to work with a minimum of setting-up 
men. Fig. 1, on page 332, shows on the left the line of 
lathes, to the right that of the shaping machines. One 
part of the group of boring machines (fine-boring mill, 
multiple drill, radial drill) is arranged as shown in 


Fig. 2, on the same page. Besides these small and 
medium-size machines, the shops are, of course, 
equipped with very heavy machines, of which the 


vertical boring machine and a big boring and shaping 
machine, Figs. 3 and 4, 
are examples. 

Special mention must be made of the repair and 
rebuilding shop, to which about 20 men are attached. 
Their task is to examine the precision of new machines, 
and that of the work they produce, before they are 
put into service. They are also responsible for restoring 
the lost precision of old machines. In very serious 
cases the complaints of the workmen are the instigation 
of repairs; for instance, when they cannot gain a 
bonus at the fixed piecework rate, through having 
to take, say, three or four cuts instead of two as 
prescribed by the rate-fixer. A skilled workman can 
produce good work even with « defective machine, but 
he takes double the time and the practice introduces 
an undesirable dependence of the machine upon the 
workman. 

\ machine complained of is inspected for precision 
of operation on the basis of the author's “ Testing 
Book,”* and is repaired or rebuilt according to the 
degree of wear. The machine is first dismantled and 
thea examined by the general superintendent and the 
foreman to decide whether modernisation will pay. 
For this purpose working spindle, main bearings, and 
gears are tested. Worn-out machines are eliminated 
non-adaptable.” Table LV, opposite, shows that 
the speed of the main spindle of the older machines 
is often only about one-third to one-half that demanded 
nowadays. To double the existing speed, it is necessary 
to improve first the lubrication of the bearings, under 
certain circumstances to renew the bronze shells of the 
main bearings, to shrink a new hardened bush on the 
main spindle, to replace cast-iron gears by steel gears, 
hardened and ground, and for machining different 
kinds of steel to build-in a water tank and pump. 

Sometimes, however, it is necessary to redesign and 
rebuild an old, but strong and well-maintained machine, 
in order to adapt it to modern requirements. Such 
an adaptation is illustrated in the vertical milling 
machine. The original main spindle ran at a maximum 
speed of 206 r.p.m., but 550 r.p.m. was necessary to 
enable tungsten-carbide tools to be used. A portion 
of the machine had, therefore, to be redesigned, and a 
larger 8-5-h.p. motor was employed in place of the 
original 5-h.p. motor. The first-speed shaft was 
lengthened by welding a shaft extension on to it, and 
the necessary increased speed was secured by using 
pulleys driven by aspecial endless belt, without touching 
the gearing itself. Table IV shows the extent to 
which, even with old machines dating from 1908-17, 
speeds may be increased by proper rebuilding. In 
yeneral, the older but sufficiently robust machines are 
used for roughing work, for which high speeds are 
not necessary. According to the country of origin 
(Table V, opposite) it was found possible to raise the 
speed of 30-year old machines by two or three times, 
if the machines had been adjusted exactly but were 
originally of good design, and if the beds, bearings, 
and gears were made of first-class material. In this 
respect the American machines showed up well, though 
their initial cost was high. 

High speed generally demands heavy motors if the 
same section of cut is to be taken with the same raw 
material. The power of the metor must be in propor- 
tion to the speed. This involves the danger that if 
the workman is roughing at half the speed, he will 
be tempted to double the section of chip in order to 
finish the work more quickly, thus doubling the stresses 
in the machine and breaking the gears, if the gearing 
is not provided with protective shearing pins and 
safety clutches. The best protection is an ammeter 
on which a red line marks the highest admissible 
current. All single drives at the Wilton-Fijenoord 
dockyard are furnished with ammeters. A specially 
skilled inspector is appointed to make every week 


respectively, on page 332, 


ius 


unexpected tests to check that the rate-fixing office | 





* Inspection Tests on Machine Tools. 
Schlesinger. London: Messrs. Machinery 


Company, Limited. 
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*~ECIAL Rapip TOOLS FOR 20 LATHES. 


Number of Tools, in Use and in Stock. 



































ton of | For Steels, Cast Iron, and Bronze Total Number. 

Section oO 

Purmaing Shia pre Shank, — — 

Operation — | 
| Rapid Rapid | Tungsten- | 
“ tough “hard Carbide In Use. | Stock. Total 
roughing finishing | Tools 
tools. tools | 
| ' - — 
Lo nose Ww 5 | 15 15 
Round e- r : ; | 4 3 
~ 10 5 15 15 
; 12 3 3. | . 8 
Grooving, offset ; nln l 2 10 5 9 6 | 15 
right-hand ; 20 10 20 | 10 30 
i > 5 | 5 
[ t 10 +) | 6 15 
Shank, 16 ID 
| | 
| 
- — 
Grooving, offset 4 t = t=3 20 10 20 | 10 30 
left-hand. 6 | 10 5 j 9 | 6 15 
r + | Shank, 16 x 25/| | 
| 
radius too , 3 ) 15 15 
Radius tool. r r : ” | : : 
} Shank, 16 x 25 
——- | | 

[uternal i 6 ; 5 4 9 
grooving 2 > 6 5 } 4 | 9 
sharp i 8 6 3 5 4 a 

| Shank, 20 | 
>LL« (diam.) | | 
- : ——————— a — 

Internal / r 5 ° 5 
grooving | > ) 5 5 
round land Shank, 20 | | 

- (diam.) | 
_ a = = ——— 
: . | ° 

Chreading - 10 (diam.) 16 8 | 6 18 12 30 

| 

Threading 7. 10 (diam.) 10 6 6 11 11 22 
Whitworth “ed 

rhreading , 1 = 2-09 4 s 2 ‘ 
Acme 2-20 4 2 = 

L294 3-63 4 ° > (| ; 
A 4-18 4 2 ~ | 4 
Shank, 10 4 2 2 | 4 

(diam.) , | 
Totals 121 175 296 


has employed the appropriate cutting speeds and that 
the operators work according to schedule. 

The reorganisation carried through has 
made possible higher quality of work, quick delivery, 
and low selling prices. Meanwhile overhead expenses 
are also controlled in relation to the productive wages, 
and this control has proved that the expenses of the 
new establishment in depreciation and interest have 
not increased. The Wilton dockyard was therefore 
able not only ta,keep its shops occupied, but to increase 
their employment, and the necessary conditions have 
been created to ensure that this state of affairs will 
continue. 


Conclusion. 


ECONOMIC AND COMMERCIAL 
CONDITIONS IN SIAM. 


A.tTHoves the familiar name of Siam is now officially 
no more, having been superseded by “‘ Thailand,” the 
decree establishing this change had not been promul- 
gated when Mr. W. W. Coultas, His Majesty’s Consul- 
General at Bangkok, compiled his Report on Economic 
and Commercial Conditions in Siam,* recently issued 
by the Department of Overseas Trade, and dated April, 
1939. There is some justification, therefore, for retain- 
ing the old title in reviewing the report, as some time 
is likely to elapse before the “ new ” form—actually a 








* Report on Economic and Commercial Conditions in 
Siam. 


Office. Price is. 3d., net. 


By W.W. Coultas. London: H.M. Stationery 


resuscitation of a much earlier one—becomes common 
| currency ; and even then, it is probable that the 
|associated adjective will continue to be ‘ Siamese *’ 
for reasons of convenience, just as “ Irish "’ is still used 
in conjunction with “ Eire.” 

The previous report on Siam was prepared in April, 
1937, but at the end of that year the Siamese Govern- 
ment negotiated new treaties with all the foreign 
countries with which existing treaties were in force, 
and thus achieved complete fiscal and judicial auto- 
nomy. The effect of the new treaties, from the com- 
mercial point of view, was to affirm that the trading 
relationships of Siam with other countries must be on 
a basis of complete equality. The present economic 
policy of the Government involves the active fostering 
of native industry, especially rice production, the 
development of communications, the provision of 
vocational training, and the inculcation of the habit of 
saving. The road-making plans, it is stated, are of 
the first importance and should greatly facilitate the 
exploitation of the country’s national resources, parti- 
cularly in the south. For the United Kingdom trader, 
the report adds, the outlook is not unhopeful, provided 
that he is willing to work hard for small profits. 

The year 1937-1938 was a critical one for Siamese 
finances. The rice crop of the preceding year had been 
poor, and the Sino-Japanese conflict reacted adversely 
on the buying capacity of the Hong Kong market. The 
general unrest, moreover, necessitated increased expen- 
diture on defence measures. The rice crop of 1938-1939 
was better, however, and the ion of an adequate 
Treasury reserve enabled these difficulties to be sur- 
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. | The principal import market is in cottons, mainly 

PRODUCTION RESEARCH IN A SHIP-REPAIR YARD, | obtained from Japan, but Great Britain, in addition 
| to supplying large quantities of tinned and other food- 

—_ ; ‘ stuffs, heads the — ane list in iron and steel goods, 

(For Description, see Opposite Page.) |and occupies a leading position also in respect of 

| machinery, including machine tools, and of motor 

TABLE IV.—CoMP4ARISON OF SPEED RANGEs OF LaTHES, TURRET LATHES, AND VERTICAL BORING MILIS, 1908-38. | vehicles. So far as iron and steel imports are con- 


Lathes of 1908 have the same speed (495 r.p.m.) as some new ones (448 r.p.m. and 507 r.p.m.) of 1938. | cerned, however, Japan is a close second. Electrical 


Old, but still good, machines of 1917 could have their speeds increased from 400 r.p.m. to 600 r.p.m. without goods are supplied chiefly by the United States. _ The 
trouble, after modernising the bearings. | report comments on the growing popularity of Diesel- 


Mine OY ere au pein cel Bug a Se at « | engined motor vehicles, a trade which, when it was 
l , oa i written, was exclusively in the hands of Germany. 
New Corresponding Speed The market for products of an engineering character 









































Year of : ln ae Old 8 q i, 
Purchase. | Machine. Country. | — of a | Remarks. may be cotsidesed, with advantage, Sa satien’ acer 
ee a ee S eee ae | eee ae ae detail. The import trade in iron and steel bars and 
ere rap | aa i l “a sheets, which was ee -- — — to a great 
Pr - aan — — J extent, was considerably affec y the continuance 
= — — | 7-4 200 = — La | of hostilities in the Far East, and when Japan was 
1914 | M - 20 495 - — Unchanged. unable to maintain cheap supplies of bar sections, an 
““<———Tti tum. | waa | ——-— i trex a | opening was afforded for Belgian, German and United 
i917 ri ’ 18 400 | 28 600 Kingdom goods in this category, although at much 
1917 ..| * 18 475 28 600 | higher prices. During the the same period, 1937-1938, 
+ " oo ee —- a — | Heavy machine, | the import of galvanised sheets fell by 54 per cent. in 
1919 _.| Vert. Boring Mill i 0-9 7 ~ es relation to the previous year, although the value of the 
- | —-——__-_-|—- —- ———___|—_____—_— —_____—__|——_______|-_ | trade was reduced by only 29 _ cent. Japan’s share 
i Lathe | Sas. RS = = oe | of the reduced import was little more than a third of 
1926 ||| Vert. Boring Mill pe 3 77 : rae | that in 1936-1937, but the quantity imported from 
1929 .. ie Germany | 1 25 — -- | the United Kingdom rose from 287,000 kg. to 1,273,000 
= . Lathe U.S.A. S = = 4 |kg. Japanese supplies of wire and wire manufactures 
< SS Be ek... Be ee gic) 8) a eee a —______________ | also fell, in roughly the same proportion, but in this 
1937 .. Lathe | U.S.A. -- - 32 970 | case Germany reaped the main benefit, the imports 
a ” | =. * we 7 py | from the United Kingdom showing only a slight increase. 
1937 |. ye tee y et a8 13-5 1,260 Britain, however, still maintains a dominant position 
187 .. - U.S.A. - -- 36 1,080 New in the supply of tinplates, imported via Singapore. 
1937 .. ” | a se = = pon machines. Since 1935-1936, the imports of machinery, including 
— a] prencepes UA, a = | 17 920 | machine tools, have shown a steady upward trend, the 
1938 ..| Vert. Boring Mill ie — — 3-6 92 | principal British items being dredging machinery and 
au EER Es Bere ee TL Ee SR ha |sewing machines. The United Kingdom also took a 
prominent place in the somewhat limited market 


TABLE V.—INCREASE OF OUTPUT OF MODERNISED MACHINES OF 1913-19 for machine tools, in which the principal purchasers edo 
1937-38 | Government departments. Pedal cycles also repre- 

7 | sent an appreciable item in the account, and in this 

connection it may be noted that events appear to be 


, COMPARED WITH MACHINES OF 





















































oe etins l | | cute | | 
Year . Cutting . . ° rar 7 ‘ 
3 Country - 7 : Feed ; ustifying the belief that the Japanese policy of floodin 
Machine | _ of | ‘a | Eid of a Speed? | mm. per | Remarks. the oad with goods of the levees rosible orice a 
No. | Pur- Origin | Machine. Machined. metres rev. | r Zo0e po I » 
chase. | _ | per min. | relatively poor quality, would result eventually in an 
ek ee a — | increased demand for better-quality goods of the same 
j | | . . .* . 
1 1916 U.S.A. Vert. Boring Mill* Steel, 50 tons per sq.in. | 220 0-18 Finishing. kinds. The import of 6,343 machines during 1937-1938 
2 1916 Germany | Vert. Boring Millt | Steel, 40 tons per sq. in. 35 0-3 included only 1,059 of Japanese origin, as against 4,101 
3 ..| 1917 7 Lathe* ve » | 42 1-0 Roughing. | from the United Kingdom or Penang, although the 
, 4 a bine a, . = ty | declared value of the Japanese article averaged only 
6 1929 . Lathe* ri 98 0-4 Max. speed of revolution | 21 ticals each (about 38s.) and that of the British was 
“a es - 4 small dia, work- | 37 ticals (about 67s.). The trade in motor cycles, how- 
| viece, a epee Plat . 7 
7 ..| 1929 | Germany | Vert. Boring Mill} is » | 68 0-5 jever, has shrunk to insignificant proportions, only 
8 ..| 1929 England ‘Turret Lathet % ¥e 110 0-2 25 machines being imported during 1937-1938. 
9 ..| 1929 a Turret Lathe} ” ” 112 os The industrial and municipal development that the 
SY . 4 oa “oot ” ” os >.3 Siamese Government has set itself to encourage is 
12 ::| 1937 | Germany Lathet . 7 108 0-3 resulting, as might be expected, in an increasing 
13. ..| 1937 England | Turret Lathet (work 0 0 135 0-2 demand for electrical goods. Since 1933-1934, imports 
1“ 1087 ee Lather 144 0-25 in this category have advanced by more than 100 per 
15 :.| 1937 | Germany Lathet is Fi 170 0-28 cent. in both quantity and value, the figures for 1937- 
16 ..| 1938 U.S.A. Turret Lathet 0 o 130 0-25 1938 being 2,575,000 kg., valued at 3,013,652 ticals. 
~ 1k aA ro ctoneaspan in | aa | oa |... | As mentioned, the United States lead in this market ; 
18 ‘ 1937 England I t Lathet (work 7" iamemaaa gabe: 126 o-2 acne took mathe slese = the United Kingdon, 
Ds ws 37 inglan Turret La work % o : “2 | a — : . 
a ; piece 90 mm. diam.) = - | the third. Japan secured an important share in the 
4 eo cra at ” ” = ty poem | supply of the cheaper varieties of electrical apparatus. 
21 3.] 1938 aT Lathet : “ 96 0-3 | The report draws attention to the small, but growing, 
oe —- oo | —__—_—_—_——— — | market for air-conditioning plant, mainly for private 
22...) 1914 Germany a Lathe* " Steel casting om a Max. speed of revolution installations, and observes that, at present, this is 
os ws = . — vor pane 4 ta 220 0-18 Finishing. | supplied almost entirely from the United States. 
25 ..| 1916 z Vert. Boring Mill* ‘e 140 0-35 | The section of the report which deals with com- 
_ 26 ..| 1987 ” _ Vert. Boring Milt ” uo os Fisting. munications is of interest, not only as an indication of 
27 1913 | U.S.A. | Lathe* Cast iron 65 0-2 | potential markets for the materials required for their 
28 1914 | 1” Lathet im 90 0-3 | construction and maintenance, but also because the 
29 1917 | Lathe} zt 230 0-2 Finishing (very soft). | ; . , 
oo ! || 1917 | mi Lathet = | 135 O-4 Roughing (very soft). internal trade of a country, and its capacity to absorb 
31 |.| 1917 Germany Lathet ra | 36 0-5 | imported manufactured goods, depends so much upon 
32... 1917 U.S.A. Vert. Boring Millt , oa 0-4 the distributive capacity of the available transport 
33 -.| 1926 _» | Vert. Boring Mill} | ” | 100 Hh facilities. ‘The number and tonnage of ships entering 
ay Se, Soeey i . he hee and clearing at the port of Bangkok showed a con 
35 1929 | is | athet | * | ( *t . 
36 1937 | USA. | _ Lathet ws | 45 0-2 | Hard casting. siderable decline during 1937-1938, largely as a result 
37.) 1988 - | ‘Turret Lathet = | ” om... | oT houtel Facing. of the Sino-Japanese conflict. British ships represented 
$$ —--- -———__-— —— —_—__—— - the greatest tonnage total, but Norwegian ships‘ were 
* Modernised. t new machine, 1937-38. + Unaltered. considerably more numerous. In October, 1938, the 


pilotage fees were reduced by 10 per cent., but there 
mounted. Provision was made in the 1938-1939)1937-1938. In recent years, rubber exports have | is stil] complaint about the heavy overtime rates payable 
budget for a capital expenditure of rather more than | assumed an increasing importance, but rice is still the | for labour. There has been no recent extension in the 
22 million ticals (about 2,000,0001.), debitable against | principal item and represents more than half (44-5 per | mileage of the Siamese State Railways, but large sums 
this reserve, of which nearly 7 million ticals were | cent.) of the above-mentioned percentage. A new | are being spent on reconstruction and modernisation, 
allocated to highways, 4 millions to the development | customs tariff was introduced early in the present | and on doubling parts of the track. Highway con- 
of the port of Bangkok, and 24 millions to the railways. | year, as a result of which most of the import duties | struction, reference to which has been made, is organised 
A new code of taxation has been adopted, which is| have been raised, although there has been also an | undera five-year plan designed to provide over 3,000 km. 
designed to afford relief to the poorer classes of the | extension of the free list. The duties on cotton textiles | of new or reconstructed roads. Of this total, 1,520 km. 
community by abolishing the capitation tax and | now range from 15 per cent. to 25 per cent., instead | have been completed. 
various land taxes. It is suggested that the extension | of the former 5 per cent., and on iron and hardware | 
of Japanese military operations in China may have | the original 5 per cent. has become 10 per cent. and 
tended to ease money conditions by encouraging the |20 per cent., respectively. To assist agriculture, | 
retention in Siam of capital which might otherwise | however, free entry is now permitted to agricultural | ASBESTOS PRODUCTION IN QUEBEC.—During the first 
have left the country. machinery and instruments, fertilisers and livestock | seven months of the present year, 172,879 tons of asbestos 
The four main pillars of Siam’s economy are rice, | for breeding purposes, and local industry is being | were produced in the Province of Quebec as compared 
tin, rubber and teak, in that order, and these together | encouraged by a reduction of the duty on factory | with 154,514 tons in the corresponding period of 
accounted for 86 per cent. of the total exports during | machinery from 5 per cent. to 1 per cent. or 2 per cent. | last year. 
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‘* ENGINEERING’’ ILLUSTRATED 
PATENT RECORD. 


ABSTRACTS OF SPECIFICATIONS RECENTLY 
PUBLISHED UNDER THE ACTS OF 1907 TO 1939. 


The number of views given in the Specification Drawings 
is stated in each case; where none is mentioned, the 
Specification is not illustrated. 

Where inventions are communicated from abroad, the 
Names, etc., of the Communicators are given in italics. 

Copies of Specifications may be obtained at the Patent 
Office, Sales Branch, 25, Southampton Buildings, 
Chancery-lane, London, W.U.2, price 1s. each. 

The date of the advertisement of the acceptance of a 
Complete Specification is, in each case, given after the 
abstract, unless the Patent has been sealed, when the 
word “ Sealed’ is appended. 

Any person may, at any time within two months from the 
date of the advertisement of the acceptance of a Complete 
Specification, give notice at the Patent Office of 
opposition to the grant of a Patent on any of the 
grounds mentioned in the Acts. 


MACHINE AND OTHER TOOLS, SHAFTING, 
ETC. 


507,470. Reversible Rope Drive. Isaac Braithwaite and 
Son, Engineers, Limited, of Kendal, and T. H. O’Brien, 
of Kendal. (3 Figs.) August 24, 1938.-—The invention 
is an automatically reversible rope drive for two shafts, 
the axes of which are at right angles, and is intended for 
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use in laundry and dry-cleaning machines. The driven 
shaft A is mounted at right angles to the driving shaft 
of a motor on which a grooved pulley C is keyed. A 
second grooved pulley D is loose on a shaft B, having 
its axis parallel to the axis of the driving shaft. The 
shaft B is a stud bolted to the frame and adjustable 
to take up any slack in the rope. Two grooved pulleys 
E and F are mounted loosely on the driven shaft A and 
an endless rope is passed around the pulleys C, BR, D, 
and F. The pulleys E and F are thus driven in opposite 
directions and either may be locked to the shaft A. 
Klectro-magnetic clutch elements TI and J are fitted 
to the pulleys E and F respectively and a neutral dise L 
is keyed on the shaft A between them. The current 
to the clutch elements H and J is controlled by a two-way 
switch operated by a reversing lever m. The direction of 
rotation of the shaft A is automatically reversed periodi- 
cally by the machine through a reciprocating bar coupled 
to the lever m and actuated by a cam nm geared to the 


driving shaft. (Accepted June 16, 1939.) 


PUMPS. 


Pump-Priming System. Coventry Climax 
Engines, Limited, of Coventry. L. Hathaway and J. T. 
Wooddisse, of Coventry. (1 Fig.) December 6, 1938. 

The invention is a priming system for a pump driven by 
an internal-combustion engine. The exhaust manifold 
has a relatively large outlet in which is pivoted a clapper 
valve 3, which closes the main exhaust passage 4, but 
can be raised to open the main passage when the engine 
is running normally. The passage . is formed in a casting 
one end of which is directly bolted to the exhaust manifold 
and the other to a flange to which. the exhaust pipe is 
secured. In the casting is a choke tube 9, through which 
all the exhaust gases pass when the valve 3 is closed. 
The tube is a separate member secured in position when 
the casting is bolted to the exhaust manifold. Sur- 
rounding the outlet end of the choke tube is a space 10 
at the top of a passage 11, which is coaxial with the 
choke tube, and which leads directly to the exhaust 
pipe. A passage 12 leads to the suction side of the pump. 
For priming purposes the valve 3 is closed and all the 
exhaust gases are then passed through the choke tube 9, 
creating a pressure drop in the space 10 and drawing air 
from the suction side of the pump along the passage 12. 
When the pump has been primed the valve 3 Is opened 


507,741. 
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and most of the exhaust gases pass through the main 
exhaust passage 4, A trap is provided in the passage 12, 


iz 


Ne 






the 


prevents water being drawn into exhaust 


( Accepted June 20, 1939.) 
SHIPS’ AND NAUTICAL APPLIANCES. 


507,588. Ship’s Telegraph. Chadburn’s (Ship) Tele- 
graph Company, Limited, of Bootle, and A. C. Bamford, 
of Bootle. (2 Figs.) December 17, 1937.—The invention 
is a stop mechanism which eliminates the strain thrown 
upon the gearing and shafting of the usual type of engine- 
room telegraph when the indicator in the engine-room 
reaches the limit of its travel, while the hand wheel at 
the control end tends to run on. Since the apparatus 
usually embodies a screw and nut, the reduction between 
the hand-wheel and the indicator is large, and the strain 
is correspondingly heavy. This can be obviated if the 
stop device actually operates on the hand-wheel itself. 
In the present apparatus, a hand-wheel 10 is fixed on a 
spindle 12, which is coupled by gearing to the remote 
the engine-room. A limiting mechanism 


which 
system. 


indicator in 








limits the number of revolutions of the hand-wheel to 
the maximum travel of the engine-room telegraph. 
The limiting mechanism consists of three step-by-step 
mechanisms which are similar in construction to the 
Geneva escapement. The primary mechanism consists 
of a stationary Geneva cam 15 fixed to the casing of the 
telegraph. A primary star wheel 17 is mounted on a 
pivot pin secured to the hand-wheel and is arranged 
so that for each complete revolution of the hand-wheel 
the star wheel is stepped through one-fifth of a revolution. 
The secondary step-by-step mechanism has a secondary 
cam 19 keyed to the star wheel 17 and a secondary star 
wheel 21 mounted on a pivot pin secured to the hand- 
wheel 10. For each complete revolution of the cam 19 
the star wheel 21 is stepped through one-fifth of a revolu- 
tion. A tertiary cam 23 is keyed to the star wheel 21 
and a tertiary star wheel 24 rotates freely on the central 
boss of the hand-wheel. Side plates are riveted to the 
tertiary star wheel and one plate has on its side a scroll 
cam, which fits between two abutments on a sliding 
limit bolt 32 carried on the hand-wheel. The scroll has 
a projecting nose 35 and when this nose is between the 
abutments the bolt is shot into engagement with a stop 
bracket mounted on the casing of the apparatus. The 
fifth notch in the tertiary star wheel does not come into 
operation, as this movement throws out the bolt. The 
mechanism thus allows the hand-wheel 100 revolutions 
and if a 125 to 1 reduction is required there must be 
six notches in the tertiary wheel. The nose 35 is located 
between two of the recesses of the tertiary star wheel 
and its eccentricity is equal to the full stroke of the 
limiting bolt so that the bolt is shot from its inoperative 


position into its operative position during the last 
permissible revolution of the hand-wheel.—( Accepted 
June 19, 1939.) 

MISCELLANEOUS. 


505,679. Brick-Making Machine. G. V. Maxted, of 
Elstree and F. G. Tipping, of Enfield. (2 Figs.) Decem- 
ber 8, 1937.--When bricks are made in pug-mills which 
incorporate a mould, the moulded bricks, which contain 
a considerable amount of moisture (say 20 per cent.) are 
dried artificially in a drier to reduce the moisture to, say, 
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0-5 per cent. Thereafter the dried bricks are fired. 
It has been found that the dried moulded bricks tend 
to develop cracks and this has been ascribed to the 
intensive drying action of the drier, which is operated 
at about 90 deg. to 150 deg. F. This invention aims at 
considerably reducing this risk of cracking. A double 
pug-mill, consisting of a series of blades 1 rotating in 
vessels, has a number of steam jets 3 which extend 
radially inwards from the wall of each vessel and between 
the rotating blades. Each nozzle is controlled separately 


~ 








(505,679) 
by a plug-cock. A stop valve in the steam main 6 
controls the supply of steam to all the nozzles. Due to 
the injection of the steam, the material is gradually 
heated as it passes through the mill until, at the moulding 
point, the bricks are removed at a temperature con- 
siderably higher than that of the surrounding atmo- 
sphere. The warm bricks, the temperature of which may 
be as high as 180 deg. F., are transferred toa drier while 
still warm. This preheating effect avoids the usual 
sudden change in temperature upon entry of the bricks 
into the drier and the usual risk of cracking of the bricks 
is considerably reduced. Also the drying time is reduced 
and the output capacity of the drier thusincreased. The 
total amount of steam injected into the material must 
not be so large as to make the mixture excessively wet. 
The effect of the steam upon the moisture content is 
taken into account in preparing the wmixture.- 
(Accepted May 16, 1939.) 





505,692. Branch-Pipe Connector. The Stanton Iron- 
works Company, Limited, of Stanton-by-Dale, W. Boden, 
of Beeston, Samuel Booth and Company, Limited, of 
Birmingham, and H. Lee, of Birmingham. (2 Figs.) 
January 1938.—The connector is designed for 
securing branch-pipe ferrules to gas or water mains or 
cylindrical tanks where the wall thickness of the main 
or tank to which the ferrule has to be connected is of 
comparatively small gauge and a screwed connection 
is not practical. A plain hole is drilled in the main at the 
point to which the branch-pipe connection ferrule is to be 
attached and is large enough to receive a short expansible 
liner c of copper, the upper end of which is a block d 
shaped on its under side to seat against the outer surface 
of the main. To facilitate the introduction of the liner 
into the hole it is made slightly conical. The liner is of 
generally cylindrical form with an internal flare, the 
part of greatest diameter being at the extreme inner end. 
The liner receives a tapering portion on the inner end 


25, 
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of a tubular brass ferrule-fixing member /, the cylindrical 
part of which fits in the expansible liner. The end is 
profiled to conform with the internal curvature of the 
main. When the tapered end of the ferrule-fixing 
member is in engagement with the flared part of the 
liner, its threaded upper end provides a fixing for the 
branch-pipe connection ferrule e. Before making the 
connection with the main the member f is located in 
the liner c, the projecting end being partly screwed 
into the ferrule. The expansible sleeve is inserted in 
the hole in the main, the block being seated against the 
main, and the ferrule is then tightened up, expanding the 
liner to bind in the hole in the main pipe. The edges of 
the cylindrical surface of the hole, and the respective 
counterparts 5, 6 and 7, 8 of members f and d, will be 
of sinuous forms, depending upon the diameter of the 
hole and the internal and external diameters of the main 
pipe wall. For an even outward pressure to be exerted 
at all points around the liner in the hole, it is not sufficient 
that the tapered surface of the fixing member be a true 
cone, for in that case the first engagement of that portion 
with the liner would then occur at diametrically opposite 
points, this inequality of pressure remaining during any 
subsequent tightening.—( Accepted May 16, 1939.) 
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THE GOLDEN GATE BRIDGE, 
SAN FRANCISCO. 


By Ciirrorp E. PAIne. 
(Continued from page 298.) 


THE SUSPENDED STRUCTURE. 

THE floor of the suspended structure is on a vertical 
parabolic curve tangent to 3 per cent. grades at 
each end and having its vertex at the centre of 
the main span. This curvature is clearly shown 
in the view of the nearly completed structure given 
in Fig. 90, on this page. The stiffening trusses for 
the centre span are 4,143 ft. 113 in. long, each 
being made up of 166 panels 24 ft. 11% in. long. 
The side-span trusses each contain 44 panels 
24 ft. 114 in. long, making a total length of 
1,097 ft. 5} in. The trusses are of the Warren type 
and are 25 ft. deep. A typical panel of one of 


verticals are of I-section, built up of plates and 
angles. 

Floor beams are placed at every panel point and 
the suspenders are spaced at two panel-lengths 
apart, the top chords of the trusses being 
located near the top of the floor beams. The floor 
beams, a typical example of which is illustrated 
in Figs. 100 to 109, on Plate XII, have a span of 
90 ft. and are spaced about 25 ft. apart. The 
flanges are of silicon steel and the webs of carbon 
steel. Owing to this combination, the allowable 
unit stresses in the flanges was limited to 10 tons 
per square inch. As shown in Fig. 100, knee-braces 
are provided to act as lateral supports for the 
bottom chords of the stiffening trusses. The floor 
beams were designed for a load of six 24-ton trucks 
abreast, with a reduction factor of 75 per cent. to 
allow for the large number of loaded lanes. Allow- 
ance for impact was 25 per cent. of the live load. 
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the centre span trusses, with various details, is 
shown in Figs. 91 to 99, on Plate XII. The chords 
are of silicon steel and the web members of carbon 
steel. In the centre span, the governing loads were 
a wind of 30 lb. per square foot on twice the vertical 
projection and live loads of 1,000 Ib. per lineal foot 
per truss over the entire centre span with an addi- 
tional 1,000 Ib. per lineal foot per truss of the length 
and position required to produce maximum stress. 

The side-span chords carry the same wind load 
and a live load of 2,000 lb. per lineal foot of the 
length and position required for maximum stress. 
As will be seen from Fig. 94, the chords are of box 
section with cover plates on the top flanges. The 
heaviest chord section in the centre span has a 
cross-sectional area of 145-51 sq. in. The heaviest 
section in the side spans is 91-23 sq. in. in sectional 
area. The carbon-steel web members were designed 
for a live load of 2,000 lb. of the length and position 
for maximum stress. Except near the ends of the 
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trusses, the diagonals are two 18-in. channels. The 








In addition to the roadway load, a uniform load 
of 100 lb. per square foot on the sidewalks was 
included. The silcon-steel laterals were designed 
to carry, with the assistance of the cable, the trans- 
verse shears due to a moving wind load of 30 lb. 
per square foot over twice the vertical projection 
of the cables, suspenders and suspended structure 
and, in addition, the stresses produced by the 
changes in length of the top chord of the stiffening 
truss owing to live load. Allowable stresses on the 
box members were 14-28 tons per square inch in 
tension and 11 tons per square inch in compression. 

The roadway stringers, which are shown in 
Figs. 100 and 109, are 24 in. I beams, weighing 
73-5 lb. per foot and spaced about 4 ft. 9 in. apart. 
They are supported on bearing plates on the tops 
of the floor beams. The curbs are of rolled steel 
supported by transverse joists, which carry the 
sidewalks. These transverse joists are spaced 


longitudinal sidewalk strength at the outer edge 
of the sidewalk and the system of sidewalk laterals, 
form an effective sidewalk truss capable of with- 
standing any transverse blow which may be delivered 
to the sidewalk. The arrangement is shown in the 
cross-section of the completed bridge, which is 
given in Fig. 114, on page 348. 

The roadway slab is 7 in. thick. As already 
stated, a live load of six lanes of 24-ton lorries 
is allowed for, It was assumed that the lorries 
would have wheels spaced at 6-ft. gauge and a 
wheelbase of 9 ft., the rear axles carrying two- 
thirds of the load. The 7-in. thick roadway slab 
is reinforced with welded reinforcing steel trusses. 
The sidewalk slabs are 3} in. thick. The concrete 
used was of normal type, except for one sidewalk, 
shown to the right in Fig. 114, which carries several 
lines of concrete-encased electric cable conduits. 
This walk was made from lighter material, so as to 
give the same total weight for each sidewalk. The 
handrailing is of riveted structural steel having 
4-in. H beam verticals and a top rail formed by 
bending a rolled-steel plate. The construction is 
such that all surfaces are accessible for painting. 

Some of the roadway stringers and the roadway 
being prepared for concreting are shown in the 
foreground of Fig. 115, on page 360, and the 
roadway reinforcing steel is shown in position in 
Fig. 112, on page 348. One of the roadway expansion 
joints between the tower and the central span is 
shown in Fig. 113. Views of the footwalk and hand- 
railing are given in Figs. 110 and 111, on Plate XII, 
and Figs. 116 and 117, on page 360. Figs. 110 and 
116 show sections of the normal hand-railing and 
footwalk, and incidentally give good views of the 
lighting standards. The part of the railing illus- 
trated in Fig. 111 is the hinged section forming the 
junction between the railing of the suspended span 
and that surrounding the tower. The footwalk at 
the towers is 1 ft. above that of the spans, so that 
the latter is free to move underneath the former. 
The last of these four figures, Fig. 117, shows the 
hand-railing surrounding one of the towers and also 
the entrance to the tower service lift. 

In the fabrication of the suspended structure, 
although many chord members were of the same 
material and the web members were identical, 
except for a few end-panel points, the truss members 
could not be built up in the form of duplicate units 
owing to the vertical curvature of the trusses. The 
main material, lacing and the plates of the members 
were riveted together, the units so formed then being 
assembled with the gusset plates and similar details 
for reaming and drilling the main connections 
and attaching important details. The contractors 
were required to assemble at least eight panels 
of a truss as a unit and to maintain intact, or 
reassemble, two panels, consisting of two chord 
sections, two verticals and three diagonals, as the 
basis for the next assembly. They actually assem- 
bled the centre span trusses in 40 units of nine 
panels each. Two of the panels were lifted intact 
and moved back to start the next assembly. Two 
of the side-span trusses were assembled continuously 
from end to end, and the other two were each 
assembled in two groups of panels. The assemblies 
were all made with the roadway face uppermost, 
as most of the work was done on that side. 
Templates were set at the top-chord floorbeam and 
lateral connections, and at the bottom chord for 
the knee-brace connections. 

The measurements which fixed the location of the 
panel points of the trusses during assembly were 
made very carefully to ensure that each truss would 
take the proper shape after erection. The procedure 
started from a base line, which, if rotated with the 
truss to the actual position in the structure, would 
have been horizontal. The truss verticals were 
normal to this line and the vertical location of the 
top and bottom panel points was fixed by offsets 
from the base line. 


(J'o be continued.) 








PRODUCTION OF PiG IRON IN UNITED States.—The 
output of pig iron in the United States during August 
totalled 2,695,813 gross tons, compared with 2,356,270 





about 6 ft. 3 in. apart and taken together with the 
longitudinal roadway stringer at the curb, the| 


tons in the previous months. On September 1, there were 
138 blast-furnaces in operation against 130 on August 1. 
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LITERATURE. 


Practical Shop Mathematics. Vol. I.— Elementary. 


Revised edition, By Jonn H. WOLFE and Dr. EVERETT 


London: MeGraw-Hill Publishing Com- 
{Price 128. 6d.) 


R. PHEeLps. 
pany, Limited. 


THERE still remains a tendency among education- 


alists to overlook the yawning gap between pure and | 
' ; eae 
applied mathematics, and one of the most depressing | 


things in many technical discussions is to hear 
experienced engineers pour scorn on the very 
simplest of algebraical formule, as indicating mere 
“theory.” Such an attitude doubtless springs from 
the fact that certain academically-minded writers 
deliver streams of algebra, and use mathematical 


methods which are only familiar to those who have | 


spent many years on their study. Those who have 
been bred in the traditions of John Perry are better 
able to appreciate the true position, and students 
who have been through the books on practical 
mathematics of, say, Castle or Saxelby, realise 
that algebra and trigonometry are as much engi- 
neering tools as are files or chisels. With the 
growth of precision methods and the reduction of 
“ tolerances "’ it becomes ever more important that 
the engineer should have a thorough mastery of 
the essentials of mathematics. This mastery does 
not require the tedious ploughing through a five-year 
course, useful as this may be for the research student, 
and it is easily acquired by the practising mechanic, 
whose whole work is tied to questions of measure- 
ment, proportion and geometrical relations. 

The present volume, originally produced in 1935 by 
the supervisor of the apprentice school of the Ford 
Motor Company, in conjunction with the Associate 
Professor of Physics at Wayne University, has now 
been revised and should prove of value to engineers 
in general and machinists in particular. It assumes 
a knowledge of the four rules of arithmetic, pro- 


ceeding directly to the subject of fractions and | 


decimals. Stress is laid on the old trick of casting 
out the nines, for the checking of multiplication and 
division. Rather curiously, nothing is said of abbre- 


viated methods of multiplication and division, which | 


are popular among English writers on practical 
mathematics. Practically all of the examples are 
from shop practice, and an original feature of the 
book is that in most cases six different values of 
the principal variable are used instead of only one. 
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| This serves the purpose of providing the teacher 
with many alternative questions, and also of showing 
dimensional and proportional results. 

Following the treatment of decimals there is a 
special chapter on micrometers, verniers and bevel 
protractors, thus emphasising measurement as the 
basis of calculation. Algebra is then introduced 
somewhat on the lines adopted many years ago 
| by Augustus De Morgan, that is, by a gradual 
|transition from numbers to symbols. There is a 
| peculiar inhibition in many minds which makes it 
difficult for them to appreciate the value or 
importance of the substitution of the indefinite and 
temporary symbol for the concrete and well- 
understood number. This is the whole difficulty in 
} algebra, which is neither more nor less than an 
‘arithmetical shorthand. Geometry is treated in a 
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rather novel manner in 54 propositions, which 
| form a mixture of the * practical geometry ” of the 
|drawing school and the demonstrations of the 
immortal Euclid. As far as possible the aridity of 
geometrical logic has been removed by substitution 
methods. Some of these, perhaps, would not com- 
mend themselves to the mathematical purist ; but 
the purists have been so thoroughly disturbed by 
relativity that they are now more accommodating 
than formerly. 

The remainder of the book is devoted to trigo- 
nometry and is extremely well illustrated by shop 
examples of jigs, cams, etc. The word “ trigono- 
metry,” unfortunately, is as much a bogey to many 
as “algebra”; but once the meaning of the 
trigonometric function is understood, trigonometry 
is nothing but simple geometry and algebra. 
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WELDING IN RAILWAY-STATION RECONSTRUCTION. 
(For Description, see Page 350.) 
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This function is merely a proportion between 
two lines drawn about the angle in question, and, 
once the student has memorised the six different 
proportions which are used, there is no further 
mystery in the subject. If we seem to harp on 
this subject of simplicity, which is doubtless well 
appreciated by many engineers, it is only because 
so many mechanics and budding engineers feel that 
algebra and trigonometry are fences which they 
can never jump ; the fault lies with their instructors, 
who do not sufficiently stress the fundamental nature 
of the preliminary steps. After those steps have 
been accomplished, the rest is merely a matter of 
acquiring by practice the necessary facility in 
applying the rules. 

The book closes with tables of tangents, sines and 
secants to five places for each minute of arc, and 
answers to the problems. Many things not included, 
such as the use of graphs, the geometrical expression 
of algebraic formule, etc., might or might not be 
considered necessary to a workshop course, but on 
the whole it is better that a few things should be 
explained well than that a too ambitious programme 
should be attempted. The artisan who masters this 
book will be very well equipped to handle the 
arithmetical side of any workshop problem. 


The Welding of Cast Iron by the Oxy-Acetylene Process. 
By L. TIBBENHAM, M.I.Mech.E. London: Sir Isaac 
Pitman and Sons, Limited. [Price 4s. net.] 


AtrHouGH the welding of cast iron by the oxy- 
acetylene process has been practised for a number of 
years, comparatively little has been written on the 
subject. This small manual of 88 pages is an 
attempt to survey the available information, with 











particular reference to the requirements of the 
practical welder. The survey is thorough, and 
commences with the properties of cast iron of various 
types, including the high-tensile and nickel irons, 
the phenomena of grain growth and the metallurgy 
of the castings and the welding rods. Particulars 
are given of the various forms of generator in use, 
and the gases that may be employed. A separate 
chapter is devoted to the so-called ‘“* low-tempera- 
ture’ process of welding cast iron, in which a cast- 
iron rod is used and the parent meta] is not puddled 
or deeply melted, but is merely brought to a bright 
red heat. Bronze welding, in which a bronze rod 
is used to join high-melting point metals to others, 
such as copper, which melt at lower temperatures, is 
well described, the details including the preparation 
for welding, composition of the rod, control of weld- 
ing heat, and notes on flux and tinning and the use 
of flux-coated and high-duty bronze rods. The 
difficulty of ensuring a prompt supply of replace 
parts under war-time conditions is likely to encourage 
a wider use of welding for the repair of broken 
machine frames, etc., and from this point of view, 
if no other, the publication of this little treatise 
must be regarded as opportune. 





Reinforced-Concrete Isridges. By F..W,. Taywor, 8. E. 
THOMPSON and E. SMULSKI. New York: John Wiley 
and Sons, Inc. London: Chapman and Hall, Limited. 
[Price 32s. 6d. net.] 

THis is an excellent treatise on American practice 

in the design of reinforced-concrete bridges and 

will prove of great value to all persons interested 
in such structures. The authors have already pro- 
duced a good text-book on concrete and, therefore, 
have excluded from the present work all discussion 





of general principles of concrete construction. Live 
loads are treated by maximum moments and shears, 
etc., and not by influence lines. This method has 
doubtless some features to recommend it, but may 
cause certain reversals of stress to be overlooked. 
‘Two chapters are devoted to loading. Next follows 
a general discussion of slab bridges, which is amplified 
in a later chapter, and is succeeded by the subject 
of deck girder bridges; then come “through” 
girder bridges, in which the girders are partially 
or wholly above deck level, and cantilever bridges. 
Three chapters are devoted to continuous bridges. 
Frames of various types are then considered, and a 
chapter on details is succeeded by a final chapter on 
abutments and piers. 

While it cannot be expected that a book on 
concrete work should enter deeply into foundation 
questions, it does seem that this part of the book 
might be elaborated. The changes in the reactions 
due to unequal foundation settlement may have 
very important effects on the superstructure. 
Similarly, the earth pressures on abutments are not 
so simple as the authors imply. The subject of soil 
mechanics has undergone great developments in 
recent years and should certainly be mentioned. 
The authors say that “the discussion of difficult 
foundation work is outside the scope of this book,” 
but all bridge foundations tend to be “ difficult.” 

Illustrations are given of structural details and 
there are numerical examples of many typical 
structures. Special attention is given to rigid 
frames and the allowances that must be made for 
temperature stresses, shrinkage effects, and move- 
ments of column heads. Arches and long trusses are 
not treated. This appears rather unusual since 
such forms are common in European practice and 
this absence makes the title of the book somewhat 
misleading. It is true, of course, that many 
apparently arched bridges are really double canti- 
levers, with or without suspended spans, and to 
these beam methods of design may be applied. 
The authors state as a general rule that, in North 
America, reinforced concrete is economical] for 
simply supported bridges for spans up to 70 ft., 
and for continuous and restrained structures up to 
90 ft. In countries where labour costes are lower 
relatively to the cost of material, the limite are 
appreciably greater. The largest concrete girder 
span mentioned is a Brazilian one of 224 ft., or, 
for a single span structure, one of 131 ft. span in 
Germany. The book is excellently produced and 
well illustrated. The discussion of the distribution 
of forces in frames is particularly good, and there 
can be little doubt that it will be of appreciable use 
to designers. 








35° 


THE USE OF WELDING IN RAILWAY 
STATION RECONSTRUCTION. 


An interesting example of the application of 
welding to structural engineering, as well as of the 
expedients that have sometimes to be adopted to 
render old work suitable for new purposes, is pro- 
vided in connection with the reconstruction of 
Finchley-road station on the Metropolitan Railway. 
This reconstruction has been rendered necessary by 
the extension of the Bakerloo Railway from Baker- 
street to Finchley-road, where a junction will be 
made with the Metropolitan lines to Harrow. This 
extension will enable through trains to be run from 
the West End on to the Metropolitan system, and 
obviate the existing change at Baker-street. In 
order that the trains of both railways may use the 
same station at Finchley-road and that crossing on 
the level may be avoided, considerable reconstruction 
has been necessary just south of the station, and 
there has also been a re-arrangement of the plat- 
forms and running lines in the station itself. This 
has involved the demolition of an existing, and the 
building of a new, retaining wall and the abandon- 
ment of the tunnel through which the Metropolitan 
trains ran to Baker-street. It has also been neces- 
sary to construct a new bellmouth tunnel for the 
accommodation of both the Metropolitan and 
Bakerloo tracks. 

Though we hope to deal in detail with this scheme, 
which involves some features of great engineering 
interest, at a later date, attention may here be 
called to a subsidiary, but none the less interest- 
ing, piece of work, which has been necessitated 
hy the reconstruction of the booking hall on street 
level. This booking hall is built over the bellmouth 
tunnel already mentioned, the roof of which is 
formed by girders resting on stanchions, as shown 
in Fig. 6, on this page. Incidentally, this illustration 
also shows the entrance to the new tunnel to Baker- 
street on the left, the existing Metropolitan tracks | 
in the centre and beyond them the mouth of the 
north-bound Metropolitan line. Originally one of 
these girders also supported a wall which divided the 
existing booking hall from other property, as will be 
clear from Fig. 7, on this page. In order to provide 
access to the booking hall through a new entrance at 
the junction of Finchley-road and Canfield-gardens, | 
it became necessary to demolish this wall. As, 
however, as will be seen from Fig. 8, which shows 
the divided wall cut away, the upper portion of the 
web of the girder formed an obstacle to this entrance 
and means had to be devised for adapting this part 
of the structure to the new conditions. 

With a view to avoiding the very costly process of 
completely removing the existing girder and re- 
placing it by a new one, a number of alternatives 
were considered. It was finally decided to weld 
new flanges to the webs of that part of the girder 
which was below the floor of the booking hall, and 
to cut away that part of the web which extended to 
the higher level. To enable the shallower girder to 
withstand the loading it was necessary to reduce the 
span. Two new stanchions, wedged top and bottom, 
were therefore erected in the positions shown in 
Fig. 3, page 349. The procedure will be clear from 
Fig. 1, which is an elevetion of the girder in its 
original condition, the ends resting on grillages built 
into the retaining wall of the tunnel and from Fig. 3, 
which is an elevation of the girder showing the| 
completed work and the new stanchions in position. | 
As has already been explained, the top half of the | 
web has been cut away down to the level of the 
hooking-hall floor. Fig. 2 is a section of the original 
girder, while Fig. 4 is a section through the cut away | 
portion. As will be seen, the total span is 46 ft. 1} in. 
while the span between the two new stanchions is 
31 ft. 5} in. This latter span covers eight panels ; | 
the upper portions of four of which were cut away. 
Fig. 9, opposite, illustrates the work in this con- 
dition and shows the new entrance to the station 
in course of construction. As will be clear from | 
Fig. 3, the upper part of the web was cut away from 
six panels, Reading from the right, in the first 
three panels a 12-in. by 1}-in. universal plate flange 
was welded to each side of the web with j-in. 
gussets and 6-in. by }-in. stiffeners over the stan- 
chion. As regards the next three panels, a ]2-in. 
by 2}-in. universal plate flange was welded on to 
each side and a }-in, reinforcing plate on one side | 


' 





ENGINEERING. 





SEPT. 29, 1939. 














WELDING IN RAILWAY-STATION 


RECONSTRUCTION. 














Fia. 6. 





Bookine-HaLL FounDATIONS OVER TUNNEL. 

















Fia,. 7. 


only. New j-in. gussets were also attached. The 
webs in the first two undisturbed panels nearest to 


| the cut-away portion were strengthened by welding 


}-in. reinforcing plates on to each side and by attach- 
ing l-in. gussets. These gussets, which can be 
seen in Fig. 8, are tapered in width and were welded 
to the strengthened web with ¥j-in. fillet welds. 
The reinforcing plates to which reference has been 
made were attached to the web, and to the flange 
angles, stiffeners and new flange plates by 45-deg. 
single bevel butt welds round their edges and 1-in. 
diameter plug welds, which were made first. All 


‘this work was carried out by electric-are welding 


in situ, the contractors being Messrs. The C. and M. 
Welding Company, Cayton-street, London, E.C.1, 
who used electrodes supplied by Messrs. The Quasi- 
Are Company, Limited. On the completion of this 
strengthening work the upper half of the original 
girder was cut away by an oxy-acetylene flame, the 
load during this process being 125 tons, or about 
half that provided for finally, owing to the removal 
of the wall. 

The reconstruction which we have described was 


carried out to the designs of the London Passenger 





OrIernaL GrrpeR AND Bookrne-HaLt WALL. 


Transport Board, to whom we are indebted for 
permission to print this article. Messrs. Arthur 
Foster, Stevenage-road, East Ham, were the main 
contractors. On completion of the work, which, it is 
claimed, has enabled considerable financial savings 
to be effected, a test with a deflectometer showed 
no appreciable deflection, while the distribution of 
the stress, which was ascertained by a Latouche 
stress recorder, indicates, as shown in Fig. 5, page 
349, a steady flow of stress into the new flange. In 
this illustration, curve a indicates the stress at the 
position of the instrument as the cut moved 
towards it. 








THE FEDERATION OF BRITISH INDUSTRIES AND EXPORT 
TrapE.—The Federation of British Industries, 21, Tot- 
hill-street, London, S.W.1, informs us that it will do 
everything in its power to ensure that Great Britain's 
export trade receives the fullest possible consideration, 
subject to the requirements of the fighting services. The 
Federation particularly emphasises that machinery has 
been set up to ensure that export inquiries received by 
firms unable, at the moment, to carry them out can be 
passed on to firms able to do so. 
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THE MACHINING PROPERTIES OF 
COPPER ALLOYS.* 


By W. B. Sauurrr, B.A. 


PUBLISHED literature on machining practice contains 
little information relating to copper alloys. Occasional 
references are made to “ brass” and “ bronze,” but 
these terms are to-day so vague as to be almost meaning- 
less, and are certainly of little value as a method of 
classifying copper alloys. The range of copper-base 
materials available to the engineer has become so 
wide that it is clearly impossible to give consideration 
to each and every alloy, and hence some method of 
classification or grouping is inevitable. A logical 
method of grouping should, however, be based on 
machining qualities rather than on composition or 
mechanical properties, though these factors are 
obviously not without influence on machinability. 
Probably the surest indication of the manner in which 

* Paper prepared for presentation at the cancelled 
Glasgow Autumn Meeting of the Institute of Metals, 
in connection with a general discussion on ‘‘ Machin- 
ability.” Abridged. 








a material machines is the form of chip which it pro- 
duces. Copper-base alloys produce three types of 
chip, according to whether their basic structure is 
homogeneous, duplex, or contains particles of lead or 
similar elements added to promote machinability. In 
the first section of this paper the machining properties 
of each of these groups will be briefly considered. 
Group A. Homogeneous Materials.—Group A includes 
copper, alpha brasses, alpha aluminium bronzes, 
cupro-nickels, alpha nickel silvers, wrought phosphor- 
and silicon-bronzes, and beryllium bronzes in the 
softened or homogenised condition. Owing to the high 
ductility of these materials, cutting operations are 
invariably accompanied by a considerable amount of 
plastic deformation. For example, a turning tool with 
20-deg. top rake, operating on copper with a feed of 
0-004 in., produces a chip about 0-017 in. thick, indi- 
cating that the metal is being “ upset” by the face 


of the tool. Since this cold-work absorbs power and 
generates heat, it should be eliminated so far as ible 
by using steeply raked tools. The chips of Group A 


materials are very tough and strong; they are smooth 
on both sides and can rarely be broken by means of 
chip breakers; hence, chip disposal may sometimes 
be troublesome. 


Copper and cupro-nickel are more “ sticky” to 
machine than the cold-working bronzes, since they tend 
to “‘ freeze” or “‘ build up ” on the cutting edge, and 
to tear readily, particularly in operations such as 
screwing and tapping. Such difficulties are probably 
associated with the low rate of work-hardening of these 
materials. To ensure a clean finish on copper 
and cupro-nickel, relatively large clearances must 
be provided, the cutting edge of tools must be kept keen, 
and the cutting face should be burnished. Group A 
materials in cast form machine somewhat “ shorter ” 
than the corresponding wrought materials, probably 
because their structure is interspersed with minute 
shrinkage cavities and gas pockets. 

Group B. Duplex Alloys.—Group B includes the 
alpha-beta brasses, manganese-bronzes or brasses, 
duplex aluminium-bronzes, nickel-brasses, cast phos- 
phor- and silicon-bronzes and gunmetals. The 
machining properties of these alloys differ from those 
of Group A, owing to the fact that they can withstand 
much less plastic deformation when cold. With 
Group A materials the pressure exerted by the tool face 
during cutting produces an “upsetting” action, 
but with the Group B alloys it gives rise rather to a 
shearing action across the chip, although some plastic 
deformation also takes place. The shavings produced, 
though they may appear outwardly continuous are 
structurally discontinuous, presenting a saw-toothed 
appearance on their inner surface. Such shavings are 
quite brittle, particularly if bent with the saw-toothed 
side outwards. With the alloys of high ductility 
short chips are, in general, obtained only with coarse 
feeds ; and with light feeds closely coiled turnings are 
produced. The latter, however, being relatively brittle, 
can readily be broken up by means of chip breakers. 
With alloys of low ductility, such as undan-bonian, 
turnings break up of their own accord into short chips. 

The periodic slip, which is an essential feature of chip 
formation with these alloys, gives rise to vibration, 
both of the tool and the work, which, if severe, will 
produce chatter. This tendency is more pronounced 
with alloys of low ductility, but the incidence of chatter 
in actual machining operations is determined to a large 
extent by such factors as the nage A of the tool and 
work, the size of the cut and the design of the tool. 
Rigidity is of particular importance with the high- 
tensile brasses and bronzes, and if heavy cuts are 
contemplated on such materials, tools and tool-holders 
must be of substantial dimensions, overhang of tools 
must be restricted and the work rigidly supported. 

Since the plasticity of duplex materials is limited, 
they do not need to be machined with steeply raked 
tools; indeed, steep top rakes are undesirable, since 
they cause the tool to feed into the work, and thus 
promote chatter. For alloys of low ductility, such as 
the hardest aluminium bronzes and phosphor-bronzes, 
flat-topped tools produce the best results, but for 
gunmetal, brass, the manganese-bronzes and the 
majority of aluminium bronzes a top rake of 8 deg. 
to 12 deg. is advocated. Provided that due considera- 
tion is given to the above-mentioned points, the duplex 
brasses and bronzes can be machined much more readily 
than ferrous materials of equivalent tensile strength 
and toughness. 

Group C. Leaded Alloys.—Group C consists of copper 
alloys either of homogeneous or duplex basic structure 
to which additions of some agent have been made with 
the specific object of improving machinability. For 
convenience these alloys are referred to as “ leaded” 
alloys, because, in the past, lead has been the only 
element added commercially for this purpose. However, 
other elements, such as selenium and tellurium, have 
recently been found to exercise a somewhat similar 
effect, and copper alloys containing such elements 
should, therefore, be regarded as belonging to this 


up. 

“hike already been noted that with Group B alloys 
transverse shearing across the — does not neces- 
sarily result in fracture; but with leaded alloys the 
shearing action is complete in its effect, and the turning 
breaks up into fine needle-like fragments, which have 
undergone little or no plastic deformation. The 
pressure which builds up on the tool face prior to the 
shearing of each fragment causes both the tool and work 
to deflect and, x oe release of this pressure, the tool 
springs back, catapulting the chip a considerable 
distance from the cutting zone. This springing of the 
work and the tool tends to produce chatter which is | 
more severe with a leaded alloy than with a lead-free 
alloy of equivalent tensile strength. The reason for 
this is that with the latter the release of pressure is only 
partial, whereas, with the former it is, momentarily 
at any rate, complete. Thus, with the leaded alloys, 
though the average tool pressure is usually lower, the 
variation in pressure is wider. 

Additions of lead improve the machinability of _ r 
alloys by decreasing the resistance to cutting an Ny 
breaking up the chips. Lead also serves as a lubricans 
between the tool and work, and thereby improves tool 
life. Since very little plastic deformation occurs with 
leaded alloys and the chips are only in momentary 
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; 
contact with the tool face, there is little or no risk of | built-up edge to form on the point of the tool. This | often to “ lay’ 


tools becoming overheated even where heavy cuts are 
taken dry at high cutting speeds. Leaded alloys 
are usually machined with tools ground with a top 
rake angle of less than 8 deg. The function of the 
tool face is to push or shear off chips from the stock ; 
if relatively flat-topped tools are used, the cutting 
edge is relieved of much of the force required for this 
purpose, and the chips are thrown clear of the cutting 
zone; moreover, the use of steeply raked tools tends 
to produce digging-in and chatter—at any rate in 
roughing operations. With light cuts, however, the 
finish is generally improved if somewhat steeper rakes 
are used. Thus, top-rake angles up to 12 deg. may 
be employed for finishing cuts as, for example, in single- 
point boring operations on leaded bearing bronzes. 
In certain circumstances, additions of lead may 
have an adverse effect on the mechanical and manufac- 
turing properties of copper alloys, and during the last 
few years the possibility of using alternative elements 
has been examined. Investigations in America and 
in this country indicate that small additions of selenium 
or tellurium have a pronounced effect on the machining 
properties of copper and alloys high in copper. They 
have little effect on tensile strength and hardness, 
but reduce ductility appreciably. Copper containing 
about 0-5 per cent. of tellurium has an electrical 
conductivity of over 95 per cent. and machining pro- 


perties very similar to those of free-cutting brass, | 
This material in the form | 


producing short flaky chips. 
of rod and extruded sections is now being used in certain 
applications where high electrical conductivity and 
free-machining properties are required. 

Machine 7ools.—The majority of copper alloys 
can be machined at extremely high speeds, particularly 
where carbide-tipped tools are employed. Hence, 
where alternative ranges of machine-tool spindle speeds 


are available, the higher should almost invariably | 


be selected for work on copper alloys. For high-tensile 
brasses and bronzes, machine tools of rigid construction, 
such as are employed for steel, should be used. The 
type of lathe often used for brass-finishers’ work is not 
generally suitable for these materials. Where heavy 
cuts are to be taken it is essential that machine tools, 
bearings, and slides should be free from play, if chatter 
is to be avoided. Group C materials are eminently 
suited to intricate work on automatic machines, since 
they produce short flaky chips which can readily be 
flushed away from the tooling zone by means of a cutting 
fluid. Group B materials can also be handled on auto- 
matic machines, though in certain cases chip breakers 
may be necessary. The turnings of Group A materials, 
however, can seldom be broken by means of chip 
breakers and oan only be coiled closely if very light cute 
are taken. Such materials, therefore, require special 
consideration in any intricate work on automatic 
machines. 

Cutting-Tool Design.—It has already been noted 
that the rake angle of cutting tools must be adjusted 
to suit the machining qualities of the work material. 
The tendency to use steeply-raked tools for ductile 
materials and relatively flat-topped tools for brittle 
materials is apparent from the data contained in Table I, 


~| This result implies that with leaded alloys, tool life 


Taste I.—Top Rakes for Cutting Tools Operating on 
Copper Alloys. 
Top Rake Angle, Deg 
“OUP. | Turning 
Ron Forming , : Milling 
: s » Tools Drills. | Dies Taps Cutters 
A 12-30 10-15 10-40 17-30 10-15 10-20 
6b 12 | 5-10 10-80 25 5-10 


124 
os uo 


0 0 0-5 
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The design of cutting tools obviously cannot be studied 
in detail in a paper of this nature ; it is therefore only 
possible to enumerate one or two principles which 
are common to all types of machining operations. 
With Group A materials, tools must be kept very keen, 
and extra clearance must usually be provided, parti- 
oularly on penetrating tools. To »revent chips from 
“packing,” plenty of chip clearance space must be 
provided, and the surface over which the chip passes 
should be burnished. With materials of Groups B 
and C, standard clearances are normally fully adequate. 
With the former group and, in particular, the high- 
tensile brasses and bronzes, rigidity is of primary 
importance. A feature of copper alloys is the excep- 
tionally good finish which can be produced with 
—— ground tools, even where Pt cuts and 
relatively coarse feeds are being employed. A probable 
explanation is the readiness with which a burnished 
surface can be produced on these alloys, and it is notice- 
able that the best finish is obtained on the more ductile 
materials such as wrought phosphor-bronze and silicon- 
bronze. 

With copper, there is a very marked tendency for a 
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built-up edge breaks down periodically, part of it 
passing over the tool face with the turning, and part 
remaining attached to the stock. The latter is respon- 
sible for the poor finish which can be produced on 
copper unless correct machining technique is employed. 
This technique is a combination of prevention and 
cure. With the object of preventing the formation 
of the built-up edge, the tool face is polished, and 
steep top rakes and high cutting speeds are used ; for 
example, cutting speeds as high as 3,500 ft. per minute 
have been used for finishing copper commutators. 
Even with these precautions, however, a perfect finish 
cannot always be obtained, and it may therefore be 
necessary to burnish over the irregularities left on the 
surface of the stock. This may be effected by correct 
grinding of the tool just below the cutting edge. 

Cutting-7 ool Materials.—Carbon steels resist abra- 
sion very well and are used for certain finishing opera- 
tions and for taps and dies for threading copper. 
Since they lose their hardness at temperatures of 
200 deg. to 250 deg. C., however, they can be used 
only at moderate cutting speeds, and high-speed tools 
are therefore preferred for production work. Tools 
tipped with tungsten carbide or Stellite are exception- 
ally resistant to abrasion, and can be used without a 
cutting fluid at extremely high speeds on all copper 
alloys. The choice of cutting-tool materials will be 
chiefly influenced by the condition, rigidity, and cutting- 
speed capacity of the machine tools available in the 
shop, and by the tool life required. On centre lathe 
work, where tools may readily be reground, high-speed 
steel may well prove the more economical, but in 
capstan lathe or automatic work, where a longer tool 
life is desirable, the use of tipped tools may permit the 
use of much higher cutting speeds, and thereby effect 
a substantial increase in production. 

Tool Life.—Chip friction and burnishing friction 
are much less severe with copper alloys than with 
ferrous materials, whilst the thermal conductivity 
of the former is usually much greater; consequently, 
| tools operating on copper alloys heat much less than 
| when cutting iron and steel. Tools operating on lead- 
free materials of Groups A and B usually fail through 
| wear caused by chips sliding over the tool face. The 
| lapping or abrasive action of copper and certain of the 
nickel-copper alloys is somewhat severe, yet even these 
alloys can be machined at very much higher speeds 
than ferrous materials. With these ductile alloys, 
it must be emphasised, however, that small variations 
in cutting speed may have a marked effect on the 
output per tool grind. For example, it has been 
determined experimentally* that if V,, V,, V,, and V, 
are the cutting speeds to give tool lives of 1, 2, 4, and 
| 8 hours, respectively, on copper, then approximately : 


V, = V, x 0-90 
V, = V, x 0-78 
V, = V, x 0-56 


With the leaded materials of Group C, chip friction | 
is almost negligible and only burnishing friction need | 
therefore be considered. Experiments on leaded brass 
have shown that, at any rate with cutting speeds up 
to 500 ft. per minute, the principal factor determining 
| life between grinds is the linear distance travelled 
| by the cutting edge in contact with the work surface. 














|is practically independent of cutting speed, and 
| suggests that these materials should be cut at the 
| maximum cutting speed, and—in roughing operations 
}at any rate—with the maximum feed of which the 
| machine tool is capable. 
| Chip Disposal.—With homogeneous materials some | 
| limitation may be placed on feed by the difficulty of | 
| handling coarse turnings, and it is therefore common | 
| practice to use a medium fine feed combined with a 
high cutting speed. For such a combination, tungsten | 
| carbide tools are very effective. With duplex alloys, | 
| however, the chips will either break up of their own | 
| accord or may readily be broken up by means of chip | 
| breakers, and for roughing cuts the best practice is to | 
| employ the maximum feed which the set-up will stand, 
| or, alternatively, which the requirements of accuracy 
and finish will permit, and then to determine experi- 
| mentally the speed which will balance the requirements 
of output and tool life. 

Cutting Fluids.—With ductile materials of Group A, 
| which produce continuous shavings, lubrication will 
| be the chief requirement of a cutting fluid, whereas | 
| for the hard brasses and bronzes of Group B a balance 
| between lubrication and cooling is desirable. With | 
leaded alloys of Group C, which produce short chips, | 
cooling of the tool will seldom be necessary ; cooling 
|of the work may, however, be desirable in certain | 





| cases, whilst lubrication between the flank of the tool | is 
The primary be 


and the work may increase tool life. 
| object of a cutting fluid with these alloys, however, is | 
. 





* Deutsches Kupfer-Institut, Das Bearbeilen von 
Kupfer mit spanabhebenden Werkzeugen. Berlin (1938). | 


| consequently difficult to machine. 


and flush away the fine chips pro - 
| duced. 

Copper Alloys for Machining Purposes.—The machin- 
ability of 60:40 brass improves rapidly with small 
additions of lead, but much less rapidly as the lead 
content is further increased. For example, an addition 
of 0-6 per cent. lead reduces the cutting-resistance 
by 46 per cent., whilst a 3-5 per cent. lead addition 
will only reduce it by a further 14 per cent. Brass 
containing 2-5 per cent. to 3 per cent. lead may be 
regarded as an alloy possessing a specific combination 
of properties which renders it suitable for use in highly 
intricate screw machines. On such machines it is 
obvious that, for maximum production, chips must be 
small so as to fall away from the tool readily and prevent 
fouling. It should be emphasised, however, that the 
suitability of a material for screw-machine production 
is not necessarily a criterion of its all-round machin- 
ability. For general lathe machining, for example, 
a brass of the 60:40 type containing 0-5 per cent. 
lead may be as satisfactory as one containing 3 per 
cent. lead. Up to 1 per cent. lead may be added to 
gilding metals, wrought phosphor-bronzes, silicon- 
bronzes, or aluminium bronzes. The effect of such 
small additions on machinability is in general more 
pronounced in these high-copper alloys than in the 
yellow brasses. Free-machining nickel silvers and 
nickel-brasses containing up to 2 per cent. lead are 
also marketed in rod form. The machining properties 
of phosphor-bronze and gun-metal castings are greatly 
improved by small additions of lead, whilst mechanical 
properties are but little affected; 0-5 per cent. lead 
jis usually adequate for general machining purposes. 
| For mass-produced articles, however, such as gun-metal 
pipe fittings for water services, the lead content may 
run up to 5 per cent. 
| Effect of Composition.—The machining properties 
‘of copper are not fundamentally affected by the 

presence of cuprous oxide, as in tough-pitch copper, 
| nor by commercial additions of arsenic, cadmium, and 
|chromium. Nevertheless, deoxidised and oxygen-free 
coppers are more “sticky” to machine than tough- 
pitch copper, the difference being particularly noticeable 
in sawing, screwing and tapping operations. The 
presence of the £ phase in lead-free brasses results in 
an improvement in machining properties. Optimum 
machinability is obtained in the 59 per cent. to 63 per 
cent. copper range, but with a further reduction in 
copper content the hardness increases, and thus 
outweighs the benefits derived from the embrittling 
effect of the 8 phase. The machining characteristics 
of 60 : 40 brass are not materially altered by additions 
of aluminium, iron, manganese, nickel, or tin. In 
certain cases, small percentages of these elements 
may effect an improvement in machinability, but larger 
amounts, such as are used in the higher-tensile brasses, 
tend to increase resistance to cutting and tool wear. 
From the point of view of surface finish and chip 
disposal, the high-tensile brasses are often superior 
to straight 60:40 brass. Additions of iron and nickel 
to aluminium bronzes reduce machinability, since they 
increase the strength and hardness to a very marked 
extent, but reduce the ductility only slightly. The 
machining properties of aluminium bronzes containing 
high percentages of these elements are, in fact, more 
akin to those of steels than to those of the general 
run of copper alloys. 

Cast phosphor-bronzes are almost invariably duplex 
in structure, and therefore produce relatively brittle 
chips, the brittleness increasing with the tin content 
and being especially noticeable where the phosphorus 
content exceeds about 0-3 per cent. For example, 
cast phosphor-bronze conforming to Aircraft Specifi- 
cation 2 B.8, which contains 0-5 per cent. phosphorus 
(minimum), machines much “ shorter” than bronzes 
of low phosphorus content or Admiralty gun-metal. 
Beryllium bronze in the soft condition 
machining qualities similar to those of wrought phosphor 
bronze or silicon-bronze, producing tough springy 
turnings and having a high rate of work-hardening. 
In the temper-hardened condition, beryllium bronze 
may have a tensile strength of about 80 tons per square 
inch, with a Brinell hardness number of 350, and is 
Any finishing 
operations required after heat-treatment are therefore 
best performed by means of grinding. 

There is a general tendency for the machining 
properties of copper alloys to improve as the grain-size 
becomes smaller. This tendency is only slight with 
homogeneous materials (Group A); thus, the machin- 
ability of alpha brass increases progressively as the 
grain-size is reduced from 0-100 mm. to 0-010 mm., 
but the total increase is only about 2 per cent. With 


| 








| duplex materials the effect is more marked, since with 


a fine grain-size the brittle secondary constituent 
more favourably distributed. In leaded alloys the 
size and distribution of the lead particles are of greater 
importance than ae of the matrix. — 
Wrought copper alloys are normally supplied for 
machining purposes in a hard temper. There is 
evidence that the cutting-resistance increases with 
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hardness; nevertheless, rod cannot be efficiently | good results. The outstanding example is the Dutch | designed electromagnets, or magnetic lenses, mounted 


machined unless it is perfectly supported, since it will 
bend away from the tool, causing it to chatter and 
dig in. A hard rod, on the other hand, being stiffer, 
stands up better to the tool and therefore machines 
more satisfactorily. Previous cold-working is especi- 
ally desirable in the case of ductile materials of Group 
A. When such materials are machined in the annealed 
condition the pressure exerted by the tool face causes | 
the work to deform and the strongly cold-worked | 
chips pull away portions of the stock, leaving a rough | 
surface. These difficulties are characteristic of thread- | 
ing operations on annealed copper rod or tube. Cold- | 


naturalist Leeuwenhoek, who during the period 
1674-1723, using a microscope of this type, discovered 
the protozoa and bacteria, and made many other 
biological observations of supreme importance. Hooke, 
who was Leeuwenhoek’s correspondent, was working 
at microscopical problems at the same time, and in 
the Micrographia (1665) described his own microscope 
—the first compound microscope. The optical system 
of this instrument consisted of a converging lens, 
called the object-glass, the field lens, and a third lens, 
the eye lens. Although it has been stated frequently 
that Hooke first introduced the. field lens to enlarge 


rolling or drawing, by increasing the elastic limit the field of view, there is little doubt that this invention 
of the material and reducing the great disparity in | Was due to Monconys, who published a short description 
strength and hardness between the stock and the heavily | of a compound microscope made to his design in 1660. 
cold-worked chips, serves to decrease the tendency | This hardly detracts from the credit due to Hooke, 
to smear and tear. | whose publication became so generally known, and whose 

Distortion troubles may be eliminated by annealing | optical system was universally adopted and remained 
for one hour at 250 to 300 deg. C. for brass, phosphor- | practically unchanged for over a hundred years. 
bronze, and silicon-bronze, and at 150 to 180 deg. | Hevelius, in 1673, described in his Machina Calestis a 
C. for copper. Such treatment is, of course, identical | screw-focusing adjustment that he had fitted to an 
with that employed to render brass and other copper | instrument of the Hooke type which was the fore- 
alloys immune from season-cracking; it does not | runner of the modern mechanism adopted (or invented 
impair the tensile properties of the materials, and | independently) by John Marshall (1663-1725), one of 
usually improves the elastic properties. With round | the great opticians at the close of the seventeenth 
rods, particularly those of materials of Group B,/| century. Marshall should be remembered by the fact 
manufacturing operations may be adjusted so as to | that he was the first to introduce the method of grinding 
ensure virtual freedom from distortion troubles during |a number of lenses simultaneously, by cementing a 
subsequent machining. For example, internal stresses | number of pieces of glass on to the surface of a large 
set up during cold-working may be relieved by means | convex spherical block, and working them with a con- 
of a reeling operation subsequent to the final draw. | cave spherical tool. This is still the method employed 

for polishing lenses in quantity. In the modern spec- 
tacle-lens factory as many as 150 are sometimes 
polished in one block. 

Although many variations in the design and mecha- 
nical construction of the microscope were made during 
| the Eighteenth Century and the early years of the 

Nineteenth, yet there is no invention of fundamental 
|importance to record until the construction of the 
ment of science is a fascinating theme, and at the| achromatic objective. This was first successfully 
same time a wide one. Among the earliest and most! completed by the French optician, Chevalier, about 
striking examples we find that Kepler was able to state | 1825, and in England by Tulley, working about the 
his Laws of Planetary Motion as a result of the observa- | same time, to the designs of Joseph J. Lister, nearly 
tions made with Tycho Brahe’s carefully-constructed | sixty years after the construction of a successful 
instruments. Tycho (1546-1601) first introduced, | achromatic telescope objective. Abbé carried the 
though he did not discover, the method of transversal | corrections of the aberrations to a far higher degree of 
division of the arc, which is now familiar to us as the| perfection, notably by using glasses of new types, 
basis of the diagonal scale. It was he who first pointed | which at his suggestion had been worked out by Schott, 
out the importance of symmetry in an instrument.|to produce, about 1886, the so-called apochromatic 
The ingenious naked-eye sights developed by him were objective in which the colour correction was greatly 
a remarkable improvement on the simple sights|improved. It is difficult to see how the resolving 
previously used. According to Dreyer,t his determina- | power of the microscope is to be further increased 
tions of the right ascensions and declinations of his | using light from the visible region of the spectrum. 
nine standard stars show a probable error of less than | The biologist, and particularly the medical man, is 
thirty seconds of are—an almost incredible achievement. | anxious to study organisms the structure of which is 

I propose to consider a few well-known instruments | too fine to be resolved by any object glass when using 
and to use them as examples to indicate how the develop- | ordinary white light, the alternative to which is the 
ment of a particular subject has grown largely with the | employment of rays of shorter wavelength, viz., the 
perfection of the instruments used to investigate it. | ultra-violet. Glass lenses are opaque to these short 
It is in every way a reciprocal process. By means of an wavelengths, and therefore lenses made of fused quartz 
instrument certain evidence is obtained ; this evidence | must be used. J. E. Barnard, who has developed a 
does not go far enough and the instrument must be | very successful technique in connection with ultra- 








INSTRUMENTS IN SCIENCE AND | 
INDUSTRY.* 
By Ropert 8. WHIPPLE. 
Tue help that instruments have given to the advance- | 


improved to enable further facts to be found. [f, 
for example, the biologist requires to examine small 
bodies beyond the range of his microscope, he appeals 
to the physicist to help him, and the appeal is not in 
vain. Most probably, as a result of the work on his 
colleague’s problem, the physicist develops a technique 
which will be of service either to him or to a fellow 
physicist. As examples of instruments primarily 
used to extend the range of our senses I will take the 
microscope, telescope and spectroscope. Their develop- 
ment has a long history, and each can be adapted to 
yield accurate measurements by the addition of suitable | 
devices. Thus we are led to the application of the | 
mechanical arts to the division of angles and lengths | 
in dividing engines and the measurement of time by | 
various appliances which may be considered as supple- | 
mentary to those first mentioned. To exemplify | 
classes of instruments, the use of which rapidly extended 
from the laboratory to the industrial field, I will review 
those employed in temperature measurement, including 








violet microscopy, has shown that it is possible to study 
and photograph living bacteria, which are normally 
transparent to light from the visible region of the spec- 
trum, without staining and therefore killing them. 
The use of such short wavelengths has necessitated 
the construction of extremely rigid mountings in the 
microscope body and complete absence of play in the 
moving parts of the instrument. As showing the 
perfection of the technique obtained with ultra-violet 
microscopy, it may be mentioned that it is possible 
to take a series of photographs of an object in successive 
parallel planes separated by distances of the order of 
0-0002 mm.* 

The use of short-wave radiations has proved so 
successful in the case of the ultra-violet microscope 
that a technique has been developed which offers great 
possibilities for the use of still shorter radiations. As 
is well known, a beam of cathode rays can be brought 
to a focus by passing the beam through a magnetic 
or electrostatic field, in a manner very similar to that 


the galvanometer, and, as an example of the rapid | in which light is brought to a focus by a convex lens. 
application of new physical knowledge by the instru- | In the same way, an electron image of a surface may 
ment maker, the thermionic valve as applied to| be formed owing to the fact that the electrons will be 





measurement. 

The first example I shall take is the microscope, an | 
instrument which is used in every observational science 
and, in some form or another, in nearly every industry. | 
The early story of the microscope has been often told, | 
and yet it may be of interest to recall the most important 
stages in its development. The first instruments | 
consisted of single lenses, actually small globules of | 
glass, which, when the surfaces were suitably ground, | 
yielded in the hands of skilled observers surprisingly | 





* Presidential Address, delivered to Section A of the 
British Association, at Dundee, on Thursday, August 31, 
1939. Abridged. 

t J. L. E. Dreyer, Tycho Brahe, p. 351 (1890). 


| ungen aus den Siemens-Werken, vol. 17, page 99 (1938). 


scattered by an amount depending on the density, 
or mass concentration, of the surface on which they 
impinge. . By forming the image on a fluorescent screen 
it can if rendered visible, or if projected on to a 
sensitised plate, photographically recorded. In an 
instrument designed by Von Borries and Ruska,f 
an electron stream is passed through two specially- 





* L. C. Martin and B. K. Johnson, “ Ultra-Violet 
Microscopy,”’ Journal of Scientific Instruments, V, 
page 337 (1928); and VII, page 1 (1930). 

t+ Bodo von Borries und Ernst Ruska, “ Vorlaufige 
Mitteilung iiber Fortschritte im Bau und in der Leistung 


one above the other, which act as equivalents to the 
objective and eye-piece of an optical microscope. If 
an object is placed between the poles of the lower magnet 
some of the electrons will be scattered by the material 
of the object and others will be diverted by the magnetic 
flux so as to form an image of the object in a plane below 
the magnet. That an image can be formed in this way 
depends upon the fact that the scattering is proportional 
to the mass concentration at different parts of the 
object. The scattering will be greater from the thicker 
parts than from the thinner ones, and thus the dark 
parts of the image will correspond to the thick parts 
of the object, and vice versa. Magnifications of about 
twenty times those obtained with the optical micros- 
cope can be obtained. Excellent photographs have 
been taken of bacteria and bacilli at magnifications of 
10,000 and 20,000 diameters. 

In 1854, Jabez Hogg, in his introduction to The 
Mier , states: “It is not many years since this 
invaluable instrument was regarded in the light of a 
costly toy ; it is now the inseparable companion of the 
man of science.”” In the same preface he mentions that 
in 1841 the Council of the Royal College of Surgeons 
had determined “‘ to form a collection of preparations 
of the elementary tissues of both animals and vege- 
tables, healthy and morbid, adapted to illustrate the 
uses and results of microscopical investigations.” It 
is in medical science and the sciences allied to medicine 
that the greatest use for the microscope is still found. 
In the study of zoology, physiology and botany it is 
essential ; but it is only when its employment in the 
pathological laboratories of the world is visualised that 
its importance is clearly understood. A microscopical 
examination frequently settles the question of the 
type of disease from which a patient is suffering, and 
in the whole story of hospital practice there is no 
spectacle more dramatic than that of the surgeon 
suspending an operation to await the result of the 
pathological examination of a tumour suspected of 
malignancy. Sorby, in 1864, was the first to investi- 
gate the structure of metals and alloys by the micros- 
cope, and although it was some considerable time 
before his work was appreciated, there is now no metal- 
lurgical laboratory worthy of the name that does 
not possess a microscope by means of which the mole- 
cular structure of an alloy can be examined and photo- 
graphically recorded. How important this side of 
the work has become is shown by the fact that the 
majority of scientific papers dealing with problems 
connected with alloys are illustrated by micrographic 
prints. 

Although the discovery of the telescope ante-dated 
that of the microscope, in its service to mankind it 
ranks as second to it. The credit of the invention of 
the telescope must go to a Dutchman, Lippershey ; 
yet it was Galileo who first produced an instrument 
worthy of the name. He ground and polished his own 
lenses, and, in 1610, with a telescope magnifying 
33 diameters, discovered the satellites of Jupiter. 
Among his many astronomical observations he dis- 
covered the phases of Venus, and estimated the height 
of the lunar mountains from the length of their shadows. 
Newton pointed out that the focal length of the refract- 
ing telescope could not be reduced owing to the refrangi- 
bility of light of different colours, and that it was not 
possible to focus for all the colours simultaneously and 
thus obtain a sharpimage. He measured and calculated 
the distance between the foci of the red and violet 
and showed that it was about one-fiftieth the diameter 
of the lens. It was to overcome this difficulty that 
the glasses were made small and of long focal length. 
It is almost unbelievable that James Bradley, in 1722, 
measured the diameter of Venus with a telescope having 
a focal length of 212 ft., the supporting mast being 
about 45 ft. long. 

In 1663, James Gregory suggested the construction 
of a reflecting telescope, and in 1668 Newton constructed 
the first practical instrument, having made his own 
alloy for the mirror and having devised methods for 
grinding and polishing it. A sentence in his Opticks 
(Bk. I, Part 1, Prop. VI, page 75) shows how serious 
the position had become: “Seeing, therefore, the 
improvement of telescopes of given length by-refrac- 
tions is desperate ; I contrived heretofore a perspective 
by reflection, using instead of an object glass a concave 
metal.”” The manufacture of satisfactory reflectors 
was very difficult, and it was not until an instrument 
maker, James Short, of Edinburgh, about 1730, pro- 
duced instruments with parabolic figuring, that the 
reflector came into general use. His instrumente, 
even now, may be regarded as examples of first-class 
workmanship. Sir William Herschel began making 
specula in 1774 and constructed a large number of 
reflecting telescopes, the most. famous being his instru- 
ment at Slough of 4-ft. aperture and 40-ft. focal length ; 
this was completed in 1789. Unfortunately, the weight 
(25 ewt.) of the large speculum rende it liable to 
distortion and it is of interest to note that all Herschel’s 
discoveries were made with smaller instruments. More 
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than fifty years later a reflector of 6-ft. aperture and 
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54-ft. focal length was erected by Lord Rosse. at | steel spectrochemically for the elements silicon, man- 
Parsonstown. All these instruments were fitted with | ganese, nickel, chromium, molybdenum, vanadium, 
metal mirrors which had an unfortunate tendency to| aluminium and copper in less than one day. The 
tarnish, and re-polishing was apt to spoil the figuring | spectroscope has also become a tool in common use 
of the mirror. In the modern instrument the metal | in the steel warehouse, the storekeeper being able by 
mirror is replaced by glass which can be re-silvered at | its means to detect any mixing of the batches of steels. 
intervals. During the last few years aluminium has | In the laboratories of the works producing non-ferrous 
taken the place of silver as the reflecting surface, the | materials the spectroscope is proving equally efficient. 
aluminium being deposited on the glass surface under | For example, the failure of lead pipes from causes other 
vacuum. The aluminium film does not tarnish, is | that frost has been considerable, and has been traced 
more robust than silver, and has a higher coefficient | to impurities in the lead. A spectroscopic examination 
of reflection for short wavelengths, and is thus more | of the pipe that has failed shows in a few minutes the 
efficient photographically. | undesirable impurities present, and, if the examination 
Owing to the increasing demand for telesco of | is carried farther, the quantities of those impurities. 
higher magnification, and of increased etpantieten There are few trades in which the spectroscope cannot 
power, the size of the mirrors used in the modern be of service in testing the qualities of materials, etc. 
instruments is steadily increasing. The Mount Wilson} Our knowledge of the constitution of the celestial 
Observatory has a telescope with a mirror 100 in. in| bodies is almost entirely due to the spectroscope. 
diameter, and it is a matter of common knowledge that | By its means it has been possible to discover what 
magnificent photographs of nebule, etc., have been elements are pfesent in the vapour surrounding them. 
obtained with it. At the present time an instrument | This was strikingly shown by the discovery by Lockyer, 
having « mirror 200 in. in diameter is being constructed | in 1868, of an unknown gas (helium) in the bright-line 
for the Mount Palomar Observatory. The manufacture | spectrum of the sun’s atmosphere, which was identified 
of the borosilicate glass (Pyrex) block for this mirror, | by Ramsay twenty-seven years later in the terrestrial 
which weighs 20 tons, has been a feat of considerable | atmosphere. The photographing of the sun’s disc in 
skill, and if it is successfully ground and polished, as | a limited band of wavelengths has led to the develop- 
appears likely, it will be a great engineering triumph. | ment of a special form of recording spectroscope, the 
It is difficult to realise the accuracy of grinding and | photo-spectro-heliograph. In this instrument the slit 
polishing required in these large mirrors. Dr. Spencer | of a spectroscope is slowly traversed across the sun’s 
Jones, the Astronomer Royal, has stated* that in the image, the selected radiation falling upon a photographic 
case of the “ 100-in. mirror, made at Mount Wilson, | plate. Thus a picture of the sun is built up from a 
the actual curve of the glass nowhere differed from the | series of photographs taken in the selected wave- 
correct theoretical curve by more than 0-000003 in.| lengths. For example, if the wavelength selected is 
The precision of figure required and attained can | one of calcium, a picture of the disc is obtained showing 
perhaps best be appreciated if expressed in this way:|the distribution of calcium over the sun’s surface. 
suppose the mirror to be enlarged 250,000 times, so | In order that the photograph should not be striated, 
that the radiue of curvature becomes about equal to | it is essential that the movement of the spectroscope 
the radius of the earth—4,000 miles. The diameter of | across the sun’s image should be uniform. Horace 
the mirror would be about 400 miles and the mirror | Darwin obtained this result by mounting the carriage 
would easily cover England and Wales. The depth of | of the instrument geometrically on large balls and by 
its concave surface would be about five miles; the | moving it by a falling weight controlled by an oil 
greatest difference between the paraboloid and the/| cylinder. The result was a triumph of simple geo- 
nearest spherical surface would be about 21 ft., and| metric design. The major part of the knowledge 
the largest divergence of the finished surface from a| obtained about the double stars and also the deter- 
true paraboloid would be only about } in.” | mination of the velocity of stars in the line of sight 
We have become so accustomed to success in mount-| has been obtained from spectroscopic observations. 
ing and operating these large telescopes, that we are | The theory of the expanding universe may be said to 
apt to forget that this is the heaviest and certainly | rest on spectroscopic observations. In theoretical] 
the most impressive side of instrument construction | physics the value of spectroscopic work cannot be 
work. Thus, for the large telescope the reflector has | exaggerated; it is, I understand, true to say that 
established itself as the most satisfactory instrument, | modern theories of atomic structure depend largely 
whereas for the smaller telescope, and for the everyday | on evidence supplied by the spectroscope. Unfor- 
purposes of life, the refractor is still the more efficient. | tunately, there is no time to dwell on the comparatively 
n 1733, Chester Moor Hall found that by combining | new development of the X-ray spectroscope and the 
lenses made from glasses having different refractive | importance of this instrument in chemical analysis 
indices he was able to correct for the unequal refrangi- | and in the understanding of the structure and behaviour 
bility of light of different wavelengths, and succeeded | of alloys. 
in making lenses which produced images free from! The distinction between the telescope suitably 
colour. The same discovery was made independently | mounted to survey the heavens and that used to measure 
by John Dolland, who, in 1758, produced an achromatic | distances upon the earth’s surface is a faint one. The 
telescope in which the object glass consisted of a| transit instrument is, in general, only a larger form of 
convex lens of crown glass combined with a concave | theodolite. The early surveyors (and here we may 
lens of flint glass. The invention of the achromatic lens | go back to early Egyptian times) made plans by means 
must be considered as one of the milestones in the | of rods and plummets; but it was not until the inven- 
development of scientific instruments—its importance | tion of the astrolabe and the use of a divided circle 
in nearly every piece of apparatus employing a lens can | fitted with sights that accurate surveying was 
hardly be exaggerated. | attempted. The first mention of the word “ theodolite” 
Perhaps there is no instrument which in recent | occurs in a book Pantometria (1571) by an Englishman, 
times has aided pure science so much, and which is | Thomas Digges. (It is a matter of interest that Digges 
now beginning to help industry, as the spectroscope. |has some claim to be called “the inventor of the 
Fraunhofer constructed the first spectroscope in 1817, | telescope.”’) The early theodolites, like the astronomical 
and made the first measurements of the lines of the instruments, were fitted with pin-hole sights; in the 
solar spectrum. He was also the first to observe the | case of the latter instruments an important controversy 
spectrum of the electric spark. In 1842, Becquerel and arose between Hooke and Hevelius (1679) concerning 
Draper independently photogiaphed the solar spectrum | the relative advantages of telescopic and open sights. 
on Daguerreotype plates, thus laying the foundation | Although Hevelius was not convinced, the telescopic 
for the modern science of spectroscopy. In 1859, | sight was almost invariably used after that date. 
Kirchhoff showed that the luminous vapour of a metal | Mention should be made that William Gascoigne 
has the property of absorbing the same kind of light | invented the filar micrometer and fitted it to a telescope 
as it emits at the same temperature. Kirchhoff recog- | in 1640: this invention greatly increased the accuracy 














nised the fundamental importance of his discovery, | of instruments to which it was attached. Bradley’s 
entitling it “Spectrum Analysis”; but it is largely 
due to Hartley (1882) and later to Twyman, who 
designed simple and efficient instruments, that spectro- 
scopic analysis has become a qua titative method of 
chemical analysis. The spectrograph is now one of 
the most important tools in the metallurgical and 
chemical laboratory. In the manufacture of steel it is 
proving an invaluable check on the quality of the 
materials, the spectrogram obtained from the sample 
under test being compared with that taken from a 
standard. The speed of analysis may be judged from 
the statement? that it is possible for one man to 
analyse 12 samples of nickel-chromium-molybdenum 
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+ F. G. Barker, “ Some Applications of the Spectro- 
graph to the Quantitative Analysis of Ferrous and 
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| observation in 1722 shows that he used a form of fi 

| micrometer with considerable success. 

| As the demands of the astronomer, and later of the 
| Surveyor, increased, so the need for improved divided 
| circles became more urgent. The accurate dividing 
|of circles has always been one of the more difficult 
| tasks of the instrument maker, and it is almost entirely 
due to the English manufacturer that the art of dividing 
has reached its present high position. For many 
years there was no alternative but patiently to bisect, 
or trisect, with a beam compass, the spaces set out 
on the scale or circle, and to continue this operation 
until the scale was subdivided to the desired number of 
divisions. The master points controlling the dividing 
can even now be seen on some of the old instruments. 
The names of George Graham (1673-1751) and John 
Bird (1709-1776) may be mentioned as masters of the 
art; it is stated that Bird was able to obtain an 
accuracy of 5 minutes of arc on his 8-ft. quadrant by 
continued bisection of the arc. 





Henry Hindley, of York, about 1739, completed a 
small machine for cutting the teeth in clock wheels and 
for dividing instruments. In 1766, Jesse Ramsden 
made his first circular dividing engine, but as it was not 
sufficiently accurate for dividing the scales of nautical 
instruments, he completed a second machine in 1775. 
As this was the pioneer of the modern dividing machine, 
it may be of interest to describe it in some little detail. 
The machine is now in the United States National 
Museum at Washington. It consists of a horizontal 
wheel or plate 45 in. in diameter, which turns on a 
vertical axis. The periphery of the wheel is cut or 
notched into 2,160 teeth, into which a worm meshes. 
Immense care was taken over the cutting of the teeth. 
The wheel was first divided into five parts, and each 
of these into three; these parts were then, in turn, 
bisected four times: this gave spaces corresponding 
to 432, 144, 72, 36, 18 and 9 teeth. These, in turn, 
were checked with another circle divided by continual 
bisections. The downward stroke of a treadle turned 
| the screw forward a definite amount as determined 

bysuitable mechanism. The circle to be cut was centred 
and fixed to the master plate, and after each stroke 
of the treadle a division was cut by hand, the cutting 
int being carried in a frame which would allow of 
inear motion only. One forward revolution of the 
screw advanced the plate through 10 minutes of arc. 
It was with this machine that Ramsden divided the 
circles of the 3-ft. theodolites used in the principal 
triangulation of Great Britain and Ireland, 1792-1862. 
They were divided to 10 minutes and read to one 
second by three micrometer microscopes. In 1826, 
William Simms invented the self-acting mechanism by 
means of which the dividing machine became com- 
pletely automatic, thus saving an immense amount of 
time, and reducing the risk of error in the dividing 
of a circle. A similar, but larger, machine, built by 
G. W. Watts in 1905, is capable of dividing a circle 
4 ft. 6 in. in diameter to 30 seconds of arc with an 
error not exceeding +1 second. Linear scales are 
automatically divided by somewhat similar machines 
in which are fitted a temperature-compensation device 
for variation in the temperature of the machine and a 
| compensation device for correcting for any variations 
| in the pitch of the master screw. In this connection, 
the scientific man and the instrument maker are alike 
indebted to the late Dr. C. Guillaume for the invention 
| of Invar, a nickel-steel alloy having a remarkably small 
| temperature coefficient of expansion, and hence an 
almost ideal material from which to manufacture 
standard scales and measuring tapes. In the case of 
linear scales the position of the lines in a good metric 
scale can be guaranteed to an accuracy of 0-002 mm. 
An interesting development in surveying instruments 
| has taken place during the last few years. Heinrich 
Wild, a Swiss engineer, designed, about 1921, a theo- 
dolite in which, by means of an ingenious optical 
system, it is possible to read the positions of the vertical 
| and azimuth circles simultaneously in the eyepiece of 
& microscope mounted on the same axis as the telescope. 
The optical system for reading the circles demanded 
that they should be divided on glass, and the observer 
on his part insisted that the weight should be reduced. 
| In the case of an instrument intended for a triangulation 
of the first order, the horizontal circle is 5-5 in. in 
diameter, and it is divided to four minutes of arc. 
The final readings are taken on a micrometer drum 
and may be relied upon to 0-1 second. The dividing 
| is etched on the glass, the thickness of the lines and 
| figures not exceeding 0-0006 in. (0-015 mm.), the 
| divisions being about 0-003 in. (0-075 mm.) apart. 
| I may here interject that the obtaining of a resist that 
would allow the etching on the glass of such fine and 
close lines by an acid has necessitated a great deal of 
research. It may be regarded as typical of one of the 
small but serious difficulties that the instrument maker 
has so often to solve. The weight is about one-third 
that of any other type of instrument of similar accuracy, 
and the time taken over an observation at least one- 
uarter. Divisions etched on glass are more stable 
those cut on silver, and the dividing error is 
|reduced by the fact that circles do not have to be 
“* cleaned off” after dividing, and thus there is no risk 
of distorting a line. In this connection it may be of 
interest to mention that the new reversible transit 
circle at the Greenwich Observatory, just completed b 
Messrs. Cooke, Troughton and Simms, is fitted wit 
glass circles 28 in. in diameter, the divisions being etched 
at intervals of five minutes of arc. The Astronomer 
Royal informs me that the extreme range in the 
division errors is only about 0-75 second, and that the 
error of reading is very small. 

Before leaving surveying instruments mention must 
be made of the new developments in aerial surveying 
in which contours, etc., are obtained from photographs 
taken from aircraft at different standpoints. Although 
surveying by photography had been used before the 
Great War for the — - of districts difficult to 
survey by ordinary met ~ 4 yet it was not then 

ly employed. Improvements in pho’ phy 

m the air, especially in the development of wide- 
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angle flat-field photographic lenses having negligible 
distortion up to an included angle of 90 deg., have made 
it economically possible to survey fresh country, and 
even to check over surveys that have been previously 
made by the usual methods. The ever-changin ng 
outlines of our towns can now be accurately record 
by photographs taken from the air. As an example, 
it may be mentioned that with a Ross 4-in. lens photo- 
graphs have been taken over London from a height 
of 22,000 ft., representing over 40 square miles on a 
plate 7 in. square. The distortion given by such a 
lens is exceedingly small, a point in the image plane 
not being more than +0-01 mm. out of its correct 
position, except on the edge of the plate, where the 
distortion slightly increases but does not amount to 
0-1 mm. A new development, and one of great 
promise, is the construction of a multiple-lens camera. 
Major-General M. N. MacLeod recently described* the 
performanee of a seven-lens camera, comparing it with 
the results given by a single-lens instrument. He 
stated that at a flying heiglit of 15,000 ft. the area of 
the picture obtained with the seven-lens was 96 square 
miles as compared with 8-4 square miles with the 
single lens, and that the number of photographs 
required to obtain a survey of a 1,000 square miles 
was 32, as compared with 410—an immense saving in 
flying time. Several forms of plotting machine have 
been developed for the interpretation of the photo- 
graphs obtained, the majority combining either stereo- 
scopically or otherwise the two views taken from 
different standpoints. One of the most successful of 
these has been designed by Captain E. H. Thompson 
of the Ordnance Survey. The results obtained with 
the air-survey plotting instruments have proved not 
only more accurate, but more expeditious than surveys 
made on the ground. 

The earliest of all instruments were, however, those 
devoted to the measurement of time, and depended on 
the position of the sun; in the majority of cases on 
the position of a shadow cast by it. Later the time 
was also told by observing the position of the earth 
relative to the stars. Throughout the Middle Ages, 
and later during the Fifteenth to Seventeenth Centuries, 
great ingenuity was shown in the design and construc- 
tion of sundials and nocturnals. The large literature 
on the subject shows how important the measurement 
of time was, even then, to the community. For the 
purpose of our discussion, we need not dwell further 
upon these instruments nor upon the clocks used 
previously to the invention of the pendulum. Although 





* M. N. MacLeod, “‘Some Recent Developments in 
British Surveying Instruments,” Proc. Phys. Soc., 
vol. 51, page 716 (1939). See ENGINEBRING, page 149, 
ante. 
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Galileo had noticed in 1581 that the time of swing of 
a pendulum was almost independent of the amplitude 
of its swing, yet it is doubtful whether he succeeded in 
making a working clock. In 1657, Huyghens patented 
his pendulum clock, and described it fully in 1673 in 
his Harologium Oscillatorium The clock was driven 
by a falling weight and kept the pendulum in motion 
by impulses transmitted through a verge escapement. 
Shortly after this date Hooke invented the anchor 
escapement, which, in its form modified by Graham, 
became the escapement used in the majority of pendu- 
lum clocks, and remains so to the present day. The 
effect of temperature upon a pendulum clock is serious, 
in that the length of the pendulum varies with tempera- 
ture and hence the duration of the period of swing. 
Graham, in 1721, introduced a pendulum bob containing 
mercury ; thus, by adjusting the quantity of mercury 
its expansion could be made to counteract that of the 
steel pendulum rod. Five years later Harrison invented 
the composite, or “ grid-iron,” form of pendulum made 
of brass and steel rods to which the weight was attached. 
Nearly all the temperature-compensation difficulties 
disappeared with the invention of Invar. There is not 
time to enlarge upon the devices for compensation for 
changes in barometric pressure and on the various 
methods for maintaining a standard clock in motion. 
Mention must be made of the Shortt free-pendulum 
clock introduced in 1921, in which the daily variations 
in the rate are only a few thousandths of a second. 

In the history of timekeeping the chronometer of 
Harrison must be mentioned as it marked a great step 
forward as compared with its predecessors. In the 
official tests of his fourth instrument it was shown 
that over a period of five months on a voyage to 
Barbados and back its total error was 15 seconds. 
About 1920 Guillaume introduced an alloy, Elinvar, 
the elasticity of which is almost independent of 
temperature, and it is also non-magnetic. Thus by 
making the balance wheel of a watch or chronometer 
of this material, the effects of temperature and stray 
magnetic fields have been eliminated. Official tests 
show that a watch fitted with a Guillaume balance, 
which in this case is a cut balance of brass and 42 per 
cent. nickel-steel alloy, may have a mean variation of 
daily rate of only 0-06 second.* 

(To be continued.) 








FARADAY HovUsE OLD STUDENTS’ ASSOCIATION.—The 
annual dinner of the Faraday House Old Students’ 
Association, which was to have been held at the Savoy 
Hotel on October 20, has been cancelled. 


* The National Physical Laboratory: Watch and 
Chronometer Trials, page 7, (1938). 
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THE ELECTRICAL OPERATION OF 
COKE-OVEN PLANT. 


Economy and efficiency in the production of steel, 
thus reducing the cost to a figure competitive with 
that of foreign supplies, can frequently be secured by a 
correct selection of the site of the factory and by ensur- 
ing that the plant is designed and operated in accord- 
ance with the most modern ideas. For instance, if 
the manufacture of tube-making material of good 
quality is the object there are many advantages in 
erecting the blast furnaces close to a suitable source 
of ore and in co-ordinating their operation with that 
of the steel plant and tube works. Close attention to 
the details of design of all the equipment is desirable 
and the endeavour to make the operations as simple 
and reliable as possible is well worth the necessary 
expense. 

These points may be illustrated by referring to a 
coke-oven equipment and its asscciated handling plant 
which has recently been installed by Messrs. Woodhall, 
Duckham and Company, Limited, 150, Victoria-street, 
London, 8.W.1, for a well-known firm of steel manu- 
facturers. This equipment is electrically driven by 
over 40 motors, with an aggregate horse-power of 
nearly 600, and individual outputs ranging from 2} h.p. 
to 66 h.p., which were supplied by Messrs. The General 
Electric Company, Limited, Magnet House, Kingsway, 
London, W.C.2. The necessary electrical energy is 
obtained from the public mains through a sub-station. 
The incoming pressure is stepped down to 11 kV, at 
which figure power is supplied to a ring main. 
The pressure is still further stepped down to 415 volts 
for distribution to various points in the works. 

The coke-oven plant consists of 113 ovens, which are 
arranged in three Patteries and are situated on each side 
of two coal-storage bunkers. These ovens are of the 
Becker cross-regenerative combination type and are 
about 40 ft. 8 in. long between the doors, 13 ft. high, 
and 16 in. wide. Each oven can take 14} tons of coal 
per charge, and the total daily carbonising capacity 
of the three batteries is some 2,500 tons. The storage 
bunkers have a total combined capacity of 3,500 tons. 
Coal is delivered to the tops of the bunkers by belt 
conveyors and is distributed by a scraper conveyor. 
This conveyor is driven by a 30-h.p. slip-ring motor of 
the totally-enclosed fan-cooled type, which runs at 725 
r.p.m. and is fitted with an air-break rotor starter of 
the contactor pattern. This starter is operated by 
a push-button switch from a distance. The ovens can 
be heated by means of either coke-oven or blast- 
furnace gas, the flow of air and gases in the flues and 
regenerators being reversed at predetermined intervals. 
This reversal is effected by nearly 500 valves, which 





are arranged in two alleyways running the full length 
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of the batteries at each side. The operating mechanism 
of these valves is controlled by two reversing machines, 
one for each side of the bunkers. Each of these 
machines is driven by a 10 h.p. squirrel-cage motor 
running at 710 r.p.m., the control gear of which in- 
corporates a timing device. This device can be 
adjusted to give intervals of from 20 minutes to 30 
minutes between reversals. One of the reversing 
machines is illustrated in Fig. 5, opposite, and any 
failure to operate is indicated by an automatic alarm. 

The various machines used for charging and dis- 
charging the ovens are all electrically driven by totally- 
enclosed motors which run at 705 r.p.m. or 720 r.p.m. 
There are two charging machines which run on rails 
on the top of the oven batteries, as shown in Fig. 4. 
Each machine carries four steel hoppers, which are fitted 
with sliding gates and with drop sleeves for directing 
the coal into the oven-charging holes. The car takes 
sufficient coal for one oven from the bunkers above 
and travels to the required point, where the drop 
sleeves are lowered, the coal is dropped through the 
gates, and the sleeves are withdrawn. The machine 
then returns for another load. The travel motion is 
effected by a slip-ring motor, with an output of 36 h.p. 
on a one-hour rating. This motor is carried on spring- 
mounted cast-steel cradles and operates through doub e 
spur reduction gearing. After the carbonisation of 
the coal has been completed, the incandescent coke is 
discharged by opening the doors at both ends of the 
oven and pushing it out by two pusher and two door 
machines, which run on a special track at the side of 
the batteries. 

A general view of one of the pusher machines, showing 
the 66-h.p. totally-enclosed motor for the driving ram, 
and the 36-h.p. motor for driving the leveller bar, is 
given in Fig. 3, while Fig. 1, page 355, is a side view 
showing the three motors operating the travel motion, 
the door extractor and door hook. The first of these is 
of the totally-enclosed slip-ring type, with an output 
of 50 h.p., while the other two are of the squirrel-cage 
type and have outputs of 5 h.p. and 24 h.p., respectively. 
In all, the machine has four operating motions: A 
hook to engage and carry the oven door, an extractor 
head to remove and replace the door, a ram to discharge 
the coke, and a leveller bar to level the top of the coal 
ifter charging. In addition, a fifth motion traverses the 
whole machine along the oven battery. Each motion 
ia driven by ita motor through reduction gear, that 
on the ram and extractor consisting of a rack and 
pinion, while the crank for raising the hook, which is 
carried on the extractor head and is fitted with a device 
for lifting the door latches, is operated by a threaded 
shaft. The door machines, which are carried on a 
platform along the coke side of the ovens, are provided 
with extractor carriages and heads, each of which carries 
n hook and an adjustable buffer bar similar to those 
mn the pusher. In addition, one of the door machines, 
a view of which is given in Fig. 2, page 355, is provided 
with a slewing mast into which the extractor is with- 
drawn. The mast then turns approximately through 
0) deg., so as to bring the door into a convenient 
position for clearing. Each motion is geared to an 
individual motor. A 12}-h.p. slip-ring motor drives 
the axles for the longitudinal travel through a cross 
shaft and gearing, while the 5-h.p. door extractor 
motor withdraws the carriage by means of a rack and 
pinion. A similar motor fitted to the slewing 
action and drives a pinion which engages with a 
quadrant at the base of the mast. The 24-h.p. hook 
motor operates in the Same manner as the pusher- 
machine hook motors 

(ll motors on the charging, pusher and door machines 
are equipped with air-break reversing controllers of the 
drum type, except on the ram motor of the pusher 
machine, on which a controller of the cam-contactor 
type is used. The control gear on the coal charging, 
pusher and door-extractor machines is electrically 
interlocked with crane protective panels, since it is 
essential that the drop sleeves, rams, leveller bars and 
extractors, respectively, should be fully withdrawn 
before the machines can travel. The travel motor 
on the charging machines is interlocked with the hand 
lever for lowering the drop sleeves. The maximum | 
travel of the rams, leveller bars, door extractors and 
slewing device and the long travel of the charging 
and pusher machines are controlled hy suitable limit 
switches, while solenoid brakes are fitted to the four 
operating motions the pusher machines and on 
the extractor, slewing and hook motions of the door 
machines. Coal withdrawn in the levelling operation 
passes down a chute into a hopper carried on the pusher 
machine, from which it ia discharged at intervals into 
a skip adjacent to the oven bunker. When full, this 
skip is elevated and discharged into the charging car 
by a crane type hoist, which is operated by a 10-h.p. 
motor running at 560 r.p.m. for hoisting, and a 3-h.p. | 
motor running at 545 r.p.m. for slewing, both motors | 
being of the totally-enclosed slip-ring type 

The coke from the ovens passes to handling plant, 
which operated throughout. The 
incandescent the unloaded by 
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guides into a car which travels to a quenching station 
where water is sprayed on to it from an overhead tank. 
This tank is fed by a centrifugal pump with an output 
of 6,000 gallons per hour. The pump is direct-coupled 
to a 40 h.p. squirrel-cage motor, which is fitted with a 
contactor-type star-delta starter. Control of this 
starter is effected by a float switch so that the over- 
A similar 
motor-driven pump is provided as a standby. After 
quenching, the coke is discharged on to a sloping wharf, 
where it is allowed to cool. Along the lower side of 





this wharf are a series of hand-operated finger-type 
gates, which can be ope — discharge the coke on to} 
a belt convevor, which fo s the first linkin the coke 


CoaL-CHARGING CaR. 


handling plant. This helt convevor. which is 455 ft 
long and 42 in. wide, is driven by a 20 h.p. slip-ring 
motor. It delivers coke by way of a transfer station 
to a similar conveyor running at right angles, which 
is 255 ft. long and is driven by a 15 h.p. slip-ring motor. 
The head end of this conveyor, with its driving motor, 
is visible at the top of Fig. 6, opposite. These belt-con- 
veyor motors are fitted with air-break contactor-type 
rotor starters. The coke is then delivered to the 
screening station, which is shown in the same illustra- 
tion, where it is graded by a double-deck primary 
screen and a single-deck secondary screen. Both these 
soreens are of the Gyrex type, and are made by the 
Fraser and Chalmers Engineering Works of the General 
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Electric Company. They are driven through Tex 
ropes by 10-h.p. and 5-h.p. squirrel-cage motors, 
respectively. The screening station is also equipped 
with a Pennsylvania coke cutter which is driven by a 
10-h.p. squirrel-cage motor. The screen and cutter 
motors are switched direct on to the line by starters 
of the oil-immersed drum type. 

From the primary screen the oversize furnace coke 
is taken by a 36-in. belt conveyor, 575 ft. long, to 
another transfer station from which a similar con- 
veyor 326 ft. long delivers it to a 36-in. shuttle con- 
veyor 148 ft. long, which runs above the furnace coke 
storage lines and distributes its load into them. The 








three canveyors mentioned are driven by a 15-h.p. 
slip-ring and 10-h.p. and 5-h.p. motors, respectively. 
The squirrel-cage motors have direct-to-line starters, 
the shuttle band conveyor being of the reversing type, 
while the slip-ring motor has a contactor-t motor 
starter. All the conveyors on the coke-handling plant 
are driven through worm reduction gearing from totally- 
enclosed motors running at 720 r.p.m. Those with 
outputs above 5 h.p. are of the fan-cooled type. Con- 
tactor starters are used throughout. To prevent any 
of the conveyors being started or stopped out of their 
proper order, suitable sequence interlocks are provided 
on the motor control gear. Coke from outside sources 





is brought to the works in railway wagons which are 
tipped by a special high-lift tippler on to a small wharf 
adjacent to the main coke wharf? whence it is discharged 
on to the main coke-handling system. This tippler is 
driven by a 20-h.p. slip-ring motor running at 475 
r.p.m. 








LETTER TO THE EDITOR. 


THE KADENACY SYSTEM OF 
SCAVENGING. 


To THe Eprror or ENGINEERING. 


Sir,—I wish to make some comments on Dr. Muck- 
low’s article on the Kadenacy system of two-stroke 
charging, published in your issue of August 18, on 
page 187, in which the author takes exception to 
certain claims for that system. I have done a consider- 
able amount of research on exhaust and induction 
problems of high-speed four-stroke and two-stroke 
engines, and although I have no experience of engines 
working on the Kadenacy system, some of my informa- 
tion may be useful in the present discussion. As I am 
to publish a paper for the Institution of Automobile 
Engineers, in which some of the points raised will be 
covered, I do not propose to go into great detail here. 

Dr. Mucklow contends that the exhaust-gas velocity 
is not necessarily so high as Professor Davies states, 
that the vibration in the cylinder is completely. con- 
trolled by the exhaust pipe and oylinder acting as a 
normal acoustic system, and that all the phenomena 
can be explained in accordance with the recognised 
laws of gas movement and of acoustics. My conclu- 
sions from my own data are that, after vibrations 
have been set up in an exhaust system, they continue 
in accordance with the standard laws for high-pressure 
waves, but while the vibrations are in process of being 
set up these laws do not apply completely. 

With regard to gas velocities, I have made no direct 
measurements of actual velocities through orifices or 
along pipes, but I have taken diagrams of pressure 
variation in the crankcase of a three-port two-stroke 
engine, and these show one notable feature: when the 
engine was giving full torque, the initial rate of pressure 
drop in the crankcase was double that observed when 
the engine was being driven (and not firing) by an 
electric motor. This shows that the rate of transfer 
when the engine is firing is greater than when not 
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firing, consequently the action of the exhaust must be 
to produce a pressure in the cylinder below atmospheric 
soon after the port opens. It has been a matter of 
wonder to most people who have studied two-stroke 
engines that there is time for exhaust and transfer 
to take place at such speeds as 70 revolutions per second. 
The Kadenacy claim that the exhaust takes place at 
an extremely high speed, leaving a depression in the 
cylinder provides, I think, the true explanation. 

Diagrams I have taken at 50 r.p.s. show an almost 
instantaneous drop in crankcase pressure to about 
2 lb. per square inch above atmospheric, after which 
the remaining drop depends largely on the nature of 
the exhaust system. The first drop did not appear 
to be affected by the exhaust system. Unfortunately, 
diagrams of pressure variation inside the cylinder of 
this engine were not obtained, but many such diagrams 
were taken with a four-stroke engine. These showed 
that the pressure in the cylinder was not affected by 
the exhaust system until it dropped to about 4 Ib. or 
6 lb. per square inch above atmospheric, after which 
the vibration was mainly controlled by the exhaust 
system, and the pressure in the cylinder followed the 
pressure in the pipe pretty closely. This would not 
necessarily be true for an engine having a relatively 
small valve ; and it should be remembered that there 
are many variables in this subject and generalisations 
are to be avoided. 

The figure I gave for the speed of waves in exhaust 
pipes, 1,350 ft. per second, was derived mainly from 
observations of the period of vibration of waves in 
pipes after the valve was closed. I have since found 
that the first part of the travel of a wave from the 
valve to a distance of several feet gives a higher value 
than this, but the time interval is so short that I 
could not give an accurate figure for the speed. 

The accompanying diagram is intended to emphasise 
the essential difference between the initial and steady 





conditions of gas movements. Consider a pulse of 
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pressure moving at uniform speed along gas in a pipe, 
Fig. 1. If BC is the wave front, there will be a 
pressure gradient from atmospheric at C to a maximum 
pressure at B, followed by a decrease at A, after which 
there will be a drop below atmospheric. As this is a 
shock type of wave, it is not symmetrical, t.e., the 
front is steeper than the back, but the back of the 
wave is not of interest at present. In the case of a 
wave in a long pipe, the length of B C might be about 
3 ft., and the pressure at B 8 lb. per square inch. 
Take now a cylinder of gas, D E, Fig. 2, at, say, 55 Ib. 
per square inch, having a long pipe E F from which 
it is separated by a diaphragm at E. The diameter 
of the pipe is not very small compared with that of 
the cylinder. Imagine the diaphragm to be suddenly 
removed. At the instant of removal the pressure to 
the left of E is 55 lb. per square inch and to the right 
is 15 Ib. per square inch, i.e., there is no pressure 
gradient in the pipe E F as there was in the pipe BC. 
A detailed analysis of the resulting gas movement 
during the setting up of wave motion and of displace- 
ment of the gas would be very difficult, but it should 
be evident that before steady conditions are developed 
gas velocities will be very high owing to the preliminary 
absence of pressure gradients. The question then 
arises: doves this initial condition last for an 
appreciable length of time ? This obviously depends 
on the relation between the sizes of the cylinder and 
the pipe. Lf the pipe is small compared to the cylinder 
the initial stage will not have much effect on the 
velocity of exit as a whole, but in a small two-stroke 
engine the exhaust port is comparatively large; in an 
actual case, a cylinder having a diameter of 2§ in. and 
a volume of 22 cub. in. had a port area of 14 sq. in. 
The rate of opening of the port is very rapid, so it is 
likely that the initial stage would, so to speak, last 
most of the time ! 

in the case of a four-stroke engine the port area 
may be only half that of a corresponding two-stroke 
engine, and the time of opening is usually about twice 
as long, so that the ballistic exhaust phenomena are 


not so much in evidence except at high engine speeds. | 


Dr. Mucklow suggests that a depression cannot be 
created in the cylinder unless there is an exhaust pipe, 
because with no pipe the energy of the very short jet 
of gas at the port is insufficient to account for a big 
drop in pressure. This would be true for a large 
cylinder with a small orifice, but in the case I have 
quoted the port is so big that a comparatively large 
volume of the gas inside the cylinder would attain a 
high velocity, and besides this, the gas which has gone 
through the port will have sent off a positive pressure 
wave, leaving a negative wave at and around the port. 
Whatever explanation may be ultimately agreed upon, 
there seems to be no doubt that engines built to the 
Kadenacy design do work remarkably well. 

Joun C. Morrison. 

James Watt Engineering Laboratories, 

The University, 
Glasgow. 
September 18, 1939. 








ENGINEERING TRAINING AND 
EDUCATION. 


Institution of Electrical Engineers’ Associate Member- 
ship Examination.—The Institution of Electrical Engi- 
neers has decided to hold the associate-membership 
examination on November 28, 20 and 30. Should 
fresh circumstances make it impossible to hold or 
invigilate the examination, however, due notice will 
be sent to all candidates who have entered, and their 
examination fees will be refunded. 

Municipal College of Technology, Manchester.— 
The prospectus of University courses in the Municipal 
College of Technology, Manchester, for the 1930-40 
session contains particulars of the full-time courses of 
study, extending over three years, leading to the 
degree of B.Sec.Tech. and to University Certificates in 
mechanical, electrical and municipal engineering, 
general chemical technology, metallurgy and assaying, 
electro-chemistry, fuels, chemical engineering, textile 
chemistry, paper manufacture, bulding, mining and 
other technical subjects. Advanced courses of study 
and research, leading to the degrees of M.Sc.Tech., 
and Ph.D., to the University Certificate of Distinction, 
and to other certificates and diplomas are also available 
in various branches of science and technology. In the 
prospectus are set out detailed timetables and sylla- 
buses of the classes, together with the ordinances and 
regulations of the Faculty of Technology, the qualifi- 
cations needed for entry upon a degree or certificate 
course, descriptions of the engineering and other 
laboratories, the regulations for various entrance and 
post-graduate scholarships, and other matters of interest 
to intending students. The College opens on Thursday, 
October 5, and students will be enrolled on October 2, 
3 and 4, between the hours of 10 a.m. and 12.0 noon 
and 2 p.m. and 4 p.m. 
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Macmillan and Co., 


Locomotive Engineers’ Pocket Book. 39th edition. 
London: The Locomotive Publishing Co., Ltd. | 
[Price 38. 6d.) 

The Manchester Association of Engineers. Transactions. 


Session 1938-39. Edited by T. MAKEMSON, Secretary. 
Manchester : Offices of the Association. 

Practical Shop Mathematics. Volume I. Elementary. 
By J. H. Woure and Dr. E. R. PHELPs. Revised 
edition. London: McGraw-Hill Publishing Co., Ltd. 
[Price 128. 6d.) 


Operation Analysis. By H. B. MaYNarp and G. J. 
STEGEMERTEN. London: McGraw-Hill Publishing 
Co., Ltd. [Price 18s.) 


By J. WEBSTER. Man- 


[Price ls. net.) 


Gas Charts for Steam Boilers. 
chester: Emmott and Co., Ltd. 

The Elements of Sheet-Metal Work. A Tertbook for 
Journeymen, Draughtsmen, Improvers, Apprentices, 
Students and All Interested in Pattern Development and 
the Working-Up of Sheet Metal. By W. CooOKSON and 
\. Bop. London: The Technical Press Ltd. [Price 
6s. net.) 

Metalwork. By H. M. ADAM and J. H. Evans. London: 
Edward Arnold and Co. [Price 10s. 6d. net.] 

The Gas Producer Operator’s Handbook. By D. R. G. 
CRAWFORD. London: Crosby Lockwood and Son, 
Ltd. [Price 4s. 6d. net.) 

U'nited States Department of the Interior. Bureau of Mines. 
Economic Paper No. 19. The Iron and Steel Industries 
of Rurope. By C. W. Wrieut. Washington: Superin- 
tendent of Documents. [Price 20 cents.) 

Builders’ Materials. By Dr. B. H. Knicutr and R. G. 
KnieutT. London: Edward Arnold and Co. [Price 
15s. net.) 

Vanning Formula Tables for Solving Hydraulic Problems. 
Vol. Il. Flow in Open Channels. Contains Channel 


Dimensions in Feel of Specified Sectional Forms for | 


Given Discharges and Coefficients of Roughness That 
Correspond to Different Rates of Loss of Head. By 
Prorgessor H. W. KING. London: McGraw-Hill 
Publishing Co., Ltd. [Price 30s.) 

Ileat Power. Second edition. By E. B. 
PROFESSOR ERIC THERKELSEN. London: 
Hill Publishing Co., Ltd. [Price 24s.) 


McGraw- 








THe THOUSAND-ISLANDS BrRipGe.—aAccording to The 
Canadian Engineer, the Thousand Islands International 
Bridge, which connects Ivy Lee, Ontario, with Collins 


Landing, New York, yielded a net profit of 41,897 dols. | 


during its first year of operation. This ended on 
August 18, and during this period of 12 months a total 
of 182,373 vehicles passed over the structure. 


CONCRETE IN DEFENCE. 
Association, Lincoln Buildings, 14, Turl-street, Oxford, 
have recently issued a well-illustrated pamphlet entitled 
“ Conerete in Defence.’’ This contains a number of 
statistics and interesting facts regarding the protection 
afforded by concrete structures against blast, splinters 
and direct hits by bombs and shells. Illustrations are 
given of reinforced-concrete buildings, blockhouses, 
forts, “ pill-boxes,"’ gun emplacements and factory and 
office shelters in Shanghai, France (during the war of 
1914-18 and in the Maginot Line), Spain, London, and 
various parts of England. 


NORRIS and | 


The Cement and Concrete | 
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PERSONAL. 


As from October 2, Messrs. THE British OXYGEN 
CoMPANY, LIMITED, Thames House, Millbank, London, 
8.W.1, and Messrs. COXETER AND SON, LIMITED, are 
to work in complete co-operation in connection with the 
manufacture and distribution of oxygen, nitrous oxide, 
and other gases for medical purposes and the appliances 
for their use. The firm of Messrs. Coxeter is now con- 
trolled by Messrs. Thé British Oxygen Company. More- 


over, as from October 2, MErsskS. CONDENSED GaAs 
| CompaANY, Limirep, will be incorporated in Messrs. 


| Coxeter, who will take over all the outstanding obliga- 
| tions of that company. 

Mr. G. W. GERMAIN, who originally joined the staff 
| of the Junior Institution of Engineers, 39, Victoria- 
| street, London, S.W.1, in 1911, has been appointed to 
succeed the late Mr. Herbert G. Riddle as secretary cf 
the Institution as from October 1. 








TEMPORARY WAR-TIME 
ADDRESSES. 


We give below a list of temporary offices occupied 
by firms and institutions during the period of hostilities. 

Messrs. THE DRAUGHTSMAN PUBLISHING COMPANY, 
LIMITED, 1, Links-road, Epsom, Surrey. Telephone : 
Epsom 2379. 

The office and library of the INSTITUTION OF MINING 
AND METALLURGY, at Salisbury House, Finsbury-circus, 
London, E.C.2, will remain open as usual until further 
notice. 

THE ROYAL Socrety OF ARTS, c/o Mr. Basil Ionides, 
Buxted Park, Sussex. 

THE INSTITUTION OF MUNICIPAL AND COUNTY ENGI- 
NEERS, 3, Branstone-road, Kew Gardens, Surrey. 
| Telephone : Richmond, Surrey, 1576. 

THE CEMENT AND CONCRETE ASSOCIATION, 
Buildings, 15, Turl-street, Oxford. 

MESSRS. NEWALIS INSULATION COMPANY BRANCH 
or Messrs. TURNER AND NEWALL, LIMITED, Broxborne- 
bury, Broxbourne, Herts. Telephone: Hoddesdon 2911. 

THe INSTITUTE OF FUEL has now removed its head 
office to 30, Bramham-gardens, London, 8.W.5. Tele- 
phone: Frobisher 3649. 

Messrs. THE SUPERHEATER COMPANY, LIMITED, have 
transferred their head office and organisation to St. 
Margaret’s-road, Bowdon, Altrincham, Cheshire. T'ele- 
grams; “ Melesco,” Altrincham. Telephones: Altrin- 
cham 3381 and 3382. The London office remains at 
Bush House, Aldwych, London, W.C.2, and the works 
at Trafford Park, Manchester. 





Lincoln 








CLEVELAND MACHINE-TooL SHow.—In view of the 
outbreak of war, the members of the National Machine- 
Tool Builders’ Association, 10,525, Carnegie-avenue, 
Cleveland, Ohio, U.S.A., have decided to postpone 
indefinitely the Machine-Tool Show which was to have 
been held at Cleveland from October 4 to 13. The 
Machine-Tool Congress, a series of meetings sponsored 
by a group of nine engineering and technical societies, 
to have been held during the Show, has likewise been 
postponed. 





Tue IRON AND STEEL INstrruTe.—-The Council of the 
Iron and Steel Institute informs us that the statutory 
Autumn Meeting of the Iron and Steel Institute will be 
| held on Thursday, November 23, at 3.30 p.m., at the 
| offices of the Institute, 4, Grosvenor-gardens, London, 
S.W.1. No papers will be read or discussed and the 
formal business will include the announcement that 
the Council has nominated Mr. John Craig, C.B.E., 
|to become President of the Institute at the annual 
general meeting in 1940. The names of the members of 
the Council due to retire in rotation at that meeting 
will also be announced. 





INSTITUTION OF AUTOMOBILE ENGINEERS’ HFEApD- 
QUARTERS.—It has been decided by the Institution of 
Automobile Engineers that the headquarters shall 
remain at No. 12, Hobart-place, London, S.W.1, 
long as circumstances permit. The chief modifications 
of the programme necessitated by war conditions are 
the cancellation of the general meetings and social 
functions. It is hoped, however, that informal meetings 
| may be organised in due course in some of the provincial 
It is also hoped to continue the regular publica- 


80 


centres. 
tion of the Journal, including some of the papers which, 
under normal conditions, would have been read at 


| meetings. The research department of the Institution 
will continue to function and will devote its activities 
to researches into automobile problems of importance 
to the motor industry under war-time conditions, and 
| will hold itself in readiness to embark on any special 
| work of direct national importance. 








SEPT. 29, 1939. 


ENGINEERING. 


359 








NOTES FROM THE SOUTH WEST. 


CARDIFF, Wednesday. 


The Welsh Coal Trade.—Business for about 500,000 


tons was offering on the Welsh steam-coal market from | 


the French National Railways. This coal, which was 
required for early delivery, was in addition to the purchase 
of a similar quantity recently reported. It was expected 
on the market that, owing to the increased demands 
of the French industries and railways, trade with France, 
South Wales’ largest customer, would show a big improve- 
ment as a result of the war. Members of the French Coal 
Purchasing Mission, which, as was recently announced, 
have now set up offices in London, paid a visit to Cardiff 
during the past week and interviewed a number of 
exporters and producers interested in the French trade. 
Rumours were current on the market that Italy would 
shortly be calling for increased supplies of Welsh coals. 
The reason advanced was that Germany, from whom 
Italy in recent years has received very considerable 
quantities of coal, was now no longer in a position to 
satisfy the Italian requirements. As a result, Italy 
would be forced to seek supplies elsewhere and it was 
expected that South Wales would benefit very materially 
as a result. Already there was a better interest shown 
on the market by Italian buyers, but so far what business 
has been arranged has only been in respect of single 
cargoes. An order for about 14,000 tons of bunker coals 
has been placed with local exporters by a Portuguese 
trawler-owning concern, while business for about 6,000 
tons has been received from a Portuguese ship-owning 
firm. Although the amount of new business that could 
be concluded on export account remained limited last 
week, the market generally displayed a very firm tone. 
Collieries’ present productions were earmarked for 
deliveries which were being made on account of past 
contract bookings. As a rule, producers held sufficient 
orders on their books to ensure steady working at the 
mines over some while to come and the tone was conse- 
quently very firm. Best large qualities were steadily 
raised under old bookings while the dry sorts were dis- 
playing a better activity. The duff coals continued to 
present the firmest section of the market. Buyers were 
again faced with very considerable difficulty in covering 
their early needs of these sorts, which were strong. Sized 
coals were also only very sparingly available, while the 
smalls maintained a good activity. Cokes were active 
on inland account while patent fuel was busy. 

The Iron and Steel Trade.—A very busy tone ruled 
on the iron and steel and allied trades of South Wales 
and Monmouthshire last week. Most works remained 
engaged almost to full capacity and the amount of fresh 
business that could concluded was consequently 
small. 


be 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 


Tron and Steel.—The application of the numerous new 
regulations governing production and distribution does 
not appear to have retarded activity in the heavy 
engineering and steel trades. The closing or modification 
of certain outlets is offset by expansion in others. Thus, 
though the demands of the automobile industry have 
shrunk, there has been a marked development in the 
call for aircraft steel and engine parts. Similarly, there 
are bright features associated with constructional 
engineering, in connection with which the general building- 
trade requirements have diminished. A.R.P. programmes 
in both urban and rural areas have created a heavy 
run on crushing, pulverising, and cement-mixing plant, 
coupled with a lively demand for mechanical excavators 
and diggers. More tractors and mechanical equipment 
will be needed for agricultural purposes. Derbyshire 
alone intends to put under plough 25,000 out of 38,000 
acres of land which have gone out of cultivation since 
1918. A complete organisation is being set up for the 
full utilisation of the available supply of machinery. 
Two hundred tractors privately owned in the county 
are being supplemented. More will be delivered by the 
end of the present week, and others will follow. Disloca- 
tion in employment resulting from disorganisation of 
commercial business is gradually undergoing adjustment. 
There is a strong demand for skilled small-tool grinders 
and men who have been employed in other trades for as 
long as 20 years past are returning to their former 
occupation of skilled fitters. 

South Yorkshire Coal Trade.—There is a ready market 
for all descriptions of domestic coal. Generally speaking, 
supplies are adequate. Industrial fuels of all sorts are 
being absorbed under contract, and outputs are readily 
cleared. In some quarters a heavier export demand is 
anticipated in view of the curtailment of German and 
Polish supplies. 

Sheffield Metallurgical Association.—It has been decided 
that it will be necessary to modify the usual winter- 


been made for the Club premises to be open on Tuesday 
evenings from 5.30 p.m. till 8 p.m., and on Saturday 
afternoons from 12.30 p.m., till 3 p.m., so that members 
may meet for the discussion of mutual problems. The 
lecture programme has been cancelled for the time being, 
but it is hoped to arrange meetings for the informal 
discussion of outstanding metallurgical problems as 
soon as conditions permit. It is the wish of the Council 
to resume the normal activities of the Association at 
the earliest opportunity and it is hoped that further 
arrangements can be made in the near future. Members 
will be notified by the honorary secretary, Mr. L. Rother- 
ham, 93, Hallowes-lane, Dronfield, near Sheffield, when 
changes in these temporary arrangements are made. 








NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—Though producers of iron and steel 
have still to concentrate largely on production of material 
for Government needs, they are continuing to release 
more tonnage for ordinary industrial purposes, and general 
commercial business expands as customers manage to 
obtain delivery permits. 

The Cleveland Iron Trade.—There is little demand for 
Cleveland pig as consumers of foundry iron continue 
to make increasing use of the products of other areas. 
Merchants have command of moderate quantities of 
Tees-side brands and producers have sufficient tonnage 
stored to cover contracts made. Output is still sus- 
pended and with furnaces needed for production of steel- 
making iron, prospect of resumption of manufacture of 
foundry kinds is remote. No effort is now made to put 
through export business in Cleveland pig. Second 
hands have still small cargoes to send to Scandinavian 
customers. Recognised market values of Cleveland 
pig remain at the level of No. 3 description at 99s., deli- 
vered within the Tees-side zone. 

Hematite.—East Coast hematite pig is in expanding 
request and makers’ heavy stocks are decreasing rather 
considerably. Home users at a distance are taking 
larger deliveries than for some time, but local consumers 
continue to absorb the bulk of the supply. As in the 
| Cleveland pig branch of trade, negotiations with customers 
abroad have ceased. Stabilised quotations are based 
on No. 1 grade of hematite at 115s. 6d., delivered to 
North of England areas. 

Basic Iron.—The enormous tonnage output of basic 
| iron continues to pass promptly into direct use at makers’ 
| adjacent steelworks. 

Foreign Ore.—Foreign ore consumers are quite well 
placed as regards supplies and have heavy contracts 
against which to draw. Despite hampering conditions 
jn the freight market, imports are coming in steadily. 

Blast-Furnace Coke.—Consumers of Durham blast- 
furnace coke are well covered and deliveries are regular 
and ample. Fixed prices are ruled by good medium 
qualities at 24s. 3d. at the ovens. 

Manufactured Iron and Steel.—Output of manufac- 
tured iron has been further increased, and the make of 
semi-finished steel is expanding; while production of 
finished -steel is maintained at an exceptionally high 
level. Re-rollers are still making extensive use of 
steel semies from overseas, of which they have substantial 
supplies, and further imports falling due for arrival. 
Sheet-makers, constructional-steel producers and manu- 
facturers of shipbuilding requisites have contracts to 
execute that will keep them fully employed for some 
months. Principal market quotations for home trade 
stand : Common iron bars, 121. 5s. ; steel bars, 111. ; soft 
steel billets, 71. 7s. 6d.; hard steel billets, 81. 10s. ; 
steel ship, bridge and tank plates, 101. 10s. 6d.; steel 
ship rivets, 141.; iron ship rivets, 151.; steel construc- 
tional rivets, 151. 5s.; steel boiler plates, 111. 8s. ; steel 
angles, 101. 8s. ; steel joists, 101. 8s. ; fish plates, 131. 10s. ; 
black sheets, No. 24 gauge, 141. 15s.; and galvanised 
corrugated sheets, No. 24 gauge, 171. 5s. 











OPENING OF GALVESTON ViIaDUCcT.—It is stated in a 
recent issue of Engineering News-Record that a new 
viaduct across Galveston Bay, connecting Galveston with 
the mainland, was opened officially on August 15. The 
structure has a length of 8,200 ft. and is constructed of 
reinforced concrete. It has four traffic lanes and has 
been designed to withstand heavy wave action. 





BRITISH INDUSTRIES Farr.—The Department of Over- 
seas Trade, 35, Old Queen-street, London, 8.W.1, 
announces that the British Industries Fair, which was 
to have been held in London and Birmingham in 
February, 1940, is cancelled. The Department is com- 
municating with individual exhibitors in the London 





NOTES FROM THE NORTH. 


} GLascow, Wednesday. 


| Scottish Steel Trade.—Active conditions are general 
in the Scottish steel trade and all plant is running to 
capacity. The arrangements made during the past year 
for increasing output undoubtedly showed foresight, 
in view of the present state of affairs and at no time 
in the history of the industry has production been on 
such a high level. All previous records have been 
brok and wh there was the fear in the early part 
of this year of a shortage of raw materials, the accumu- 
lations during the past few months were such that no 
such fear now exists. The stocks on hand are ample to 
maintain a steady output of steel for a considerable time. 
The Gover i ts are naturally very heavy, 
but there is still a fair tonnage available for general 
industrial purposes. Both heavy and light steel is in 
demand and makers have as much work booked for early 
delivery as they can conveniently handle. There is a 
large amount of constructional work being carried out 
at the present time and structural engineers are exceed- 
ingly busy. The control system is working satisfactorily 
and orders which do not come under the specified cate- 
gories in the Control Order are being treated with every 
consideration, and this also applies to export business 
which the Government and the produooers alike are 
desirous of retaining as far as circumstances will permit. 
The following are the current prices :—Boiler plates, 
1ll. 8s. per ton; ship plates, 101. 10s. 6d. per ton ; 
sections, 101. 8s. per ton; medium plates, 121. 2s. 6d. 
per ton; black-steel sheets, No. 24 gauge, 141. 15s. per 
ton; and galvanised corrugated sheets, No. 24 gauge, 
171. 5s. per ton, all delivered at Glasgow stations. 

Malleable-Iron Trade.—There has been no change 
in the state of the malleable-iron trade of the West of 
Scotland since the last report and quite a fair amount 
of business is going through. The re-rollers of steel 
bars are running to capacity. Raw materia] on hand is 
sufticient for present and forward requirements for several 
months ahead and arrangements are such that the 
future supply is already catered for. Prices are un- 
changed and are as follows :—Crown bars, 12/. 5s. per 
ton for home delivery or export; re-rolled steel bars, 
111. 15s. per ton for home delivery, and 111. per ton for 
export ; No. 3 bars, 121. per ton, and No. 4 bars, 121. 5s. 
per ton, both for home delivery. 

Scottish Pig-Iron Trade.—A healthy state of affairs 
exists in the pig-iron trade of Scotland, and as the 
demand has been steadily growing of late production 
has had to be increased and another furnace is now in 
operation. The supply of iron ore has been well looked 
after and there is no shortage. The demand for both 
hematite and basic iron is very heavy, largely because 
of the activity in the steelworks, while the demand 
for foundry grades is also on the increase. No change 
has been made in the official quotations, which are as 
follows :—Hematite, 51. 15s. 6d. per ton, and basic iron, 
4l. 12s. 6d. per ton, both delivered at the steelworks ; 
foundry iron, No. 1, 51. 38. per ton, and No. 3, 5/. 0s. 6d. 
per ton, both on trucks at makers’ yards. 
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Tae Junior INSTITUTION OF ENGINEERS.—The 
Junior Institution of Engineers is carrying on its work 
from its official address, 39, Victoria-street, London, 
8.W.1. The library and reading rooms are open for 
the use of members from 9.30 a.m., until 5.30 p.m. The 
oC i] has decided to hold one meeting per month, 
and the social evening originally fixed for Friday, 
October 6, will be held, but the time limited from 5.30 p.m. 
until 7 p.m. Air-raid shelter accommodation is available 
in the building. 








CONTROL OF NON-FERROUS METALS.—In pursuance of 
Regulations 55 and 98 of the Defence Regulations, 1939, 
the Minister of Supply, The Adelphi, London, W.C.2, has 
issued the Control of Non-Ferrous Metals (No. 3) Order, 
1939, dated September 24. This Order repeals and 
replaces Article I of the Control of Non-Ferrous Metals 
Order, 1939, which, subject to certain exceptions, pro- 
hibited the sale to, or purchase by, a consumer of copper, 
lead, or zinc except under licence. The new Order 
extends this provision to cover all sales and purchases, 
whether to consumers or not. At the same time, the 
Minister has issued a Direction under the new Order, 
which takes the place of the exceptions, embodied in the 
previous Order, exempting from the requirements of 
a licence (a) the sale and purchase of any copper, lead, 
or zinc in quantities of less than one ton, in each case, 
for the execution of urgently-needed repairs; (6) the 
performance of contracts entered into before September 1, 
where the price payable under such contract was fixed 
and ascertained before September 1; and (c) the sale 
and purchase of scrap copper, lead, and zinc, for the 
purpose of cleaning, grading, or crushing, with a view 
to resale. Copies of the Order and Direction in question 
| may be purchased from H.M. Stationery Office, York 





lecture programme and the opening hours of the Sheffield | Section, and the Birmingham Chamber of Commerce | House, Kingsway, London, W.C.2, or through any 


Metallurgical Club for the present. Arrangements have 


with individual] exhibitors in the Birmingham Section. 


| bookseller. 
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THE GOLDEN GATE BRIDGE, SAN FRANCISCO. 


(For Description, see Page 347). 
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ELECTRICITY SUPPLY TARIFFS 
AND CHARGES. 


Ar first sight this might not seem to be the most | 


appropriate time for discussing the problem of 
electricity tariffs, a question which, in more normal 


attaches to the heroines of our more famous poets ; 


for the supply of this form of energy to domestic | 
if not) 


severely, rationed and were that not the case, the | 


consumers is forthwith to be definitely, 
cessation of street lighting, the embargo on adver- 


of that curious psychological attitude among certain 
sections of the population which manifests itself 
in the wholesale dismissal of employees, would 
'inevitably have a deleterious effect on output. 


to be temporary. The Government is quite rightly 
organising the resources of the country for a long 
war against the aggressor and, even if the progress | 
of that organisation at present may appear unduly 
slow, before long the demand for electricity for power 
purposes will much more than wipe out any falling | 


| off in the domestic field. Nevertheless, the supply 


For the duration of hostilities 
the Editorial and Publishing 
business of this Journal is 
being conducted from 18 and 
20, Compton Road, Hayes, 
Middlesex.. The Telephone 
Number of the Editorial 
Department is Hayes 1730 
and that of the Publishing 
Department, Hayes 1723. 


| authorities would do well to make every 


effort 
to maintain the goodwill that they have, some of 
them rather laboriously, built up in that field, so 
that when we shall once more enjoy peace they will 
be in a position to go forward at an accelerated 
pace. Hostilities, too, in themselves frequently 
encourage such accelerated progress—as witness 
the advances made in aviation and radio communi- 
cation between 1914 and 1918. There is every 
reason, therefore, why efforts should be made to 
ensure that the supply industry does not fail to 
meet any calls that may be made upon it. For 
instance, heating and cooking facilities will be 
needed in war canteens of all kinds, as well as in 
hospitals and in the hotels and houses acquired for 
military and civil purposes. It would be as well, 
therefore, if the authorities took the necessary 
steps to secure their share of this new load. In 


pacr | problems, the solution of which may be rather 


| assisted than hindered by the new conditions. 


| times, possesses that ageless interest which also | 


tising signs and shop window displays, not to speak | the number 


The influence of all these factors, however, is likely | 2,783,000 during the same period. 


Among these is the question of tariffs, the discussion 
of which, as we hope will have been gathered from 
what we have just said, is not altogether irrelevant 
at the present time. 

This question is dealt with in some detail by Mr- 
J. A. Sumner, in one of those useful reviews of 
progress which it is the custom of the Institution of 
Electrical Engineers to publish in their Journal from 
time to time. This review covers the past eight 


7 | years during which, it is hardly necessary to inform 


our readers, profound changes have taken place 
in the organisation of the electricity supply industry 
of this country. At the beginning of that period 
the Electricity Commissioners appointed a Com- 
mittee to consider this very question of tariffs 
and charges, and this body recommended the 
adoption of a multi-part tariff for domestic con- 
sumers. The fixed part of the tariff, it was sug- 
gested, should be based on the size of the house and 
the unit charge should be uniform in a particular area 
ofsupply. The cessation of the existing multiplicity 
of tariffs was also insisted on. As regards business 
and office premises, it was suggested that the 
fixed-charge basis of combined consumption and 
demand, while for small industrial supplies a 
fixed-charge basis of combined consumption and 
installed demand was proposed. In rural areas, 
it was recommended that the tariff should be one 
which would ‘“ promote the uses of electricity for 
all purposes as quickly as possible.” Some years 
later, the McGowan Committee recommended that 
uniform methods of charging and, as far as possible, 
actual uniformity of charges should be imposed 
in the large supply areas which they suggested should 
be organised, while uniformity was also insisted 
upon as a desideratum in a report published still 
later by the Federation of British Industries. 
Nevertheless, as Mr. Sumner points out, progress 
towards uniformity has been small. Indeed, any- 
one less judiciously minded might be forgiven 
for arguing that it had been negative. In framing 
tariffs, too, many authorities still exhibit both 
egotism and ingenuity, the latter being of a kind 
which may be correctly described as misplaced. 
Actually, it is the rateable value and not size of 


| house basis which still leads the way in determining 


the fixed charge and, what is more, a large number 
of undertakings use methods for this purpose which 
fall under neither of these headings. This is a 
state of things which might well be altered, and where 
war-time conditions might assist in bringing about a 
very desirable change. On the other hand, there is 
much greater uniformity in the running charge, 
a position which has been brought about by pro- 
gressive reduction in price. The result is that 
of consumers who were offered a 
running cost of $d. per kilowatt-hour or less, rose 


‘| from 2,759,000 in 1936 to 4,682,000 in 1938, while 


those who were offered a running cost between 
$d. and 1d. per kilowatt-hour fell from 3,125,000 to 
We fear that 
at the present time the position may not be so 
favourable. Recent increases in the price of coal 
have borne hardly both on those undertakings 
which generate for themselves and those which re- 
ceive a supply in bulk, and this burden has naturally 
| had to be passed on tothe consumers. Unfortunately, 
it is hardly likely that this tendency will be reversed 
for some time. Indeed, it is probable that, at 
least temporarily, it may be accelerated. We 
hope, nevertheless, that undertakings will use 
both caution and patience in this respect ; for, if 
the history of electricity supply takes the course 
in the near future which we have outlined above, 
there should be no need for really drastic increases, 
though, with the many financial factors that will 


| have to be considered, some advances will hardly 


be avoidable. 

Unfortunately, there is reason to fear that the 
war must inevitably result in some reversal of the 
continuous decrease which, as Mr. Sumner notes, 
has been a feature of the charges for both domestic 
and power electricity supplies during the past 
fifteen or sixteen years. The reduction has been 
accompanied by a continuous increase in consump- 
tion, this increase, in the case of both classes of 


| so doing, they might turn their attention to certain| consumers, being progressively greater during the 
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past three years. At the same time, the average 
price received by the undertakings has fallen steadily 
for some years, thus indicating that many reduc- 
in charges have been made and that the 
‘all-in’ tariffs, upon which domestic and some 
other classes of electrification are now based, have 
been successful. Contemporaneously, the total cost 
per kilowatt-hour of providing the supply has been 
consistently reduced owing to the technica! improve- 
ments that have achieved. In this case, 
however, the reduction has been less during the past 
eight years owing, no doubt, to the development 
of the more sparsely populated areas. Hitherto, this 
reduction has been mainly attributable to a fall 
in the cost of generation ; a means of saving which, 
owing to increasing coal costs, has probably reached 
its limit. There are, however, still considerable 
potentialities for economy on the distribution side, 
the way to this end being through an increase in 
sales and the encouragement of the type of load 
which will improve the national load factor. 


tions 


heen 


Mr. Sumner rightly draws attention to the effect 
which the tariffs devised by the Central Electricity 
Board for supply in bulk may exert upon tariffs 
in general and industrial tariffs in particular—upon 
tariffs because of the approach to a standard whole- 
sale price for electricity and upon industrial tariffs 
because of the decision of the Central Electricity 
Board to charge only for the maximum demand 
which is incurred during the four winter months. 
Where electricity is purchased by industrial con- 
sumers in large quantities, the most general form 
of tariff now in use is of a two-part type, with a 
fixed charge per kilowatt kilovolt-ampere of 
maximum demand and running charge per 
kilowatt-hour. The time period over which the 
fixed charge considered however, widely 
variable the undertakings. In some 
cases, the highest demand made durmg any one 
year is taken as the demand for purposes of charging 
and in other cases the highest demand per quarter 
or per month 1s chosen. In certain cases, where the 
highest yearly demand is used as the basis of charge, 
the annual period consists of the twelve months 
following and inclusive of the month in which the 
highest demand occurs, irrespective of the period 
of the year during which this high demand takes 
place, 1.¢., irrespective of whether it occurs during 
the four winter months during which the under- 
takings demand on the Central Electricity Board 
is established or during the remaining eight months 
of the year. This method of charging may cause 
anomalies. For instance, a consumer paying on a 
kilovolt-ampere basis may install power-factor correc- 
tion apparatus and thereby reduce his demand, but 
will continue to pay for a further eleven months 
the higher immediately 
before the installed ; 
or a consumer may establish a demand during one 
summer month which higher than his normal 
demand during the rest of the Where the 
supply undertaking is buying at the Central Elec- 
tricity Board's tariff this temporary summer 
demand will not increase the charge on the under- 
taking, so that the latter gains at the expense of the 
consumer. This is a grievance to which it is rather 
surprising attention is not called in the report of the 
Federation of British Industries. 


or 
a 
is 18, 


between 


demand established 


power-factor correction 


on 
was 


Is 


vear. 


Mr. Sumner’s main conclusions are worth noting 
In general, he points out, there has been a rapid 
growth in the consumption of electricity and the 
connection of consumers during the review period, 
the rate being probably unparalleled in the history 
of electricity supply. This expansion has, however, 
caused a very large increase in capital expenditure, 
much of which fully remunerative 
This applies particularly to that portion which has 
been expended to supply small and low-income 
The consumption for 1938 indicates 
a slight recession the previous rates of increase 
in consumption and this makes it even 
imperative that the work of the immediate future 
should consist of a process of consolidation of the 
favourable position that been reached. His 
contention that increasing costs of supply must be 
countered by retaining or even lowering the present 
charges for domestic supply is even now correct in 
principle, though its full application may have to 
be delayed. 
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NGINEERIN 
THE CENTENARY OF CARDIFF 
DOCKS. 

Amonea the major developments which have been 
directly responsible for promoting commerce between 
nations, the construction of artificial docks must be 
conceded a prominent place. Of their actual origins, 
there is little on record, but there were docks, or at 
least basins, at Carthage, and it is said 
that the ruins of graving docks for galleys still exist 
in Greece. Modern dock systems, however, are of 
more recent growth, and may be said to date, for 
all practical commercial purposes, from the con- 
struction of the Howland Great Dock at Deptford, 
in the first half of the 17th Century. In this basin, 
now merged in the Surrey Commercial Docks, ships 
could lie in tiers, safely removed from the normal 
river traffic, and protected to some extent against 
the weather by rows of trees, planted for the purpose. 
Careening was the usual method of to a 
ship’s bottom for cleaning, caulking and painting. 

In relatively sheltered waters, such as those of 
the Thames, in which the rise and fall of the tide 
is comparatively moderate, a dock was a convenience 
rather than a necessity 
restricted in size to the 400 tons or 500 tons which 
was the virtual upper limit for mercantile vessels 
until well into the 19th century. In more exposed 
situations, however, or in waters subject to a large 
rise and fall, the provision of adequate dock accom- 
modation was necessary before trade could develop 
to any considerable proportions. Such conditions 
did obtain in Liverpool and in the Bristol Channel, 
and although in both of these instances the ultimate 
development of trade was only brought to full 
fruition by improvements in land transport, there 
can be no question that it was the existence of 
docks which largely influenced the layout and 
eventual extensions of the neighbouring railway 
systems, if not many of the roads. In South Wales, 
more particularly, it is reasonably certain that the 
industrial expansion of the 19th Century would 
have been neither so rapid nor so great, if the 
second Marquis of Bute had not initiated the dock 
system of which Cardiff has recently observed the 


enclosed 


access 


so long as ships were 


centenary. 

But for the outbreak 
would certainly have more 
scale, and would have attracted a wider attention 
than marked the actual event on September 20. 
In view of the circumstances however, the ceremony 
was confined to the unveiling, by the Lord Mayor 
of Cardiff (Alderman W. G. Howell, J.P.) of a 
bronze tablet affixed to the wall of the Great 
Western Railway Company’s docks office ; a marked 
contrast to the ceremonial which marked the opening 
of the original West Dock in 1839. Then, with a 
mass early rising which can only be attributed to 
an inconvenient tide, the 10,000 inhabitants which 
Cardiff trumpeters at 
5 a.m., and at 7 a.m. the official procession started, 
on foot, from the Castle to see the steamer Lady 
Charlotte enter the new basin, which she did “ at 
precisely a quarter to eight o'clock, amidst loud 
cheers from every part of the vast assembly.” 

The subsequent history of Cardiff docks affords 
one of the most interesting examples .of the inter- 
dependence of industry and transport. Until the 
closing years of the 18th Century, the principal 
trade of the port, such as it was, had been in wool, 
but the ironworks in and near Merthyr, of which 
Crawshay’s great Cyfarthfa Works is now probably 
the best remembered 


celebration 
elaborate 


ot the 


been 


war, 


on a 


possessed were roused by 


were rapidly increasing their 
production and the need for ampler transport 
facilities was becoming acute. The coal trade was 
still comparatively negligible when the Glamorgan- 
shire Canal was opened in 1798, and only twelve 
vears earlier, as was recalled by Sir Henry Jackson 
at last week’s ceremony, the local Customs Officer 
had reported that no coal would ever be shipped 
from Cardiff, as it would be too expensive to bring 
down from the valleys. In the thirty years which 
elapsed between the completion of the canal and 
the opening the dock, the value of outward 
shipments amounted to a figure of 362,000/., for 
the year 1838, even though the limited capacity of 
the canal prevented the carriage of any large 
individual consignments 

It was at this stage that the second Marquis 
of Bute decided to construct the first of the Cardiff 


ol 
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docks. The venture was a personal one, and cost 
some 350,000/., and at the outset it attracted little 
additional traffic owing to the absence of rail trans- 
port from the collieries. In 1841, however, the 
Taff Vale Railway was opened, and from that time 
the justification for the dock undertaking was in 
no further doubt. Within ten years from the open- 
ing of the dock the annual shipments of coal and 
coke increased nearly tenfold, and in twenty years 
reached the considerable annual total of more than 
1} million tons. Further accommodation became 
urgently necessary, and in 1859 the East Dock was 
added. In another ten years the annual export of 
coal, coke and the so-called * patent fuel,’’ which 
had then become a local manufacture, amounted to 
nearly 2} million tons, a figure which was nearly 
doubled in the following decade. Still the increase 
continued as further docks were added, until, in 
1913, more than 11 million tons were shipped from 
the Bute Docks. By this time, of course, consider- 
able further extensions had been made, the Roath 
Basin having been added in 1874 and the Roath 
Dock in 1887. The latest extension to the system, 
the Queen Alexandra Dock, was opened in 1907. 
Since 1922, the ownership of the docks has been 
vested in the Great Western Railway. 

In recent years, the coal trade in South Wales 
has experienced various vicissitudes, and the wide 
adoption of oil fuel for ship propulsion and for 
various industrial purposes has naturally affected 
the coal shipments. Political changes also, and 
the electrification of several Continental railway 
systems formerly drew their supplies of 
locomotive coal from South Wales, have combined 
to reduce still further the normal volume of ship- 
ments. On the other hand, the requirements of 
some of the large electricity generating stations 
constructed during the last 15 or 20 years have 
assisted to redress the balance, and there is reason 
to hope that this source of trade may expand in the 
future. Efforts have been made, too, and with a 
certain amount of success, to develop the use of 
the docks for imports of fruit and other commo- 
dities ; and the importation of grain, for the mills 
which constitute one of the city’s oldest industries, 
has now attained large dimensions. The prospects 
of a restoration of the coal export trade to the 
levels of 1913 can hardly be regarded as favourable, 
in the light of changing economic circumstances, 
but the new industries that have been established 
in South Wales within the last decade are already 
contributing their quota to the trade of the port, 
and there is no reason to suppose that the facilities 
now available will lack appreciative support when 
the conclusion of the present emergency permits 
the full restoration of normal commerce between 
the nations. 
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NOTES. 
MUNITIONS SUPPLIES. 
Tne Minister of Supply (the Rt. Hon. Leslie 
Burgin, M.P.) announced last week in the House 
of Commons the names of those who will act under 
his chairmanship as the new Council of Supply. 
The deputy chairman is Sir Arthur Robinson, 
permanent secretary to the Ministry, and the other 
ure Engineer Vice-Admiral Sir Harold 
Brown, Director-General of Munitions Production ; 
Lord Weir, Director-General of Explosives; Mr. 
Peter Bennett, Director-General of the Production 
of Tanks and Mechanical Transport ; Sir Andrew 
Duncan, Chairman of the Committee of Control ; 
Mr. P. Ashley Cooper, Director-General of Finance ; 
Lieut.-General Sir Maurice Taylor, Senior Military 
Adviser; Colonel J. J. Liewellin, Parliamentary 
Secretary to the Ministry, and Lord Woolton 
Director-General of Equipment and Stores. In 
making this announcement. Mr. Burgin outlined 
to the House the extent to which industry had been 
placed on a war basis and declared that in effect 
national factories had been brought 
into Some twenty-eight Royal Ordnance 
factories in existence, and, in addition, a 
large number of private factories had been equipped 
with Government plant for war production. As 
regards the machine-tool industry, the demand on 
which was far greater than could normally be met, 
| area organisations, each with a nucleus staff and a 
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trained engineer in charge, had been set up. Though 
this organisation does not repeat the errors com- 
mitted in the establishment of the Ministry of 
Information, where civil servants were appointed 
to perform duties for which they were not fitted 
either by training or temperament, it has not 
altogether escaped criticism. It has been forcibly 
pointed out that representatives of organised 
labour have been excluded and demands have been 
put forward that this omission should be rectified. 
As a result, Mr. Attlee and Mr. Greenwood discussed 
the matter fully with the Prime Minister and the 


Ministers of Supply and Labour early this week, 
and it is now announced that a conference is to be 
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between England and the Caribbean was soon| Bramham-gardens, London, S.W.5, to which 
replaced by a more ambitious scheme for mail| address all communications should be sent until 
communications between Great Britain and the | further notice. 

eastward and western parts of the world, including | 
Canton and Sydney, via the Pacific. In 1840, | 
the same year that the inland penny post was| The Minister of Supply has ‘made an order, entitled 
introduced, the Government gave effect to Mac-| the Control of Iron and Steel No. 2 Order, 1939, 
Queen’s plan by concluding contracts for the | regulating the sale and purchase of iron and steel 
carriage of mails to the West Indies, North America| products. This order replaces the Control of Iron 
and the East. As far as the Royal Mail Steam| and Steel Order which was issued on September 1, 
Packet Company was concerned, these duties were | and repeats the provisions relating to the purchase 
carried out by fourteen “large steam vessels ’’| or sale of iron and steel except under licence. The 
and three small sailing vessels. One of the large | schedule of maximum prices also remains unaltered. 
steam vessels was the Forth, which was 245 ft. | A new provision is included which enables the Minis- 


ContTroL oF IRON AND STEEL. 


held at an early date between representatives of the |long and was equipped with 225-h.p. engines,| ter to call for returns and information in regard 


British Employers’ Confederation and the General 





while the remainder were all constructed to the | to stocks of iron or steel and the businesses of firms 


Council of the Trades Union Congress, which it is | same general design, with a builder’s measurement | engaged in the production, merchanting and con- 


hoped will inaugurate, to use the Prime Minister’s 
words, “‘ the construction of a joint machine for the 
regular discussion of common problems.’’ With 


this end in view, it is understood that two different 


methods are under consideration. One provides for 
the establishment of a national joint committee of 
employers and trade-union leaders to supervise all 


matters connected with the supply of labour, 
including mobility and the augmentation of skilled 


labour where the supply of this is deficient. The 


other, which is favoured by the trade unions, 
envisages the organisation of each vital industry as 
a unit under a similar joint committee. Under this 
arrangement, the Ministry of Supply would inform 
industry of its requirements and the joint bodies 


would then undertake to meet those requirements | 


in the most efficient and expeditious way. Which- 
ever method is adopted, it is satisfactory that the 
wholehearted co-operation of the trade-union leaders 
can be counted on, for it is not only necessary that 
munitions of war should be produced rapidly, but 
that they should be produced smoothly. 


THe War Risks INSURANCE SCHEME. 

Considerable criticism has been quite rightly 
directed against the official War Risks Insurance 
Scheme and even more justified are the objections 
to the way in which the costs of this scheme are 
being passed on to the public. An elementary 
arithmetical calculation will show that for a manu- 
facturer or wholesaler to recoup a charge of 6 per 
cent. per annum by adding 5 per cent. to the retail 
price can only be justified in the exceptional case 
where his stock is turned over once a year and no 
more. It is to be hoped, therefore, that this prac- 
tice which has been truly described as profiteering 
in embryo, will be rigidly checked before it becomes 
a regular custom. Reprehensible as such dealing 
is, the scheme itself is not immune from criticism 
and exhibits too many signs of haste in its prepara- 
tion. Its revision, therefore, is a matter of urgency 
in the interests of all concerned. Pending that 
revision, a large number of goods have been excluded 
from the scheme, and the Board of Trade announce 
that they are prepared to consider representations 
from responsible bodies in favour of the exclusion 
of other commodities on the ground of indestructi- 
bility or unsaleability. Among the goods now 
excluded by an Order made last Friday are coal, 
iron ore, manganese ore of all descriptions, except 
that used in the manufacture of electrical batteries, 
chemicals, manganese metal, glass or ceramics, 
iron and steel scrap, non-metalliferous mining and 
quarry products, bricks and tiles, scale and slag, 
as well as a number of descriptions of raw, semi- 
finished and finished iron and steel and some} 
special metals, such as gold, silver, platinum and 
certain alloys. 


Tue CENTENARY OF THE Royat Matt STEAM | 
Packet CoMPANY. 

The Royal Mail Steam Packet Company celebrated | 
this week the centenary of its formation on Septem- | 
ber 26, 1839, and in happier times, both for the 
concern and the country, this would have, doubtless, 
been made the occasion for some fitting ceremonial. | 
The founder of this well-known organisation, the | 
principal home port of which has always been South- | 
ampton, was James MacQueen, who, in 1837,| 
had severely criticised the transport of mails by | 
the Admiralty in “ coffin brigs” based on Fal-| 
mouth. His first plan for a steam-packet service | 


| of 1,285 tons. The Forth was the first ship to cross | sumption of any of the controlled materials. The 
| the Atlantic to the West Indies under steam power. | Minister has also issued a direction exempting 
Another historic vessel was the Solent which, | from licence the purchase of some of the controlled 
on her maiden voyage, in 1853, was commanded | materials by certain persons and undertakings for 
by Captain J. H. Jellicoe, afterwards Commodore | specific purposes. For instance, the purchase of 
of the Royal Mail Fleet, and father of the late| manganese ore for the purpose of manufacturing 
Lord Jellicoe. For some years, too, Admiral} chemicals, electric batteries, manganese metals, 
| A. J. Chatfield, father of the present Lord Chatfield, | glass or ceramics, is exempted from licence, and the 
was chairman of the company. This West Indian | list of consumers by whom these materials may be 
service continued successfully until 1919, when| purchased has been increased. On the other hand, 
the cessation of the Government subsidy brought | all transactions involving high-speed steel con- 
it to an untimely, if not inglorious, conclusion. | taining more than 14 per cent. tungsten in all forms 
In 1850, a similar contract to that for the West | will require a licence, the former exemption of 
Indies was entered into for the carriage of mails} scrap iron and steel being repealed. The Minister 
between Southampton and Rio de Janeiro, and this | has also issued a further Order—No. 3—prohibiting 
was inaugurated by the Esk, of 232 tons gross.| the sale or purchase of scrap iron and scrap steel 
The gradual improvements of the fleet and the| except under licence and fixing maximum prices 
introduction of the ‘“‘A”’ steamers constitute | for a wide range of classes of these materials used 
shipping history. Especially notable among these|in the industry. Returns and other information 
| was the first Asturias, which was built in 1907. In| relating to stocks of scrap iron and steel and the 
| recent years the “‘ A’ ships have been supported by | business of merchants and consumers thereof may 
| the fleet of ‘‘ Highland ”’ ships originally owned by | also be demanded. For the time being, however, 
the Nelson Line. After various extensions the com-| the purchase and sale of scrap iron and steel are’ 
pany has now concentrated on the South American | exempt from the requirement of a licence, save that 
route and on a service of cargo liners trading with | special scrap steel of low sulphur and phosphorus 

the Pacific coast of North America. | content, high-speed scrap steel containing 14 per 

|cent. or more of tungsten, scrap steel containing 

| 1} per cent. or more of nickel, and shipbuilding iron 

| and steel, may not be purchased by or sold to iron and 

steel works, foundries and forges without a licence. 








Tue INSTITUTE OF FUEL. 


At a recent meeting of the Council of the Institute 
of Fuel it was decided to cancel the annual dinner | 
which was to have been held on October 19. As a| 
partial substitute, however, and in honour of Mr. | 
H. A. Humphrey, the Melchett Medallist, a luncheon| We make no apology for referring again to the 
will be held at the Connaught Rooms, Great Queen- | restrictions which are being imposed on the use of 
street, London, W.C.2, at 12.45 for 1.15 p.m.,| both fixed and mobile lights in streets. As regards 
on October 19. Copies of the Melchett Lecture,| the former, as we have pointed out, there are 
which is entitled ‘“‘ The Supply of Explosives during | several systems available for switching out electric 
the Last War and the Early History of Billingham,”’| street lamps from a central position during an 
will be distributed to those present. Mr. Hum- | air raid, and one or other of these has been installed 
phrey will give a summary of his address, together | in a number of towns and their efficacy has been 
with some additional information, and the Melchett | proved. The position where gas, and not electricity, 
Medal will be presented to him. The ordinary | is used is rather more difficult, but the difficulties 
meetings of the Institute, for the presentation | could, no doubt, be overcome. Although, therefore, 
and discussion of papers, are to be suspended} we are glad to learn that experiments on this 
for the time being, as such meetings could only | subject are to be carried out in London, it may 
be held during daylight hours, when members are | be as well to point out that what is required is action. 
occupied with more important duties and could | The work necessary to instal such a system generally 
not attend. Should it be possible to hold evening | would necessarily take time, and with longer even- 
meetings at a later date, however, these will be| ings approaching time is valuable. The matter 
resumed. Meanwhile, the Council has decided to} is important, since, when air raids are not taking 
continue the publication of the Journal, to publish | place, or threatened, the inhabitants of our large 
within it the papers which would have been pre- | cities cannot be expected to remain indoors inde- 
sented at the ordinary meetings and to invite| finitely, quite apart from the fact that certain 
discussion on them by correspondence. Technical | sections of the population must be out and about 
information from other sources, likely to be of| on their necessary business. We do not question 
interest and assistance to members, will also be|the desirability of complete blackness, if that 
included. It is also intended to arrange luncheons | can be attained, during an air raid, but there are 
in London periodically so that members can keep | many good reasons why the present restrictions 
in touch with one another, and, whenever possible,| should be relaxed. Another matter which is 
a speaker will give a short address following the | exercising the minds of the authorities is the bright- 
lunch. A further matter of interest regarding the | ness of the traffic lights, which are now widely used in 
activities of the Institute is that, in accordance with| many parts of the country. In particular, the 
a resolution passed at an extraordinary general | green light does not, as has been stated, show up 
meeting, held on July 19, a petition was presented | more than is desirable at night, but in the day 
to His Majesty’s Privy Council on August 24,| time all three colours are difficult to see. It has 
praying for the grant of a Royal Charter. The| been suggested that some more satisfactory way 
petition, we are informed, was signed by the| of dimming the lights than by masking them is 
President, Lt.-Col. J. H. M. Greenly, C.B.E., and | feasible and one suggestion is that the candle power 
by the past-presidents, vice-presidents, honorary | of the lamps should be reduced. In this connection, 
officers and the elected members of the Council. | it is curious to note that signal lights on railways 
As stated elsewhere in this issue, the head office| have not been reduced although this was found 
of the Institute has now been removed to 30,! advisable during the last war. 
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THE REPORT OF THE PACIFIC 
LOCOMOTIVE COMMITTEE. 
(Continued from page 338.) 


THE Railway Board raised with the consultants the 
question of drawgear, pointing out that, if the 
coupling between the engine and the tender were not 
sufficiently flexible to permit of engine and tender 
assuming their normal positions on curves, the lead- 
ing tender bogie would be subject to excesve side 
thrust, especially in consequence of the large over- 
hang behind the trailing coupled wheels of the new 
standard The consulting engineers’ 
suggestion that drawbars of the Goodall type, as 
shown in Fig. 4, herewith, should be fitted to all the 
new engines and tenders, was endorsed by the Board 
and this type of drawgear was included in the 
specification issued to the builders of the standard 
Pacifics. 

The Goodall drawgear, the Report explains, ** had 
been on trial on one engine on the Madras and 
Southern Mahratta Railway since 1923, and was 
reported to be satisfactory. It appeared to offer 
a solution of the troubles that were being experienced 
in India with the drag boxes which accommodated 
the previous type of intermediate drawgear ; play 
developed therein, which induced shock loads when 
buffing, and rivets became slack in the built-up 
type of drag box, while fractures occurred in the 
steel-casting type. As the Goodall drawgear is an 
articulated ball and socket arrangement, it was 
anticipated that it would largely eliminate shock 
loads ; moreover, it was considered that the inertia 
of the tender would be available to absorb the hori- 
zontal forces set up by the unbalanced reciprocating 
parts.’ It will be seen later, that the 
Pacific Locomotive Committee have recommended 
a change; in fact, this was foreshadowed in 1932, 
when the Goodall type was dropped by the Railway 
Board as a standard. 

The original design of the leading bogie was the 
subject of prolonged consideration, advice being 
obtained by the Indian Railway Board from a 
number of sources, including the chief mechanical 
engineers of the four British railways. The eventual 
outcome was that the Board, apparently with some 
reluctance, approved of the engine bogies being 
titted with spring-controlled lateral motion, although 
they were not entirely satisfied that this arrange 
ment would prove preferable to gravity control. The 
Board's concurrence at that time did not, however, 
go beyond the general design of the spring-controlled 
bogie. In particular, they did not specifically 
approve the amount—15 cwt.—of the initial side 
control provided, as this point was not then referred 
to, and, in fact, did not assume prominence until the 
first report of ** hunting ’’ was made to them by the 
East Indian Railway in January, 1929. 

In July, 1926, contracts for 68 locomotives (26 of 
the XA type, 30 of the XB type, and 12 of the 
XC type) were placed with the firm of builders, in 
England, who had submitted the lowest suitable 
tender; a firm “ of long standing, with an estab- 
lished and world-wide reputation and experience in 
the construction of locomotives for many countries, 
including India.” In all, 284 I.R.S. Pacitics were 
eventually purchased, some of the later engines 
being constructed by other well-known British 
locomotive builders. ‘The distribution of the engines 
among the various administrations at the time of 
the Pacific Locomotive Committee's inquiry was as 
tollows :—-Of the 113 XA-type engines, 58 were 
running on the North Western Railway, 49 on the 
Great Indian Peninsular Railway, four on the 
Nizam’s State Railway, and two on the East Indian 
Railway. The XB-type engines numbered 99, of 
which the East Indian Railway had 38; the 
Madras and Southern Mahratta Railway, 25; the 
Eastern Bengal Railway, 18; the South Indian 
Railway, 11, and the Nizam’s State Railway, seven. 
The 72 XC-type engines were distributed among 
three systems only, the East Indian Railway 
having 30, the North Western Railway, 28, and the 
Bombay, Baroda and Central India Railway, 14. 

The tirst batch of Pacifics to reach India were of 
the XB type, and they went into service on the 
Kast Indian Railway on January 24, 1928. Within 


locomotives. 


however, 


a few weeks they were reported as being sensitive 
in respect of side oscillation on bad roads, and before 
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long it was stated that excessive lateral bogie 
movements were tending to spread the track and 
push it out of alignment. Similar reports followed 
the introduction of the XA, and, to a less extent, 
the XC types; although experience varied among 
the different administrations, cracked frames and 
unfavourable fuel consumption, according to some 
reports, being more prominent faults than bad 
riding. In April, 1930, however, the first derail- 
ment occurred, the engine involved being an XA- 
class Pacific hauling the Grand ‘Trunk Express on 
the Great Indian Peninsular Railway. Two more 
derailments of mail trains, hauled by XA-class 
engines, occurred later in the same year. The 
performance of the three classes of Pacifics, over 
approximately ten years of service, is summarised 
in the Report as follows : 

‘Up to March 31, 1938, the mileage run by the 
113 XA engines was over 34 millions; by the} 
99 XB, 34} millions; and by the 72 XC engines, 
214 millions ; for the 284 engines concerned, there- 
fore, the total was 90 million miles. Owing to the 
system of accounting, it has not been possible to 
segregate the cost of maintenance of any particular 
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type of engine; but there have been 347 frame 
fractures on the 284 engines, and no less than 205 
firebox tube plates have had to be changed, due to 
cracks in the radius. The XC engines on the B., B. 
and C.1.R. were withdrawn just prior to our visit, 
because of coupling-rod breakages, a trouble which 
has also been experienced on other lines. On the 
E.B.R., operating 18 XB engines, it appears that 
the average time these spent in the shops under 
repairs was three years out of a total average life 
of eight years, viz., no less than 37 per cent. of 
their time. It appears that, while XA- and XB-class 
engines were hauling passenger trains, ten derail- 
ments, attributed or since believed to have been 
due to hunting, occurred prior to that at Bihta, 
the last in October, 1933. Two such derailments of 
an M-class Pacific also occurred in 1930. Some of 
these accidents, and perhaps all, were accompanied 
by distortion of track. 

“* Information on this subject is contained in the 
proceedings of the Judicial Inquiry into the accident 
at Bihta. It appears that recorded track distortions 
by 38 XB and 30 XC engines on the E.I.R. alone 
amounted to 64 between June, 1928, and September, 
1937, the majority in 1932-34. Of these, 41 had 
been reported before this accident (the last in 
November, 1933) and 23 after it. It was subse- 
quently realised that the absence of reports of 
distortion after November, 1933, was not sufficient 
to justify the assumption that the alterations which 
had been made to the engines had effectively 
eliminated their propensities to distort track, and 
the E.I.R. accordingly carried out a special investi- 





lengine and the tender, and the substitution of 


| the energy developed by hunting, on the bogie-pivot 
| slides and the hind truck, in conjunction with a 
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gation. The investigating officer reached the con- 
clusion that certain permanent-way inspectors had 
unfortunately refrained from reporting such cases, 
* preferring to adjust the defects and remain quiet 
rather than risk disciplinary action for an occurrence, 
for the cause of which they were not responsible.’ 
Twenty additional cases of distortion were dis- 
closed, the extent of which would have necessitated 
the imposition of a speed restriction. 

“ As a result, the investigating officer also con- 
cluded that ‘the design of the X-class engine 
is such that, given circumstances favourable to its 
peculiarities, the tendency to hunt is much more 
accentuated than in the case of other classes of 
engines.’ Other examples of extensive track 
damage took the form of gauge spreading on the 
B., B. and C.I.R., during the monsoons of 1930 to 
1932, on the Nagda-Muttra section. In 1930, 71 
places were affected on 13 days; in 1931, 28 places 
on 9 days; and in 1932, 25 places on 8 days. This 
railway was operating 14 XC engines.” 

During this period numerous modifications were 
made to the Pacific engines, as originally designed, 
with the object of improving their riding qualities. 
In particular, the Railway Board initiated a long 
series of trials, which commenced early in 1929 and 
continued until September, 1930. Among the more 
important detailed changes incorporated in these 
trials, besides the strengthening of control springs, 
were alterations to the Cartazzi trucks, slides, etc., 
various alterations in spring compensation, the 
introduction of intermediate buffers between the 


Cartazzi bogie slides in place of spring control. 
In 1929, the East Indian Railway tried rubber control 
springs on an XB engine; while, in June, 1930, 
the Railway Board decided that the hind-truck 
control could be increased, with advantage, and 
that the truck itself should be moved back | ft. 
and 1 ft. 6 in., respectively, on all future XA and 
XB engines. Some trials were made with an 
American type of drawgear, shown diagrammatically 
in Figs. 5 and 6, on this page, which was substituted 
for the original Goodall gear. Later, in 1930, the 
Board initiated trials with the balancing of reci- 
procating parts altered from 66 per cent. to 33 per 
cent., and in the following February it was decided 
to effect this reduction in future. Stops were fitted 
on XA-class engines to cut out the spring compensa- 
tion between the leading and the driving wheels ; 
and Ferodo was tried, as a means of damping-out 


German type of intermediate buffing gear between 
engine and tender. This gear is illustrated in Figs. 
7 and 8, on the opposite page. 

It is apposite to insert at this point a statement 
made by the Pacific Locomotive Committee at a 
late stage in their Report. They referred to a 
feature which, from the beginning, “was of a 
particularly baffling nature, viz., the variability 
in the behaviour of the engines in different localities, 
or even of the same engine at various times in the 
same locality.” It was this, more than anything, 
which delayed the finding of a lasting solution. 
More than once, in the previous ten years, the 
impression was received that the trouble was solved ; 
yet it would break out again in another place or in 
different circumstances. ‘In the light of present 
knowledge, however,” the Committee continued, 
“a rational explanation of this may be attempted. 

“The engines were what might be termed border- 
line cases. The degree of side control provided 
was not of such a value that all the engines hunted 
all the time. Its value was such that, if*the bogie 
and engine generally were maintained in good order, 
and if the track was rigid and in good line and level, 
an engine might run satisfactorily for long periods. 
On the other hand, because of the border-line 
nature of the engines as designed, they were extra- 
ordinarily sensitive to track irregularities ; although 
track might appear satisfactory when examined 
in the usual way, it may, when the load is applied, 
provide differences in gauge and level sufficient to 
initiate hunting, as was proved by experiment 
on the B., B. and C.1.R. 

“Moreover, there are certain features in the 
design of the bogie which can materially vary the 
degree of control provided, without it being possible 











penge cee 


an eee coed 


SEPT. 29, 1939. 





ENGINEERING. 





365 








to observe this by external examination. First, 
the control springs, being of small capacity and 
totally enclosed, can break or lose strength ; as they 
act independently in equalising compression on 


the permanent way and its supporting formation, 
and the wheels and frame of the engine, are all 


both sides, they would maintain the pin out of | elastic in varying degrees, there has always been 


centre. Secondly, the way in which the springs 
are mounted allows a varying amount of movement 
on each side of the centre; one spring may act 
against the other, and the effective initial control 
may be practically nil. Thirdly, the large metal-to- 
metal surfaces of the bogie slides are particularly 
difficult to lubricate and keep clean; the friction 
of the bogie slides, and consequently the degree of 
control, may vary widely on the same engine, de- 
pending on whether the surfaces are smooth, lineable 
and perfectly lubricated, or whether they are dry, 
scored, and on the point of seizing. 
slides in both categories and in various intermediate 
stages ; we are satisfied that these conditions alone 
are sufficient to account for the varying reports 
which have been constantly received about the 
engines as originally built.” 

Having, as previously summarised, outlined the 
events leading to their appointment, the Pacific 
Locomotive Committee proceeds to a general state- 
ment of their views of the problem on which they 
were asked to advise. The most important consi- 
deration in the investigation of the performance 
of a locomotive as a vehicle and of the track on 
which it ran, they observed, was that they were, 
in effect, two parts of the same machine. The 
essential feature of an engine in this respect was 
that it should run smoothly and steadily, subjecting 
the track to a minimum of stress at the highest 
designed speed. The track should also be Jaid on 
such a formation, and be so constructed and main- 
tained, that it could resist, without effective dis- 


tortion, the forces imposed upon it at that speed. | 


it was well known that if, on one hand, engine 
design were defective,* rails might be broken, the 
gauge might be spread, or the road as a whole might 
be distorted, although the track itself was good ; 


in such cases, while derailment might not result, | 


the engine was exceedingly mischievous in its 
effects and, therefore, was unsatisfactory as a 
vehicle. On the other hand, if the track were 
badly designed, weak, or inefficiently maintained, 


the same effects might become apparent, even | 


though the locomotive had been correctly designed 
and carefully maintained. 

The locomotive itself was subjected to two forms 
of disturbance, arising respectively from external 
and internal forces. External disturbances in the | 
smooth running of an engine would be initiated | 
if the permanent way were uneven ; if it were also 
weak, these disturbances might obtain sufficient | 
magnitude to cause displacement to a greater or| 
less degree. Again, substantial and well-maintained | 
track might mask the lateral instability of a loco- | 
motive, so that it might appear to be a good-riding 
engine and yet might prove unsatisfactory when 
running on weaker track or over more yielding 
formation. ‘‘ It is axiomatic,” say the Committee, 
“that no track can be so perfectly designed and 
maintained that it will not contain some irregu- 
larities, however minute ; and, similarly, no engine 
can be so perfectly designed that it will not respond | 
in some measure to these inequalities. Apart 
from mere physical imperfections, it must also be 
borne in mind that permanent way is, by its very 
nature, an elastic structure which can never be} 
completely unyielding. The difference between 
good and bad track is, therefore, one of degree, 
and any yehicle which is intended to run thereon 
must be so designed that the effect of track imper- 
fections on its stability is reduced to a minimum. 
When the natural features of a country add to the 
difficulty in maintaining the road-bed, there is the 
more need to pay attention to the design of the | 
locomotive as a vehicle; the features of a given | 
country are inescapable, and the engines senvtied | 
must be made to run satisfactorily under the | 
prevailing conditions. The task of the designer | 
and builder is not only to provide an engine which | 
can pull a train, but also to reduce to the lowest | 


difficulty in calculating the actual forces involved. 
It is well known that different locomotives, doing 
the same work, on the same road, and at the same 
speeds, have widely differing effects on the permanent 
way; all through the history of the locomotive, 
cases have occurred from time to time, in all coun- 
tries, where particular types of engine have been 
found to behave unfavourably, and have had to be 
altered. Too much stiffness, too much flexibility, 
| bad springing systems, bad weight distribution and 
| inappropriate wheel arrangements, may individually 





| with excessive speed.” 

| The Committee then cites some examples of 
| unsatisfactory locomotive design, cases of which 
| were not infrequent in England in the early days 
|of railways. Such an instance was Crampton’s 
| Great Liverpool, designed in the ‘fifties for the 
| London and Birmingham Railway, where it broke 





































































































the rails and could not be used. In the ‘nineties, | 
the Great Western Railway converted certain 0-4-4 | 
tank engines to tender engines, because of excessive 
oscillation. More recently, on the Southern Railway, | 
there were the “‘ River” class 2-6-4 tank engines, | 
which were involved in three derailments in 1927, | 
at Sevenoaks, Bearsted and Wrotham, respec- | 


| tively. These engines were over-sensitive to track | 


irregularities, to which they reacted dangerously | 
by rolling when the speed was high; this trouble | 


possible point the effects of the external disturbing| by providing a spring-controlled articulated con- 
agencies due to defects in the track . . . Because| nection between the bogies, an alteration whieh 


resulted in increased speed with a greater margin 
of safety. 

| The Committee observed that the examples 
quoted above were not strictly parallel with the 
case before them, but cited them to show that 
improvement in locomotive design had been largely 
a matter of experience, trial and error, and profiting 
by the mistakes of others. With demands for higher 
speed, increased axle loading and heavier trains, 
the relationship between track and vehicle was 
undergoing close and scientific research. It was 
also to be borne in mind that “ track design differs 
from structural design owing to the obscure nature 
of the stresses,’ ...and that “standards of 


We have seen | contribute to the damage, usually in conjunction | track, like some of those relating to the locomotive, 


have been evolved as the result of experience and 
economic limitations, often unrelated to any 
scientific basis.” 

On the subject of research, the Committee recalled 
that experimental work on track stresses had been 
carried out on the Continent, in America and in 
India, and expressed the belief that this line of 
| approach was yielding valuable results. Some of 
| these results are dealt with in the later parts of the 
|Report. In particular, they referred to tests under- 
| taken in France over several years with numerous 

types of both steam and electric locomotives, when 
|the forces and displacements between wheel and 
rail, both vertically and horizontally, were recorded. 
| As a complement to the determination of vehicle- 
stability characteristics, special vehicles* were fitted 








' | with apparatus to register continuously the super- 


| elevation, alignment and level of the track; thus 
the stability of the vehicle could be directly assessed 
in relation to the peculiarities of the permanent 
| way. In France, further tests had been developed 
to determine the lateral movements of the track 
under load. It was becoming the practice in several 
countries, also, in the course of day-to-day main- 
tenance, to determine and limit the vertical move- 
ments of sleepers under load, by the use of void- 
meters and measured shovel packing. 

The importance of track maintenance in connec- 
tion with speed, the Committee emphasised, could 
not be over-stressed ; even first-class permanent- 
way material, perfectly installed and in perfect 


| alignment, would soon give disappointing results 


if the standard of maintenance were permitted to 
fall. Minor defects, of little consequence when 


| speeds were low, might become of serious moment 


when the speed exceeded 50 m.p.h., and the axle 
load exceeded 17 tons. Under similar conditions, 


| the blow caused by a lurch at 70 m.p.h. was almost 
| twice as great as at 50 m.p.h. Good running could 


be maintained only by constant attention to 


| apparently small defects; and no track, however 


suitable in design, could be efficiently maintained 
to carry high-speed traffic unless properly supported 
on a stable and well-drained formation. On account 
of many variable factors, however, such as weather, 
formation, and strength of track material, it was 
not possible to attain a degree of precision in 
permanent-way maintenance comparable with the 
standards of mechanical engineering in the loco- 
motive. 

Further, the economic aspect could not be 
overlooked. The type of permanent-way ma- 
terial and the cost of maintenance were closely 
related to the speed, frequency, and weight of 
trains. Maintenance was influenced by the capacity 


ceased, however, when the trailing bogie was removed. | of the rails to carry the loads, by the number of 
and the type converted to a 2-6-0 tender engine. | sleepers over which the load could be distributed, 
Similarly, the 0-6-4 mixed-traffic tank engines| and by the nature of the formation on which they 
of the London Midland and Scottish Railway, which | were laid. The formation, in turn, was influenced 
were derailed at Swinderby in 1928, and at Moira | as much by good drainage as by the nature of the 
and at Ashton in 1935, showed unusual sympathy | subsoil, and the depth and quality of the ballast. 


to track defects, so that distortion and hunting 
occurred at high speed ; such of the class as were 
not subsequently scrapped were relegated to slow- 
speed goods work. Another case of unsuitable wheel 
arrangement was that of the 4-4-4 three-cylinder 
tank engines of the London and North Eastern 
Railway, which were prone to excessive hunting ; 





- | this was cured by converting them to the 4-6-2) 








It followed that speed was limited by formation, 
drainage, ballast and type of permanent-way 
material, however good the standard of maintenance. 
Compromise based on experience was always neces- 
sary, and, if higher speeds and heavier loads were 
required, the standards of construction and main- 
tenance must be raisedtfor the same factor of safety. 








* The word here used in the Report is “ effective » | 
but, from the context, this is evidently a misprint.— 
Ed., E. | 


tank type. In France, some years ago, an electric! + 4 description of one such vehicle, on the Great 


locomotive of the B-+- B type was also subject! Indian Peninsular Railway, appeared on page 253, 
to this unforeseen defect, which was only overcome | ante.—Ep. E. 
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Wisely, in our opinion, the Committee does not 
disdain to begin at the beginning and to describe 
in brief outline the elemental forces and reactions 
governing the motion of a locomotive along the 
track. Although some parts of the following 
quotation may seem obvious, we abstract it in full 
as an indication, or a reminder, of the essentials of 
the problems of springing and control. 

‘* It is hardly necessary to say that the locomotive 
is confined to its path vertically by its own weight 
and horizontally by the flanges on its wheels ; but 
these considerations are fundamental to the problem 
before us, in that impact forces are set up on the 
wheels and track in both horizontal and vertical 
planes. To relieve the rail of excessive stress, it 
is necessary to mount as much as possible of the 
weight of the engine on springs, and movement of 
the spring-borne mass is inevitable ; the design and 
maintenance of the engine in this respect affects the 
problem. Further, to enable the engine to run 
satisfactorily, clearances have to be provided 
between flange and rail, between frame and axle- 
boxes, etc. The state of maintenance of such 
clearances is also a matter of importance. 

‘* In its simplest form, the whole of the locomotive 
is carried on its coupled wheels, and the frame is 
the structure which links up the various forces 
involved ; it must so compromise between flexi- 
bility and rigidity as to avoid cracking or fracture, 
and experience guides the designer as to the best 
proportions for the particular material. As engines 
got larger and more powerful, the impact forces 
increased, and those with lateral effect would have 
become excessive had the coupled-wheel flanges 
alone been left to transmit the forces to the track. 
Carrying wheels were, therefore, introduced in the 
form of bogie and Bissel trucks, and they require 
special consideration in connection with the problem 
of hunting. 
the engine round curves, is to ensure a measure of 
centring force and to hold the centre line of the 
engine parallel with the track. In practice, there 


are different ways of providing this essential side | 


control, which is such an important factor in the 
lateral stability of the engine ; the selection of the 
right force for a given design has a vital influence on 
subsequent operation. 

“The various considerations affecting the beha- 


Their chief function, besides guiding | 


viour of a locomotive as a vehicle are set out later, | 


but attention should be drawn here to the compro- 
mise which has always to be made. An engine 
must have side control on its carrying wheels, 
sufficiently strong to avoid hunting on the straight, 
and yet not so strong as to affect its free passage 
round curves; the amount of this control must be 


appropriate to the vertical load on the carrying | 


wheels, and to the distance of the supporting points 
from the centre of gravity. The engine must be 
sprung flexibly enough to accommodate itself to 
norma! track imperfections without undue displace- 
ment of the spring-borne mass, and at the same 
time not so flexibly as to cause undue rolling. It 
will thus be seen that the design and maintenance 
of engine and track, while being mutually inter- 
dependent, call for compromise at practically every 
point ; the obvious line to take is to be guided by 
sound first principles, by accumulated experience, 
and by intelligent experiment with careful deduc- 
tions.” 


(To be continued.) 








THE SPEED NUT. 


A NEw type of self-locking nu) has recently come 
into extended use in the United States, and is now being 
manufactured in this country by Messrs. Simmonds 
Aerocessories, Limited, Great West-road, Brentford. 
The leading advantage of this nut, which is known as 
the “ speed nut,” are that it is self-locking, rendering 
quite superfluous a spring washer, lock nut, or other 
means of holding the nut tight under vibration; that 
for the lighter forms of work it can be pressed into 
ites final position over the thread without rotation, 
thus economising time; and that it can be made in 
a wide variety oldugn: some of which enable a third 
location assembly to be effected with rapidity and 
certainty. The nut is being employed by all the 
American car manufacturers for such purposes 
as bolting on the — name-plates, radiator grilles, 

A 


and a number of smaller parts ; and is also used in 


such industries as the manufacture of radio sets, stoves, 


and refrigerators. 

In its simplest form, the nut is shown in Fig. 1, and 
it will be seen that it consists simply of a slightly 
concave plate through which a hole is drilled. Slits 
are cut tangential to the hole, as shown in Fig. 2, 
and the two lips so formed are bent up so that their 
ends register with the thread. 
stated, the nut may be pressed into place over the 


threads of the screw or bolt without rotation, a special | 


hollow-nosed tool being used for this purpose. The 
grip obtained is so firm that for many classes of work 
a rivet may be used instead of the screw or bolt, as 
shown in Fig. 3. Once the speed nut has been pressed 
home over the rivet by the tool, the hold obtained is 
remarkable, even in the case of a hardened rivet stem. 
Any attempt to push out the rivet merely tends to 
make the nut grip more firmly. 
to make a detachable connection without using a 
screw or bolt, it is only necessary to provide a flat on 
one side of the stem, as shown in Figs. 4 and 5, when 
a quarter turn of the nut will release it completely. 
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The application shown in these two figures is to the 
stud of a moulded plastic button, the stud being 
encased in a metal ferrule. For heavier application: 
than those previously described, one end of the 
plate is bent 
with the thread, as shown in Fig. 6. This figure also 
illustrates how the nut can be fixed in a metal plate 
without welding. In this case, the other end of the 
plate is made with two saw cuts, the two outer tongues 
30 formed being bent back as shown on the right. A 
slot is then formed near the bolt holes in the metal 
plate through which the end of the nut can be passed, 
and the nut is then drawn back to grip the plate. The 
centre tongue is formed so as to constitute a spring 
clip to hold the nut in place against the end of the 
slot. The arrangement gives a third location, and is 
largely used for attaching mudguards and for similar 
relatively heavy duty. A further typical application 
of the nut is illustrated in Fig. 7. This shows a channel- 
shaped nut designed for the hinge assembly of refri- 
gerator doors. It is sprung in place prior to assembly, 
serving as a reinforcement for the door el and 
rendering the welding on of a tapped plate unnecessary. 
As the nut is formed with the top and bottom slightly 
splayed, it holds itself securely in the flange. It will be 
noticed that in this application a wood screw is em- 
ployed, the nut being suitable for practically any form 
ofthread. Other applications can readily be visualised. 
The nut is made in various gauges of material, according 
to the application, these materials including spring 
steel, phosphor-bronze, and stainless steel. 








DISCUSSION ON PROPERTIES AND TESTING OF HEAT- 
INSULATING MATERIALS.—The general discussion on 
“The Properties and Testing of Heat-Insulating 
Materials,” organised by the Joint Committee on Mate- 
rials and Their Testing, in conjunction with the Institut‘on 
of Gas Engineers, which was to have been held in London 
on November 23, has been cancelled owing to the 
war. 


In the lighter forms, as | 


When it is desired | 


back to give a second engagement | 


“THE LATE MR. SYDNEY EVERSHED. 


WE regret to record the death of Mr. Sydney Ever- 
shed, which occurred suddenly at Ealing, on Monday, 
September 18, at the advanced age of 82. Mr. Evershed 
was well known in the electrical industry as the founder 
of the firm which bears his name, and as the inventor 
and manufacturer of a number of useful electrical 
instruments of high precision. 

Like many other electrical pioneers, Sydney Evershed 
was not trained as an engineer, but after being privately 
educated, began to study elementary mathematics and 
| physics, repeating all the necessary experiments set out 
|in his text-books on the latter subject with the aid of 
home-made apparatus. At the age of nineteen, he 
was apprenticed to a London optician and being made 
manager three years later was engaged in designing the 
whole of the machinery required in a new factory near 
Guildford. During this period he continued his studies 
in electrical work, and in 1884 entered the service of 
Messrs. The Hammond Electric Lighting Company at 
a time when the design of instruments for measuring 
electrical quantities was receiving a good deal of 
attention. Two years later he became the manager of 
Messrs. Goolden and Trotter, who were then manu- 
facturing the Cardew hot-wire voltmeter and, shortly 
afterwards, engaged on the construction of the moving- 
iron type of instruments which he had invented a short 
time previously. In 1888, Mr. Trotter retired from the 
firm, and Mr. LI. B. Atkinson, who died only a short 
time ago, joined it, the name being altered to Messrs. 
W. T. Goolden and Company. This firm, shortly after- 
wards, became Messrs. Easton, Anderson and Goolden, 
while in 1894 the instrument department was purchased 
by Mr. Evershed and Mr. Vignoles, who formed the 
firm which still bears their name, Professor W. E. 
Ayrton being the first chairman. Business was first 
carried on in the Harrow-road, but the factory was 
moved to Chiswick in 1903, where it is still in operation. 

Evershed’s name is, of course, most closely associated 
| with the invention of instruments for measuring elec- 
| trical insulation. Realising the importance of being 
able to obtain a direct measurement of the quality of 
insulation with an instrument which could be handled 
by an unskilled person, as early as 1889 he introduced 
his portable ohmmeter and generator, while in 1903 he 
was able to combine the ohmmeter and generator in 
one box without troubles arising from magnetic inter- 
ference. This instrument is the well-known “‘ Megger,” 
which has become the progenitor of a number of 
modifications covering the whole range of resistance 
measurements from one-millionth of an ohm to ten 
thousand million ohms. Similar instruments are avail- 
able for special purposes, such as the measurement of 
the resistance of earth plates and the conductivity of 
water. In 1893, in conjunction with Mr. A. E. Richards, 
Evershed applied the principle of the ohmmeter to the 
construction of an electrical helm indicator which was 
tried in H.M.S. Narcissus and in an improved form is 
now widely used in the Navy. His original direct- 
reading ammeter was also the forerunner of many 
types of switchboard and portable indicating and 
recording instruments, while in more recent years he 
devoted considerable attention to signalling and distant 
| indication problems, the results of which are seen in the 

Midworth distant repeater and control system. 

All this work necessitated a great deal of careful 
research into both electrical and metallurgical prob- 
lems. Without dealing with these in detail, it may 
be mentioned that in the early ‘nineties he made a long 
|experimental study of the characteristics of the iron 
used in transformers. Later, he investigated the 
phenomena exhibited by insulating materials under 
electrical stress, the results being embodied in a paper 
read before the Institution of Electrical Engineers 
|in 1913. In 1920, and again in 1925, he gave the results 
of his work on permanent magnets in two most valuable 
communications. These papers had their origin in a 
fundamental discovery in permanent magnetism 
which he had made some years previously. The 
first paper disclosed the scientific basis underlying 
the design and performance of permanent magnets, 
while the second dealt with the properties and defects 
of magnet steels and explained the modifications 
required in steelworks’ methods in order to avoid the 
more serious defects. It is not too much to say that 
the publication of these researches has been of great 
benefit to all those concerned with permanent magnets. 

Mr. Evershed was elected an Associate of the Society 

of Telegraph Engineers, now the Institution of Electrical 

ineers, in 1886, and was transferred to the class of 
member in 1903. He had served on the Council at 
various times, including two terms as vice-president. 
In June, 1937, his portrait, painted by Mr. George 
Harcourt, R.A., was presented to him in commemora- 
tion of his 50 years as manager, director and chairman 
of his company, and was presented, by him to the Institu- 
tion of Electrical Engineers in the following December. 
He also presented the portrait of Faraday which was 
painted by Mr. Harcourt and now hangs in the lecture 
‘theatre of the Institution. 
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LABOUR NOTES. 


THE Railway Staff National Tribunal sat in London 
on Tuesday and Wednesday last week for the purpose 
of considering the claims of the three unions of railway- 
men for increase of pay and improvements in working 
conditions. The demand of the National Union of 
Railwaymen for an increase of the minimum wage to 
50s. a week—under the recent award the minimum 
was to be 45s. per week—was presented by Mr. March- 
bank, the general secretary, who said that, although the 
Union was not at the moment pressing its own claims, 


it was not to be assumed that these were dropped. | 


The Union, he added, regarded the minimum wage 
claim as paramount. Proceeding, he submitted figures 
showing that in the first 34 weeks of this year, com- 
pared with the corresponding period of last year, 
railway traffic receipts increased by 2,620,0001. 
advance had been steady for some time, and the 
movement was still upward. ‘This claim,” Mr. 
Marchbank continued, “is submitted in circumstances 
which we regret, but they are not such as to detract 
from the justice of our claim. The resources of the 
staff concerned will be very sorely taxed. Starting 
from conditions which are already bad, how much 
worse will be the situation when the effects of the 
international situation begin to show themselves in a 
more pronounced form ? ” 





The Associated Society of Locomotive Engineers 
and Firemen, whose threatened strike was called off 


on the eve of the war on the intervention of the | 


Ministry of Labour, presented their four claims for 
a wage increase of ls. a day, a fortnight’s holiday with 
pay, improvement of the Sunday-duty rate, and 
cancellation of the nine-hour roster. Mr. Squance, 
the general secretary, recalled that he was an engine 
driver at the age of 27, and said that promotion for his 
members was now so slow that it took them ten years 
longer to graduate from the cleaning sheds to the 
footplate, and cost them in their earning career about 
5001. He excepted from this statement the G.W.R., 
whose conditions were, he said, improved and entirely 
different. Many railwaymen had lost their jobs, or 
had been compelled to accept lower-grade jobs since 
the war began. It was possible, however, that in a 
week or two there would no longer be any redundancy 
of railway workers. 





Mr. Stott, general secretary of the Railway Clerks’ 
Association, said that the association had agreed, for 
the time being, to forego all their claims, except that 
for extra night-duty pay, so as not to prejudice the 
interests of the N.U.R. men earning less than 50s. a 
week. ‘“‘ Many of our members could do with more | 
money for themselves,” he said, “‘ but they are pre- | 
pared to do without jam on their bread until there is 
more bread for their fellow-workers of the N.U.R.” 





Mr. Darbyshire, replying for the railway companies, | 
pointed out that the outbreak of war had made it 
impossible to offer up-to-date evidence about the rail- 
ways’ financial position. It was estimated, he said, 
that the cost of all the unions’ claims on the companies 
would be 4,808,000/. a year. A 50s. a week minimum 
alone would cost 2,129,0001. Because of the cost and 


The | 


| there was no doubt that the standard of railway wages 
in this country, considering the character of the duties 
performed and the responsibilities of the men engaged 
in the service, were hitherto far too low, and consti- 
tuted an economic menace to the community. The 
public hearing of the claims then concluded. 





The Ministry of Labour Gazette states that among 
insured persons between the ages of 16 and 64, the 
percentage unemployed in Great Britain and Northern 
Ireland at August 14 was 8-6, as compared with 8-8 at 
July 10 and 12-2 at August 15, 1938. For persons 
| insured under the general scheme, the corresponding 
percentages were 8-8 at August 14, 9-1 at July 10, 
and 12-6 at August 15, 1938. For persons within the 
agricultural scheme, the percentages were 3-8, 3-9 and 
4-2 respectively. 





At August 14, there were 968,108 persons on the 
| registers of Employment Exchanges in Great Britain 
who were out of a situation. This was 45,528 less than 
at July 10 and 294,235 less than at August 15, 1938. 
There were registered as unemployed in Great Britain 
211,978 persons who were on short time or otherwise 
temporarily suspended from work. This was 21,614 
more than at July 10, but 227,046 less than at 
August 15, 1938. Of persons who normally seek a 
livelihood by means of jobs of short duration, there 
were on the registers in Great Britain 51,606 unem- 
ployed. This was 818 less than at July 10 and 6,269 
less than at August 15, 1938. 





The total of 1,231,692 persons on the registers at 
August 14 included 615,359 persons with claims 
admitted for insurance benefit, 438,695 persons with 
applications authorised for unemployment allowances, 
30,294 persons with applications for benefits or allow- 
ances under consideration, and 147,344 other persons 
of whom 44,370 were under 16 years of age. 





In the industries for which statistics are regularly 
compiled by the Ministry of Labour, the changes in 
rates of wages reported to have come into operation 
in August are estimated to have resulted in an increase 
of about 6,900/. in the weekly full-time wages of 169,000 
workpeople and in a decrease of 26,0001, in those of 
332,500 workpeople. The principal groups of work- 
people whose wages were increased were blastfurnace- 
men and steel workers in various districts, coal miners 
in Leicestershire and Cannock Chase, tin-plate makers, 
brush and broom makers, and certain classes of jute 
workers. The decreases mainly affected coal miners in 
certain districts and iron workers in the Midlands. 
The changes so far reported in the eight completed 
months of 1939 are estimated to have resulted in a 
net increase of about 114,5001. a week in the full-time 
wages of 1,340,000 workpeople and in a net decrease of 
39,000/. in those of 397,000 workpeople. 





The number of trade disputes involving stoppages of 
work reported to the Department as beginning in 
August was 85. In addition, 21 disputes which began 
before August were still in progress at the beginning 
of that month. The approximate number of work- 





the fact that traffic receipts had not yet fully recovered, 
the companies could not, Mr. Darbyshire declared, 
agree to the men’s claims. 





Addressing the Tribunal on Wednesday, Mr. Darby- | 
shire said that if the N.U.R. claim for an increase of | 
the minimum wage to 50s. a week were admitted, the | 
companies would be compelled to give consideration | 
to demands from other members in the railway service. | 
The result would be that the companies would be faced 
with heavy commitments which their financial position | 
could not justify. His opposition applied in equal 
measure to the claims of the locomotive men and the 
railway clerks. He asked the Tribunal to reject all 
the demands on the ground that the companies’ 
financial position could not permit of further conces- 
sions beyond those made in July. Even if slight 
concessions could be justified, there was, with the 

resent attitude of the union, no hope that they would 
satisfied. The three unions must solve their differ- 
ences and avoid presenting conflicting claims before 
their demands could be considered, for any single 
claim of one of them must necessarily apply to the | 
members of them all. 





Mr. Marchbank said that perhaps the Tribunal would 
take note of the fact that before the international 
situation developed to its present state, the British 
public, in general, was in favour of granting the rail- | 
way-men a 50s. minimum wage and establishing it as a | 
principle below which railway wages should not fall. | 





Mr. Squance, who spoke for the locomotive men, said | included in the statistics was approximately 6,054,000, 


| about 118,000 working days. 


people involved in these 106 disputes, including work- 
people thrown out of work at the establishments 
where the disputes occurred, was 37,000, and the 
aggregate duration of the disputes in August was 





The Minister of Labour has also been appointed 
Minister of National Service and has been empowered 
to exercise both offices concurrently. Accordingly, the 
Ministry of Labour is to be known in future as the 
Ministry of Labour and National Service. 





Statistics compiled by the Ministry of Labour and 
National Service show that the total number of unions 
known to have been in existence at the end of 1938 
was 1,021, as compared with 1,030 at the end of 1937. 
Twenty-two unions, with a total membership of 5,039 
at the end of 1937, were reported as having been dis- 
solved in 1938 ; while seven unions, with an aggregate 
membership of 17,000 at the end of 1937, ceased to 
exist as separate units in consequence of amalgamations 
with other unions. As a result of some of these amalga- 
mations, two new unions were formed, with an aggregate 
membership of 16,000, and 18 other unions were 
formed in 1938, with an aggregate membership of 
12,500. Of the total of 1,021 unions at the end of 
1938, 21 had their headquarters in Northern Ireland. 





At the end of 1938 the total membership of all unions 


| as compared with 5,843,000 at the end of 1937, showing 
an increase of 211,000, or 3-6 per cent. The number of 
males at the end of 1938 was 5,128,000, showing an 
increase of 180,000, or 3-6 per cent., as compared 
with the previous year, and the number of females 
was 926,000, an increase of 31,000, or 3-5 per cent. 
The total of 6,054,000 included 36,000 members in 
branches in Eire and 36,000 in oversea branches of 
certain unions (compared with 37,000 in Eire and 
34,000 in oversea branches in the previous year). The 
membership in Great Britain and Northern Ireland 
was thus about 5,982,000 at the end of 1938, as com- 
pared with 5,772,000 at the end of 1937; of these 
totals, the membership in Northern Ireland accounted 
for 89,000 at the end of each of the years 1937 and 
1938. The total memberships given include a certain 
number of persons who are members of more than 
one union and are, therefore, counted more than 
once in the figures; but it is estimated, from such 
information as is available, that the resulting duplica- 
tion is relatively small, amounting only to about 
25,000. 





At a meeting in London last week, representatives 
of the Engineering and Allied Employers’ National 
Federation and the Confederation of Shipbuilding and 
Engineering Unions discussed the war-time labour 
requirements of the industry and the question of 
dilution. Thirty-four unions, representing a million 
and a half employees, were represented. No state- 
ment was issued, but it is understood that there was 

ment that as problems arise they will be dealt 
with through the normal negotiation machinery. It 
has already been reported that the Amalgamated 
Engineering Union, which is not in the confederation, 
has approved of “ dilution” with certain safeguards. 





The following letter addressed to the Editor by a 
correspondent, appeared in a recent issue of The Times : 
“ Among the wise measures taken by the Government 
to control prices no mention so far has been made of 
basic wages. There is already evidence of shortage 
of labour and consequent wage inflation. Surely we 
intend to avoid the anomaly of 1916, when stay-at- 
homes were bribed to work while their brothers in 
France were on iron rations. To argue that wage 
expenditure is internal, and consequently harmless in 
war, is to overlook the effect of inflated internal 
expenditure on national credit. The above are two 
good reasons for the control of basic wages, and yet 
there is another more cogent—namely, the need to 
respond to the Cabinet’s exhortation to preserve our 
export trade. The manufacturer for export has to 
base his price on world levels, whereas the manufacturer 
of munitions and other Government requirements 
can work on a cost-plus basis. A laisser faire policy 
as regards basic wage rates will lead to the extinction 
of our export trade, an inflated cost of Government 
purchases, and a consequent shrinkage of our national 
credit ; it would also result in a fall in productive 
efficiency due to unnecessary displacement of labour 
and, finally, would make for social unrest when the 
war is over. I believe that a fair and benevolent 
control of basic wages would have the support of 
responsible labour leaders as being essential to the 
national welfare and a successful issue of the present 
conflict.” 








TRADING WITH THE ENEMY ACT.—Messrs. The General 
Electric Company, Limited, Magnet House, Kingsway, 
London, W.C.2, asks us to state that the Osram Com- 
panies, referred to in the list of enemy concerns recently 
issued, are subsidiaries of the Osram Company of Berlin, 
and have no connection, financial or otherwise, with the 
English firm. The well-known Osram lamp is made by 
the General Electric Company in England entirely 
from British and Empire materials. The Osram trade 
mark for Great Britain and the British Empire is owned 
exclusively by Messrs. The Genera] Electric Company, 
which is itself an entirely British company under British 
control. 


THE BRITISH ASSOCIATION MEETING AT DUNDEE: 
ERRATUM.—In connection with our account of the 
proceedings at Dundee, on August 31, of Section G of 
the British Association, which appeared on page 288, ante, 
Professor R. V. Southwell, F.R.S., informs us that in 
urging the need for a new outlook on engineering education 
for industry, he stated that he thought that this would 
come to be regarded as a five years’ rather than a three 
years’ process. His idea was that three years at a 
University, devoted to engineering principles, should be 
followed by a year of practical experience in a works, 
after which the apprentice, now able to decide the branch 
which he desired to prosecute, could return to a Univer- 
sity for more specialised courses in that branch, as well 
as for training in such subjects as law, industrial organi- 








sation, etc. 
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IGNITION LAG IN COMPRESSION- 
IGNITION ENGINES.* 


8. G. Baver, Dipl.-Ing., Ph.D. 


Tue ignition lag, which is so characteristic a feature 
of the compression-ignition cycle, is a very complex 
phenomenon, and no one simple explanation for its 
existence appears satisfactory to the exclusion of all 
others. But while chemists and physicists continue 
to debate the problem, the engineer has to get on with 
the job, and he requires the laws of the phenomenon 
rather than its complete explanation. Although it 
may not, for the time being, be possible to predict the 
ignitibility of a hydrocarbon from its chemical analysis, 
the designer of a compression-ignition engine should be 
in a position to predict the ignition lag in a proposed 
engine with a fuel of a given cetane number, that is, 
with a fuel rated with some standardised test apparatus 
and procedure. The main factors influencing the 
ignition Jag in the oil engine burning a given fuel are 
the following: Compression ratio, intake pressure, 
cooling-water temperature, load, injection advance, 
engine speed, and combustion-chamber design. Atomi- 
sation appears to have no bearing on it, provided 
« minimum standard is maintained. 

A variation of the injection advance places the 
ignition lag at different periods of the cycle with 
accordingly different pressures and temperatures of 
the combustion air, hence a variation of the lag of the 
type shown in Fig. | is to be expected. This effect is 
of no fundamental significance, and is best eliminated 
to facilitate the study of the other factors involved ; 
a technique which has been used for a long time in 
vil-engine fuel-rating practice. If the injection advance 
is increased beyond a certain point, the tip of the fuel 
spray may be either condensed at the cylinder walls 
owing to the lower air density and consequent higher 
spray penetration, or alternately, it may have com- 
pletely evaporated into a fuel-air mixture too dilute 
to ignite by the time explosion finally takes place. 
In either case, ignition lag can no longer correctly be 
measured from the beginning of the injection, since 
fuel droplets injected later are responsible for the first 
ignition of the charge. The injection should thus, at 
least for measuring purposes, not be advanced beyond 
the point where it ceases to advance the ignition. It 
is useful also to fix the end of the lag, as well as the 
beginning, and vary the actual lag or delay time only 
by varying the engine speed, injection and ignition 
occurring always at the same points of the cycle. 
The point of ignition can, of course, easily be shifted 
by adjusting any one of the other engine variables. 
With such a fixed ignition lag the relation between any 
two variables, bearing on the ignition, can be estab- 
lished on a strictly comparable basis. 

As is well known, an increase of load, or increase of 
the amount of fuel burnt per cycle, tends to shorten 
the igaition lag ; so does an increase in cooling-water 
temperature. Fig. 2 shows quantities of fuel per 
cycle against cooling-water temperatures for three 
different fuels, the fixed ignition lag being maintained 
at all points. This simple straight-line relation 
suggests rather that both these factors must have 
the same mode of action, most likely by influencing 
the temperature at the end of the compression stroke. 
On this assumption the compression temperature for 
any point on one line in Fig. 2 should be the same. 
These temperatures were determined for one such line 
by very careful measurement of the quantity of air 
admitted to the cylinder and of the pressure at the 
end of the ignition lag (top dead centre). The pressures 
were measured with a mechanical optical indicator, 
capable of recording single cycles.t For four points of 
one such constant-lag line, as shown in Fig. 2, covering 
the whole range of loads, temperatures of 704, 705, 
707, 705 deg. C. were found. Considering the very 
involved nature of such a measurement, luck must 
have been favourable to obtain such very close agree- 
ment. The mean values for 10 or 12 cycles were 
taken in each case. The figures were obtained on a 
t-in. bore by 6-in. stroke engine with plain open 
combustion chamber and a compression ratio of 
14:1: 1 at 1,350 r.p.m, 

Having established this fact, we ure now in a position 
to eliminate the influence of engine load on the ignition 
lag, by extrapolating the lines in the load against 
cooling-water temperature diagram to zero load, Fig. 3. | 
This extrapolated temperature, which can generally | 
be determined without serious ambiguity due to 
scattered points, clearly represents the cooling-water 
temperature at which an isolated injection, i.e., one 
not preceded by other injections and combustions, 
would lead to ignition at top dead centre. This 
temperature is, all else remaining the same, charac- | 
teristic of the fuel employed. With specialised equip- 
ment, this figure could, no doubt, be obtained directly, 





* Paper prepared for presentation before Section G of 
the British Association at Dundee, September, 1939. 


t 3. G. Bauer, The Engineer, vol. 166, page 196 (1938). 
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but the method described is quicker and less laborious 
and has at the same time the advantage of averaging 
a large number of readings without extra trouble. 
This extrapolated cooling-water temperature, it was 
found, corresponds, well enough to all intents and 
purposes, to the initial air temperature of the compres- 
sion stroke. The method of extrapolation, it will be 
noted, eliminates the influence of dilution by hot 
exhaust gases as well as that from the heat stored in 
the combustion-chamber walls on the initial tempera- 
ture of the air. If accurate results are to be obtained 
by this method the engine must be adjusted to fire 
within a fraction of a degree crank angle, at the pre- 
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determined point, e¢.g., top dead centre. Hence a 
method of continual observation of the ignition timing 
of sufficient accuracy must be employed. A method of 
stroboscopic observation of the combustion flame 
which has previously been described by the author* 
has been found very satisfactory for the purpose. 

So far, only the effect of temperature of compression 
on ignition lag has been dealt with, but air pressure or 
density is evidently also an important influence. A 
change of compression ratio and a change of air-intake 
pressure both alter the pressure at the end of com- 
pression, and the former alters the compression tem- 
perature as well. Fig. 4 shows some load against 
temperature curves for top dead-centre ignition at 
three different compression ratios. All the tests 
employing the stroboscopic flame observation method 
were made on a well-known two-cylinder engine of 
3j-in. bore by 5-in. stroke. On the test cylinder the 
injection pump was fitted with a calibrated hand 





* ENGINEERING, vol. 147, page 79 (1939). 
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adjustment, the other cylinder being left connected to 
the governor, this being a very convenient arrangement 
for maintaining engine speeds under a large variety of 
test conditions. This engine has a so-called quiescent 
combustion chamber in which a projection on top of 
the piston produces a high degree of turbulence. 

A change of compression ratio was effected by 
inserting copper plates of appropriate thickness with 
the cylinder-head gasket. This changes the propor- 
tion of combustion air compressed above the piston 
and in the combustion chamber proper, and hence the 
rate of turbulence and the effective shape of the 
combustion volume. Whether this has any influence 





i 





= : os a Ue j 
“400 2200 600 3000 
(sese.r) Tlog p. “NNER” 


The effect a 
change of the surface to volume ratio of the combustion 
chamber might have is largely, if not wholly, eliminated 
by the extrapolation process to no load. A more 
satisfactory, and incidentally more convenient, way of 
changing the compression pressure is wire-drawing in 
the air intake of the engine, without variation of com- 
pression ratio, and hence without variation of compres- 
sion temperature. A collection of results from such 
tests is given in Fig. 5. This represents the extra- 
polated cooling-water temperatures (as from Fig. 3) 
giving top dead-centre ignition with isolated injections 
against engine speed and absolute intake pressure. 
The full lines represent the intake pressure against 
revolutions per minute for a series of temperatures. The 
dotted lines show the same figures replotted as intake 
pressure against cooling-water temperature for a series 
of engine speeds. The chain-dotted curve shows the 
actual ignition lags in milli-seconds for various engine 
speeds, with ignition at top dead centre for the engine 
employed. All are mean or interpolated values. 

An attempt was then made to correlate ignition lags 
with the actual temperatures and pressures existing 


| at the end of the compression stroke, #.e., at the end of 
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the ignition lag, in the engine. 


with a polytropic index of 1-30. 


which covers experimental data with reasonabl 
accuracy. This expression is 


pe” =f (t), 


where p and T are the absolute pressure and tempera- 
ture of the air and ¢ is the ignition lag. Written in a . . 
r | tank, and p, the initial pressure in the cylinder, both in 
Ib. per square inch absolute. T, and p, are the absolute 
temperature and pressure of compression computed | 


more convenient form this becomes T log p = F (t), o 
for a given ignition lag t, T log p = const. 


log p. Included in the graph are the results of ignition 


lag experiments in explosion vessels by Wolfer,* Haff, 


The quantity of air 
going into the cylinder per cycle at different speeds and 
intake pressures was carefully determined and the 
compression temperatures and pressures were calculated 
A series of simple 
mathematical functions of pressure and temperature 
were then tabulated against the corresponding ignition | ‘‘ doping.” 
lags, and by trial and error an expression was found 


In Fig. 6 
ignition lags in milli-seconds are plotted against T 


. | with a polytropic index of 1-30. 
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EXPERIMENTAL ENGINE. 


and Selden.t Haff’s figures are mean values from a| measurements is quite good on the T logp theory, 
series of experiments, and his experiments were carried | especially if the very open scale on the abscissa is taken 
out on the explosion vessel which Wolfer had previously | into account, though it is not as good as might appear 


used.t As Fig. 6 shows, there is not yet sufficient 
evidence available to enable us to say exactly what 
mathematical relationship exists between the time lag ¢ 
and the product T log p, but the graph gives the 
approximate empirical connection between the 
two. 

The test engine was subsequently fitted with a 
telescope of large aperture and small magnification for 
easier observation of the ignition timing. This tele- 


TABLE SHOWING EFFECT OF DOPING ON IGNITIBILITY. 








Pine, Pe 
t, deg. ¢ T,, deg. K Ib. per Ib. per 
sq. in. sq. in. 
20 293 14-6 | 12-85 
30 303 13-6 11-4 
40 313 12-65 | 9-7 
50 323 11-8 8-4 
60 333 10-95 6-8 


at first sight, because, in the vessel experiments, 
pressures and temperatures remain substantially the 
same throughout the ignition lag, while in the engine 
both increase during that period, and the end values 
only where recorded. It is suggested that the dis- 
crepancy is due to the physical, as opposed to the 
chemical, part of the ignition lag being shortened in the 
engine through the much higher turbulence of the air 
and the consequently higher rate of heat transfer to 











Pr. | T, 

log peg. Ib. per log p,. in T, log p,. 

8q. in. | deg. K 

a 
1-109 | 428 2-621 655 1,718 
1-057 | 371 2-569 677 1,740 
0-987 316 | 2-499 699 | 1,748 
0-924 | 273 2-436 722 | 1,760 
0-833 | 221 |  2+345 744] s(,745 





scope can be seen in Fig. 7, which has been reproduced 
from a photograph of the experimental engine. The 
path of light from the flame was well shielded, though 
some of the shielding was removed before the photo- 
graph, from which Fig. 7 has been reproduced, was 
taken. The telescope was set so that the cross wires 
indicated top dead centre. This facilitiated observa- 
tions considerably and also brought about a slight shift 
in the ultimate results, probably because the combus- 
tion flame could be detected a little earlier in its initial 











. Forschungsheft No. 392. 
t N.A.C.A. Report 617, 1938. 


¢ In explosion vessels with heated walls, the measured 
temperatures of the air are generally too high, owing to 
the difficulty of efficient shielding of the thermocouples 
at high temperatures. 


the fuel drops. If this be so the discrepancy should 
be higher for heavier fuels, for which the physical part 
of the lag is inherently longer. No attempt was made 
to verify this point. The theory, expounded above, 
that the ignition lag in the first approximation, is a 
function of T log p or pe™ for a given fuel is at variance 
with Semenoff’s theory, which states that ignition lag 
should be a function of pe*/™. The latter theory, 
however, has been developed for pure gas reactions 
involving quite a different range of concentrations and 
delay times. 

The experimental work on which the present paper 
is based was carried out at the Cambridge University 
Engineering Laboratory by kind permission of Professor 
C. E. Inglis, O.B.E., F.R.S., and with the valuable 
support of Mr. A. L. Bird, M.A., to whom the author 
wishes to express his thanks. 





development. Points A and B in Fig. 6 were obtained | 
with the improved apparatus, point A, with the | 

standard fuel, employed in the previous experiments | By Maurice Cook, M.Sc., Ph.D., and E. Davis, M.Sc. 
on the engine, and point B with the same fuel after 
an addition of 2-5 per cent. of ethyl-nitrate, showing | 
clearly the improvement of “ ignitibility’ due to 
The measurements taken and the values 
calculated for the determination of point A are given | 
in the accompanying table to show the order of accuracy 
of measurement and agreement with the theory that 
T log p is constant for a given “ ignition lag,”’ t, and T, | 
are the cooling-water temperatures extrapolated to no | - : : - 
load, Pint pam the cama mg Ss es ke throttle | bution of the lead in the form of fine particles gives 


The agreement between engine and explosion-vessel | 


FREE-TURNING BRASS.* 


(Concluded from page 329.) 


Effect of Lead Particle Size or Distribution.—While 
it is well known that the presence of lead is an important 
factor in affecting the machinability of free-turning 
brass, it is, perhaps, not so generally realised that the 
| size of the lead particles and their distribution exercise 
|@ pronounced influence, In general, an even distri- 
| the most satisfactory machining properties and varia- 
| tion in respect of lead particle size and distribution 
| may, in fact, affect machining characteristics much more 
than variations in actual copper or lead content such 
as might arise in the course of normal production. 

With regard to this question of lead particle size, it 
| may, in general, be considered that this might be 
affected by influences operating during the production 
of the rod, that is during the processes of melting, 
casting, and extrusion, and by the treatment which the 
extruded rod might subsequently receive in respect, 
for example, of cold drawing and annealing. The 
| evidence which the authors have obtained from many 
| observations and tests carried out in this connection 
| suggests that, in normal production, the size of lead 
| particles in such an alloy as free-turning brass is more 
| likely to be affected by operations imposed on the 
| material subsequent to extrusion than by ordinary 
variations in processes involved up to and including 
the extrusion stage. While a satisfactory lead particle 
size and distribution in extruded rod can be rendered 
| unsatisfactory by subsequent treatment, and the 
| machinability of the rod thereby impaired, an unsatis- 
| factory distribution of lead in the original rod cannot 
be rectified by subsequent drawing and annealing. 

| An examination of a very large number of samples 
|of extruded free-turning rod varying in size from 
| about } in. to 3 in. in diameter, taken ‘at random over 
a considerable period, indicates that under the condi- 
| tions under which these were produced the lead particle 
| size is determined chiefly by the diameter to which 
| the rod is extruded. In rod of similar sizes the varia- 
| tion in lead particle size was found to be very small. 
| The machinability figures obtained on -in., ]-in., and 
| 3-in. diameter rods, containing 3-26 per cent. lead and 
| extruded from the same billet, showed a decrease in 
| these values with increasing lead particle size. These 
| rods and all the others examined in connection with 
lead particle size were produced by extruding billets 
of brass melted in Ajax-Wyatt furnaces. In units of 
| this type the bath of molten metal is thoroughly mixed 
and constantly agitated and the lead in consequence 
is very thoroughly mixed with the alloy. On the other 
hand, in other forms of melting, such as crucible 
melting, where the metal is not agitated so continuously 
and completely as it is in melting in an induction type 
of furnace, the possibilities of irregularities in lead 
particle size and distribution arising are naturally 
greater. 

Observations have also been made to determine 
whether variations in casting conditions, particularly 
those affecting the rate of solidification of the alloy, 
have any effect on the lead particle size and distribu- 
tion. Extremes of solidification rates were obtained 
by casting metal from the same melt at temperatures 
of 920 deg. and 1,040 deg. C. into 5-in. and 7-in. 
diameter hot and cold moulds, but in the various 
billets produced under these different conditions no 
detectable difference was found in the appearance of 
the lead in sections cut from different positions in the 
billets. Portions of the billets were extruded, at 
extremes of temperatures both well above and below 
the range normally employed, into 0-320-in. and 
0-400-in. diameter rod, but in the many samples of 
rod examined there was no appreciable variation in 
lead particle size and distribution. In a section from 
a billet which was annealed at 750 deg. C. for 5 hours 
no appreciable coalescence of lead was observed. All 
these observations indicate that in the course of normal 
production of free-turning brass rod from metal melted 
in Ajax-Wyatt furnaces there is not likely to arise 
any extreme variation in the size and irregularity in 
distribution of the lead particles. 

Effect of Cold Drawing and Annealing.—Although the 
coalescence of lead particles is not readily brought 
about by heating extruded rod under conditions com- 
parable with ordinary annealing operations, it is 
facilitated by cold drawing. To illustrate this, and 
the effect of temperature in the subsequent annealing 
operation, a rtion of the l-in. diameter rod, 
referred to in the previous section, was drawn in three 
passes to g§-in. diameter. After this treatment, four 
pieces were annealed at different temperatures for 








* Paper prepared for presentation at the cancelled 
Glasgow Autumn Meeting of the Institute of Metals, 
in connection with a general discussion on ‘‘ Machin- 
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one hour and air-cooled. Drill tests on these samples 
gave machinability figures of 96, 82, 79 and 78 per 
cent., after annealing at 450 deg., 550 deg., 650 deg. 
and 750 deg. C., respectively. It was found that, at 
450 deg. C., there had been a small increase in the 
lead particle size, but a much more pronounced increase 
after annealing at 750 deg.C. It would seem, therefore, 
that the decrease in machinability value on the drawn 
and annealed rods, which is more pronounced as the 
annealing temperature is increased, is due chiefly to 
the coalescence of lead particles. The extent to which 
coalescence of the iced pesthaies may take place on 
annealing after cold drawing is determined chiefly by 
the annealing temperature, and the number of drawing 
and annealing processes to which the rod is subjected 
does not appear to have any pronounced cumulative 
effects. If in the drawing and annealing of extruded 
free-turning brass rod the annealing is restricted to 
temperatures of the order of 450 deg. C., appreciable 
coalescence of the lead particles, with consequent 
impairing of the machining properties, is not likely to 
oceur. 








ELECTRICALLY-OPERATED 
FURNACE-CHARGING MACHINE. 


Tue mechanical charging of work into a furnace for 
heat treatment not only eliminates the manual manipu- 
lation of cumbersome or awkward loads, but speeds up 
production by ensuring semi-continuous operation. 
Furthermore, the electrification of the charging equip- 
ment reduces labour costs, as fewer operators are 
needed to work the furnace. A charging machine of 
this type, in which all operations are electrically con- | 
trolled by a single attendant, is shown in Figs. 1 to 3, 
on this page. It was supplied recently by Messrs. The | 
Incandescent Heat Company, Limited, Cornwall-road, | 
Smethwick, Birmingham, to Messrs. Reynolds Rolling 
Mills, Limited, Hay Hall Works, Tyseley, Birmingham, 
for use in conjunction with a battery of the Incandescent 
Company's furnaces employed for the annealing of light- 
alloy sheets. In Fig. 1, the machine is seen in operation, 
while Figs. 2 and 3 show, respectively, a side elevation 
and a plan of the equipment. The machine, which 
moves on tramway rails laid transversely along the 
front of the battery of furnaces, is of the cantilever 
type, and is provided with two extending charging 
carriers, or “ forks,’ on which the work is placed. 
The machine has an overall length of 18 ft. 9 in., 
an overall width of 7 ft. 4 in., and a height above floor 
level of 2 ft. 0 in. The maximum distributed load 
carried is three tons, 

The forks are raised and lowered by hydraulic jacks, 
and moved forwards and backwards at a speed of 
48 ft. per minute, by means of a continuous chain, 
driven, through worm-reduction gear, by the electric 
motor seen on the left in Fig. 1, and also in Figs. 2 
and 3. As will be obvious from Fig. 1, the charging 
forks enter the furnace between slots in the floor ; they 
are then lowered below the level of the furnace floor 
and withdrawn, leaving the work in the furnace. The | 
forks, which have a total reach of 12 ft. 6 in., are con- 
structed of two rectangular-section mild-steel bars, 
having their centres 2 ft. apart, and firmly braced and 
welded gogether. At the rear end the forks are mounted 
on wheels the shaft of which is fitted in a heel plate, | 
as seen in Figs. 2 and 3. The runner wheels are fur- 
nished with “ frictionless’ bearings, and run along two 
rolled-steel channels constituting part of the main 
frame of the machine. At the front end, the two forks 
move over rollers fitted to a crosshead which, in turn, 
is supported on the rams of two hydraulic jacks. The | 
latter are actuated by the electrically-driven oil pump 
seen in Figs. 2 and 3. The machine is propelled 
along the transverse track, at a speed of 200 ft. per| 
minute, by the slip-ring motor, reduction gear and 
chain drive seen in Fig. 3. The centres of the road 
wheels are 13 ft. 6 in. apart. All the electrical control 
gear, comprising a vertical-drum controller for the 
propulsion of the machine, push-button control for 
the forward and return motion of the forks, and the 
controls for the hydraulic pump are grouped on a 
single panel on the operator's platform. For the 
effective and instantaneous reguk tion of the working 
of the machine, electromagnetic brakes are fitted 
on both the propulsion and the forx-operation motors. 








JOINT COMMITTEE ON VITREOUS 
ENAMELLING OF IRON. 


Many members of the British Cast Iron Research | 
Association are engaged in the production of vitreous | 
enamelled sheet and cast iron, or in supplying castings | 
to be enamelled, and for some years the Association 
has furnished information on the subject and has '| 
undertaken investigations on enamelling problems. 
On the other hand, the Institute of Vitreous Enamellers 
represents a large group of those interested in the 
manufacture of enamel, the supply of equipment, and | 
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the application and firing of enamel on cast and sheet 
iron, and its main object is to promote the technical 
advancement of the industry. An arrangement was 
arrived at last year, whereby the Institute and the 
Association agreed to co-operate and the Institute 
decided to subscribe to the funds of the Association 
to enable a full-time investigator to be appointed. The 
scheme is administered by a Joint Committee of the 
two bodies, which committee is aided in its work, mainly 
on questions of policy, by two panels, one English and 
the other Scottish. Furthermore, the Joint Committee 
has approved the formation of technical sub-committees 
for dealing with specific problems. The first of these 
is the Chemical-Resistance Test Sub-Committee, which 
is concerned with the resistance offered to acids by 
enamelled coatings. The Joint Committee has also 
sponsored the publication of a bulletin entitled Enamel- 
ling Abstracts, a copy of the first issue of which has 
recently reached us. This, we are informed, will be 
circulated six times per annum to members of the 
Institute of Vitreous Enamellers and of the British 
Cast Iron Research Association, but it is also available 
to others interested at a subscription rate of 5s. per 
annum. Single copies, price ls. post free, are obtain- 
able from the Institute or from the Association, at 
21-23, St. Paul’s-square, Birmingham, 3. 

The first issue of the new bulletin comprises eight 
pages and contains succinct abstracts of articles, 
which have recently appeared in various British and 
foreign technical journals, on the production, properties 
and treatment of articles for enamelling ; the compo- 
sition, properties, treatment and testing of enamels ; 
enamelling processes ; enamelling defects; enamelling 
equipment ; and general questions relating to the 
industry. In all cases the name, volume, page-reference 

















and date of the journal are given. Another activity 
of the Joint Committee consists in the promotion of 
vitreous-enamelling study courses, the first of which 
was held from May 31 to June 2. The object of this 
course was to provide, for the benefit of persons con- 
nected with the industry, a series of informal talks by 
authorities on the leading aspects of the wet and dry 
processes of vitreous enamelling. These were followed 
by discussions and demonstrations, members being 
free to ask any questions and to make comments. 
The course is stated to have been highly successful, 
and, as the attendance was over one hundred, it was 
necessary to quadruplicate the demonstrations which 
were arranged by Messrs. Ferro Enamels, Limited. 








TELEPHONE-CABLE DEVELOPMENT IN UNITED STATES. 
—It is stated in the ourrent issue of the American 
monthly journal Wire and Wire Products that engineers 
of Messrs. Bell Telephone System and Western Electric 
Company, Kearny, New Jersey, U.S.A., have developed 
a telephone cable containing 4,242 separately insulated 
copper wires. The previous maximum for one cable was 
3,636 wires, but, despite the increase in the number of 
the wires, the new cables have the same diameter, 
namely, 2§ in. The diameter of each copper wire in 
the new cable is unaltered, but the placing of an addi- 
tional 606 wires within the cable has been made possible 
by an improved process of insulation. Instead of wrap- 
ping paper ribbon helically round the wires, these are 
coated with paper pulp in specially-designed machines. 
By this means a covered wire having a diameter of 
0-031 in., as compared with the previous 0-034 in., has 
been made possible, and this saving of 0-003 in. has 
enabled the cable to carry the 606 additional wires. 
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AIR INFILTRATION 


HEAT- 
INSULATING MATERIALS.* 


By E. A. Atxour. 


IN 


MaTERIALS used for heat insulation almost invariably 
consist of air and solid matter, arranged in such relative 
positions and proportions as to produce the most 
effective barrier to the transmission of heat by con- 
duction, convection, radiation or by some combination 
of these means. The question of structural strength 
may also arise where the insulating material is required 
to support either its own weight or the weight of some 
other material, and with filler materials, resistance to 
the effects of vibration may also be important. In 
some instances the air is in large cells entirely sur- 
rounded by the solid material, as in the case of hollow 
tiles or glass blocks ; in others, the air is entangled in 
a mass of fibres or in small cavities so that it is kept 
as still as possible. A study of the structures of such 
materials should throw some light on the probable 
relative effectiveness of various arrangements of air 
and solid, and may possibly indicate the directions in 
which future developments are most probable. A 
suggested classification of structural arrangement is as 
follows :—(a) normal fibrous; (5) parallel fibrous ; 
(c) lattice; (d) granular; (e) cellular; (f) hetero- 
geneous or random. Closely allied with this is the 
porosity of the material, because this obviously depends 
on the inter-connection of the air cells. If air, or any 
other gas, can pass through the material from side to 
side, it can also circulate within the material, and in 
either case the result will be increased heat transmission 
and probably transfer of moisture from one side to the 
other, with consequent trouble if any portion of the 
material is cooled below the dew-point. 

Infiltration Apparatus and Method of Testing.—In 
the preliminary tests, two methods were employed. 
Fibre boards were tested by the displacement method 
shown in Fig. 1 above, in which the specimen, which 
had a clear area of | sq. ft., was clamped between two 
plates, and the pressure was applied through a gaso- 
meter, or air holder, the rate of fall being observed by 
a@ stop watch. The reading of the gasometer was 
checked by means of a standard gas meter, which also 
indicated any leakage in joints or connections. The 
pressures were observed by water or alcohol mano- 
meters, edge losses being prevented by sealing the 
periphery with paraffin wax. This was unsatisfactory 
in the case of thick corkboards, as the wax penetrated 
the specimens for a considerable distance. The air 
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was passed alternately into and out of the holder, and 
the mean result of several tests was taken. There was 
no apparent difference between the results when the 
air was caused to flow by pressure or suction, so that 
the direction of flow appears to be immaterial. The 
second method (see Fig. 2) used for packed fibrous 
material (e.g., rock wool or glass wool) employed an 
orifice placed in series with the specimen ; the latter was 
packed in a holder having a bottom made of wire mesh. 
The orifices were made of thin steel plate, had square 
edges, and were calibrated by means of a standard 
gas meter. ; 

Both of these methods were finally replaced by that 
shown in Fig. 3, in which the specimen, which might 
be either a board or filler, was supported in a basket, 
the pressure necessary to maintain tight joints being 
provided by screws adjusted from the top. The air 
was supplied by a fan and was distributed through 
layers of wire mesh. Leakage round the edges and 
past the screws was prevented by sealing with wax, 
plasticine or cement, and the top joint was made tight 
by a rubber gasket. The air flow was indicated by the 
drop of pressure across calibrated nozzles. which had 
parallel sides and rounded inlets. A direct-lift mano- 
meter was used to give the pressure difference across 
the specimen, and a slanting manometer showed the 
pressure at the nozzle. Both gauges were filled with 
alcohol having a specific gravity of 0-8105, and could 
easily be read to 0-001 in. of water. This method gave 
good and consistent results, and is recommended as a 
simple and convenient way of measuring infiltration. 
No trouble was experienced with leakage past joints 
or edges. The specimens of rock and glass wool were 
packed in baskets containing wooden forms which had 
openings of } sq. ft., $ sq. ft., and 1 sq. ft., respectively, 
for the purpose of ascertaining the influence of area 
on the comparative results obtained, and for these 
tests a thickness of 2 in. was employed. Various 
densities were used and a square dummy, with an 
area of 0-5 sq..ft., was also used to ascertain whether 
the ratio of perimeter to area affected the results 
materially. The relationship between pressure differ- 
ence across the specimen and air leakage or infiltration 
was a straight line in all cases. The maximum differ- 
ences observed between the rate of air infiltration 
through a round specimen of 1 sq. ft. area, and through 
the smaller round and square specimens tested, were 
as shown in Table I. Tn this table, the plus sign 
indicates that the rate of infiltration through the small 
specimens was greater than that through the large 
round specimen. Minus signs indicate the reverse 
condition. From the above figures it is evident that 
the size and shape of the specimen should be definitely 
fixed. Accordingly, all subsequent tests were made 
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1 sq. ft. The influence of thickness was next investi- 
gated, using glass wool packed to various densities 
between 3 Ib. and 7 Ib. per cubic foot and of thicknesses 
varying from | in. to 4 in., and the results indicated 
that the infiltration varied directly with the pressure 
difference across the material. The results obtained 
with thicknesses of 2 in., 3 in. and 4 in., were fairly 
consistent, in spite of the difficulty of obtaining uniform 
packing, but a thickness of 1 in. did not give results 
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TABLE I. 
| Difference, based on a 
Material. Density. Round Specimen of 
Lb. per cub. ft. 1 sq. ft. Area. 

tent — oe = — 
Glass Wool a 4 + 14 per cent. 
Glass Wool : | 6 + 20 per cent 
Rock Wool ea ” — 31-5 to + 28 per cent, 
Rock Wool ‘i 11 | — 10 to + 23 per cent. 


consistent with those obtained on thicker specimens. 
(See also Fig. 11, on page 372.) It appeared, therefore, 
that the thickness should be as great as possible so 
that accidental variations in packing would not have 
too great an influence on the result. 

Figs. 4 and 5, above. were prepared to indicate the 
manner in which infiltration varies with the density of 
glass or rock wool. In each case, P is the difference in 
the air pressure, in lb. per square foot, maintained on 
the two sides of the specimen, as indicated by the 
differential gauge. It is apparent that the different 
arrangement of the fibres in these two materials 
affects the results somewhat, even if the density is 
the same, but that in each individual case the density 
is the important factor. This question is complicated 
by the fact that the measured density of each sample 
includes the weight of a certain amount of shot or 
beads of the materia], which probably has little or no 
influence on the air infiltration or on the heat trans- 
mission of the material, The average percentage (by 
— of shot found in the glass wool was about 6, 
while that in the rock wool was approximately 50. 
Thus, the average density of the fibrous material 











present in each case was as shown in Table II. It 
TABLE II. 
| Effective Density, 
Material. Apparent or Density of 
| Density. Fibrous Material. 
Glass Wool 3 Ib. per cubic foot | 2-8 Ib. per cubic foot 
” ” 5 ” ” 4-7 ” ” 
” ” 8 9 7°5 ” ” 
Rock Wool 8 4-0 ie ~- 
” ” 10 5-0 ” ” 
12 6-0 








has been found by microscopic examination that the 
percentage of shot varies very considerably in different 
samples of the same material taken at one time from 
the same storage bin. 

Many tests were made on fibre boards of different 
thicknesses and densities, and the results are given 











with round specimens, each of which had an area of 





in Fig. 6. With the higher pressure differences, the 
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straight-line relationship no longer holds good, but up 
to 10 Ib. per square foot, the air leakage is very nearly 
proportional to the pressure difference across the 
specimen. The interesting point, however, is that the | 
thickness has apparently very little influence on the 
quantity of air transmitted, since the curves for | 
thicknesses, varying from } in. to 2 in., are arranged 
in order of density. Those for } in. and }? in. boards, 
both having densities of 19 Ib. per cubic foot, are 
nearly identical. Thus it would appear that the 
resistance offered by these boards occurs mostly at | 
the surface; microscopic examination of the section 
appears to confirm this. The influence of density on the 
infiltration through fibre boards with different air pres- | 
sures is shown in Fig. 7, above ; these are average values 
obtained from a number of teats on boards of different | 
makes. Tests were also made on a specimen of lath 
and plaster construction, as shown in Fig. 8, above, 
the leakage being very small in this case and propor- | 
tional to the air-pressure difference ; it was found that | 
there was no difference when the air was transmitted 
in either direction. A series of tests was made on 
cracks 10 in. long and, respectively, 0-025 in., 0-050 in., 
and 0-075 in. wide, between two planed boards, se 
" in. thick. The results are shown in Fig. 9, and | 
these indicate the serious nature of the loss that may | 
result from the shrinkage of boards, leaving a small 
gap through which the air can ficw, even when the 
pressure difference is small. Samples of wood shavings, 
sawdust, and wood flour were tested in baskets 1 sq. ft. 
in area and with a uniform thickness of 4 in. The 
results are given in Fig. 10, with the densities in Ib. 
per cubic foot, and it is obvious that the thickness 
of the shavings and the character of the sawdust are 
important factors, the fine materials having relatively 
high resistances. This is indicated by the curves for | 








wood flour and fibre-fill, which are both finely divided 
products. The permeability of these materials is much | 
lower than that of oak sawdust, which has about the 


same density. The effect of thickness on permeability | suitable for this purpose by using moist air instead | 
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figures for | in. thickness are inconsistent, probably 
because of inequalities of packing, and possibly also 
because air channels were produced during the tests. 
The condensation of moisture inside the walls of 
buildings has received considerable attention during 
the past few years and has been the subject of several 
papers. If water collects within the insulating materials, 
it increases the heat transmission, destroys the plaster 
and decoraticn, and decays building materials, so that 
both the process by which the moisture is transmitted, 
and the best method of determining the quantity 
passing through a given material, are important from 
& practical standpoint. It is generally assumed that 
the weight of moisture passing through these materials 
depends on the difference of vapour pressure on the 
two sides, and therefore suggested permeability tests 
frequently take account of vapour pressure only. 
While this may be the only important factor in some 
materials, there seems to be some question as to whether 
this assumption is generally true. Consider a material 
with open structure (e.g., a There little 
doubt that the transmission of moisture in this case 
will be proportional to the amount of moist air passing 
through the material; that is, it will depend on the 
total pressure difference on the two sides, and not 
only on the difference of vapour pressure. In that 
event, the method of testing described in this paper 
will probably indicate the permeability of the material 
to the passage of both water vapour and air. On the 
other hand, some materials, while impervious to the 
passage of air, allow some water vapour to pass through. 
In such cases as these the vapour-pressure test may 
well be the only possible method. Most materials, 
however, probably fall between these two limits, and 
it would seem that a method of testing, involving the 
exposure of the warm surface to moist air under a 
definite pressure, is preferable to the use of vapour 
alone. It is suggested that the apparatus described 
in Fig. 3, or some modification of it, may be made 


sieve). 18 
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determining infiltration losses should be definitely fixed, 
| and preferably should be not less than 1 sq. ft; (2) In 
| applying air pressure to a horizontal specimen for this 
| purpose, the same result will be obtained whether the 
air flow is in the upward or downward direction, or 
whether pressure or vacuum is used, provided that 
proper care is taken to avoid leakages at joints and 
ledges; (3) The thickness of fibrous or filler materials 
| used in this test should be at least 2 in., and, preferably, 
4 in.; (4) The quantity of air transmitted through 
| boards made of wood fibre is independent of their 
| thickness (if this is between 4 in. and 2 in.), but is a 
| function of the density of the board ; (5) With packed 
| fibrous materials, such as rock or glass wool, the air 
| infiltration depends on the thickness, and is also a 
function of the packing density. The variable per- 
|eentage of shot in different materials influences the 
effective density very considerably ; (6) Granular mate- 
| rials and agglomerates, such as corkboard, give results 
that vary with the size of the particles, and particularly 
with the proportion of fine particles present; (7) No 
characteristic figures can be obtained on wood pro- 
ducts and other similar materials on account of their 
variable structure; (8) With the pressure differences 
likely to be met with in constructional practice, the air 
| infiltration is proportional to the pressure difference, 
thus, for testing purposes, easily measurable pressures 
lee be used, even though they may greatly exceed 
those used in practice ; (9) In packed fibrous materials, 
| the air flow along the fibres is considerably higher than 
that across the fibres, and the presence of butt joints 
between batts has a similar effect ; (10) There is little 
difference between the air flow through the same type 
of fibrous material, when arranged with normal and 
random structures respectively, if the density is the 
same in both cases. 














THE LEA *“ UNI-METER’’ RECORDING 
MECHANISM. 


ALTHOUGH economy in the use of coal is at all times 
desirable, present-day conditions call for greater care 
than usual in this direction. While a rough check may 
be made on consumption by weighing, a much more 
| accurate record can be obtained by the use of an auto- 
| matic meter, an appliance which can be readily fitted 
to all types of the now widely-used mechanical stoker. 
The reading of such a meter should, however, be as 
direct as possible and to this end Messrs. The Lea 
Recorder Company, Limited, Recorder House, Corn- 
brook Park-road, Manchester, 15, have developed an 
ingenious type of wide application, though originally 
designed for screw-operated furnaces of the type 
described above. It will be readily seen that there 
would be no difficulty in fitting a revolution counter 
of the usual type to the worm conveyor and that, 
generally speaking, the amount of coal delivered is 
proportional to the revolutions of the screw—a fact 
which, in spite of its obviousness, has been checked by 
extended experiment. Further, as Messrs. Lea showed 





is indicated in Fig. 11, where the logarithm of the| of the dry air e ved i ese tes .s i 
air leakage is plotted for various Richnsten, the | of the dry air employed in these tests. The author | long ago, measurement by volume is also measurement 
relationship being represented by straight lines. The | 


proposes to try this method. 


Conclusions.—({1) The area of specimens used for 


| by weight, a cubic foot of, say, }-in. “ peas” weighing 
exactly the same as a cubic foot of j-in. “ beans.” 
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Fie. 3. Sryeie-Furnace “ Uni-METER.”’ 


The ordinary revolution counter would then serve, 
but a calculation would have to be made to convert 
every reading into terms of weight, this being what the 
engineer-in-charge wants, and not volumes. Further, as 
‘ractional constants are almost invariably involved, an 
error which might be of no account in a very small 
stoker would become serious in a large installation. 
The Lea “ Uni-meter,” illustrated in Figs. 1 to 4, 
herewith, gives the readings in-units of 1 lb., hundred- 
weights, kilogrammes or cubic feet, as required, and 
direct results are thus available. In this connection 
an actual application of the ‘‘ Uni-meter” is shown 
in Fig. 1. The meter is seen at the foot of each of two 
Riley Industrial Robot stokers fitted to La Mont 
boilers at the works of Messrs. The Daimler Company, 
Limited, Coventry. The amount of coal burned 
during a given period can be seen in the units desired, 
and, by the use of a watch, the rate of burning can be 
ascertained. 

A view of the Uni-meter, with the cover removed, 
is given in Fig. 3, while a somewhat different internal 
arrangement is shown in Fig. 4. The meter in Fig. 3 
is for use with a stoker feeding a single boiler, but when 
the boiler has two furnaces, e.g., a Lancashire boiler, 
it would manifestly need an addition of the two readings 
if a meter were fitted to the stoker of each furnace. 
In such cases, therefore, a single meter is fitted with a 
double drive, as shown in Fig. 4. The shafts, usually 
driven by chain from the screw conveyor, are at a, a. 
They are coupled through non-return couplings b b and 
a shaft c, the latter bearing a differential gear d of 
the epicyclic type. This gives an adding effect which 
is transmitted to the countershaft e. The alternative 
gears between c and e are provided when two rates of 
stoker feed are required. The shaft e carries a drum 
having teeth the varying lengths of which form a 
helix. On a shaft f is a short arm, at the end of which 
is a small idler pinion which meshes, on one side, with 
the helically-toothed drum, and on the other side, with 
a long pinion running loose on f, and therefore, also an 
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nism. The shaft f is screwed at the right hand end and 
provided with a knurled knob at the left hand. By 
turning the knob the small pinion is traversed along 
the helically-toothed drum, and it will be clear, there- 
fore, that the rotation of the counter-wheel varies with 
this movement. When the meter is being installed 
the small pinion is set so that every complete revolution 
of the counter-wheel registers one unit, whatever that 
unit may be, on the counter dial, This is simply a 
matter of calibration with known quantities of fuel, 
and thereafter the small pinion is locked by the nut g 
in the appropriate position along the drum. 

It should be mentioned that the mechanism of the 
Uni-meter is equally applicable to Lea coal meters 
of all types, including those for chain-grate stokers, 
ram or pusher type stokers, cubi-meters, etc. It has 
been successfully applied to the Romer-Lea chute 
meter, of which apparatus an acceunt will be found in 
ENGINEERING, vol. 145, page 280 (1938). It is, 
further, applicable to meters of many kinds, where it 
is desired to eliminate fractional coefficients and to 
obtain readings in integral numbers. Such readings, 
it may be repeated, may be in any desired units, and as 
the meter is calibrated to the particular appliance 
concerned, precise measurement is possible. 

While it will be clear from the above that the Uni- 
meter principle is applicable to all types of mechanical 
stoker and that the meter can be readily fitted, as 
shown in Fig. 1, to all makes of worm conveyor stoker, 
it may not be out of place here to add some details of 
the Industrial Robot stoker made by Messrs. The Riley 
Stoker Company, Limited, 19, Woburn-place, London, 
W.C.1, seeing that a stoker of this type is shown in 
Fig. 1. Another example of the Industrial Robot 
stoker is illustrated in Fig. 2, although this differs 
in some details from the stoker shown in Fig. 1. In this 
stoker the fuel is fed into the furnace by a continuously- 
rotating worm or screw from a hopper supplying the 
worm. This device, having proved satisfactory for 


small sectional heating boilers and the like, is being 
applied to larger installations, and may have, for 
example, a burning capacity of 500 lb. of coa] per hour, 
or one of 1,000 lb. of coal per hour, i.e., a B.Th.U. 


Ritey “ InpustriaL Ropot” SrToxer. 


arrangement adopted for a boiler of the sectional or 
water-tube type with a rectangular furnace. The 
layout for the cylindrical furnaces of Cornish and 
Lancashire boilers is naturally somewhat different, 
but in all cases the well-shaped tuyere is surrounded 
by firebars of the normal type. The fuel is delivered 
by the screw into the tuyere, which is fitted with forced 
draught, as shown in Fig. 2. The incandescent bed lies 
above the tuyere and is spread out over the firebars. 
The gases from the preheated coal in the tuyere have 
to pass through the bed, and, in consequence, smokeless 
combustion is ensured, and the stoker is particularly 
suitable for burning a low-priced bituminous coal. The 
manufacturers claim that this class of fuel, thus fired, 
shows an increase in overall efficiency of from 10 per 
cent. to 25 per cent. over hand-firing, apart from the 
reduction in running costs generally resulting from the 
use of a cheaper fuel. The high cost of oil fuel, it is 
claimed, makes a saving of from 40 per cent. to 60 per 
cent. possible with the Industrial Robot stoker. 

The worm conveyor and forced-draught fan are 
driven by the same motor, transmission to the worm 
being through a ratchet wheel. Variation of the 
coal feed is effected by varying the stroke of the pawls 
on the ratchet wheel. The pawls are controlled by a 
moving quadrant plate, which is, in turn, pulled 
over through a link mechanism by a small motor. 
The valve in the air duct is also controlled by this 
motor, and thus the air supply is automatically main- 
tained in correct proportion to the amount of fuel fed 
to the furnace. The ratchet wheel is driven through a 
safety clutch so that damage to the worm from the 
presence of tramp iron in the coal may be prevented. 
The gear is enclosed in a dust-tight case, and automatic 
lubrication is provided to all working parts by a small 
pump operating in an oil sump. The stoker may be 
automatically controlled by a thermostat in the case 
of heating boilers, and by a pressure-actuated device 
in the case of steam boilers. The hopper is usually 
charged by hand, but Messrs. Riley have recently 
dvelemet a machine, called the ‘“‘ Direkto”’ stoker, 
generally on the same lines as the Robot stoker, but 
having automatic feed gear between the bunker and 
the stoker, the hopper being dispensed with. Briefly, this 
gear consists of a rotating tube between the two fitted 
with a fixed continuous helical vane on its inner 
surface. The discharge from the tube is to the stoker 
worm conveyor, and synchronisation of the two elements 
prevents excess of coal being fed to the latter. 








CENTENARY OF A RaILway IN Nova Scotia.—The 
centenary of the first railway in Canada to employ iron 
rails will be celebrated next year. The line ran from 
Albcar Mines, through New Glasgow, Nova Scotia, to 
Granton, and part of it is still used for the carriage of 
coal. Prior to the laying of iron rails, wooden rails were 
employed, and wagons of coal were hauled along the line 
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AERONAUTICS. 
609,161. Aircraft Launching. B. B. Shead, of Lon- 
don. (2 Figs.) January 28, 1938.—The invention is 


an apparatus for launching aircraft from a confined 
space. A captive wing 3 is mounted at one end on the 
top of a tower and is rotatable both about the vertical 
axis of the tower and about a transverse horizontal 
axis. The wing consists of a longitudinal spar and a 
number of transverse members with 4 fabric covering, 
the cross-section being of aerofoil shape over the greater 
part of ite length from the outer freeend. The remainder 
of the length of the wing is of “ streamline "’ section and 
tapers to the pivot. The wing is mounted with the 
correct angle of incidence to ensure a “ lift " when it is 
rotated. The structure is nearly balanced, having a 
slight bias for keeping the tip on the ground when at 
rest. Adjacent to the tip is an engine 7 housed in a 
nacelle and driving both a tractor and a pusher air- 
screw. Beyond the engine the tip ie bent to form a 
horizontal platform 3b with a wheeled undercarriage. 
The upper surface directly above the undercarriage, has 
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a cradle for an aircraft 13. The pipes for supplying 
fuel and lubricating oil to the engine 7 are carried along 
the epar to the pivot on the tower and thence to tanks 
and pumping apparatus located in the base of the tower. 
Remote control is provided for the engine 7, the gear 
being carried, through quick release couplings, to the 
pilot’s cockpit. Disengagement of these couplings 
causes the throttling down of the engine 7. To launch 
the aircraft, the engines on the wing and the aircraft 
are started and the wing commences to rotate about the 
tower, ite tip 35 running at first on its wheeled under- 
carriage. As the wing gathers speed, sufficient Uft is 
generated to raise the tip from the ground, the lift due 
to the aircraft also assisting, and the wing tip then travels 
through the air in a spiral. When the aircraft is tra- 
velling at a speed considerably in excess of its stalling 
speed, the pilot operates release gear which automatically 
disengages his craft from the cradle. The aircraft then 
flies off from the wing at a height from the ground 
whereas the wing, with its engine automatically throttled 
down, loses speed and sinks gradually to the ground. 
The release gear is so arranged that the pilot must await 
the rising of the wing tip 30 to a certain position above 
the level of the top of the tower before he can release his 
aircraft. 
rotating wing ina banked turn. (Accepted July 12, 1939). 


LIFTING AND HAULING APPLIANCES. 


508,896. Mechanical Grab. Joseph Westwood and 
Company, Limited, of London, and M. W. Flood-Page, 
of Loughton. (8 Figs.) April 9, 1938.-—-The grab is of the 
automatic gravity-opening type. The head of the grab 
consists of a body 1 from which lang the two jaws. 
A tumbler lever 5 is mounted on a pin 4 and carries a 
pivoted hook 6 weighted so as to tend to fall to the right, 
and normally resting on the pivot pin of one of the jaws. 
The hook remains in this position during the hoisting 
of the loaded grab to the discharge position. The chain 
passes through an eye in the top of the grab body and 
through an opening in the lever 5. This opening has a 
eylindrical part 11 and «a part 12 of U-form with the 
bend of the U away from the cylinder and with its axis 
inclined to it. Shoulders formed at the junction of these 
two parte act as guides for a button 20 on the chain. 
At the bottom of the part 12 is a seating for the button 
when in the hoisting position. In operation, the loaded 
grab is hoisted up to the discharge position where the 
of the hook 6 trips into engagement with the jib 
ring 16 slung from the crane. With the 
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suspension 





This ensures that the aircraft will leave the | 
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lever 5 in the raised position as shown, the axis of the 
cylindrical part of the opening is inclined and the axis 
of the part 12 is vertical. As the chain is lowered to 
discharge the grab, the shoulders guide the button 20 
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through the opening to a position below the part 12, 
so that when, after discharge of the grab, the chain is 
drawn up again, the ring beds on the seating at the bottom 
end of the part 12 and lifts the open grab off the jib sus- 
pension ring. (Accepted July 7, 1939.) 


MACHINE AND OTHER TOOLS, SHAFTING, 
ETC. 


508,006. Grinding-Wheel Truing Attachment. Coven- 
try Gauge and Tool Company, Limited, of Coventry, and 
S. J. Harley, of Coventry. (3 Figs.) November 23, 1937. 

The invention is an attachment for truing the surfaces 
of grinding wheels used for form-grinding, whereby the 
depth and angle of the form can be varied. The attach- 
is mounted between the work centres 6 and c 
grinding machine and is adjusted by a knurled 
main slide of the grinding machine. The 
upper end of the screw bears against an abutment on 
the attachment. The abutment is kept in engagement 
with the screw by a tension spring anchored to the slide 


ment 
of the 
screw on the 





and connected to the attachment by a clip j having a 
bayonet slot. The attachment can thus be rocked about 
the centres. To allow variation of the angle of the form to 
be cut, the work centre c is laterally adjustable on a trans- 
verse slide which is controlled by a screw the knob n 
of which has a scale marked on it. The movement of the 
dressing tool the resultant of two simultaneous 
motions at right angles. The lengthwise motion is 
produced by the main slide carrying the work centres b 
and ¢ and the depth component is derived from a cam 
which operates a slide s carrying the dressing tool a', 
and is mounted on a spindle ¢ in the body of the attach- 


1s 


ment, which is driven by the driving head of the machine 
through the usual dog on the spindle. (Accepted 
June 23, 1939.) 


PRINTING AND ALLIED MACHINERY. 


508,387. Platen Printing Machine. C. A. Chariton. 
Cc. C. Chariton and R. A. Chariton, of Nottingham, 
(5 Figs.) January 3, 1938.—The invention is an auto- 
matic stop device for platen printing machines which 
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obviates the danger of the machine continuing to run 
on by the inertia of the flywheel after the safety guard 
has been dropped. The driving shaft A carries the 
flywheel, and fast-and-loose belt pulleys. The pinion C, 
which gears with the spur wheel on the driven shaft, 





| separate regulators. 


' be regulated independently of that of the other. 


is bolted to a clutch drum E in which is an expanding | 
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ring. This ring is expanded by a collar G, sliding on the 
shaft A between the ends of two expanding levers. The 
collar G is connected by a bell-crank lever to a hand 
lever L at the end of which is an adjustable catch L?. When 
| the hand lever is depressed, the clutch ring is expanded 
and the lever is then held by a detent arm M which is 
pivoted to the frame and engages with the catch. The 
lower end of one side of the safety guard is pivoted to 
the free end of the detent arm M, and this side of the 
guard is connected to the paper platen; the lower 
end of the other side of the guard is connected to a 
duplicate of the arm M. When the safety guard is 
moved, the detent M releases the catch, the lever I. 
is returned by a spring, and the clutch is immediately 
released and the machine stopped. The brake is applied 
to the pinion C through a brake band Q on the clutch 
drum E, one end being connected to the bell-crank lever 
so that the band is applied to the drum when the hand 
lever L is returned by the spring (Accepted June 30, 
1939.) 
PUMPS. 


508,897. Water-Ring Pump. E. J. H. Norman, of 
Croydon, and W. C. Tomkins, of Croydon. (2 Figs.) 
April 11, 1938.—The invention is a rotary pump of the 
water-ring type in which provision is made for cooling 
and recirculating the sealing water. The rotor of a 
water-ring pump used for priming a centrifugal bilge 
pump rotates about a hollow hub in which are the inlet 
and outlet ports 6 and 7. The discharge is led to a 
separating space 9 within the pump casing. An outer 
wall 10 forms a reservoir for the sealing water. A vertical 
pipe 13 leads from the top of the separating space 9 
to a point above the normal level of the sealing water 















508,897). 


and is restricted at its upper end by an orifice. The 
suction 15 leads to the centrifugal pump. A pipe leads 
from the bottom of the separating space 9 to a cooler, 
and a return pipe is connected to the reservoir. The 
pump discharges a mixture of air and water into the 
separator 9. The orifice at the top of the pipe 13 pre- 
vents the air separated from the discharge from passing 
freely to atmosphere and thus causes a back pressure 
to be built up in the separator. This back pressure 
is sufficient to overcome the friction in the cooler and 
ensures the continuous return of the separated water to 
the reservoir 10 and thence to the rotor chamber through 
& passage 19 leading into the interior of the hub and a 
port 20 adjacent the inlet port 6. (Accepted July 7, 
1939.) 


SHIPS AND NAUTICAL APPLIANCES. 


509,155. Electric Ship-Propulsion System. The English 
Electric Company, Limited, of London, and H. S. Carnegie, 
of Stafford. (2 Figs.) January 14, 1938.—The system 
is an improvement of the well-known system in which a 
steam- or Diesel-driven alternator supplies a synchronous 
propulsion motor, speed control being effected by 
frequency control. In this system an increase of the 
load on the motor above normal full load may materially 
change the voltage of the alternator and may stall the 
synchronous motor, and the invention aims at obviating 
this risk. An auxiliary exciter is coupled to the alter- 
nator shaft. Two main exciters, driven independently 
of the alternator, supply the field windings of the alter- 
nator and of the synchronous motor, respectively, through 
separate regulators. Each of these main exciters has a 
field winding fed from a constant-voltage supply through 
separate regulators enabling the basic excitations of 
alternator and motor to be varied independently of each 
other. The auxiliary exciter is excited from the same 
source. In addition, each of the main exciters carries a 
field winding supplied by the auxiliary exciter through 
Any increase in prime-mover speed 
causes the auxiliary exciter to increase the excitation 
of the main exciters and so increase the motor and alter- 
nator excitations, but the rate of increase of the one can 
The 
auxiliary exciter is compounded, having a field winding 
fed from a current transformer in one of the leads to the 
motor through a rectifier. The compounding affects 
both motor and alternator and varies with speed.— 
(Aecepted July 12, 1939.) 
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THE ALBERT CANAL, BELGIUM. 


Tue Albert Canal, which has been constructed to 
link the River Meuse with the River Scheldt by a 
route lying entirely in Belgian territory, was to have 
been officially opened by the King of the Belgians 
on July 20 of this year, and it was in connection 
with its completion that the International Water 
Exhibition at Liége, of which we gave a description 
on page 49, ante, was planned. The ceremony, 
however, had to be postponed indefinitely, owing 
to the disaster of last June, when a portion of the 
bank in the Genk-Diepenbeek section gave way 
and a large tract of surrounding country was inun- 
dated. A technical commission to inquire into the 


bulk of the mining and heavy metallurgical indus- 


extent modified by the opening up of the rich 











Fig. 1. 
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cause of the breakdown, and to recommend the best 
way in which to repair it, has been appointed by 
Mijnheer Van der Poorten, the Minister of Public 
Works, who has announced that every effort will 
be made to repair the damage in the shortest 
possible time. This incident has naturally cast 
something of a shadow over the completion of this 
great undertaking, but it need be looked upon as 
no more than a temporary setback and in due course 
the canal will take the place it has been designed 
to hold in the transport facilities of Belgium. The 
matter in no way affects the detailed description 
of the canal, which we propose to give in this and 
following articles. 


TRANSPORT CONDITIONS IN BELGIUM. 


In order fully to appreciate the significance of the 
Albert Canal to Belgium, a general knowledge of 








of 1,800 sq. km., and producing cheap, high volatile 
bituminous coal of high quality, lies roughly between 
Liége and Antwerp. It stretches across the province 
of Limburg and partly across the province of 
Antwerp. It is situated in close proximity to the 
Albert Canal, to which it is connected by junction 
canals and railroads, and promises to become the 
premier industrial district of Belgium. 

Belgium has a short sea-board, the length being 
only 42 miles. With the exception of the Yser, 
this West Flanders coast has no river mouths, a 


tries are situated in the southern or Walloon 
provinces. This general condition was to some 


Kempen coalfield in 1918. This field, with a surface 


the industrial activity, and transport conditions, of | thereby as it bids fair to become one of the busiest 
the country is necessary. In connection with the | coaling stations of Western Europe. This coal, 
account of these which follows, reference may be 
made to the map given in Fig. 3, on page 377, which | 
shows the Belgian waterways and industrial centres. | radius. As a result, the Bruges-Zeebrugge canal is 
Belgium, which is the most densely populated | as yet only of local importance. 

country of Europe, with an extensive system of 
railroads and waterways, has in general its large 
agricultural interests principally centred in the 
northern or Flemish speaking provinces, while the 


| 


| 


however, is sea-borne and of foreign origin, as the 
Belgian coalfields lie outside the economic transport 


In the case of Ghent, the conditions were some- 
what different. Situated on the confluence of 
the River Lys and the River Escaut which forms the 
upper Scheldt, this town has a large river traffic 
with the districts traversed by these rivers. To 
find a short outlet to sea for this large textile-goods 
manufacturing centre, the Ghent-Terneuzen sea- 
canal was constructed. This made the town 
accessible to sea craft of 2,000 tons and more ; the 
waterway forms an adequate means of transport 
for the imported raw materials required by its 
factories and the export of its finished articles. 
Manufacture is carried on in the town itself and in 
| numerous factories ranged along the canal banks 
| from Ghent right up to the Dutch frontier, situated 
| at a distance of 12 miles. A weak feature of this 
| canal from the Belgian point of view, which, however, 
| is not severely felt in peace time, is that it debouches 

in the Scheldt on Dutch territory. 

The two important natural waterways which 

| flow through Belgium are the River Scheldt and 
the River Meuse ; both rise in the north of France. 
| The Scheldt, which in its upper part is only of 
| secondary importance as a navigable waterway to 
| Ghent, pursues its course almost due east, until it 
is joined by its large tributary, the River Rupel, 
which is continually increasing in importance. The 
| Scheldt then becomes the great waterway on which 
Antwerp, the premier Belgian seaport, is situated. 
Bending northwards, the river enters Dutch terri- 
|tory twelve and a half miles north of Antwerp 
land changing its course to due west, it debouches 
| at Flushing into the North Sea. 
| Antwerp, which is situated at four hours’ sail 
| from the sea, has modern equipment for the rapid 
| handling of all kinds of goods, and vies with Rotter- 
| dam for the first place on the Continental seaboard, 
| It has an annual entry of 12,000 sea-going vessels, 
| representing a tonnage of 24 millions. Antwerp 
| is primarily a national harbour, as 70 per cent. of 
| its discharged cargo is for Belgian consumption, 
| while 55 per cent. of the shipped cargo is of Belgian 
origin. As the Scheldt does not pass through the 
| industrialised part of Belgium, Antwerp is, to some 
| extent, a railway harbour, i.e., a certain proportion 
| of its goods is rail-borne. The following table of 
| overall Antwerp shipping figures for the year 1938 
| illustrates this. 














Method of Goods Entered in Goods Dispatched in 
| Transport. Millions ef Tons. Millions of Tons. 
| Sea-borne 11-0 11°8 
| River-borne 6-44 9-02 
| Rail-borne 6-45 2-96 
Total 24-79 23-78 











Of Brussels, considered as a port, it is sufficient 
| to say that it is connected to the Rupel and thence 
to the Scheldt, by 46 miles of canalised rivers, 
and as such may, to a certain extent, be considered 
as an inland extension of Antwerp harbour. It is 
accessible to Rhine barges of 1,350 tons, and being 
connected to the Charleroi industrial basin by canal, 
a considerable tonnage from this centre reaches 
Brussels and Antwerp by this route. The canals 
are shown in Fig. 3. Another important affluent 
of the Scheldt, which should be mentioned as it 
traverses the important stone-quarry district of 
Lessines and the manufacturing districts of Ninove 
and Alost, is the River Dendre, which joins the 
Upper Scheldt at Termonde. 

The second important natural waterway, the 


River Meuse, enters Belgium south of Dinant and 


thence flows due north to the town of Namur, where 
it is joined by the Sambre, which, together with its 





deficiency which is not keenly felt as the hinterland 


extensions, the central canal and canalised River 


is agrarian and does not export its produce to any | Haine, serves the intensively industrialised mining 


extent. An attempt to revive Bruges, the great 
seaport and manufacturing centre of the middle | 
ages, by linking it to the sea with a ship-canal at | 
Zeebrugge, has hitherto not had the desired effect, 
although the port of Zeebrugge has profited greatly | 


districts of the Borinage and the Charleroi basin. 
Following at first an eastern course, it enters Bel- 
gium’s most important metallurgical district at the 
town of Huy and leaves it north of the Liége indus- 
trial area to enter the so-called Maastricht enclave, 
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forming part of the province of Dutch Limburg, at a 
point about 85 miles east of Antwerp. The anoma- 
lous geographical position of the Maastricht enclave 
is apparent. Fora short distance of 8 km. the Meuse 
becomes exclusively a Dutch river, and all vessels 
entering the territory are subjected to Dutch 
navigation regulations and customs formalities, 
which occasion much delay and hindrance to 
Belgian navigation. After leaving the Maastricht 
enclave, the river forms the natural frontier between 
the provinces of Dutch and Belgian Limburg, thence, 
continuing its northward course to the town of 
Nymegen, it swerves to the west and traversing the 
Netherlands through their entire breadth it flows 
past the towns of Dordrecht and Rotterdam, and 
debouches into the North Sea. 

Liége, the capital of Belgium's most developed 
metallurgical area, is situated on the Meuse at a 
distance of 125 km. by rail from Antwerp, and a 
distance of 155 km. by the old canal route. In the 
past it has been necessary, for the shipment of ite 
goods overseas, to choose between expensive rail 
transport or slow water transport, first through the 
Maastricht enclave and thence along the antiquated 
Kempen canals, the capacity of which has become 
entirely inadequate for the ever-increasing volume 
of exported goods. The old Kempen canals are 
shown to the north of the Albert Canal in Fig. 3. 
As an alternative, shipment could be made by way 
of the Meuse and Dutch waterways to Dordrecht 
or Rotterdam. This latter course meant favouring 
these ports to the detriment of the national port of 
Antwerp. Unable to supply its own needs, Liége 
has had to import coal supplies for its factories from 
distant coalfields. The new Kempen coalfield has 
had to utilise the above-mentioned Kempen canals 
for the shipment of its products, which meant in 
many cases transporting the coal by rail to the 
nearest situated canal-harbour, or the shipment of 
the coal entirely by rail to Antwerp or Liége. Here, 
again, the rail transport was very expensive, and 
the circuitous canal route, with its numerous locks 
and swing-bridges, a very slow process. 

From the above general account of transport 
conditions in Belgium it will be clear that (a) 
Antwerp, the largest Belgian seaport, lies on a 
river which does not traverse the highly indus- 
trialised districts of Belgium; (6) Liége, the most 
important centre of Belgian industrial activity, is 
situated at 125 km. from Antwerp to which town 
it had to send its goods either by rail or along an 
inadequate and time-wasting canal route, or, alter- 
natively, by the River Meuse and canals through 
Dutch territory to Rotterdam ; (c) the old mining 
and metallurgical districts, the Borinage, the 
Charleroi Basin, and of the Meuse valley, are situated 
in a belt starting at the French frontier, in the 
province of Hainaut, and following the Haine, 
Sambre, and Meuse rivers end at Liége in close 
proximity to the frontier of Dutch Limburg; 
(d) the important new Kempen coalfield, geographi- 
cally situated between Antwerp and Liége, has been 
handicapped for the shipment of its coal by dear 
rail transport or unfavourably situated and inade- 
quate waterways. 

THe ALBert CaNAL PrRogect. 

The idea of connecting the River Scheldt to the 

River Meuse by means of a canal is by no means 


new. As long ago as 1517, the Emperor Charles 
the Fifth gave a concession for a canal linking 
the rivers together. Since then, not less than 


ten attempts are on record, but in each case the 
opposition encountered, principally from Holland, 
which jealously guarded the interests of its own 
waterways and the ports of Rotterdam and Dor- 
drecht, proved too strong. In this connection, 
the serious attempt made by Napoleon after the 
annexation of Belgium by the French Empire is 
worth mentioning. During his residence in Brussels, 
Napoleon was not slow to see the enormous advan- 
tages of linking up the Rhine, Meuse and Scheldt 
to serve Antwerp, of which he intended to make a 
great military harbour in his war plans against 
England. In 1808, work on this canal was actually 
started, but after the subsequent annexation of 
Holland, the Dutch authorities were successful in 
persuading the Emperor to abandon his plans. 
After Napoleon's fall, however, when the Kingdom 
of the United Netherlands, embracing Holland 


and Belgium was formed, the works started by been summarily dealt with. Fora complete under- 
Napoleon were continued by William, the new king. | standing of the important duty which this water- 
He completed, in 1826, the Zuid Willemsvaart, a | way will have to perform in the future, it is neces- 
canal which flows out of the Meuse at Maastricht | sary to treat some aspects of the question in greater 
traverses Belgian Limburg and enters the Meuse, detail. The old canals forming the waterway 
here known as the Maas, again near Bois-le-Duc, | between Liége and Antwerp, built about a century 
the North Brabant capital in Dutch territory.| ago, have long been inadequate. They are both 
By building this more direct modern waterway, | too narrow and too shallow for the Kempen type 
King William thought that both Belgian and Dutch | of vessel, which without a permissible draught of 
interests would be served. This canal is shown| 1-90 m. cannot take a full cargo. Further incon- 
in the top right-hand corner of Fig. 3. veniences are introduced by the 24 locks, the swing 
After the separation of Belgium and Holland, the | bridges at Antwerp, the railway crossing at — 
junction of the Zuid Willemsvaart with the Scheldt | thals, and last, but not least, the ae enc — 
was again taken up and the work was carried out. | Which alone occasions a delay of three days. As 
Following the route Liége, Maastricht, Bocholt,| the journey Liége-Antwerp cannot well be — 
Herenthals through the Kempen, the new canal, | plished under 16 days, freight rates are necessarily 
which is shown in Fig. 3, reached Antwerp by| very high. Of the many waterways which —_- 
making use of the canalised rivers Nethe and Rupel. | t Antwerp, the one joining the Meuse with the 
This waterway has been open to traffic since 1846 Scheldt is the most important as it connects the 
and well served its purpose as a waterway between city with an extensive hinterland of great industrial 
Liége and Antwerp until the development of indus- | activity, embracing the metallurgical Meuse ae. 
try called for greater transport facilities. It was|@nd the coal and iron districts of the Moselle an 
principally in the latter half of the Nineteenth | Lorraine. By providing efficaceous means of — 
Century that great industrial developments took | port between Antwerp and Liége, shipping 7 we 
place in Belgium and the adjacent regions. The | to the Fast of France would be attracted, while the 
industrial areas comprise Charleroi, the French | nearby Kempen collieries would be enabled to ship 
Ardennes, the Grand Duchy of Luxemburg, the | their product to Liége and other industrial centres 
Saar and Moselle basins and those of Dutch Limburg | Situated beyond this town on the one hand, and to 
and Aix-la-Chapelle, all of which maintain an | Antwerp, Zeebrugge, Ghent and Brussels on the 
extensive traffic with Liége. we hand. i ls “— 
ity o viding a better means of e new Kempen coaifeld has been in ex . 
enti te one daial to the old Kempen tion since 1918. Situated in the thinly populated 
canals resulted in the appointment of a mixed Dutch- | Kempen district, it extends over a length of 100 — 
Belgian Commission in 1912. The duty of this | nd a breadth of 18 km. across the southern _sardye 
was to report on the possibilities of improving | the province of Limburg and a part of the prov a 
the navigation conditions of the River Maas (Meuse) | Of Antwerp. The coal reserves are — = 
in Holland by canalisation or other means, in order | 8,000 million tons of good coking an : oa eons. 
to render the port of Liége accessible to vessels of | Geologically speaking, the Kempen coalfie } Be 
2,000 tons. Alternatively, this commission also | continuation of the Dutch Limburg coalfield, which 
studied the question of connecting Liége by water- | 1M its turn is a prolongation of the "a Wurm 
way direct to Antwerp. Owing to the outbreak of basin in the Aix-la-Chapelle district. e — 
the Great War in 1914, this commission never | Worked at present are situated at a depth of 500 m. 
to 850 m., while at the greater depth of 1,200 m. 
to 1,500 m. large reserves have been proved. The 
seams have a thickness of about 1 m., although in 
some places layers as thick as 3 m. have been found. 
As its annual production can easily be carried up 
to 15 million tons, this coalfield bids fair to become 
transport of Kempen coal, particularly to Liége, | the most principal — — —<— 
where the reserves of the local collieries were | “t Present seven collieries are 4 - » P 23.000 
threatened with exhaustion, and the defence of | ®Mmually seven million tons and employing 23, 


e : rontier agai ili invasion. | ¥o™kmen. 
: A ct shy een oe it tee aaa Canal| The construction of the Albert Canal has put 
would ever have been built if the Dutch Parliament | this district in a favourable position for the direct 
had been more tractable and had not rejected the | delivery of its coal to the heavy metallurgical and 
1925 treaty with Belgium. Under the terms of other industries of the Liége district, and, for export 
this treaty, Holland undertook to improve the | Purposes, to the port of Antwerp. The = 
existing canals from Liége to Bocholt via Maastricht will greatly benefit by the transport facilities offe 


d build a juncti 1 between Neeroeten and| by the new waterway and may certainly be con- 
Meashenehe > : link ry the "Zaid Willesneveast sidered as one of the main factors which justified 


with the Meuse thereby completing a short water- | the building of the canal. For the oe : _— 
way, principally on Belgian territory, between the | °0@l into barges plying on the Albert Cana “sed - 
Meuse and the Scheldt. Fearing that this new | the seven collieries have built a coaling har 4 - 
route would be detrimental to Dutch shipping Genk. The position of this town is indicate in 
interests the Dutch Chamber threw out the Bill | the map of the canal given in Fig. 4. The harbour, 
and shortly afterwards started to build the Juliana | Which cost 25: million francs, consists of a a 
ship canal from Maastricht to Maasbracht, hoping | With a quay wall having a length of 1 km., the widt 
that this modern canal which will accommodate | Of the basin being 80 m. and the depth of ae 
craft of 2,000 tons would attract Belgian shipping. 4m. At present only the eastern quay 18 utilise i 
The Juliana Canal is shown on the right in Fig. 3. | For transhipment three travelling cranes on ral 

As a result of this the Belgian Government, | Tacks at distances of 30 m. from one another are 
anxious to safeguard the interests of Antwerp on available, the capacity of each crane being 300 — 
the one hand and desiring to provide an efficacious | an hour. , The reach of their jibs - 20 m., an 
water transport for the Kempen coalfield on the | Permits simultaneous loading of two or even t 
other, decided to take the building of a waterway | barges. ges! 
connecting Liége and Antwerp into serious considera-| The coal is hauled by rail from the collieries in 
tion. The so-called Brouckaert commission insti-| so-called “kubel” trucks, each carrying three 
tuted to study the matter brought out its favourable | 10-ton tubs. The harbour authority at present 
report in May, 1926. To study the financial aspect |owns 130 of these special trucks. The number is 
of the question a sub-commission was formed, and, | later to be increased to 180. The coaling capacity of 
after taking expert advice from many civil engin- | the harbour may at present be put down at 10,000 
eering authorities, the decision to build the Albert | tons a day, equivalent to 3,000,000 tons per annum. 
Canal was taken on April 24, 1928. It took two In the future, when the western quay is in service, 
more years to fix upon the route and the general | this capacity will be doubled. Being situated on 
lay-out of the canal, and it was not before May 31 | the Monsin-Genk canal section, which has a length 
1930, that His Majesty the late King Albert put | of 40 km. without locks, the coal barges loaded at 
the first spade into the ground. Genk can discharge seven to eight hours later at 

In the above historical survey, the main reasons | Liége in Monsin Dock, or directly on to the private 
which led to the building of the Albert Canal have ’ quays of the large industrial concerns. 


completed its work. 

After the war, these plans were immediately 
taken up again in Belgium. By this time, however, 
the arguments in favour of an entirely national 
waterway had gained much in strength. They were 
based on two factors, the necessity for the cheap 
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The great coai consuming works of Belgium are 
situated in the old colliery districts where the 
reserves of coking and gas coal needed by the metal - 
lurgical industry are running out, or the exploita- 
tion of which is becoming uneconomical. By supply- 
ing these industries with cheap Kempen coal, which 
the low Albert Canal freight rates will make possible, 
the rationalisation of the Belgian coal-mining 
industry can be carried out effectively. Unre- 
munerative collieries in the South can be closed down 
and their output gradually taken over by Kempen 
coal. In this way Kempen coal will revive declining 
industries and bring new life to industrial districts 
which otherwise might have been doomed to 
disappear. 

A striking example of the possibility of this type 
of development is furnished by the Liége district. 
Favourably situated on the navigable Meuse at a 
distance of 125 km. by rail from Antwerp, Liége 
has outlived the resources responsible for its pros- 
perous existence. Once the capital of an iron and 
coal producing district, it became world-renowned 
as an iron producer and later as the site of an 
important metallurgical industry. Since the exhaus- 
tion of its own iron mines, Liége has managed to 
keep its metallurgical industries in activity by 
importing its iron ore from the Duchy of Luxemburg 
and Lorraine. When the local reserves of coking 
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coal showed signs of eitaidigttals, and d Lidge had to 
face the necessity of importing coal from distant 
coalfields, the industrial outlook became very pre- 
carious. It almost appeared that the last plausible 
reason for retaining a metallurgical industry on the 
banks of the Meuse had vanished. To stabilise 
industrial conditions at Liége, it is essential that 
its coal and ore supplies be assured. This double 
function will now be fulfilled by the Albert Canal, 
which will link up Liége with the Kempen district 
for the supply of coal and the seaport of Antwerp 
for the import of cheap foreign sea-borne ore. The 
Albert Canal will be the means of giving the Liége 
district a new lease of life and it was the conscious- 
ness of this fact that caused the city to organise the 
International Water Exhibition. 

In addition to the above economic considerations, 
there were political reasons concerned with the 
defence of the country against eastern invasion, 
which influenced the decision to construct the 
Albert Canal. Ever since the disastrous war of 
1914, which found Belgium unprepared, it has been 
the will of the Belgian people never to be again in 
such a precarious position and to fortify its frontiers 
in such a way that surprise by an invading army 
is impossible. Unlike the southern frontier, where 
the hilly Ardennes form a natural protection which 
can be effectively fortified, the northern part of 














Belgium is a flat open country with a network of 
canals and rivers, which might again effectively 
oppose the advance of an invading army. The 
weak spot in the Belgian defence line is the Maas- 
tricht enclave, which, being Dutch territory, forms 
@ breach in the eastern defence line. In order to 
repair this deficiency and put a natural obstacle in 
the way of an eastern military invasion, the most 
effective way was to encircle the Maastricht gap 
by a water trench connected to the Meuse on Belgian 
soil south of Maastricht and north of the enclave. 
In this way Belgian territory would be protected 
against invasion by a continuous waterway running 
the whole length of its north-eastern frontier. This 
object has been achieved by the Albert Canal in a 
most effective manner. 

In the next and following articles a detailed 
description of the Canal will be given. Before 
leaving this introductory section, however, reference 
may be made to Figs. 1 and 2, on page 375, and 
Figs. 5 to 8, on Plate XIII. These illustrate various 
characteristic parts of the Canal, and their intro- 
duction at this stage will give a more concrete idea 
of the magnitude of the work under description. 
Fig. 1 shows the entrance to the Albert Canal at 
Monsin Island, close to Liége. The River Meuse 
is at the right. A statute of King Albert is in course 
of erection at the foot of the lighthouse. Fig. 2 
shows part of the Lanaye cutting in the higher 
reaches of the Canal, the contour line at this point 
being 60 m. above sea level. A view of the Vroen- 
hoven cutting in the same reaches is given in Fig. 5, 
and Fig. 6 shows a portion of the Canal at Wandre, 
near Liége, with the River Meuse on the left. The 
other two illustrations, Figs. 7 and 8, respectively, 
show the cutting at Lanaeken and the cutting at 
Vroenhoven, both in the upper reaches. 

(To be continued.) 








FrencH Rattway Starrs.—<According to statistics 
published in Modern Transport, the total number of 
employees on the French National Railways was 470,733 
on June 30, compared with 521,163 a year previously. 
A decree recently published gives the administration 
further powers to reduce the staff, and the figure is 
expected to be 457,000 by the end of this year. 
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PHENOMENA OF THE EXHAUST 
OF INTERNAL-COMBUSTION 
ENGINES. 


By Proressor Str James B. Henperson, D.Sc., 
LL.D. 

In engineering practice it is highly desirable to 
have some theory upon which designers can base 
their calculations. From time to time these 
theories should be analysed because, in some cases, 
the assumptions underlying the theory are forgotten 
and the theory is applied to problems in which 
these assumptions do not hold. Such @ case has 
arisen in the theoretical treatment of the exhaust 
of an internal-combustion engine, as given in text- 
books on the subject. There is no branch of 
engineering science in which theory lags farther 
behind practice than in problems involving the 
dynamics of fluid motion. The mathematical 
science of hydrodynamics, when applied to such a 
practical problem as the resistance to the motion 
of a ship through water and the power required 
to overcome this resistance, shows that the resistance 
can be divided into that absorbed by wave motion 
of two kinds, and that absorbed by skin-friction ; 
but the practical science contains the results of 
many thousands of experiments plotted in curves, 
and considerable experience is required in dealing 
with these. 

In aerodynamics the mathematical science lags 
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|menon; it is all over in a few thousandths of a 


|second. Hence a great deal of justification is 
| required in applying to it a formula relating to a 
| steady state, in which it is assumed that the energy 
| in any particular unit of the gas remains in the same 
|unit throughout its passage through the vessel 
and nozzle, and that no unit gains energy from or 
loses it to neighbouring units; in other words, 
that all progressive wave phenomena in the vessel 
are excluded. The only justification which can be 
given is that there is no other theoretical basis for a 
solution. It is surely far better to recognise the 
fact that theory cannot help us, and to deal with the 
problem empirically as is done in other branches of 
engineering. We shall see later that the application 
of the above theory has only hampered progress. 
If we take an inflated child’s balloon and puncture 
it with a pin, the balloon will slowly deflate,* and 
the pressure inside will gradually fall to atmospheric. 
If the hole is large, the balloon explodes with aloud 
noise and collapses completely. The gas in explod- 
ing leaves a partial vacuum behind, due to its 
inertia, and repeated condensations and rarefaction 
| follow in the balloon. If we break an incandescent 





electric lamp of the vacuum type, there is an 
implosion first of all, then an explosion followed by 
| repeated condensations and rarefactions creating 
a noise. When a gun is fired, the explosion of the 
gases out of the muzzle behind the projectile 
leaves a partial vacuum in the gun behind it, 


even farther behind the practical science than in| causing air to rush in; but in all these transient 
hydrodynamics, because of the compressibility of | phenomena it must be remembered that the time 
the medium. Water may be considered in most | interval between explosion and the resulting implo- 
practical problems as an incompressible, non- | sion, or vice versa, is so short that the eye cannot 
viscous fluid, like the ideal fluid assumed in mathe- | follow it, and special methods have to be devised 
matical theory, but air is very compressible and | to demonstrate them. These may be dealt with in 
has thirteen times the viscosity of water relatively | @ subsequent article. 

to its density, so that compressibility and viscosity The question naturally arises: Is there no way 
cannot be ignored in aerodynamic problems and | in which theory can help in dealing with the problem 
the mathematical problems, therefore, become | of exhaust of an engine? Theory indicates first 
more difficult; hence the greater lag between of all that, in a transient phenomenon like the 
theory and practice in this branch. One has only | sudden explosion from the exhaust valve of an 
to examine the motion of the surface of the sea | engine, the acceleration phenomena in the gas both 


on & calm day from the deck of a ship under way, 
the separate sets of waves and the very turbulent 
motion astern, to realise that theory cannot deal | 
with the whole problem and can only act as a guide. 
In the motion of aircraft the phenomena are still 
more complicated from the mathematical point 
of view, and for high velocities, such as arise in the 
motion of projectiles, the science is mostly empirical. 
The same applies to phenomena of the nature of 
explosions in the air. It is possible to calculate 
the maximum pressure due to a detonation of 
explosive placed, say, against an armour plate, 
but the resulting motion produced in the air is| 
beyond the powers of mathematical science. 





inside and outside the cylinder, in other words 
the wave motion, are of paramount importance. 
The moment the valve is opened continuity is 
established between the gas inside and outside the 
cylinder, and we cannot deal with one without 
the other. Mathematics cannot help us at present. 
There is one way, which occurred to the writer some 
time ago, in which a problem in hydrodynamics 
that has been solved and, from the energy point 
of view, is an exact analogy of our problem, may 
throw considerable light upon it. I refer to the 


| generation of a wave of translation in a canal 


by the sudden emptying of a lock. The still water 
behind the lock gates is the counterpart of the 





One gets some idea of the complicated motion | gas in the cylinder. Every unit of water in the 
in the exhaust of an engine by close observation | lock possesses the same energy, due to height or 
of the swirling motion of smoke issuing from a/| pressure, just as every unit of gas in the cylinder 
chimney, or the more complicated motion of the | possesses the same energy due to pressure and 
steam issuing from the funnel of a locomotive, or| temperature. In the laboratory experiment to 
the still more complicated motion of the smoke | show the wave of translation, the gate of the lock 
cloud issuing from a big gun after the projectile | can be raised, thereby opening a sluice the whole 
has left the muzzle, remembering that, although a| width of the canal. If the sluice is raised very 
local cloud of smoke is all that is obvious, part little the lock empties very slowly and Bernoulli's 
of the energy of the exhaust may be smashing equation can be applied to the rate of flow, the 
windows miles away. Text-book theory ignores what | surface of the water in the lock remaining practically 
is happening outside the exhaust valve of the | horizontal. 
engine, except that it assumes a constant back| If the sluice is raised quickly to near the external 
pressure in the exhaust pipe, and assumes that surface in the canal, the phenomena change com- 
the equation which is used for the flow of gas or| pletely. The water flows quickly through the 
steam through a nozzle, from a vessel in which | sluice, raising the external level and lowering the 
the pressure is kept constant, applies at every | internal one, but the internal surface level falls 
instant during the exhaust. This formula is based | faster near the sluice end than at the upper end, 
upon the assumption of a steady state in the vessel, forming a wave surface in the lock. The surfaces 
so that the distribution of energy in the vessel may | both in and outside the lock are disturbed by eddies 
be ignored and the kinetic energy in the issuing | and small waves. The long wave in the lock soon 
jet equated to the work done in maintaining the | reverses, the surface level becoming lower at the 
constant pressure in the vessel. For all practical! upper end; the final discharge may expose the 
purposes this formula gives results agreeing with | bottom of the lock and a counterflow into the lock 
experiment within a few per cent., when applied from the canal supervenes. The chief phenomena 
to the conditions of a steady state as defined above. | in the canal some distance from the lock are the 
A discussion of the discrepancies between theory existence of a wave of translation moving along it, 
and experiment in the steady state is to be found | which may be followed by a smaller negative wave of 
in the Proceedings of the Mechanical Engineers for| the same type moving at a lower speed, the two 
1918, in @ paper written by the present writer at | waves separating slowly. 
the request of the Council of that Institution. — 

The exhaust of an engine is a transient pheno- * This is not our experience.—Ep., E. 








A wave of translation only occurs in shallow 
water and differs from a sea wave in that, in the 
former, the whole of the energy is transmitted, 
whereas in the latter only half is transmitted, and 
half left behind. The energy at any section of the 
wave is measured by the surface level at all times, 
both when in the lock and in the canal. The slow- 
moving phenomena in the canal give us a clear 
conception of the invisible phenomena which take 
place both in the cylinder and exhaust pipe of an 
engine when the exhaust valve is opened, and are 
all over in a few thousandths of a second. 

My attention was drawn to this subject by seeing 
the experiments with the Kadenacy engine. 
Kadenacy makes use, for the first time, in a two- 
stroke cycle engine, of the rarefaction in the cylinder 
following the explosive discharge of the exhaust 
to suck in the fresh charge, and succeeds in super- 
charging to such an extent that he can eliminate 
the charging compressor and obtain a larger horse- 
power than was obtained with it. 
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The Essentials of Reinforced Concrete Design. By R. F. B. 
Grunpy. London: Chapman and Hall, Limited. 
[Price 10s. 6d. net.) 

Tuts practical book is described in the sub-title 

as “a simplified textbook with special reference 

to both old and new L.C.C. Regulations and to the 

Code of Practice of the Building Research Board.” 

The author, a former lecturer at the Bournemouth 

Municipal College and the Swansea Municipal 

Technical College, has marshalled his data in a very 

useful form and throughout the book principles 

and practice are expounded concurrently. Twenty- 
seven reference tables and graphs summarise the 
necessary data, and on the end papers the symbols 
employed are shown twice, an arrangement which 
makes the book very easy to consult. Only the 
design of beams, columns and slabs is dealt with, 
except for a brief explanation of continuous beams 
over several spans and a closing chapter on L-shaped 
retaining walls. Throughout the book, comparison 
is made of the 1915 and 1938 L.C.C. Regulations, 
which will be of value to those accustomed to the 
use of the 1915 rules. Where the “ Code of Practice” 
differs from the new L.C.C. Regulations, this fact is 
also noted. Some mention might have been made, 
perhaps, of the emphasis now placed on the quantity 
of water used in making concrete, but on such 
matters the author relies upon the regulations. 
Tables 15 and 16, dealing with the “‘ economic ” 
percentage of reinforcement, bring out well the 
fact that for given values of the compressive stress 
in the concrete and tensile stress in the steel there 
is a certain preferable percentage of steel which 
allows each material to be fully stressed. The 
word “‘ optimum ” would be better, perhaps, than 

“economic,” since this percentage is not related 

in these tables to the costs of the two materials. 

For singly-reinforced beams the values all lie 

between 0-5 per cent. and 1-2 per cent., according 

to the unit stresses and the modular ratio adopted. 

Slabs supported on four sides are treated in a some- 

what empirical manner. Continuous beams are 

assumed to have mathematically level supports 
and it might have been well in both cases to indicate 
how important are the effects of slight differences of 
level. The chapter on shear is particularly good, 
bringing out features which tend to be overlooked. 
Perhaps the weakest part of the book is the 
chapter on retaining walls and foundations. There 
is nothing to indicate that the soil pressures, whether 
lateral or vertical, are subject to very large changes 
when the bearing surfaces move slightly or are 
strained. Rankine’s rules for earth pressure are 
quoted, in spite of the criticisms brought against 
them in recent years, and it is assumed that the 
centre of pressure on a vertical retaining wall is 
at one third of the height, whereas modern investi- 
gation has shown that it may rise to half the height 
or even more, owing to areh action. Bearing 
preasures on soils are given without any qualifi- 
cation as to the size or depth of the foundation 
or as to the presence of soft layers below the subsoil. 
It is stated that the coefficient of friction for clay 
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diminishes as the pressure intensity on it increases, includes a number of appendices devoted to mathe- 


which is not in accordance with the conclusions of 
“soil mechanics.” 
clay as though the two materials behaved in a similar | 
manner, whereas the outstanding feature of founda- | 
tion research is that the two are utterly different. | 
It is apparently assumed that the angle of repose | 
is the same thing as the angle of internal friction, 
which is by no means the case. 

One aspect of design which might have received 
treatment is that of joints between beams, columns 
and slabs. Reinforced-concrete structures tend | 
to be monolithic and the design of connections 
between members is as important as that of the| 
members themselves. Even in the case of the| 
L-shaped retaining walls, nothing is said of the | 
reinforcement at the angle. | 

These comments, however, must not be taken to 
detract from the quality of the book as a whole, 
which is excellent. 
| 





Complex Variable and Operational Calculus with Technical 
Applications. By Dr. N. W. McLACHLAN. Cambridge : 
The University Press. [Price 25s. net.] 


It is not without interest to recall that mathematical 
methods of the greatest physical potency—such, 
for example, as those associated with the names of 
Fourier and Heaviside—were originally presented 
in a form utilisable by the engineer and physicist 
but unacceptable to the mathematician, until the 
appropriate rigour had been subsequently introduced 
by Dirichlet, Bromwich, and others. Although, 
in this book, Dr. McLachlan has had primarily in 
mind the needs of the technologist, for whom opera- 
tional methods are of growing practical importance, 
he has sought to base his treatment of them on a 
more secure mathematical foundation than that 
which characterised Heaviside’s largely intuitional 
procedure. Such an undertaking cannot make 
light reading, but anyone who glances over the 
types of problem eventually attacked will quickly 
appreciate the advantages of being able to handle 
the operational calculus with the confidence that 
only a thorough understanding of its technique 
can give. Moreover, the author does not neglect, 
in his foreword, to fortify the prospective reader with 
judicious words of encouragement. 

The text is divided into three parts, the first 
of which is preliminary in character and provides 
a compact and straightforward account of the 
theory of the complex variable, with concrete illus- | 
trations to give point to the analysis. Methods of 
locating and discriminating between the several 
sorts of singularity that functions of the complex 
variable may exhibit are clearly described, and 
various alternative paths of integration considered. 
The fundamental topic of the calculus of residues 
is given due prominence, and the chief properties 
of the gamma, error and Bessel functions, which 
occur repeatedly in this connection, are concisely 
treated. Part II, devoted to the operational 
calculus, constitutes the mathematical kernel of 
the work. The treatment adopted, based on 
the Mellin inversion theorem, involves the complex 
integration methods previously developed. The 
author introduces in this connection a new symbol, 
resembling a U lying on its side, which, placed 
between a pair of expressions, indicates that the 
one facing the closed end is the operational form of 
that facing the open end. The almost classical symbol 
p is not here regarded as an operator but as an 
inversion parameter, and is no longer identified 





ay ter he ie 
with 7 ioe Heaviside’s original treatment. After 


a chapter devoted to the solution of ordinary differ- 
ential equations by operational means, Heaviside’s 
unit function is introduced and its utility in dealing 
with impulses and transients exemplified. 

In Part III, various technical problems are re- 
viewed. These are very diversified in character, 
being drawn from mechanical, thermal and electrical 
sources. Although certain of them are so intricate 
that no complete solution is available, approxi- 
mations sufficient to satisfy practical requirements 
can generally be arrived at expeditiously by the use 
of the foregoing analysis. Following this impres- 
sive justification of the power of operational methods 
is a collection of examples, with solutions appended, 
to enable the student to check his progress. Part IV 





matical developments of points raised in the body 


Rules are given for sand and | of the text, and concludes with a useful tabulation 


of the principal formule and a very complete 
list of more than two hundred references. 

The proof-reading leaves nothing to be desired, 
while the printing is in the faultless style that has 
come to be associated as a matter of course with 
mathematical works emanating from the Cambridge 
University Press. This stimulating and compre- 
hensive exposition of Dr. McLachlan should take 
its place among the standard texts on operational 
methods. 





AVERY-SCHENCK PUSH-PULL 
FATIGUE-TESTING MACHINE. 


THE growing importance of the fatigue-testing of 
metals is indicated by the number of testing machines 
which havg been devised to effect it. One of the latest 
examples, at once simple in construction and interesting 
in principle, is that now manufactured by Messrs. 
W. and T. Avery, Limited, Soho Foundry, Birmingham. 
This is known as the Avery-Schenck “ Pulsator ’’ push- 
pull fatigue-testing machine (Schenck-Erlinger system) 
with resonance drive, and is illustrated in Figs. 1 to 4, 
on Plate XIV. In the general view, Fig. 1, the specimen 
under test is seen in the centre of the machine, gripped 
in a pair of sockets. The socket on the left is attached 
to what is known as a ring dynamometer, which 
virtually consists of a portion of a thick oval tube, 
having a flat on each side. One flat carries the socket 
and the other is bolted to a bridge which, it is clear 
from this illustration, can be adjusted longitudinally to 
accommodate different lengths of specimen. The con- 
struction of the ring diaphragm will be evident from 
the detail illustrations of Figs. 2 to 4, being particularly 
clear in Fig. 4. The pulsations given to the test piece 
are reflected in movement of the dynamometer, the 
amplitude. of which movements is read off by the 
microscope seen inside it by the aid of a slotted 
diaphragm lighted by a small lamp over a lens. The 
microscope has alternative objectives for the precise 
reading of the movements resulting from high test loads 
and low test loads, respectively. 

The socket to the right of Fig. 1 is attached to the 
centre of a flat spring, of a narrow diamond-shaped 
contour, and having a heavy mass at each end. The 
ends of the flat spring are free to oscillate horizontally 
and it is backed at its centre, immediately behind the 
socket, by two helical springs, the compression of which 
can be adjusted to give the desired static load on the 
specimen. The flat spring is oscillated by the small 
vertical motor seen in Fig. 1, which drives unbalanced 
wheels on one end of the spring. This oscillating device 
is seen in the background of both Figs. 2 and 3. It 
will be evident that the other end of the flat spring 
vibrates in sympathy with the driven end, and that any 
increase in the speed of the motor increases the ampli- 
tude of the oscillations, as the oscillating mechanism 
works in the vicinity of the natural frequency of the 
flat spring. The magnitude of the reversed load on 
the specimen can therefore be varied as required, and 
is not affected by alterations in the elasticity of the 
specimen. A certain minimum hardness factor is, 
however, necessary in the specimen since, otherwise, 
the vibrations at the centre of the flat spring would 
be damped out. The reversed bending of the spring 
results in a reciprocating movement on the specimen, 
which is transferred to the ring dynamometer. 

The number of cycles can be varied at will between 
2,600 per minute and 3,000 per minute, and the stress 
between 700 kg. (1,543 Ib.) and 10,000 kg. (22,046 Ib.), 
while the machine is running. The load imposed by 
the helical springs can also be varied at will when the 
machine is running, the available range being from 
zero to 10,000 kg. In consequence, a maximum 
pulsating stress of approximately 20 tons is possible. 
This load is with the machine illustrated ; it is made 
in two other sizes, having maximum loads of 6 tons 
and 50 tons, respectively. The power consumption of 
the three sizes is’ about 0-3 kW, 0-8 kW and 2 kW, 
respectively—satisfactorily low figures when it is 
remembered for how long a time fatigue tests have 
usually to be carried on. The motor runs on direct 
current, a transformer being provided when this is 
not available from the mains. In connection with 
current supply, it will be realised that a machine 
working on the rising portion of the resonance curve, 
as this does, is very sensitive to such variations in 
speed as might arise from even small changes in 
voltage. It is advisable, then, to ensure absolutely 
constant voltage and for this pu a device, known 
as the Avery-Schenck amplitude regulator (Kehse- 
Slattenschek system) has been develo This con- 
sists, fundamentally, of a contact maker fixed to the 
oscillating part of the testing machine; a magnetic 
regulating device, with a mercury switch, forming a 





~ 


differential relay ; and a regulating motor with variable 
resistance for regulating the working voltage of the, 
driving motor, This auxiliary ensures constant voltage 
and, therefore, constapt amplitude in the testing 
machine. 

The testing machine is very flexible in its appli- 
cation. Figs. 2 and 3 indicate how specimens of 
differing cross-section can be tested by means of appro- 
priate changes in the sockets or holders. In Fig. 2 a 
welded flat bar is being tested, the specimen being 
held in grips analogous to a vice. For testing round 
bars, as shown in Fig. 3, grips of the collet type are 
used. Contacts are provided which ensure the machine 
stopping immediately the specimen breaks and _pre- 
venting damage from accidental overloading. The 
push and pull effect is directly axial when ordinary 
fatigue tests are being carried out, so that no bending 
stresses whatever are present. At the same time, it is 
possible to utilise the machine to carry out fatigue 
bending tests on small parts. Thus, a small crankshaft 
is shown in Fig. 4 undergoing such a test, the flat spring 
and ring dynamometer being fitted with suitable face- 
plates having loading points on the crank-pins and on 
the shaft body. It is further stated that the machine 
can be readily arranged for fatigue tests to be carried 
out under the influence of water, acids, etc., producing 
the effects of corrosion and also at high temperatures, 
e.g., those obtained with high-pressure superheated 
steam and under conditions of extreme cold, such as 
may be met with in refrigerating machines. 








INSTRUMENTS IN SCIENCE AND 
INDUSTRY.* 


By Roserr 8. Wurrp.e. 
(Concluded from page 355.) 


THE accurate control of the length of the wireless 
waves radiated by the broadcasting stations has been 
a difficult problem, and has resulted in the production 
of an extremely accurate timekeeper. That certain 
asymmetric crystals when subjected to electrical 
stresses change their dimensions was discovered by the 
brothers J. and P. Curie in 1880. They also showed 
that such crystals develop surface charges under the 
influence of mechanical pressure. Later it was shown 
that when stressed by a rapidly alternating current the 
crystal is made to vibrate, and if the frequency agrees 
with the natural frequency of the crystal the amplitude 
of oscillation is relatively large. Primarily owing to 
the work of two men, W. G. Cady in America and the 
late D. W. Dye in this country, quartz-crystal controlled 
oscillators have been developed which maintain them- 
selves in oscillation at a definite frequency and with an 
accuracy of approximately one part in one hundred 
millions. A form of clock has been designed in which 
the maintaining power is an electric circuit controlled 
by a quartz oscillator. One of these clocks has been 
installed at the Royal Observatory, Greenwich, and it 
is hoped that by its means it may be possible to check 
the time of rotation of the earth upon its axis. I think 
it would be difficult to find a more striking example of 
& piece of pure scientific research work developing into 
an appliance with almost unlimited possibilities. 

From the point of view of industry, the thermometer 
is one of the most important of all scientific tools, for 
that is its ultimate position. There is hardly an industry 
in which temperature does not play an important part, 
and in our daily lives the question of the temperature 
of our bodies, or of the air surrounding them, is of 
fundamental importance. The first instrument for 
measuring temperatures was an air-thermometer, and 
was invented by Galileo about 1592. His friend 
Sanctorius actually used a form of thermoscope to 
show variations in the heat of the human body—the 
first clinical thermometer. The Grand Duke Ferdi- 
nand II of Tuscany is said to have invented, about 
1650, the first alcohol thermometer in which the tube 
was hermetically sealed. It is not known to whom the 
invention of the mercury-in-glass thermometer {is due, 
although it was in existence in 1693. Lord Kelvin 
propounded the thermodynamic scale of temperature 
as the final standard of reference, and it is to this 
scale (the absolute scale of temperature) that all 
temperatures are now referred. The national physical 
laboratories of the world have, at immense trouble, 
linked up their thermometric scales, so that readings 
taken by an instrument standardised by the Bureau 
of Standards in Washington will be found to agree 
with those certified at the National Physical Laboratory, 
Teddington. The first important work of this kind 
was an investigation at the Bureau International des 
Poids et Mésures, about 1884, into the errors of mercury- 
in-glass thermometers. As a result it was shown that, 
if the thermometer bulb was made of a “ hard” glass, 
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and Measures in 1927 were established by means of | such as high overload capacity, are advantageous. 
optical pyrometers. |The rectifying action combined with amplification 
made an instrument capable of measuring temperatures| The last instrument that I shall deal with is the | enables alternating currents and voltages as small as 
throughout its range to 0-0Q1 deg. C. The recent | galvanometer, and that can only be taken as repre-| 10-* ampere and 10-* volt to be measured, using a 
developments in the manufacture of mercury-in-steel | senting the great group of electrical instruments that | robust moving-coil instrument as a direct-reading 
thermometers and of vapour-pressure thermometers | has come into existence during the past century. At/| indicator. The low electrical inertia and high input 
have largely reduced the demand for mercury-in-glass | the Faraday Centenary Exhibition, held in London in |impedance have, when using suitable diode valves, 
thermometers in industry. That there is still a huge | 1931, an exhibit showing the development of electrical | enabled voltages and frequencies up to 100 megacycles 
field for the mercury thermometer may be judged from | measuring instruments was staged by Mr. R. W. Paul| to be measured with reasonable accuracy by robust 
the fact that the National Physical Laboratory certifies |on behalf of the Exhibition Committee. The exhibits ‘commercial instruments. The part played by the 
over half a million clinicals annually, and that air| showed how cosmopolitan has been the growth of| thermionic valve in the simplification of measuring 
temperatures are largely taken with such thermo- | electrical measuring instruments. The galvanometer | techniques is now well known to all laboratory workers. 
meters. | is no exception to this statement. The name itself was | As a striking example, it is, I think, safe to say that 
Electrical methods of measuring temperature have | given to a form of electrometer by Bischoff in 1802, | had it not been for the replacement of the mechanical 
made great strides during the past few years. A great | and commemorates the discovery by Galvani of the | type of electrometer by the electrometer valve or other 
deal of this progress was due to the work of H. L. | movements of the muscle of a dead frog by electricity. type of valve combinations, the measurement of pH 
Callendar, who was President of Section A when the | Oersted, in 1820, discovered that an electric current | would not have emerged from the laboratory to spread 
British Association last met in Dundee in 1912. He/| would deflect a compass needle, and thus laid the | to almost every industry. 
showed that the resistance thermometer suggested by | foundation for the many types of moving-iron or| Looking back over forty years’ experience in the 
Sir William Siemens in 1871 could be made an instru- | magnet galvanometers. In 1858, W. Thomson (Lord | use of scientific instruments, many of those years 
ment of high precision, and at the same time developed | Kelvin) invented the mirror galvanometer for use with | being spent in their manufacture and development, 
simple bridge methods for measuring the resistance of | the Atlantic submarine cable; this instrument made | I am much impressed with the steadily growing demands 
the thermometer. Above all, he invented the Callendar | submarine signalling possible. In 1881, the Deprez-| for higher accuracy. The development of the high- 
Kecorder, the pioneer of the majority of recording | d’Arsonval moving-coil galvanometer was invented, | speed steam engine, and later the motor-car, brought 
bridges and potentiometers in use to-day. Callendar | and, although it had been anticipated by other inventors, | about an insistent demand for accurate tools and 
possessed in a marked degree the gift of explaining | the credit is due to these two distinguished Frenchmen | gauges. This, in its turn, necessitated better design 
difficult problems, and also that of great experimental | for the most practical form of galvanometer—the one | in the tools and more accurate measuring instruments. 
skill. Although the resistance thermometer is still the | used in practically every direct-current measurement.|The manufacture of interchangeable components in 
standard for the range, — 100 deg. to 600 deg. C., it is| The moving-coil galvanometer has been studied | large quantities has still further increased the demand 
not used as frequently in industry for the measurement | theoretically and practically by Ayrton and Mather, | for accuracy. The introduction of the new alloy steels, 
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and if a carefully prescribed routine was followed in 
the standardisation of the thermometer, it could be 





of high temperatures as it was a few years ago. Its | Zernicke and Moll, and the result of their work is an| with the special technique required in their heat 
industrial field has become that covering temperatures | instrument of extremely high sensitivity and short 
below 500 deg. C., and more particularly for use in| period. Paschen, Nichols and Downing, and Hill have 
positions where, by means of a switchboard, it is con- | done much to increase the sensitivity of the moving- 
venient to read a group of temperatures from one | magnet galvanometer. In this connection acknowledg- 
central position. ment must be made of the great debt the physicist and 
The discovery of thermo-electricity by Seebeck in | the instrument maker owe to that doyen of instrument 
1822 led eventually to the production of the simplest | designers, Sir C. Vernon Boys. The high sensitivity of 
electrical thermometer and one of the most practical | certain types of galvanometer is very largely due to his 
in industry. The platinum-platinum 10 per cent.| invention of the quartz fibre—the ideal material for 
rhodium couple was introduced by Le Chatelier in | suspending light bodies. 
1886, and owing to its reliability and to the fact that; A form of galvanometer which has proved of great 
its electrical constants can be reproduced in various | service in industry in confirming much theoretical work 
meltings of the alloy, has become the most generally | in connection with alternating currents is the electro- 
used in accurate high-temperature work. Owing to| magnetic oscillograph, a galvanometer possessing an 
the high price of platinum this thermocouple (generally | extremely short periodic time and fairly high current 
referred to as the rare-metal couple) cannot be used | sensitivity. The moving-strip type, in which the 
in industry as freely as one would wish, but the invention | element is reduced to the simplest form, consists of a 
of the base-metal couples, such as iron-constantan | loop of a fine metallic strip stretched in a magnetic 
(Ni 40 per cenc., Cu 60 per cent.), nickel-nickel chro-| field, the air-gap being reduced to a minimum. This 
mium (Ni 90 per cent., Cr 10 per cent.) has largely | instrument was invented by Blondel in 1893, but its 
met the requirements. The latter of these two couples, | development was largely due to Duddell, who, six 
due to Hoskins, may, if suitably protected, be used | years later, showed in a series of striking experiments 
for temperatures as high as 1,200 deg. C. The base-| the possibilities of the instrument. Since then its 
metal couples yield a high E.M.F., thus tending to| capabilities have been much improved, the latest 
simplify the measuring equipment. | models having a natural frequency in air of 1/17,000th 
A variety of potentiometers, deflection galvano- | second, and a sensitivity of 42 mm. at one metre for 
meters and recorders have been developed to meet the | 0-1 ampere direct-current, or with a frequency of 
demands of industrial thermometry. It is, I think, | 1/3,000th second a sensitivity of 580 mm. at one metre 
true to state that with very few exceptions no heat/| for the same current—a sensitivity ten times that 
treatment is now given to any material in a manu-| possible five years ago. In some of the test rooms of 
facturing plant without thermometric control. The /| the large switch and cable makers a group of these 
modern methods of heating lend themselves so readily | instruments (sometimes as many as 24 elements) is 
used to record photographically the phenomena set 


to automatic control that the instrument maker is 
being called upon to design automatic controls for | up in the network when a heavy-current switch is 
every variety of heat treatment from that of a dental | opened or closed. The problems connected with 
furnace to one capable of taking the largest gun. The | telegraphy and wireless have also invoked the aid of 
application of high temperatures in industry, especially | the ovcill ograph. Many of the phenomena to be 
in metallurgical work, has increased the demand for | studied take place in such short intervals of time 
instruments capable of measuring temperature without | (0-000001 second to 0-00000001 second) that it is 
being placed in the hot zone. The first satisfactory | impossible for any form of mechanical instrument to 
attempt at such a pyrometer was made in 1892 by | respond. This has brought into general use the cathode- 
Le Chatelier. In this instrument, which was a form of | ray oscillograph, a form of which is now so familiar 
photometer, the intensity of the light received from | in television sets. The cathode-ray beam is deflected 
the hot body was adjusted by means of an iris dia-| by the current or voltage under investigation, the 
phr (later by means of avsorbing-glass wedges) to | movements being recor either by the direct action 
mateh that given by a standard lamp. A few years|of the beam on a photographic plate, or by photo- 
later Holborn and Kurlbaum introduced the dis-| graphing the luminous trace on a fluorescent screen. 
appearing-filament form of instrument which, in one | For the observation of phenomena occurring in extremel. 
form or another, is now the most generally used type of | short intervals of time the former method is pe 4 
optical pyrometer. In this the filament of a small| the writing speed of the spot being approximately 
incandescent lamp is interposed between the eye of the | one-third the velocity of light. 
observer and the hot body. The current through the| An address of this nature would be incomplete if 
lamp is adjusted so that the filament becomes invisible | no mention were made of the thermionic valve. The 
against the incandescent hot body. The Féry pyro-| story of the development of this device has been told 
meter (1902) consists of a thermocouple of small mass | elsewhere* and in greater detail than is here ible. 
mounted in the focus of a concave mirror, which focuses | Its advent has led not only to the birth of a wide range 
the total radiation received from the hot body on to | of new instruments otherwise impracticable, but also 
the couple. This instrument can be used to measure | to the simplification of many measuring techniques. 
temperatures throughout a large range. It has also| The thermionic voltmeter was one of the first, if not 
the advantage that it can be readily attached to a/| the first, measuring instrument employing a valve 
recording galvanometer and can thus be made to follow | directly and using to the full its most valuable charac- 
the stages in the heat treatment of materials in a teristics as a measuring device. These characteristics 
furnace or kiln. Owing to the large amount of com- 
atively recent theoretical work in radiation pro- 
lems, the principles underlying optical and radiation 
pyrometers have been exhaustively studied, so that 
the measurements obtained with these instruments are 
closely linked to the absolute-temperature scale. Thus 
the upper basic points on the scale of temperatures 
published by the International Committee on Weights 


tion, rapidity of response, and high impedance. 
Although these are the prime considerations, others, 





* E. G. James, G. R. Polgreen and G. W. Warren, 
“Instruments Incorporating Thermionic Valves, and 
Their Characteristics,’ Proc. 1.E.E£., vol. 85, No. 512 
(1939). 


may be briefly summed up as rectification, amplifica- | 


| treatment, created a demand for precision thermometry. 
| The attitude of the manufacturer towards the scientific 
|instrument has completely altered. He was once 
sceptical as to its usefulness ; he is rarely so nowadays. 
| In the majority of large works the general control over 
| the instruments is now in the hands of a technically- 
| trained man, and that in itself relieves the instrument 
| maker of much anxiety. Another fact that impresses 
one is the great difference between the methods of 
manufacture during the same period. Forty or fifty 
years ago instruments were made in small batches, 
often by individual workmen. In London they were 
frequently made for some well-known firm by small 
chamber men who put the name of that firm upon 
|them. As a result of this procedure, the ae 
manufacturer very often had not an adequate 
knowledge of his products; this practice has almost 
entirely disappeared, to the benefit of customer and 
maker. 

| The increased demand for instruments has led to 
manufacture in the modern sense of the word. An 
instrument is carefully designed in the drawing office 
in consultation with the technical expert. The methods 
by which the instrument is to be made are considered. 
If the quantities are large, and if a preliminary model 
has been approved, then the possibility of the use of 
die castings, hot pressings or plastic mouldings must 
be considered, and the importance of interchangeability 
of components emphasised. In preparing the design 
of an instrument it must never be forgotten that a good 
design helps production. It always pays to spend time 
in the drawing office rather than in the workshop. The 
application of geometric design, the early exponents of 
which were Maxwell and Horace Darwin, often reduces 
the cost of manufacture and makes a better instrument. 
| I think that the experimentalist, in making up his own 
| instrument, should consider whether he can obtain the 
|same result by a simply designed geometric piece of 
| apparatus, rather than the more elaborate design to 
| which he may be attracted. 

| The demand for instruments is ever growing. As new 
| problems arise, both in science and industry, the require- 
| ments become more stringent. The instrument maker 
| constantly receives incentives to progress from the 
scientific worker to whom he owes not only suggestions 
but many of his new materials. It is, I suppose, a 
truism that if knowledge is to progress it is essential 
that theory and practice advance together. Nowhere 
is this more true than in the development of scientific 
instruments. 


| 











TRAINING IN EMERGENCY 
BRIDGE-ERECTION. 


ALTHOUGH the protective aspect of A.R.P. activities 
has received much attention, that of making good 
possible damage has been less noticed, though precau- 
tions to avoid dislocation of such services as water 
supply are well in train. An important precautionary 
measure is that of ensuring that road bridges over 
rivers and so forth can be repaired or replaced in the 
minimum of time, should these structures be damaged 
| by enemy aircraft. As is well known, many of the 
| bridges of the trunk roads of the country come under 
| the egis of the Ministry of Transport, and this Depart- 
ment has taken practical steps to provide means for 
| rapid reconstruction, either of a whole bridge or part 
of one, in the event of damage. To this end the 
| country has been divided into eight sections, seven 
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of which are in England and one in Scotland, and at a 
convenient place in each section a depot of material 
has been formed. This material, for the most part, 
consists of the standardised parts of the Callender- 
Hamilton Unit-Construction bridge, i.e., of a modified 
Warren-girder type, capable of variation within very 
wide limits by the use of the minimum of bolted 
members. 

As this type of bridge has been dealt with previously 
in these columns, for example, as recently as June 23 
of this year, see ENGINEERING, vol. 147, page 734 
(1939), it is unnecessary to describe it in detail here, 
our main purpose being to outline steps taken by the 
Ministry of Transport to ensure effective handling 
of the stored material in case of anemergency. Realis- 
ing that, simple as the unit-construction bridge is to 
put together, speed of erection would be greatly 
facilitated if the men concerned were familiarised 
with its technique, the Ministry made arrangements 
for two training courses to be held, each of three weeks 
duration, and the divisional engineers were instructed 
to arrange with suitable contractors in their districts 
to send a number of men for tuition. One of these 
courses is being held in the north of England and the 
other, which commenced on September 11, has now 
been completed at the Road Research Station of the 
Department of Scientific and Industrial Research 
at Harmondsworth, West Drayton. By the courtesy 
of the Ministry of Transport we were recently enabled 
to inspect the methods of training adopted. At the 
time of our visit three actual bridges were being dealt 
with, illustrating two different methods of launching, 
the method of erection being identical in all three 
cases. The largest bridge had a span of 140 ft. 
and consisted of a double-truss double-depth bridge, 
viz., a bridge in which each truss has double members 
and having two trusses one above the other. This 
construction is elearly shown in Fig. 8, page 734, of 
the article above referred to. 

The bridge was of the single-carriageway type, 
having a road of 10 ft. width, and had a total weight 
of 100 tons. It was launched by the skidding method 
developed by Messrs. Callender’s Cable and Construction 
Company, Limited. Following this method, rails 
were laid on heavy sleepers on one side of the space 
representing the river to be crossed and on these was 
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erected 100 ft. of the bridge, 70 ft. being of the single- 
depth construction, single-truss, and the remainder 
of the double-depth double-truss construction, since 
it was part of the actual bridge, the single-depth 
portion forming a nose by which the bridge can more 
quickly reach the far bank. The next stage was to 
pull the bridge over the gaps for 50 ft., this being 
effected by three men on each of two Trewhella winches 
on the far bank. Although half the length of the 
bridge as constructed was thus cantilevered, the weight 
of the overhanging single-depth portion was more 
than counterbalanced by the 30 ft. of the double-depth 
portion. Further erection of the double-deck portion 
then proceeded on the part of the rails left vacant, 
and another pull across the gap followed. Five 
of these movements altogether were necessary to 
get across the 140 ft. gap, and all operations were 
generally similar. Before the final pull, however, 
and when the bridge had still 30 ft. to go, 23 of kentledge 
tons had to be placed on the extreme tail. This 
was necessary because the front part of the actual 
bridge was of the completed double-truss double-depth 
construction, while the back part, though of double- 
depth, was only of single-truss construction, and was, 
therefore, lighter. This single-truss erection was 
adopted because the 70-ft. nose, once it was fully 
landed on the far bank, was dismantled and its parts 
transported across the bridge and used to convert 
the single-truss part into the required double-truss 
construction. The rails were laid at an inclination of 
1 in 70, rising from back to front in order to counteract 
any possible sagging of the cantilevered part. The 
time taken to erect the 140-ft. bridge was about three 
weeks, but it must not be overlooked that erection 
took place in ordinary factory working hours. With 
night and day continuous work, including Sundays, 
such as would naturally be adopted in an emergency, 
this erection time can be very greatly reduced. 

The second bridge for instructional purposes was 
a double-truss single-depth one of 50 ft. span, having 
a carriageway of 18 ft. The times taken on suc- 
cessive erections of this bridge illustrate very well 
the practical value of the training received. The 
first erection took five days, the second four days and 
the third somewhat over two and a half days, the time, 
again working factory hours, being thus halved. The 





foremen of the several contractors remained for the 
whole three-weeks’ course, the men were changed 
weekly, the contractors usually sending three gangs 
of five men each. The third bridge was also of 50 ft. 
span and was erected by the method favoured by the 
Royal Engineers. This method consists of building 
each truss complete on the near bank on a pair of roller 
frames. The trusses are then launched separately by 
supporting the front end by means of a wire rope 
controlled by a winch and carried on a mast erected 
on the far bank. A wire rope attached to the rear, 
and also controlled by a winch, was paid out as the 
front rope was wound in, thus ensuring proper regula- 
tion of the launching speed. When both trusses 
have been carried across the gap at the correct distance, 
apart, the deck beams, wind bracing, etc., are added. 
No erection times were available for this method of 
launching. 

The material stocked at the various depots will 
enable bridges with a span of 200 ft. to be erected. 
These would have a 10-ft. carriageway only and would 
be of treble-depth. Incidentally, it may be mentioned 
that in the erection of the double-depth bridge we 
noticed that a compact gantry, travelling on the upper 
truss, was used. This is hand-operated, travels on 
two large rollers and has two swivelling jibs. with 
blocks and tackles. It is not anticipated that a 
single carriageway bridge would prove inconvenient, 
since in the case of a wide bridge it is probable that the 
whole width would not be damaged, and a single-way 
bridge could be advantageously used to repair the gap. 
In any case, as already stated, the system possesses 
such a high degree of flexibility that it would be easy 
to devise a suitable form of bridge on the spot. With 
regard to strength, a double-truss double-depth bridge 
of 140 ft. span is designed to carry a load of over 
100 tons. It is, of course, understood that all the 
bridges in the country do not come under the Ministry 
of Transport, some of them, for instance, are within 
the jurisdiction of boroughs and municipalities. We 
understand that an appreciable number of such local 
authorities are co-operating with the Ministry of 
Transport and are making provision for the provision 
of emergency bridge material, the choice of the Unit- 
Construction, or of other methods, being left to 
individual discretion. 
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RECENT ELECTRIC WELDERS. 


Tur increasing use of electric welding in all branches 
of construction can be illustrated by the large number 
of different forms of equipment which are now being 
placed on the market for carrying out this branch of 
engineering work. Examples of much of this equip- 
ment would have been available for examination in a 
special section of the Engineering and Marine Exhibi- 
tion, which was to have been held at Olympia, London, 
last month; and, as most of these contain points of 
interest, we give below some information regarding 
them which has been supplied by the several manu- 
facturers. 

Among the pioneers in this class of work are Messrs. 
Metropolitan-Vickers Electrical Company, Limited, 
Trafford Park, Manchester, 17, who manufacture what 
may be called a universal set, since it is suitable for 
practically all general welding applications. It is 
an efficient self-contained set, robust enough to with- 
stand rough usage. An example of this welder is 
illustrated in Fig. 1, on page 381. It is available in 
two sizes, capable of delivering maximum welding 
currents of 300 amperes and 400 amperes, respectively. 
Both models are of the exciterless type and have been 
developed for employment in shipyards, engine works 
and dry docks. As will be seen from Fig. 1, the set 
can be mounted on a three-wheeled truck for greater 
mobility and can be made available for connection 
either to an alternating- or direct-current supply. In 
the former case, the set embodies a motor-generator 
running at 1,460 r.p.m., the motor of which is suitable 
for operation at any pressure up to 650 volts. The 
generator supplies direct current at pressures between 
80 volts and 25 volts, and has one commutator. There 
is no separate exciter. The field system comprises 
shunt, interpole and series windings, all of which are 
insulated and impregnated so as to render them suitable 
for use in a moisture-laden atmosphere. The excitation 
is all obtained from the sing'e armature and commu- 
tator, and, it is claimed, provides a stable and constant 
shunt field under all conditions of loading. The arma- 
ture conductors are insulated with mica and are carried 
in open-type slots. The commutator, which is made 
up of hard-drawn copper segments, is mounted on a 
spider, which is a press fit on the shaft. The motor 
stator consists of high-grade steel laminations, which 
are mounted on a cast-iron yoke. It carries the semi- 
former wound stator coils, which ere of double cotton- 
covered wire insulated with Empire linen tape in 
semi-closed slots. The whole stator is thoroughly 
dried, impregnated in varnish and baked hard to 
render the windings impervious to dirt and moisture. 
The motor rotor is of the squirrel-cage type, the 
winding being of solid copper bars, which are mounted 
in skewed slots and insulated so as to reduce noise 
and crawling. The bars are welded to copper end 
rings of generous section. The machine is ventilated 
by a fan, which is mounted between the two rotors. 
The motor switchgear consists of a star-delta starter 
with no-volt and overload releases. The generator 
switebgear is housed in the compartment which is 
mounted on the top of the machine. It comprises a 
plug and socket selector, which has, it is claimed, the 
advantage over the usual sliding-contact selector of 





ENGINEERING. _ 


ELECTRIC-WELDING 








Oct. 6, 1939. _ 


MACHINES. 











Fic. 4. 


being positive in action with a consequent avoidance | movement of the rheostat knob. 


of contact heating and losses. 
The high-power spot welder shown in Fig. 
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When operated in 
conjunction with a power-driven continuous spot- 


2, on| welding machine, the control will handle up to a maxi- 


page 381, is also of Metropolitan- Vickers make and has | mum of 150 welds per minute. 


been designed primarily for welding aluminium and its 
alloys. 
sary to pass sufficient current to form an actual molten 
slug of metal within the two plates being joined and, 
at the same time, to prevent the temperature on the 
outside surfaces in contact with the electrodes from 
reaching the change point of the material. This can 
only be accomplished by combining extremely short 
weld times with high welding currents, and efficient 
cooling of the electrodes. The machine illustrated is 
equipped with a 350-kVA transformer, which can 
deliver a welding current exceeding 30,000 r.m.s. 
amperes in the secondary. One of the outstanding 
features of the machine is the water-cooling system. 
The welding transformer is fitted with water-cooled 
copper secondary windings of rectangular section, 
while the electrodes themselves are individually cooled 
to within 4 in. of the tip by separate water circuits. 
This feature, it is claimed, ensures minimum distortion 
due to heating of the external surfaces of the work, 
and greatly reduces electrode wear. The welding 
operation is controlled by push-buttons, which actuate 
direct-acting compressed-air mechanism. There is, 
therefore, very rapid follow-up of the electrode as 
the weld is completed, and continuous pressure is 
applied for the period during which the metal is in the 
molten state. An automatic switch, which operates at 
a predetermined pressure, ensures that the weld does 
not take place until the required pressure has been 
applied to the electrodes. 

Accurate timing is obtained by the use of a Thyratron 
contactor timer, an illustration of which is given in 
Fig. 3, above. This consists essentially of a timing cir- 
cuit which operates the Thyratron controlling the weld- 
ing current through the medium of a contactor. In 
order to avoid vibration on the control panel, the con- 
tactor is housed in a separate box, and both it and the 
control panel are suitable for wall mounting. The weld- 
ing time can be adjusted by a small potentiometer 
rheostat which can be mounted in any convenient posi- 
tion, while there is also a range switch so that long or 
short welding times can be obtained as required. The 
range of the equipment is such that welding times of 
from 0-1 sec. to 8 sec. can be secured by adjustment 
of the rheostat when the range switch is in the “ long ” 
position. When the range switch is in the “ short” 
position the maximum time is reduced, though the 
minimum time remains the same, so that a finer 
adjustment can be obtained for the same angular 


To weld these alloys satisfactorily it is neces- | 





Messrs. The English Electric Company, Limited, 
Stafford, can safely claim to be one of the pioneers 
of alternating-current arc welding in this country, and 
their equipment embodies the results of much careful 
research. One of the effects of this has been to con- 
vince them that, to attain efficient operation, a correctly- 
designed choke must be inserted in series with the arc, 
power being supplied through a suitable transformer. 
It is also, in their opinion, essential to produce a plant 
in which the phase displacement due to the self-induc- 
tance of the welding regulator ensures that the welding 
current and the transformer secondary voltage will not 
pass through zero value at the same instant. As 
a result, at the instant of zero current, when the arc 
is extinguished, the transformer voltage for restriking 
the arc is high, thus, it is claimed, ensuring instant 
re-ignition. 

The English Electric alternating-current arc-welding 
equipment consists essentially of a transformer unit 
feeding one or more welding regulators. The trans- 
former may be either of the indoor or outdoor type and 
is provided with primary tappings for 350, 400, 420 and 
440 volts. To compensate for the voltage drop in the 
inter-connecting cables, the primary tappings may 
also be used, if necessary, as secondary voltage adjusting 
tappings. The normal secondary voltage of the supply 
transformer—which is the voltage available to the 
operator for striking the arc—is of such value that 
any manufacturer’s coated electrodes can be used. 
The transformer is designed in accordance with 
accepted practice, an essential feature being the 
maintenance of a reasonably constant voltage on the 
secondary side at all loads. Independent primary 
and secondary windings are essential, as the units 
of the auto-transformer type are quite unsuitable on 
account of the possibility of shock to the operator. 
Special precautions have been taken in the design 
and construction of the equipment to safeguard the 
operator and to make it impossible for any unauthorised 
person to gain access to the high-voltage winding. 

The welding regulator enables each individual 
operator to control the current taken from the trans- 
former to the correct value for the gauge of the elec- 
trode, which has been selected as suitable for the parti- 
cular welding work in hand. With a widely differing 
arc voltage, only a small change in the regulator 
voltage and a correspondingly small change in the 
welding current are produced. Thus the welding 
regulator has an automatic self-regulating characteristic, 
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independent of the type of electrode being used. 
The regulator also ensures that the wave form of 
the welding current remains approximately sinusoidal, 
a condition which produces a stable and easily con- 
trolled arc, and thus a good homogeneous weld. The 
regulator itself is immersed in oil and, being weather- 
proof, is suitable for outdoor use without further 
protection. An externally-operated tapping switch is 
provided for the selection of the appropriate current 
output and is fitted with a switch plate, calibrated in 
welding amperes, thus rendering unnecessary the use 
of metering instruments. Connections are made to 
the regulator by means of insulated plug and socket 
connections of the mechanically-protected and inter- 
locked type. The construction of the welding regulator 
is as light as possible without sacrificing strength. 
Messrs. The Lincoln Electric Company, Welwyn 
Garden City, are now fitting their well-known “ Shield 
Are” welders with a dual continuous-control system. 
Fig. 8, on page 386, shows one of these units being used 
in conjunction with a revolving manipulator. As 
will be seen, there are two dials on the control panel. 
That on the left is the “‘ job selector,” which controls 
the voltage output, and this gives the type of arc 
required for any particular job, while that on the right 
determines the heat of the arc. Before welding is 
commenced, the pointer on the “job selector” is 
moved to the position corresponding to the nature of 
the work to be welded, the dial being graduated into 
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four divisions: large electrodes, normal welding 
range, overhead and vertical, and special applications 
respectively. By the adjustment of the two controls, 
any type of volt-ampere curve can be obtained for 
vertical welding, overhead or flat welding, penetration 
into unbevelled plates or fast depositing of metal 
in a deep groove. The “ Shield Arc” electrodes used 
are of a special type marketed by the Lincoln Company, 
and the burning of their coating generates a gaseous 
shield which, it is claimed, protects the weld metal 
from the air and prevents oxide and nitride inclusions. 
A light slag is also produced which protects the finished 
weld during cooling. The electrodes themselves 
are made to very fine dimensions and'are accurate in 
diameter to within 1/1,000 in. They are embedded 
in a cement-like paste which is extruded and baked. 
Though, for obvious reasons, the majority of welding 
generators are themselves electrically driven, there 
are occasions where some other form of drive is neces- 
sary. Fig. 9, on page 386, shows the latest pattern 
of Diesel-engine driven welding unit constructed by 
the Lincoln Electric Company. The generator presents 
no unusual features, but the engine has been specially 
designed for welding duty. To obviate the difficulties 
that are sometimes experienced in starting under 
the conditions in which such an engine would have to 
work, a battery is provided to drive the generator as 
a motor, thus providing the advantages of ample torque 
and quick starting. The battery is re-charged 





the exciter. The petrol-engine driven units supplied 
by the firm are fitted with an “‘ idling device.” This is 
controlled from the generator and ensures that when 
no welding is in progress the engine runs at low speed, 
only accelerating when the arc is struck. 

The Plastic Arc welder, illustrated in Fig. 6, above, is 
constructed by Messrs. G. D. Peters and Company, 
Limited, Windsor Works, Slough, in three sizes, with 
ranges from 16 amperes to 250 amperes, from 15 amperes 
to 375 amperes, and from 50 amperes to 500 amperes, 
respectively. It is of the single-operator manual 
type and the motor is of the screen-protected horizontal- 
flange pattern. It is fitted with end-shield type ball 
and roller bearings and is coupled to the generator 
through a spacer ring and flange butt coupling. A 
ventilating fan is fitted to the coupling end of both 
motor and generator, and the machine can be supplied 
so that it is suitable for connection to any alternating- 
or direct-current supply. The generator, which has 
a heavy-duty ball bearing at the commutator end, is 
specially designed to handle any type of electrode 
and is of the accumulative series-compound wound 
type with a drooping characteristic. When running 
at the standard speed of 1,440 r.p.m., it gives its 
maximum output at an open-circuit voltage of 60 volts. 
This pressure droops automatically on load to the arc 
voltage demanded by the type of electrode employed. 
Control is effected by a specially-designed sw ith in 


from ' conjunction with a series-parallel type of ballast grid 
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resistance. This resistance is coupled to the shunt 
field regulator. All the controls are housed in a 
lightweight steel casing which, as will be observed 
from the illustration, is mounted on top of the motor 
generator. 

The Plastic Arc fully-automatic electric continuous- 
feed welding head constructed by the same firm is 
shown in Fig. 7, page 383. It consists of a differential 
gear driven by two motors, which are so connected in 
the control system that they maintain completely auto- 
matic are regulation. The gear unit incorporates | 
spur gearing of special alloy steel, which is mounted on | 
ball-bearings and enclosed in an oil bath. Provision 
is made for the fitting of a water-cooled magnetic | 
control nozzle, together with separate totally-enclosed 
paper-feed and wire-feed units for use when welding 
with carbon electrodes. Automatic control is effected | 
by means of the operator’s control panel and a con- 
tactor control panel, both of which are mounted | 
adjacent to the head. The complete unit is designed | 
so that it can be fitted to an existing welding fixture, | 
or, as illustrated, mounted as a self-propelled travelling | 
unit. Current for welding and for operating the 
automatic head is supplied from a three-unit combined- 
type motor-generator set. 

The welder shown in Fig. 5, page 383, which is con- 
structed by Messrs. The Quasi-Arc Company, Limited, 
Bilston, Staffordshire, is interesting because it embodies 
both a phase and frequency convertor. The windings 
of the transformer are so arranged that an accurately 
balanced load is taken from a three-phase supply, 
giving a single-phase output at a frequency equal 
to three times that of the supply mains. In this 
way, it is claimed, increased are stability and greater 
ease of working are secured. Fig. 4, page 382, shows a 
single-operator set by the same firm, which incor- 
porates a 16-h.p. twin-cylinder Diesel engine coupled 
to a specially designed direct-current generator. 
Chis generator has a drooping characteristic and a 
maximum output of 250 amperes. Sete of this type 
can also be supplied mounted on a trolley with steel 
aides. 

Messrs. Murex Welding Processes, Limited, Hertford- | 
road, Waltham Cross, are well known as manufacturers 
of electric welding plant for use on both alternating- | 
and direct-current circuits, and for fixed as well as| 
mobile work. All this plant is built to comply with 
British Standard Specification No. 638 of 1935, which 
safeguards the purchasers’ interests by ensuring that | 
the rating is such as to prevent excessive temperature | 
rise, which would result in premature breakdown or 
shorten the life of the equipment. An example of these 
welders is illustrated in Fig. 10, on page 386, which 
shows an arc-welding plant mounted on a two-wheeled 
pneumatic-tyred trailer, so that it can be towed from 
place to place at high speeds. It is intended for one 
operator and has a maximum output of 400 amperes at 
30 volts. Fig. 11, on the same page, is a two-operator 
transformer, which is constructed by the same firm. 
As will be seen, this is a totally-enclosed unit of com- 
pact design, with the various controls easily accessible 
on the top plate. It is mounted on three pneumatic- 
tyred wheels for convenience of handling. The trans- 
former has a continuous rating of 22-4 kVA and can be 
arranged for connection either to three-phase circuits 
with a voltage between 380 volts and 550 volts, or to 
single-phase circuits with a voltage between 200 volts 
and 550 volts. The maximum output to each of the two 
welders is 200 amperes at 80 volts, but an additional 
winding is provided to give 100 volts when this is 
necessary Owing to special electrodes being used. In 
this case, however, the maximum current must be 
reduced to 160 amperes per welder. The transformer 
is controlled by two oil-immersed reactance coils 
from which tappings are vaken to rotary selector 
switches. This enables thirty-six adjustments in 
three ranges of twelve steps each to be obtained, 
thus giving a complete range of from 15 amperes to 
200 amperes on each welder. As will be seen, two 
{-in. flush-type ammeters are fitted on the top of the 
casing. These are specially designed for electric 
arc-welding work. 





WELDING OPERATIONS ON GAs MA(NS AND GASHOLDERS. 
—In connection with the Factories Act, 1937, H.M. 
Chief Inspector of Factories, Home Office, Whitehall, 
London, 8.W.1, has issued two certificates of exemption 
relating to cutting and welding operations. The first 
certificate (No. 4) exempts from the requirements of sub- 
section 4 of Section 28 of the Act the operation of 


repairing a water-scaled gasholder by electric welding, | 


subject to several well-defined conditions. Similarly, 
certificate No. 5 exempts from certain requirements 
the operations of cutting or welding steel or wrought-iron 
gas mains and services by the application of heat. Again, 
certain specific conditions are laid down. Copies of either 
certificate may be obtained, price 1d. net each, 


W.c.2. 


ENGINEERING, 


BRITISH STANDARD 
SPECIFICATIONS. 


Amone the specifications issued by the British 
Standards Institution, the following may be of interest 
to our readers. Copies are obtainable from the Publi- 
cation Department of the Institution, 28, Victoria- 
street, London, S8.W.1, and, unless otherwise stated, 
the price is 2s. net, or 2s. 2d. post free. 

Capillary Joints for Copper Tubes.—During the 
course of the preparation of specification No. 659, for 


OcT. 6, 1939. 
PERSONAL. 


Messrs. DAVID BROWN TRACTORS, LIMITED, Hudders- 
field, have taken over the entire Meltham factory pre- 
viously occupied by Messrs. United Thread Mills, Limited. 
The new premises are to be employed for the production 
and assembly of tractors. 

Messrs. DavipD BROWN AND Sons (Hupp.), LIMITED, 
Huddersfield, have asked us to state that, apart from 
their London and Birmingham offices, where a skeleton 
staff is retained, most of their district engineer sales 


light-gauge copper tubes, a proposal was submitted | representatives have been recalled, as it is felt that, 
by the Copper Development Association that some|under the present circumstances, their services can 
measure of standardisation in respect of capillary | best be utilised on production work. Arrangements, 
joints, such as are used with this type of tubing, might | however, have been made for technical representatives 


from | 
H.M. Stationery Office, York House, Kingsway, London, | 


advantageously be undertaken. The preparation of a 
specification was accordingly undertaken and has now 
been issued. It is designated No. 864-1939, and deals 
with the internal diameters of sockets for tubes ranging 
from ¢ in. to 2 in. internal diameter. 

Fractional Horse-Power Motors and Generators.—The 
electrical performance of fractional horse-power electric 


motors and generators, with class A insulation, is dealt | 


with in specification No. 170—1939. The specification 
was first issued in July, 1926, and the present revision 
has been extended to include generators as well as 
motors. It also includes several new features which 
were not covered at all in the original edition. In the 
new edition, motors of the “ universal” type, and 
recommended horse-power and speeds, are now included 
while provision is made for short-time rating as well as 
continuousrating. One effect of the new features is that 
motors intended for use with domestic electrical refrigera- 
tors are included within the scope of the specification. 

Hand Lamps for Air Raid Precautions.—A specifi- 
cation in the new A.R.P. series deals with electric 
hand lamps fitted with primary battery or un- 
spillable accumulator, 
designated No. B.8./A.R.P. 3, has been pre- 
pared at the request of the Air Raid Precautions 
Department of the Home Office. The specifica- 
tion relates to the design and construction of 
electric hand lamps for general use out-of-doors 
or in buildings in which the windows, roof lights, 
etc., are not screened. It requires that the 
design of the hand-lamp shall be such that the 
light emitted is properly directed and screened. 
| Price 3d. net. ] 








BOOKS RECEIVED. 


Ministry of Health. Persons in Receipt of Poor Relief. 
England and Walesa. April to June, 1939. London: 
H.M. Stationery Office. [Price 6d. net.) 

Locomotive a Chaudiére Velox dela S.N.C.F. 
Paris: Dunod. 

Mathematics Applied to 
A. G. WARREN. London: 
{Price 15s. net.] 

Department of Scientific and Industrial Research. Building 
Research. Special Report No. 26. The Reduction of 


By M. CHAN. 


Electrical Engineering. By 
Chapman and Hall, Ltd. 


Noise in Buildings. By Dr. A. H. Davis and C. H. 
MorreAv. London: H.M. Stationery Office. [Price 
ls. net.) 

Department of Scientific and Industrial Research. Fuel 


Research. Physical and Chemical Survey of the National 
Coal Resources. No. 48. The Yorkshire, Nottingham- 
shire and Derbyshire Coalfield. Nottinghamshire and 


Derbyshire Area. Analysis of Commercial Grades of 
Coal.—Part IT. London: H.M. Stationery Office. [Price 
3s. net.) 


Det Norske Veritas. Beretning Til 75 Arsjubileet 1939. 
Oslo: A/S Carl C. Werner & Co’s Boktrykkeri. 

Ripper’s Heat Engines. New edition. Revised by 
A. T. J. Kersey. London: Longmans, Green and 
Co. [Price 5a.) 

Ministry of Health. Costing 
3ist March, 1938. Part II. 
[Price 6d. net.} London : 

The Ohio State University. The Engineering Experiment 
Station. Reports. (i) Influence of Graphite Ladle 
Additions on the Mechanical Properties of Gray Cast 
Iron. By A. H. Direrker, R. P. SCHNEIDER and 
H. H. Dawson. (ii) The Effect of Calcium Chloride 
Admizture with Portland Cement. By Prorgrssor J. R. 
SHANK. Columbus, Ohio, U.S.A.: The Director, The 
Engineering Experiment Station, The Ohio State 
University. 

United States National Bureau of Standards. Building 
Materials and Structures. Report BMS31. Structural 
Properties of a Concrete- Block Carity-Wall Construction, 


Returns. Year Ending 
{Price 9d. net.) Part III. 
H.M. Stationery Office. 


Sponsored by the National Concrete Masonry Association. 
By H. L. Warrremore, A. H. StTane and D. E. 
PARSONS. Washington: Superintendent of Docu- 
ments. [Price 10 cents.) 


Railways Statement. By THE Hon. 
D. G. Suturvan. Including Annual Report of the 
General Manager of Railways. 1939. Wellington: 
The General Manager, New Zealand Railways. 


New Zealand. 


The specification, which is | 


| to be available on request, from the head office and main 
| works at Huddersfield. 

| Messrs. Ruston AND HoRNsBy, LIMITED, Lincoln, 
| have elected Mr. William J. Ruston to a seat on their 
board. Mr. Ruston is a nephew of the late chairman, 
| Colonel J. S. Ruston, and is also a director of Messrs. J. 
| Stone and Company, Limited, Deptford. 

The Department of Overseas Trade announces that 
the address of Mr. L. C. HuGHES-HALLETT, Commercial 
| Secretary in Denmark is now: British Legation, Com- 
mercial Secretariat, Hammerensgade 4, Copenhagen. 


| 
| 
| 





| TENDERS. 





WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, particulars 
of the undermentioned tenders, the closing dates of 
which are stated. Details may be obtained on applica- 

| tion to the Department at the above address, quoting 
the reference numbers given. 

Gear Wheels and Pinions, steel. The Johannesburg 
| City Council; October 21. (T. 27,348/39.) 

Oil Engine and Alternator, complete with exhaust- 

silencing equipment, and air filtering and silencing equip- 


| ment, piping and pumps, for the Hinchinbrook Shire 


| Counedl, Ingham, Queensland. The Consulting Engineer, 
| Mr. A. E. Axon, Bank of Australasia Chambers, Queen- 
| street, Brisbane; November 6. (T. 27,418/39.) 





= 


TEMPORARY WAR-TIME 
ADDRESSES. 


We give below a list of temporary offices occupied by 
firms and institutions during the period of hostilities. 

MEssRS. IMPERIAL CHEMICAL INDUSTRIES, LIMITED, 
Publicity Department, Belmont, The Ridgeway, Mill 
Hill, London, N.W.7. The South Eastern divisional 
| sales office is also installed at this address. Telephone : 
| Mill Hill 3600. The addresses of the firm’s other divi- 
sional sales offices are obtainable on application. 
| Messrs. GENT AND COMPANY, LimiTED (London 
| Office), 6, Draycott-avenue, Harrow, Middlesex. Tele- 
| phone : Wordsworth 4002. 

THe Society or ENGINEERS, c/o Mr. B. B. Tarring, 
O.B.E., F.S.E., honorary secretary, 56, Church-street, 
Weybridge, Surrey. Telephone: Weybridge 376. 

Messrs. THE ANDERSON-GRICE COMPANY, LIMITED, 
Taymouth Engineering Works, Carnoustie, Scotland, 
advise us that their Glasgow and London offices have 
been closed and that all correspondence should be 
addressed to the head office or to the private addresses 
of their representatives, namely, Mr. G. G. C. Robertson, 
20, Lumley-street, Grangemouth; Telephone, Grange- 
mouth 233. Mr. F. P. Moore (for cranes), 109, Wellington- 
road, Bush Hill Park, Middlesex. Telephone, LABurnum 
4626 ; and Mr. A. Kennish (for stone-crushing machinery), 
118, Ashbourne-road, Mitcham, Surrey; Telephone, 
Mitcham 3856. 

MESSRS. WESTINGHOUSE BRAKE AND SIGNAL COMPANY, 
LIMITED, are removing the majority of their departments 
to Pew Hill House, Chippenham, Wilts, on October 7. 
Telegrams ; Fouracre, Chippenham. Telephone: Chip- 
penham 2255-6-7. A section of the staff, however, 
is remaining at 82, York-way, King’s Cross, London, 
N.1. 

MEssrRS. EDGAR ALLEN AND COMPANY, LIMITED (head 
office), Eyam, Sheffield. Telegrams: Allen, Sheffield 
and Askham, Sheffield (as before). Telephone: Eyam 31. 











MEETINGS OF THE INSTITUTION OF ELECTRICAL ENGI- 
NEERS.—It is stated that, though it will not be possible 
during the forthcoming session to hold meetings of the 
Institution of Electrical Engineers either in London or 
at many of the provincial centres, it is proposed to 
circulate the papers which were to have been read and 
to invite contributions to the discussion for publication 

{in the Journal, which will continue in its present 
| form. 
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NOTES FROM THE SOUTH-WEST. | 


CARDIFF, Wednesday. 

The Welsh Coal Trade.—Orders for about 480,000 tons 
of Monmouthshire large steam coals were placed during 
the past week by the Egyptian State Railways, which | 
are large users of these descriptions. It will be remem- 
bered that the railways were in the market for, alter- 
natively, 360,000 tons or 480,000 tons, early in August. 
Reports were current on the steam-coal market that 
they were anxious to obtain additional supplies of coal. 
Owing to the well stemmed position of collieries gene- 
rally, however, little coal was available. It was regarded 
as significant, therefore, that these buyers were inquiring 
on the North East Coast for about 180,000 tons of large 
coals. The difficulty in securing early deliveries of coal 
continued to keep operations on the market within 
narrow limits throughout the week. Inquiry on export 
account remained fairly brisk and as a result sellers 
were easily able to dispose of what small quantities they 
had to offer. A very firm tone ruled and prices, though 
still largely governed by the destination, were approxi- 
mately 3s. per ton above the level ruling immediately 
prior to the outbreak of war. Portuguese buyers who, 
during recent years, have been obtaining increasing | 
supplies from German producers, have been compelled 
to seek out fresh sources of supplies owing to the impossi- 
bility of securing coals from Germany. It has been in 
the Portuguese trade, more than any other, that South 
Wales has suffered as a result of German subsidised | 
competition. Owing to the outbreak of war, however, | 
a number of buyers in Portugal have been displaying | 
greater interest in the local market. The best feature | 
of the market continued to be presented by the duff | 
coals. These grades were almost completely disposed | 
of over some considerable time ahead and the occasional 
odd lots available were readily taken up. Sized coals 
were also well stemmed, while best large descriptions 
were moving off steadily. Dry large coals attracted a 
moderate attention, and smalls were well absorbed. A 
good activity was again displayed by coke, chiefly in the 
inland trade. Patent fuel remained well booked with | 
orders. 

The Iron and Steel Trade.—The South Wales and 
Monmouthshire iron and steel and allied trades remained 
busily engaged. Works continued employed to almost 
full capacity and new business was extremely difficult to 
negotiate. 











AMERICAN PETROLEUM PRODUCTION.—The production 
of petroleum in the United States during the week 
ending September 9 averaged 3,228,650 barrels daily, 
compared with 2,283,200 barrels during the previous 
week. e 





THE INSTITUTION OF CIVIL ENGINEERS.—The Council 
of the Institution of Civil Engineers has decided to | 
continue the work of the Institution, as far as may be 
practicable, from the headquarters building in Great 
George-street, Westminster, S.W.1. The meetings of | 
the Institution in London will be suspended until further | 
notice, and the Conference on Engineering Education | 
and Training and the Road Engineering Exhibition are | 
postponed indefinitely. The reading rooms and library 
will be open, and the normal loan service of books 
available for the use of members. It is proposed to | 
continue publication of the Journal, although it may be 
necessary to adopt a different form. The October 
examinations of the Institution will be held in London | 
but not in the provinces. The Council will continue to | 
co-operate in the work of the Central Register of the 
Ministry of Labour and to assist the War Office and 
other Service Departments in the recruitment of qualified 
civil engineers for posts in which their professional 
expertence is of value. 





NortTH-East Coast INSTITUTION OF ENGINEERS AND 
SHIPBUILDERS.—The Council of the North-East Coast | 
Institution of Engineers and Shipbuilders, Bolbec Hall, 
Newcastle-upon-Tyne, 1, has awarded the Institution 
Engineering Gold Medal to Dr. T. W. F. Brown, for his | 
paper, ‘‘ Vibration Problems from the Marine-Engineering 
Point of View,” and the Shipbuilding Gold Medal to 
Mr. Arnold Emerson, for his paper, “‘ Special Trials of the 
Beacon Grange: The Effect of Steering on Propulsion.” 
The M. C. James Memorial Medal has been awarded 
to Dr. S. F. Dorey, for his paper, “‘ Strength of Marine- 
Engine Shafting,” and the R. L. Weighton Memorial 
Medal to Mr. Johan Boele, the most meritorious student 
at King’s College, Newcastle-upon-Tyne, in the final 
examination for the pass B.Sc. degree. The Institution 
Scholarship for 1939 has been awarded to Mr. William 
Taylor Atkinson, and the George Mitchell Harroway 
Scholarship for 1939 to Mr. James Dawson, while a 
prize of 51. has been awarded to Mr. Bryan Hildrew, 
who was an entrant for the Institution Scholarship. 
Awards ranging from 3. to 11. have been gained for 
Papers read before the graduate section by Messrs. K. I. 
Overgaard, C. F. Croisdale, G. Wright, Jr., Sylvester 
Gibb, T. Corin and S. Cambers. 


NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 
Iron and Steel.—Of some importance to the staple 


NOTICES OF MEETINGS. 





BRADFORD ENGINEERING Socrety.—Monday, Octo- 


industries of this district is the announcement that among | >€t 9, 7.30 p.m., The Technical College, Great Horton- 


the goods now declared to be uninsurable under Part 2 


| of the new War Risks Insurance Act are iron and steel 
| of the following descriptions : 


pig iron; ferro alloys 
other than in powder form; ingots; billets, blooms 
and slabs; sections and shapes other than bright; 
rails, sleepers, fishplates, and sole plates; hoop and 
strip, hot or cold rolled, other than bright ; tyres, axles 
and wheels; castings, blocks, and forgings; colliery 
arches and pit props; and pipes. The exclusion of these 
descriptions puts an entirely different complexion on 
local responsibility under this Act, and brings a sub- 
stantial measure of relief. Progress is being made in the 
raw and semi-finished material sections. As far as 
can be ascertained, supplies of pig iron, hematites, 
and iron and steel scrap are ample for the steadily- 
expanding requirements, while despite difficulties 
inherent in the present situation, distribution proceeds 
without serious hitch. The intermediate sections are 


| accounting for heavy outputs of all classes of semi- 


manufactured goods. Rolling mills as well as re-rolling 
plants are running at or near capacity and there is a 
strong demand for bright-drawn steel bars and cold-rolled 
strip of descriptions for which Sheffield and district 
firms have made special provision in recent years. 
District iron works dealing in special bends and joints 
report that shops newly erected are taxed to their utmost 
capacity. Agricultural engineers and suppliers of 
gardeners’ requisites are busy, and the fact that more 
land is being put under cultivation is likely to ensure 
a stronger demand for ploughs and threshing machines. 
Makers of the latter are strong buyers of rolled-steel 
beater plates. Considerable activity is also reported 
in agricultural castings, chaff knives, springs for various 
types of agricultural machinery, turnip cutters, and 
wire and ribbon steel. Manufacture of shovels, picks 
and spades is an active medium. While anxious to 
economise, provincial transport services are faced with 
essential renewals in the upkeep of tramway and motor 
*bus services. This week Sheffield Transport Depart- 
ment is inviting tenders for 25 car sets of tramcar uphol- 
stered seats, tramway rails and fishplates, double-junction 
manganese-steel points and crossings, tie bars, and 
anchor and fish bolts. 

South Yorkshire Coal Trade.—Emergency conditions 
have sharpened the demand in almost every direction. 
House coal deliveries have been speeded up against 
winter requirements, though distributors still 
considerable leeway to recover before getting up-to-date 
with orders. Industrial coal of all sorts is a very strong 
market. Consumption at iron and steel works grows 
steadily, while big deliveries of steam coal are going 
under contract to the railways. Electric power stations 
are prominent buyers of slack. 








THE INSTITUTE OF TRANSPORT.—The Council of the 
Institute of Transport, 15, Savoy-street, London, W.C.2, 
has awarded the Railway Operating Premium for 1938-39 
to Mr. S. H. Fisher for his paper “Acceleration of Railway 
Services”; the Road Transport (Passenger) Premium 
to Col. A. S. Redman, C.B., R.E. (ret.) for his paper 
“* Passenger Transport by Road in Relation to Railway 
Services’; and the Coastwise Shipping Premium to 
Mr. H. M. Clarke, for his contribution ‘“‘ The Case for 
the British Coasting Trade.’’ Other premiums awarded 
in respect of the 1938-39 session comprise the Graduate 
Premium to Mr. J. Blackstock for his paper “ High 
Speed on the Railway”; the Student Premium to 
Mr. A. S. Yarnold, for a contribution on “ Parcels 
Delivery,’’ and the “ Modern Transport” Premium to 
Mr. A. B. Smart for his paper “Some Reflections on 
Agreed Charges.” 





THE INSTITUTION OF ENGINEERS AND SHIPBUILDERS 
IN SCOTLAND.—The Council of the Institution of Engineers 
and Shipbuilders in Scotland, 39, Elmbank-crescent, 
Glasgow, C.2, is of the opinion that every endeavour 
should be made to carry on the activities of the Institution 
so far as circumstances permit. For the time being, 
therefore, the Institution building will remain open as 
usual; the library will close at 8.30 p.m. on Tuesdays, 
at 1 p.m. on Saturdays, and at 5 p.m. on other days. 
The number of meetings held, however, will be reduced, 
and, to facilitate attendance, the dates have been chosen 
near the time of full moon. Meetings will now com- 
mence at 6.30 p.m., and tea will be served at 6 p.m. 
instead of after the meetings. There will be no students’ 
meetings for the present. The first meeting of the session 
will be held on Tuesday, October 24, when Mr. Wilfrid 
Ayre will deliver his Presidential address. Following the 





have | 
| are very heavily engaged as the demands from consumers 





Address, Sir Hector Hetherington, LL.D., Principal of 
the University of Glasgow, will unveil a panel which has | 
been erected by the Council on the Institution premises 
to record the names of its Presidents. 


road, Bradford. “‘ Engineering: A General Outlook for 
the Student,” by Mr. Harry Moss. 

Nortu-East Coast INSTITUTION OF ENGINEERS AND 
SHIPBUILDERS.—Friday, October 13, 5.30 p.m., The 
Mining Institute, Newcastle-upon-Tyne. Annual General 
Meeting. Presidential Address, by Mr. T. R. Cairns. 








NOTES FROM THE NORTH. 


Giaseow, Wednesday. 


Scottish Steel and Iron Trades.—Conditions in the 
Scottish steel and iron trades have varied little over the 
week, and a wave of great activity prevails all round. 
Production generally is at a maximum, and as there is a 
plentiful supply of raw material a continuance of present 
conditions is assured. The direct requirements of the 
Government come first on the priority list and the 
consequent tonnage is very heavy. Steel for ship- 
building purposes is in steady demand, as there are many 
orders on hand for merchant vessels, as well as Admiralty 
contracts and Scottish shipyards are likely to be fully 
employed for a considerable period. The makers of 
black and galvanised sheets have more work on hand 
than they can conveniently handle, at least for early 
delivery, and all classes of buyers are pressing for supplies 
against orders placed some time ago. Structural sections 
are in urgent demand and everything possible is being 
done to speed up certain work of direct national import- 
ance. Bar iron and re-rolled steel bars are very active, 
and all makers of the latter in particular continue to 
have record outputs. The home demand for all classes 
of iron and steel is naturally extremely heavy in the 
present circumstance, but a certain amount of material 
is still being shipped overseas in different forms. Prices 
show no change and are as follow :—Boiler plates, 
11l. 8s. per ton; ship plates, 101. 10s. 6d. per ton; 
sections, 101. 8s. per ton ; medium plates, 121. 2s. 6d. per 
ton; black-steel sheets, No. 24 gauge, 14/1. 15s. per ton ; 
and galvanised corrugated sheets, No. 24 gauge, 171. 5s. 
per ton, all delivered at Glasgow stations ; Crown bars, 
121. 5s. per ton for home delivery or export; re-rolled 
steel bars, 111. 15s. per ton for home delivery, and 111. 
per ton for export; No. 3 bars, 12/. per ton, and No. 4 
bars, 121. 5s. per ton, both for home delivery. 


Scottish Pig-Iron Trade.—-The Scottish pig-iron makers 


are on a large scale. The tonnage required by steel 
makers has been growing steadily and every ton pro- 
duced goes rapidly into consumption. There are 14 fur- 
naces in full blast and, although the number does not 
seem large, it has to be remembered that the output of 
a@ modern furnace is many times greater than the tonnage 
of a unit of a decade ago. The stocks of raw material 
are ample for all requirements. The following are the 
current market prices :—Hematite, 51. 15s. 6d. per ton, 
and basic iron, 41. 12s. 6d. per ton, both delivered at the 
steel works ; foundry iron, No. 1, 5l. 3s. per ton, and 
No. 3, 51. 0s. 6d. per ton, both on trucks at makers’ 
yards. 








NoRTH-WEst ENGLAND AND NorRTH WALES ELEC- 
TRIcITy SCHEMES.—The Central Electricity Board has 
adopted without modification the North West England 
and North Wales Electricity (Alteration and Extension) 
Scheme, 1939, details of which were recently published. 
Copies of the scheme can be obtained from H.M. Stationery 
Office at the price of 1d. 





Fine FLUE ASH AND OCONORETE MANUFACTURE. —We 
understand that an agreement has been entered into 
between the Leicester Electricity Department and Messrs. 
Vitreous Concrete, Limited, whereby the latter firm will 
utilise the flue ash of the City’s power stations. The 
disposal of the fine dust, which is trapped so as to 
prevent the emission of grit from the chimneys, had 
hitherto proved somewhat costly but it will now be 
employed in the manufacture of concrete, and an installa- 
tion is to be built close to the generating station for this 


purpose. 








Messrs. Butt Morors (BRANCH oF E. R. AND F. 
TURNER, LIMITED).—We are informed by Messrs. Bull 
Motors (Branch of E. R. and F. Turner, Limited), 
Ipswich, that their branch offices at London, Manchester 
and Glasgow are remaining open at the usual addresses, 
and that their engineer representatives will continue to 
be available in Birmingham and Sheffield. The private 
addresses and telephone numbers of the branch-office 
managers and representatives have been circulated to 
all clients in their respective districts, and copies of 
this information can be obtained on application to the 


| branch offices or to the head office at Ipswich. 
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| may be assumed that the position with regard to 
|alternative fuel utilisation has not materially 
| altered from that given in our article, and discussed 
|in greater detail in the symposium of papers on 
| ‘* Coal as a Fuel for Internal-Combustion Engines,” 
read before the Internal-Combustion Engine Group 
of the Institution of Mechanical Engineers at 
| Swansea, from March 27 to 29 last. This sympo- 
|sium was dealt with in ENGINEERING, vol. 147, 
| page 442 (1939). 
Since the outbreak of war, it has become fairly 
|obvious that petrol stocks are not only ample 
for the fighting forces, but that there is also a very 
pobre surplus available for essential road 
| transport, and even for a certain amount of transport 
| that can hardly be regarded as essential. No doubt 
the reported success of the anti-submarine campaign 
to date has had its influence in determining the 
Government’s attitude to requests for petrol allow- 
ances in excess of the amount allowed under the 
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maintained throughout a war of possibly several 
years’ duration, and with the probable enormous 
increase in military activity in the next few months, 
rationing may become more severe. 

The alternative fuels actually available fall into 
three groups: liquid fuels such as heavy oil, 
paraffin, benzene and methylated spirits; solid 
fuels in the form of coke, coal or charcoal; and 
gaseous fuels in the form of coal gas, blast-furnace 
gas, or butane. It may be reasonably assumed 
that no great increase is practicable in the number 
of road vehicles running on heavy oil, since this 
oil is mainly imported and is subject to much 
the same restrictions and demands as petrol. The 
only liquid fuel, in fact, that is at all likely to be 
available to the public as an alternative to their 
normal petrol supply is a limited quantity of paraffin; 
but even in this case? it is decidedly doubtful whether 
the present embargo on its use for road vehicles 
will be relaxed. Apart from the demands of 
industry, paraffin offers the only practicable alter- 
native to petrol for the large number of tractors 
required for the intensive drive now being made 
for increased food production. While it is true 
that many of these tractors could be converted to 
operate on producer gas, the delay involved in 
making the conversion would not be permissible 
at a time when the tractors are urgently needed. 
A certain number of producer plants for this 
purpose are, however, actually available, and will, 
no doubt, prove of great value. Of the remaining 
liquid fuels mentioned, benzene may be classed 
with petrol as an essential fuel for the fighting 


| services, and the quantity of methylated spirit 


available is too small to be worth consideration. 
It is therefore necessary to turn to the solid or 
gaseous fuels for any appreciable measure of relief 
from a petrol shortage. 

As is well-known, the solid fuels can be used for 
road transport either by burning them in a boiler 
furnace to generate steam, as in a steam waggon, 
or in a portable producer operating in conjunction 
with an internal-combustion engine. In a crisis 
such as the present, the fact may be lamented that 
legislation in the past few years has been so framed 
as to drive the steam waggon off the roads, but 
lamentation has never resuscitated the dead, and 
the steam waggon is as dead in this country as the 
proverbial door nail. No doubt, many of the 
drawings from which the excellent vehicles of the 
past were constructed still exist, and could be 
utilised again, and in course of time such a procedure 
may be found to be desirable. The re-creation 
of an industry, however, offers no contribution 
to the immediate problem of maintaining transport 
on the roads, The position is entirely different 
when the utilisation of solid fuels in producer-gas 
vehicles is considered, and in our view, this offers 
the true solution of the alternative-fuel problem 
for all the heavier classes of vehicle. As we have 
pointed out in the past, the best results can only 
be achieved if the engine, chassis, and producer 
are built as one unit, but a vehicle that will satis- 
factorily fulfil all ordinary requirements can un- 
doubtedly be produced by fitting a producer to an 
existing petrol-engined chassis with relatively 
simple engine modifications. Although compara- 
tively few such conversions have been made in this 
country, many thousands of converted vehicles are 
in use abroad. Designs of suitable producers for 
this purpose have been described in our columns 
in the past, and the construction of one British 
producer, in particular, is so simple that it could 
be undertaken by almost any firm equipped for the 
handling of sheet-metal work. The necessary 
modifications to the engine to operate on producer 
gas can also be carried out by almost any engineering 
firm, and as all the materials required for the entire 
conversion are in every-day use, a very large number 
of vehicles could be converted in the course of a 
few weeks. The modern portable producer can 
be made to utilise fuels that can be mined in 
unlimited quantities in this country, the fuel costs 
are considerably below those of even a Diesel- 
engined vehicle, the radius of action is only limited 
by the quantity of fuel carried, and no particular 
difficulties are involved in either operation or 
maintenance of the vehicle. 

It may appear surprising that with these advan- 
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tages, it has not already proved a serious com- 
petitor of the petrol or Diesel-engined vehicle, 
The explanation of this apparent paradox, as pointed 
out in our previous article, lies largely in the basis 
on which the various types of vehicle are taxed, 
since the weight of the producer plant has to be 
included in the unladen weight for taxation pur- 
This may put the vehicle into a higher 
category, both increasing the taxation and reducing 
the maximum speed permitted. Those interested 
in the development of the producer-gas vehicle 
have been pressing for the removal of this handicap 
for some time, and it may be hoped that the Govern- 
ment will now lend a sympathetic ear to this plea. 
Even with a continuation of the present system of 
taxation, however, there is a strong inducement to 
use vehicles running on a fuel that is exceedingly 
unlikely to be rationed. 


poses, 


Turning now to the possibilities of gaseous fuels 
as an alternative to petrol, many of our older 
readers will recall the large extent to which coal 
gas was utilised for Road transport in the last war, 
and it might, therefore, be natural to suppose that 
history would repeat itself. The gas was carried 
for the most part in collapsible containers on the 
roof of the vehicle under low pressure. Apart from 
the more obvious disadvantages of this procedure, 
such as the danger from fire, the maximum storage 
capacity of the container rarely allowed a range of 
A system imposing 
such a serious limitation could hardly be expected 
to compete successfully with the more modern 
of the portable producer, or the 
carriage of the gas in bottles at high pressure. The 
sole advantage of the system lies in the fact that, 
unlike the producer, the gas bag does not occupy 
valuable space on the vehicle, and unlike the high- 
cylinder, not require special 
charging plant. It is therefore possible that this 
system will find employment to some extent on 
small delivery vans and private cars. The carriage 
of the gas under high pressure in bottles is in an 
entirely different category, and there is no technical 
reason why it should not be used contemporaneously 
with the portable producer. 


operation of much over 20 miles. 


developments 


pressure gas does 


Two basic difficulties, however, militate against 

immediate application to ease the difficulties 
In order 
that sufficient gas may be carried to give a reason- 


its 
caused by petrol shortage in this country. 


able radius of action, the gas has to be at a very} 
a pressure in the neighbour- | 
The 


deadweight is not to be 


considerable pressure, 
hood of 3,000 Ib. per square inch being usual. 
bottle must be light if the 
excessive, and considerable research has been neces- 
sary to develop a suitable design. Actually, nickel- 
chromium-molybdenum steel bottles are now made 
in this country with a capacity of approximately 
1-76 cub. ft., corresponding to a free gas capacity 
of 330 ft. at a working pressure of 3,000 Ib. per 
square inch, and weighing only 124 lb. Such bottles 
are, however, only available in limited quantities, 
and it would obviously be difficult to ensure a 
large supply at the present time both on account 
of the material employed and the demand for more 
requirements, The 
difficulty associated with rhe system is that it can 


essential war second basic 
only be utilised on a wide scale if charging facilities 
for the bottles are available throughout the country. 
At the present time, few charging stations are in 
existence, and although it would obviously 
possible to deliver the charged bottles to distri- 
buting stations from a central the 
transport problems involved in such a procedure 
would offer formidable difficulties. As it is extremely 
unlikely that authorities would install the 
expensive charging plant required in advance of the 
demand, the system could only be developed on a 
large scale under direct Government encouragement. 
These difficulties have equal force whether coal gas, 


few points, 


was 


blast-furnace gas, or the rarer gases having a high 
calorific value are under consideration. It has been 
suggested that a compromise between the low and 
high-pressure gas systems might be effected by 
employing a gas bag in which the gas could be 
stored at a moderate pressure, but although such 
bags could probably be made without difficulty, the 
proposal is open to the double objection that the 
vehicle range would be small, while special charging | 
plant would still be necessary. 
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THE ECONOMICS OF CIRCUIT- 
BREAKER DESIGN. 

THE general trend of the improvements that have 
been effected in the design of high-powered circuit- 
breakers during the past few years will be familiar 
to readers of ENGINEERING from a study of the 
numerous papers which have been read before 
various technical bodies and from the accounts and 
comments which have appeared in our own columns. 
The ostensible, and much to be desired, end of the 
exhaustive researches which have been conducted 
into the problem of switchgear construction is, of 
course, to ensure that the very large amounts of 
energy which have to be dealt with under short- 
circuit conditions with the present widely inter- 
connected networks shall be handled with safety 
and that not only the circuit-breakers themselves, 
but the large amount of valuable equipment they 
are designed to protect shall come through the 
ordeal unscathed. This has had the technical 
result that many ingenious arc-extinguishing devices 
have been produced, the object of these being to 
ensure that the circuit shall be broken effectively 
and without loss of time should conditions so 
demand. Moreover, the considerable mass of data 
that has been collected at the 
stations, both in this country and elsewhere, has 
meant that much uncertainty regarding performance 
has been resolved, with the important economic 
result that in modern switchgear manufacture little 
has to be allowed for what Perry so well termed 
the factor of ignorance. 

Another, perhaps not so satisfactory, side to this 
picture is, however, becoming visible. Enthusiasts, 
as is their habit, are seldom content to let well 
alone ; in other words, to continue solely to investi- 
gate problems the solution of which would obviously 


bring about both technical and economic benefits. | 


This lack of restraint means that attention is also 
being devoted to the production of designs the 
utility of which is only evident in exceptional cases. 
Though this would be of no great matter if these 
efforts were regarded only as intellectual exercises, 
there is some little danger that another, not so happy, 
result may be unjustified expenditure, owing to the 
natural desire to use something new just because 
it As we have pointed out on other occa- 
sions in dealing with security, economy is one of 
the factors that must considered, as 
comes a point, both in research and in finance, 


Is new. 


be 


beyond which it is unwise to go for the reason | 


that the results obtained are not worth the cost of 
achieving them. 


This arrangement may be illustrated by some 


remarks made by Mr. H. K. Sels in discussing a | 


paper read recently before the American Institute of 
Electrical Engineers by Messrs. J. B. MacNeill and 
A. W. Hill. In this paper, which dealt with multiple- 
grid breakers for high-voltage service, it was pointed 
out that for some years the standard interrupting 
time for cireuit-breakers used on such systems has 
been 8 cycles on a 60-cycle network, or 0-133 
It true that the 287-kV_ breakers 
installed at Boulder Dam are capable of inter- 
rupting the circuit in as short a time as 3 cycles, 
and, though as a result the cost of the apparatus 
has been increased to a degree which would not 
invariably be justified, steps have been taken to 
ensure that equipment capable of breaking circuit 
in 5 cycles, or 0-083 second, from the instant when 
the trip coil is energised, shall be available. This 
equipment, which is fully described in the paper, 
embodies a modification of the well-known De-ion 
grid, the units of which have been arranged to 
operate simultaneously and thus to give a series 
of low-voltage arcs at relatively high speeds. As 
it is intended for use on 138-kV to 230-kV circuits, 
the finger contacts employed to handle the large 
currents associated with the lower voltages are 
unnecessary and a simple butt contact, which has 
the advantage of giving a quicker parting time 
and being more economical in space, has been 
substituted. The arrangements for venting the 
fuses have also been modified to give sufficient 
pressure with the lower currents. The usual pattern 
of lifting rod and cross-bar is employed, but the 
cross-bar does not make and break the circuit as 
in the standard two-break switch. While closing, 
it is used to pick up an insulated operating rod, to 


second. is 





various testing | 


there | 





which the three moving contacts of each assembly 
are attached through levers. In opening, the three 
contacts are moved rapidly by the action of the 
butt contact springs and another spring at the top 
of the operating rod, the levers making it unneces- 
sary for the lifting rod and cross-bar to be accelerated 
at such a high rate. Considerable attention has 
been devoted to the design of these fast moving 
contact parts as the short-circuit is interrupted 
entirely within the range of their travel. For this 
reason the contacts themselves were made of heat- 
treated aluminium to reduce the weight, and an 
increase in life has been secured by the use of 
tungsten-alloy tips. 

As regards performance, an exhaustive series of 
laboratory tests, which are also dealt with in the 
paper, showed that the arc was extinguished within 
half the stroke of the moving contacts, and another 
series, made with currents of about 1,000 amperes at 
voltages varying from 110 kV to 230 kV, indicated 
that all the results fell within an envelope not more 
than 0-02 sec. wide. A triple-pole breaker was 
also tested at the Laguna Bell substation of the 
Southern California Edison Company, where short- 
circuits of about 2,250,000 kVA can be produced 
at an operating pressure of 220 kV. Single phase 
to earth faults were applied under varying conditions 
and a protective relay operating from excess 
current in the earth lead tripped the breaker in 
from 0-005 sec. to 0-01 sec. Cathode-ray oscillo- 
graphs were used to record the voltage to earth on 
the faulty phase during the period of arcing and 
for a few cycles thereafter. Each record showed a 
central zero line indicating a closed contact. Another 
trace a short distance away showed that the arc 
voltage was so small as to be scarcely noticeable, 
while the open circuit recovery voltage appeared as a 
sine wave after a short transient not exceeding 
0-5 cycle. The maximum peak of recovery voltage 
reached with the smaller short-circuit values of 
200,000 kVA to 225,000 kVA, and was about 170 per 
cent. above the normal crest voltage. For all the 
heavier short circuits the peak did not exceed 
10 per cent. or 15 per cent. above the normal crest. 
The rise of recovery voltage was also greatest on the 
lightest short circuits, being 2,300 volts per micro- 
second, compared with 500 volts per microsecond 
with the heavier currents. 

These results show clearly what this new design 
of circuit-breaker is capable of and are a tribute to 
the care and ingenuity of Messrs. The Westinghouse 
Electric and Manufacturing Company. The general 
| effect is to reduce the time of interruption from the 
6 cycles to 8 cycles obtainable with the standard 
breaker to something less than 3 cycles, and thus 
correspondingly to decrease the risk of damage to 
the line conductors, insulators and other equipment. 
On the other hand, though there is an advantage 
from the point of view of system stability in clearing 
a fault rapidly, say within } sec. to 4 sec., as Mr. 
Sels points out, it is doubtful whether economically 
it is justifiable to go much below these times. 
Unquestionably, if a fault could be removed from 
a system instantaneously there would be no stability 
problem, but it is uncertain whether any such ideal 
could be approached from an economic standpoint. 
The rapid removal of a fault from the system and the 
reclosure of the line has been proposed as a means 
of improving the reliability of transmission systems, 
but, in Mr. Sels’ view, sufficient experience has not 
been obtained to warrant such a policy and there is 
a good deal of doubt whether it could be justified 
economically. Moreover, the improvements desir- 
able in transmission systems can be brought about 
in so many other ways, such as the use of earth 
wires, the reduction of the resistance of tower foot- 
ings, and the employment of arc devices and high- 
speed relay systems, that to decrease the operating 
time to 3 cycles is, generally speaking, an unneces- 
sary refinement. 

Mr. Sels also points out that another factor that 
has to be considered is that when a short-circuit 
is interrupted in less than 6 cycles, the fault current 
is asymmetrical and may be considerably above the 
symmetrical value. In other words, within certain 
limits the faster the fault is removed the greater 
rupturing capacity it is necessary to provide in the 
circuit-breakers. While, therefore, it is an advan- 
tage in one respect to decrease the time of fault 
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interruption, in another it is a disadvantage. 
In a word, the end to be sought should be improved 
interrupting ability. If this brings a higher speed 
in its train, well and good, but the speed factor is 
not really essential to good performance under 
modern conditions. In fact, it would appear that 
the advantages of a super high-speed breaker for 
ordinary duty have been greatly exaggerated. 
Probably, the number of cases where there is any 
great advantage in clearing a fault in less than 


number of stations other than those near the river 
banks is due to the presence of sewers and other 
pipes carrying water, damage to which might result 
in flooding. Work to remedy this, we believe, has 
also been put in hand, though considerable reticence 
is exhibited as to its progress. The matter is not 
without importance, since the closing of these 
stations, many of which are at key points in the 
system, is causing considerable inconvenience. This 
inconvenience is not likely to decrease when the 





20 cycles is small. In this connection, it may be | shortening of hours of daylight and foggy weather 
pointed out that the current to be ruptured increases | will naturally tend to throw a greater load on the 
rapidly when times of clearing are much less than| tubes. We hope, therefore, that the necessary 
10 cycles, and that if the current to be ruptured| work will be pushed forward energetically and 
is increased, say, 10 per cent., by shortening the | completed without delay. 

time of clearing the current, then the rupturing 
capacity of the breaker must also be increased by 
about the same amount. If, therefore, high speeds 
are not required for stability, it is only in exceptional 
cases that the use of such a breaker can be justified. 


NorrFicaTION OF ELECTRICITY SuPPLY FAILURES. 


On March 29, the Electricity Commissioners 
issued a circular letter regarding the obligations of 
a & . 4 : the various electricity undertakings throughout the 

The moral of all this is, we imagine, obvious country to notify failures of supply. After a review 
enough. Ingenuity, even scientific ingenuity, must | of the position from a war emergency point of view, 
not be allowed to run riot. Researches must be | and in the light of experience gained in the interval, 
not conducted altogether regardless of financial | revised requirements which came into effect as 
considerations, or, if they are so conducted as ron from Sunday, October 1, have now been promul- 
intellectual exercise, care must be taken that they | gated. These require notification of any complete 
are not unnecessarily introduced into practice. Such | failure of supply for a period of one hour or more, 
a warning is, perhaps, less necessary in this country | which affects the whole undertaking. Any failure 
than elsewhere. At the same time it may well | for a period of one hour or more of a supply of 
be borne in mind, especially as there are many | electricity in bulk, whether given or received, must 
problems of which practice would welcome the} aiso be notified, as must any failure of supply for 
solution still awaiting investigation. | a period of two hours or more on any part of the 
| high-voltage system of the undertaking, which 
| affects transferring or converting plant with an 
NOTES. | aggregate installed capacity of 1,000 kW or more. 

a ; | This aggregate installed capacity is, however, only 

ConTROL OF TIMBER SUPPLIES. | to include that of the plant required for the final 

THE Minister of Supply has announced that, as | transformation or conversion to consumers’ voltages. 
from Wednesday, October 4, a new system of| Information must further be given of any other 
licensing timber supplies will be substituted for those | failure of supply lasting more than 12 hours on 
hitherto in force. Under this licensing system, any part of the high-voltage system, and finally of 
every purchaser of timber or box boards for con- | any failure of whatever duration due to damage to 
sumption must have a licence and it will be the| the works of undertakings consequent upon hostile 
seller’s duty to see that this is the case. No licences | attack. As we have said, these requirements will 
will, however, be required by consumers of timber | have effect as from October 1 and are in substitution 
and boxboard up to a total value of 20/. in any one | of those previously prescribed. 
calender month, provided that these materials are | 
required for work of national importance or urgent | 
necessity. Direct purchases by Government Depart- This week’s wartime news regarding artificial 
ments in specific cases covered by special or general | illumination relates to the lighting of railway 
directions issued by the Minister will also be| carriages. Adopting the same drastic policy as 
excluded. The Order controlling this system is | they did in regard to the passenger services, the 
known as the Control of Timber (No. 5) Order, 1939, | companies at first almost completely blacked out 
and does not apply to individual retail transactions | the lamps in the carriages, thus imposing, to quote 
not exceeding l/. in value. The system will, | a correspondent in The Times, “ the greatest handi- 
generally speaking, be operated by the Timber | cap on the hard working Government and business 
Control Area officers in respect of timber other than | official who must travel.”” The position, too, was 
mining timber and by the Timber Control Pitwood | not without its element of danger and of incon- 
District Officers in respect of mining timber. Copies | venience additional to that of being obliged to sit 
of the Order and of all directions issued under it) for longer or short periods in the dark. It is now 
can be obtained from H.M. Stationery Office. | understood that some time ago a committee com- 

prising representatives of the railway companies 
FLOODING AND THE TUBE RaILways. |and various Government departments decided 

The reasons why certain stations on the tube| upon a scheme which embodied a standard of 
system of the London Passenger Transport Board | lighting sufficient to enable people to see one 
have been closed since the beginning of the war| another and to be able to read fairly large type. 
have probably been already discovered by those of | If this is so, it has not yet been put into practice, 
our readers who are interested. Any doubts on the though perhaps the darkness is not quite so intense 
subject are, however, resolved by a statement which | as it was a few days ago. The reason given for the 
was issued last week. This points out that when| delay is that suitable bulbs are lacking and that 
the crisis arose in September, 1938, one of the first | on the main lines emergency-lighting circuits have 
matters to which the authorities directed attention | to be installed. Putting aside the suggestion that 
was the safety of the tube railways, and they came | this is one of the ways in which a little foresight 
to the conclusion that the possibility of a bomb| might have been exercised, it does seem as if this 
being dropped on the river bank either at Waterloo} is another case where some attempts might be 
or at Charing Cross was too serious to be ignored. | made to secure the desired end in some rather less 
As a precautionary measure, the ends of the lengths | inconvenient way. The majority of trains are now 














THE ARTIFICIAL LIGHTING OF RAILWAY CARRIAGES. 





of tunnel concerned were blocked with concrete, 
and though this material was cleared away when 
the international situation eased temporarily, per- 
manent works, consisting of sliding doors, were put 
in hand. Only those on the Bakerloo Railway had, 
however, been completed when war broke out and 
it has therefore, been necessary, to close the other 
tunnels, both at Charing Cross and London Bridge. 
When the doors are ready for use they will be 
closed as soon as an air-raid warning is given, 
and no trains will then run through the tunnels. 


lighted electrically, and the installations could be, 
if they are not already, controlled from the guard’s 
van. It would not, therefore, be greatly increasing 
the national risk to arrange for this not greatly over- 
worked official to switch out when an air-raid 
warning was given. At other times the original 
standard lighting which was often not over-generous 
could be maintained. If that is considered too 
dangerous, more might perhaps be done by the use 


| AIR CONDITIONS IN AIR-RAID 
SHELTERS. 


On page 335 of our issue of September 22 last 
we gave some particulars of occupancy tests of 
air-raid shelters carried out by Messrs. J. and E. 
Hall, Limited, in shelters constructed at their 
Dartford Works. We are now able to give below 
some data regarding the air conditions in one of the 
shelters provided for the staff of Messrs. George 
Kent, Limited, at their works in Luton, Bedford- 
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shire. In all, 29 of these shelters have been con- 
structed and the dimensions of the one in which 
the tests were carried out are 7 ft. 3 in. high, 9 ft. 
wide, and 20 ft. 7 in. long. The shelter is of concrete 
construction, the walls being whitewashed internally 
and the ceiling being located at a distance of 15 in. 
below ground level. It is designed to accommodate 
50 persons, the surface area being 16-1 sq. ft. per 
person and the cubic capacity 26-9 cub. ft. per 
person. The tests were carried out on July 13, 
1939. 

In the first test all the outlets were sealed so 
that no air could enter and the duration of the test 


TABLE I.—Test with All Outlets Sealed. 

















| Carbon 
Time. Temperature. Dioxide Humidity. 
in Air. 
Minutes. Deg. F. Per cent. Per cent. 
0 65°5 0-078 2 
10 72 0-396 63-5 
20 74°5 0-470 64 
30 75+7 0-910 65-5 
40 77 1-455 67 
50 77°5 1-991 69 
54 80 2-090 69 





TABLE II.—Test with Hand Pump in Operation. 














Temper- | Temper- | Pressure 
Time. ature ature /|Difference.| Carbon Humi- 
at near In. Dioxide. dity. 
Minutes, | Far End. | Entrance.) Water | 
Deg. F. | Deg. F. Gauge. Per cent. | Per cent. 
0 69 70 0 0-252 66 
10 76 75 0-5 — 63-5 
20 76°5 76 0-5 —— 64 
30 77-5 76 1 0-743 65 
40 77°5 76 1* — 66 
50 78 76 0-5 oo 65-5 
60 78 76 0-5 0-765 66 
70 738 76 0-5 — 66 
81 7 76 0-5 0-743 70t 




















* Rise in internal pressure reduced by cracking open sealed 
gas door. 
t Sharp rise in humidity due to pump stopping. 


was determined by the comfort of the occupants. 
The time was taken from the instant all the occu- 
pants were in the shelter and the doors were sealed 











of blinds, which was the method adopted between 








It has already been stated that the closing of a 


1914 and 1918, or by some other method of 
shading. 





64 minutes later. The temperature was generally 
measured near the end farthest from the door at 
a height of 4 ft. 6 in. above the floor level, but the 








Ze 
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final temperature was taken at the geometric centre | 
of the shelter. The pressure throughout the test 
remained just above atmospheric. The results of 
this test are given in Table 1, and the data are also) 
plotted in the diagram on page 389. 

In the second test the conditions were similar, 
except that a hand pump, worked at an average 
speed of 30 r.p.m. was employed to draw in air at 
approximately 120 cub. ft. per minute from the 
external atmosphere. The results of this test are 
given in Table II and the figures are also plotted in | 
the diagram. 

In commenting on these tests, Messrs. Kent 
point out that in Test 1 only one occupant com- 
plained of any discomfort, and it was generally 
agreed by the other occupants that the conditions 
would have remained tolerable up to at least one 
hour. Test 2 shows that conditions reach equili- 
brium values after about half an hour, and it is| 
considered that it should be possible to remain in| 
the shelter for several hours with the pump working | 
and all outlets closed, so long as the internal pressure | 
is not allowed to rise unduly. 








THE PARIS HIGH-TENSION 
CONFERENCE. 


(Continued from page 311.) 
Tue Visration oF OverHEAD CONDUCTORS. 


An interesting paper dealing with the vibration 
of overhead conductors was contributed to the proceed- 
ings of the Conference by Mr. D. Zetterholm, of the 
Royal Swedish Hydraulic Commission He said | 
that in the course of the year 1935, a number of 
breakages of conductors took place on lines belonging | 
to the Commission. The conductors were of copper, 
with a cross-section of 25 sq. mm. and 35 sq. mm., and | 
were carried on rigid insulators. It was considered that 
the breakages were due to fatigue of the metal induced 
by continued vibrations and in order to investigate the 
matter, and ascertain the cause of the vibrations, an 
experimental span was constructed in which the 
line was maintained in a state of constant vibration 
by mechanical means. The results obtained with these 
first experiments were sufficiently satisfactory to 
encourage the Commission to continue and develop 
them. Two years later pronounced vibrations were 
observed on an aluminium-steel line in the north of 
Sweden, and in view of this the experimental installa- | 
tion was enlarged so as to consist of several spans, the 
results obtained with it being applied to the line 
in question. Since that time the experimental | 
work had continued without interruption and had 
covered normal spans with conductors of various 
sizes and of various materials and different types of 
fixing. 

The experimental installation has been set up in a| 
forestal region thinly planted with small conifers. 
The line runs approximately parallel to a river and the | 
direction of the wind, which is fairly constant, is| 
such that natural vibrations of the conductors are | 
relatively infrequent. Diagrams of the experimental | 
spans are shown in Figs. 4 and 5. These, as far as 
1 are similar to normal spans, the distance 
xetween supports, which in the experiments is from 
100 m. to 200 m., corresponding with usual practice, 
and the insulators being of standard type. In all | 
cases in which the effect of suspension-type insulators 
was being investigated, double spans were used, as 
shown in Fig. 5. In order to owtain rapid results, the 
mechanical tension to which the lines were subjected | 
during the fatigue tests was sometimes greater than 
the normal tension on overhead conductors. The 
conductor is set in vibration by means of an electric 
motor mounted on a platform carried by one of the end 
poles. It is indicated at a in Fig. 4. The motor, 
which is of the variable-speed direct-current type, 
operates an eccentric by means of a chain drive. the 
rotation of the eccentric imparts an up and down 
oscillating movement to a rod 6 atteched to the line, 
uniformity of motion being secured 
a flywheel on the eccentric shaft. 

In some of the tests, the conductor was strained by 
means of a weight, or of a spring, as indicated at c 
in Fig. 4, the spring being used at times to compensate 
for the difference in tension caused by temperature 
variations. In other cases, the spring was used as a 
form of dynamometer, to indicate the stress. The | 
object of this arrangement was to enable the tension 
to be regulated within fine limits, so as to keep the 
stress as gonstant as possible. In most cases, however, 
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variation in tension in the line, 200 m. long, correspond- 


ing to this range is from 6 per cent. greater to 11 per 


cent. less than the tension at 0 deg. C. For a span 
of 100 m., the corresponding figures are + 10 per cent. 
and — 18 per cent. In most of the experiments the 


variation in tension due to temperature effects was of 


no importance. The regulating arrangements for the 
electric motor allowed the frequency of vibration to 
be kept at any constant value between 2 periods and 
30 periods a second. This range was chosen following 
of lines in service, which showed that 


Fig.4. 
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vibration was usually within these limits. The results 


of the tests confirmed that the most dangerous vibra- | 


tions fall within this range. 
The vibrations of the conductor were produced at 
one end of the line and measured at the other. The 


method normally used was to measure the vibrations 
near the end of the span. An observation platform, 
3-5 m. long, is fixed to the terminal pole of one line 
and a similar platform, 1-5 m. long, to the pole of the 
other. The vibration dampers, which are referred to 


| below, could be fixed to any part of the lines coming | the conductor at any moment. 
| within the limits of the platforms. Experience also | mental work with the Elda vibration damper, a single 


showed that breakages of the line almost always took 


By means of a chronograph arrangement, the paper 
is marked with a time scale at intervals of 5 seconds or 
10 seconds. The error in the time scale is less than 
0-1 second, so that the frequency of vibration can be 
measured with considerable accuracy. The pen by 
which the curve is traced is carried by a vertical guide 
rod attached to the line, the arrangement being so 
light in weight that a closely accurate curve is obtained, 
| especially with the sinusoidal vibrations induced by the 
experimental apparatus. By the choice of a suitable 
speed for the paper, it is possible to obtain digrams 
which are easy to interpret. 

To measure the propagation of vibrations across a 
fixing clamp to the next span, the same arrangement is 
used, the vibrations of the clamp and insulation being 
measured separately. Experience has shown this proce- 
dure to measure both the frequency and shape of the 
curve of vibrations with sufficient accuracy. By using 
a guide rod, 2 m. long, it was proved possible to measure 
the vibrations of lines in service with this apparatus. 
In the investigations on live conductors, Kienzle 
registering apparatus and Jaquet vibration counters 
have also been used. The Kienzle instrument registers 
the appearance and duration of vibration and the 
Jaquet counter indicates the number of vibrations 
with an amplitude greater than 0-7 mm. Observations 
on wind velocity during the experiments were made 
by means of an anemometer having a range up to 
| 0-3 m. per second. 
| ‘Tests were carried out with a large number of different 
types of conductors, including seven-strand copper of 
25 sq. mm. area; 19-strand copper of 120 sq. mm. 
area; 37-strand copper of 120 sq. mm. area; and 
37-strand copper of 185 sq. mm. area ; also solid copper 
wire 4-5 mm. in diameter, and 16 sq. mm. in area. Steel 
cable for earth wires with 12 strands of 70 sq. mm. 
area; and aluminium-steel conductors with seven 
strands of steel and 30 of aluminium, the respective 
cross-sections being 28 sq. mm. and 120 sq. mm.; and 
similar conductors with seven steel strands and 54 of 
aluminium, the cross-sections being 52 sq. mm. and 
403 sq. mm., were also tested. For pin-type insulators, 
two types of cable clamp secured with screws were 
used, one with the clamping edges well rounded and 
the other with relatively sharp edges, of 1 mm. radius. 
Insulators with a top groove in which the conductor 
was bound by wire were also employed. Two types of 
suspension clamp were used. The normal type is 
illustrated in Fig. 6. Various forms of groove were 
tried, but it was found that from the point of view 
of vibration they gave practically no difference in 
effect. The pivot was situated about 10 cm. above the 
centre line of the conductor. The second type of 
| suspension insulator is shown in Figs. 7 and 8. In 
this case, as will be seen, the pivot is on the centre line 
of the conductor. The form of tension clamp used for 
copper conductors is shown in Fig. 9; for aluminium- 
steel conductors the standard American type was used. 
| In this, the steel wires are secured in a sleeve around 
| which the aluminium wires are held by a second sleeve. 

Steel earth wires were fixed with a U-clamp. 

In the earlier part of the work on conductors of 
| relatively small diameter, vibration dampers of the 
| helical spring and dumb-bell type were tried. In the 
| first of these a weight is suspended on a helical spring 
attached to the conductor. In the second, a horizontal 
rod carrying a weight at each end is pivoted at the 
centre and suspended from the conductor. In each 
of these appliances the idea is that the vibrations of 
the conductor shall be absorbed by the elastically- 
suspended weight. It was found in practice, however, 
that resonance might be set up and in later work 
vibration dampers of the Elda type were used exclu- 
sively. These consist of a series of cast-iron discs, 
weighing about 0-5 kg. each, and resting on a lower 
plate which is suspended from the conductor by a verti- 
cal stud. The stud is connected to a clamp which 
embraces the conductor, a soft-metal corrugated sleeve 
being placed inside the clamp to prevent damage to the 
conductor. The cast-iron discs have central holes and 
| fit loosely on the stud. A bell cover protects the weights 
| from rain and dirt, as shown in Figs. 10 and 11. 

The appliance operates as follows:—When the 
conductor is at rest, the whole assembly is stationary. 
| If, however, the conductorisset in vibration, the weights 
| are subjected to vertical forces which rapidly change 








by means of| tests showed that vibrations registered at a distance | in direction, causing an up and down motion, so that 
| of a few metres from the end of a line did not sensibly | the discs set up a drumming action on the supporting 
| differ from those registered at a greater distance. The | plate. As a result, movement of the discs tends to 


|damp out the vibrations, the energy being absorbed 
in heat and the deformation of the assembly. The 
damper is not able to set itself into resonance with the 
oscillations of the conductor as its effective mass varies 
| with the proportion of the weight which is carried by 
In the first experi- 


weight was used, but later the number was increased 


the line was strained directly to the poles, the stress | place within the same limits. The registering appara- | to as many as 20. 


varying with the temperature. The temperature 
range in the area in which the experimental lines are | 
situated is between — 10 and + 20 deg. C. 


tus consists of a band of 


speed motor which is capable of giving a rate of travel 


ape driven by a variable- | 


In connection with the practical results of the tests, 
| it may be said that in 1925 a large number of breakages 


The | of the paper varying from 0-5 m. to 20 m. per minute. ' took place on a 22-kV line, which crossed a plain. 
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The conductors were of copper of 25 sq. mm. section, 
and were clamped to pin insulators; the mechanical] 
tension was 8-5 kg. per square millimetre, and the 
average length of span 100 m. The breakages took 
place inside or near the clamps, and after examination 
it was decided that breakage was due to fatigue. In 
order to ascertain the intensity and duration of the 
vibrations to which the lines were subjected, a Kienzle 
indicator was mounted on a span, crossing an open 
area, on which vibrations had been observed. It was 
found that the line exhibited vibrations for about 
33 per cent. of the period during which the indicator 
was mounted on the line. The vibrations set in about 
8 o’clock in the morning and continued until 6 o’clock 
in the evening—in one case until 10 p.m. In a particular 
case the amplitude was estimated at 5 mm. to 6 mm., 
the wavelength being 2-4 m. By acoustic methods 
it was ascertained that higher harmonics were super- 
posed on the visible vibrations, which, from the charac- 
teristics of the conductor, were calculated to be 37 
periods a second. The amplitude of 5 mm. to 6 mm. 
was for a free conductor, the actual vibration being 
small while the conductor was mounted on the line, 
since it acted as a damper. 

In November, 1929, vibration was noted on a line 
carried by steel pylons, the span being 200 m. and the 
tension in the conductors 8-5 kg. per square millimetre. 
In this case, a low frequency of 0-5 period a second 
was observed, a higher frequency with an amplitude 
of 10 mm. being superposed on this. The vibration 
of low frequency was evidently produced by gusts of 
wind striking the pylons and cross-arms. With a 
gentler wind the frequency was higher. Observations 
were also made on an aluminium-steel line the cross- 
sections of the two materials being 148 sq. mm. and 
455 sq. mm. Some of the observations were purely 
visual and were made to determine the sections most 
exposed to dangerous vibrations. In other cases, 
measurements were made with and without dampers. 
In observations on a conductor of this class, in which 
the tension was 9-7 kg. per square millimetre, and the 
span 275 m., it was found that vibration was most 
common on lines traversing valleys and plains and that 
vibration was uncommon in forest regions. 

Measurements taken on an undamped span indicated 
that the vibration was of a pulsating kind, as shown 
in Fig. 12. The movement was periodic but the 
amplitude was not constant, varying between zero and 
3 mm., the maximum reappeared 7-3 times a second. 
A vibration of this kind can be considered to be made 
up of two sinusoidal vibrations. On the same span, 
frequencies varying between 7 periods and 30 periods a 
second have been observed, the distance between the 
nodes varying from 4 m. to 2m. These effects were, 
however, only observed when the wind velocity was 
between 2 m. and 5 m. per second. Heavy vibration 
at a river crossing caused breakage of the line and 
damage to chains of insulators. The conductor was 
of aluminium-steel of 216 sq. mm. area and there were 
three spans of 200 m., 516 m. and 199 m. The line 
was later fitted with Elda dampers. The lines were 
fixed at a considerable height above the ground and 
there was almost always a wind blowing up the valley ; 
the vibration was observed at various hours of the 
day and night. Since the installation of the dampers 
no measurable vibration has been experienced. 

Observations on transmission lines have shown that 
breakages due to fatigue have been produced by vibra- 
tions sometimes in a brief period, the range of vibration 
being narrow and below 40 periods a second. Tests 
on the experimental line, carried out in conjunction 
with the observation of lines in service, showed that 
overhead conductors have a tendency to vibrate at 
periods between 10 and 15 and 20 and 30 per second. 
Vibrations of important amplitude, between 15 and 20 
periods a second, are rare. When the frequency is 
high, the amplitude is low, so that the flexure of the 
conductor is insignificant. Similarly, when the 
frequency is low, the waves of vibration are so long 
that the flexure of the conductor is reduced to a mini- 
mum and the number of flexures per unit of time is 
reduced. In consequence, there is little danger of 
fatigue fracture at either very high or very low fre- 
quencies and the range from 6 periods to 30 periods a 
second was accordingly chosen for the experimental 
installation. 

Most of the breakages of overhead lines due to vibra- 
tion have taken place at the point of suspension or 
fixing of the conductors, or in their immediate vicinity, 
so that attention was concentrated on the improvement 
of the methods of fastening. In work on lines carried 
on fixed insulators it was found that, using a conductor 


also found to give valuable results with anchor clamps. | generated in one span of a conductor and measurements 
In the case of a copper conductor of 185 sq. mm. | were made at various distances from the suspension 
and with a span of 200 m., suspended by a chain of | clamp on each span. The maximum amplitude of 
eleven insulators and with a tension clamp of the type | the oscillations at the remote end of the line was 
shown in Fig. 9, it was found that under a tension of | found to be 65 per cent. of the’amplitude at the point 
14 kg. per square millimetre, and without either | of generation. The average value during the whole 
dampers or protecting strips, fracture took place | period of the test was lower than this and during 


after 51 million vibrations. With a damper, but | 
without a protecting band, and under a tension of 18 kg. 
per square millimetre, fracture occurred after 308 | 
million vibrations. When, in addition, a sauna 
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band was added, and with a tension of 14 kg. per 
square millimetre, the number of vibrations before 
fracture was raised to 830 million. 

It has already been pointed out that protecting bands 
have been used with the clamps securing vibration 
dampers to the lines. In one example of this applica- 
tion a copper conductor 185 sq. mm. in cross section 
and consisting of two 200-m. spans, has executed 
1,820 million vibrations without fracture. The rate of 
vibration was 23 periods a second and the time covered 
24 years. It has also been found that with pin insula- 
tors the life of the line is much greater if the conductor 
is bound with wire instead of a clamp being used. 
The wire binding is flexible as compared with the 
rigidity of the clamp. 

A series of tests was made on the standard t of 
suspension clamp shown in Fig. 6, and the spoctel chan 
shown in Figs. 7 and 8. The conductor used was of 
185 sq. mm. cross section, the tension was 18 kg. per 
sq. mm., and each branch of the double span was 200 m. 
long. With the standard suspension clamp, after 139 
million vibrations, two wires were found fractured on 
the side of the clamp remote from the vibration genera- 
tor. With the special clamp and a protecting band one 











of 25 sq. mm. section, clamps with rounded jaws, | wire broke after 1,259 million vibrations. The object of 
allowing easier flexure of the conductor, gave much the special clamp is to facilitate the passage of the 
better results than those with sharp edges. Still | vibration from one s to the next. The point of 
better results were found when the conductor was | oscillation being at the centre line of the conductor, 
wound with a protecting soft-metal band where it was | it is considered that a node is produced at that point 
gripped by the clamp. In terms of millions of vibra- | with the result that the flexure of the conductor is 
tions, such bands increased the life of the conductor | reduced. Experiments have been made to investigate 





by 5 to 10 times. Rounding the jaws of the clamps | the transmission of vibrations by these clamps. Vibra- 
increased the life by 34 times. Protecting bands were! tions of a constant frequency and amplitude were 


37 per cent. of the period the figure was only 40 per 
cent. During some relatively short periods the remote 


| span was practically at rest. All breakages of wires 


took place on the far side of the clamp. 

Investigations were made to determine the efficiency 
of various types of damper, both the rigid and elastic 
types being tested. The former consisted of weights 
varying between 0-5 kg. and 2 kg., attached rigidly 
to the conductor. The only effect produced was that 


as the weight of the conductor was, in effect, increased 
|at the point of attachment of the damper a node 


tended to form there. The natural frequency of the 
conductor was only slightly modified. In tests made 
with a spring-suspended weight of 1-6 kg., the damping 
effect was either very small or nil, the vibrations being 
absorbed by the spring and the weight remaining 
almost at rest. The dumb-bell type of damper con- 
sisting of a suspended horizontal rod carrying weights 
at the ends was also tried, but the results obtained 
were poor and the test was abandoned. An attempt 
was also made to damp the vibrations by reinforcing 
the conductor inside the clamp. In this a conductor 
of iron wire of 35 sq. mm. was placed in the clamp 
and bound to the conductor at a distance of 27 cm. 
from each end of the clamp. Two or three reinforcing 
conductors were also tried, but none of these methods 


| gave a damping effect of any value. 


Experiments were then carried out with a damper 
of the Elda type, as shown in Figs. 10 and 11, but with 
a single lead weight of 0-5 kg. With this device in 

sition the amplitude of the conductor was reduced 
seme 7-5 mm. or 8 mm. to 0:5 mm. In order to 
study the effect of this damper on the life of the con- 
ductors, six spans were tested, three of which were 
not damped. The conductors were of copper of 25 sq. 
mm. cross-section and were fixed to rigid insulators by 
clamps. The tension at 0 deg. C. was 9-5 kg. per 
square millimetre and the length of span 125m. The 
undamped conductors broke after 7-5, 14-5, and 15-8 
million vibrations. A line with a damper, but without 
a protecting band, broke after 78 million vibrations 
and the remaining two lines, which were furnished 
both with dampers and protecting bands, endured, 
respectively, 780 and 785 million vibrations. 

As the possibility of the appearance of dangerous 
harmonics on some transmission lines is greatest 
within a certain band of frequencies, it was decided 
to carry out experiments on both aluminium-steel 
and copper conductors to determine the danger zone. 
Most oF the experiments were made on an aluminium- 
steel line of 148 sq. mm. cross-section, as the problem 
had become acute with lines of this type. A series 
of frequencies was imposed on the line beginning at 
from 6 to 7 periods a second and passing up to period 
of 25 to 30 per second, the work being carried out both 
with and without dampers. A diagram showing 
the oscillation at various frequencies of the 148 sq. mm. 
aluminium-steel line without dampers, is given in 
Fig. 13, and a similar diagram for the line fitted with 
dampers is given in Fig. 14. It will be noted that the 
amplitudes at intermediate frequencies are smaller 
than those at the lower and higher frequencies. As 
indicated earlier, most of the oscillations measured on 
transmission lines have frequencies between 25 periods 
and 30 periods a second, so that the results indicated 
in Fig. 13, confirm that the experimental lines fairly 
reproduce practical conditions. 

In seeking an explanation of the fact that important 
vibrations of transmission lines occur in a limited 
zone of frequencies, it should be noted that cases in 
which the line can be considered to be rigidly fixed at 
both ends are very rare, even when pin-type insulators 
are used. In a line supported by suspension-type 
insulators, the ends are secured to cross-arms fixed to 
the poles. All the parts are subject to vibration, and 
each has its own natural frequency, while the assembly 
of parts on a pylon has also a natural frequency. Any 
vibration which is engendered in a conductor affects 
the neighbouring elements of the assembly, and if 
the frequency corresponds with the natural frequency 
of the accessories, resonance may be set up and the 
vibration of the conductor increased. On the other 
hand, if the frequency of oscillation of the line is 
dissimilar from the natural frequency of the fixing 
elements, the line vibrations will be more or less 
damped. As a result, higher harmonics are not pro- 
duced. At certain frequencies the amplitude may vary 
periodically as in the example illustrated in Fig. 12. 

A series of tests which were made show that the 
zone in which harmonic. vibrations is rare occur, in 
general, round about 15 periods a second. This was 
found to be particularly the case with the 148 sq. mm. 
aluminium-steel conductor, the fixing elements of 
which were very light: It was observed that the 
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chains of insulators tended to take up the vibrations, 
the oscillation causing the lower units of the six- 
insulator chains to revolve slowly around their vertical 
axis. This effect resulted in considerable wear in the 
sockets, so that some of the insulators had to be 
replaced. It can be deduced from this experience that 
it is possible to absorb a considerable part of the 
energy of vibration in the form of friction and that 
suspension insulators act to some extent as dampers. 
The vibrations of a 70 sq. mm. non-conductor in the 
undamped and damped condition are shown in Figs. 
15 and 16. The conductor, the span of which was 
200 m., was fixed at the ends, so that nodes tended to 
form there and the tendency of the conductor to 
take up vibrations did not greatly differ over the whole 
range of frequencies. 

A detail study was made to determine the best weight 
and position for dampers. It was found that for an 
148 sq. mm. aluminium-steel conductor, the damping 
effect was about the same for a total weight of 1 kg. 
or 2 kg., and that the division of the weight into a 
small number of parts offered no advantage. For 
practical reasons in connection with the construction 
of the damper, four discs of 0-5 kg. each were adopted 
for the normal damper which was used for aluminium- 
steel and copper conductors up to a section of 150 
sq. mm. For copper conductors up to 185 sq. mm. 
and aluminium-steel up to 455 sq. mm., the total 
weight was raised to 2-5 kg., made up of four discs, 
each of 0-625 kg. Tests relating to the position of the 
damper on the line show that, in general, a position 
a quarter of a wavelength away from the point of | 
suspension is desirable. In practice, this corresponds 
to a distance of 1 m. for conductors of small cross- 
section and 1-3 m. to 1-5 m. for larger conductors. The | 
test also showed that when vibration is particularly | 
marked, two dampers should be used, fixed at different 
distances from the clamp. As a rule, the dampers are 
fixed at opposite ends of the line, but this is not 
essential. In practice, the dampers have been fixed 
at distances of 1-3 m. and 1-5 m. from the clamp. 
Elda dampers are able to deal with a wide range of 
frequencies, as they have no natural frequency. 

(To be continued.) 








THE TECHNICAL SERVICES OF THE 
COAL UTILISATION COUNCIL. 


We have been informed that it has been decided to 
continue for the present, as far as circumstances permit, | 
the technical work carried out by the combustion | 
engineers at the various branches of the Coal Utilisation 
Council, particularly their service of advice and | 
assistance to consumers to ensure the utmost economy | 
and efficiency in the use of fuel. The publicity and | 
propaganda work of the Council, however, is being | 
discontinued and the activities of the Area Committees 
will also be suspended. It is further announced that | 
the National Coal Convention, which was to have been | 
held in London on December 13, has been cancelled, 
but the sales training courses will be continued, includ- 
ing the continuation course, a new series of which 
commenced on October 1. The written examinations, 
however, are temporarily suspended. The continuation 
course, it may be explained, is intended for students 
who have already attended the sales training courses 
and wish to continue their studies. Several members | 
of the head-office staff have already been called up| 
for military service or have been transferred to the Mines 
Department, and the head office at Grosvenor-gardens 
House, Victoria, London, 8.W.1, will shortly be closed. 
For the present, however, communications may be 
addressed there to the secretary, Mr. J. S. Williams, 
and a further announcement will be made regarding the | 
Council's future address when the present head office | 
is closed. 

A warning regarding the working of heating plants | 
in buildings protected by sand-bags has been issued by | 
the Council's engineer in Scotland. He calls attention | 
to the fact that the placing of the bags round basements | 


THE LATE MR. V. S. WOODS. 


Ir is with regret that we learned of the death of 
Mr. Vincent Sydney Woods, which occurred on Sep- 
temper 14. Mr. Woods, who had been chairman of 
Messrs. Ransome and Marles Bearing Company, 
Limited, manufacturers of ball and roller bearings, 
Stanley Works, Newark-on-Trent, Notts, since the 
formation of the company, was born in 1856 and was 
the third son of the late Mr. Edward Woods, who was 
elected President of the Institution of Civil Engineers 
in May, 1886. Vincent Woods received his general 
education at Repton School and at University College, 
London, and, in 1880, went into partnership with the 
late Mr. Allen Ransome and Mr. Frederick Josselyn in 
their saw-mill and woodworking-machinery business in 
Chelsea and Battersea. When subsequently the business 
was turned into a limited company, he was made a 
director. In 1900 the present works were commenced 
in Newark. Mr. Woods became a director and was 
elected chairman of Messrs. Ransome and Marles 
Bearing Company, Limited, Newark, on its formation 
in 1916. He retired from the board of directors of 
Messrs. A. Ransome and Company, Limited, Newark, 
in 1918. He had recently signed the directors’ report 
and balance sheet of his firm for the year ending 
June 30, 1939, and was looking forward to presenting 
them at the Company’s 23rd annual general meeting 
at Newark, on October 6, but did not live to do so. 
To succeed him as chairman, the directors of the firm 
have elected Sir Albert Bennett, Bart. Mr. Woods 
became an associate member of the Institution of Civil 
Engineers on December 6, 1887, and was twice elected 


| Mayor of Retford, first in 1918-19 and again in 1919-20. 








THE LATE MR. ROBERT MACKIE. 


WE regret to learn of the sudden death, on Septem- 


| ber 23, of Mr. Robert Mackie, who had been engineering 


manager, since 1926, of the Woolston shipyard and 


engineering works of Messrs. John I. Thornycroft and | 
| Company, Limited. 


Mr. Mackie, who was 57 years of 
age, had been unwell for some time, but not sufficiently 
so to prevent his attendance at the shipyard, even on 
the day of his death. 


Robert Mackie was a native of Newcastle-on-Tyne, | 


and served his apprenticeship to engineering at the 
works of Messrs. R. and W. Hawthorn, Leslie and 
Company, Limited. 
obtained at evening classes, where he distinguished 
himself by winning the Marshall scholarship. After 
completing his apprenticeship, he remained for some 
time with Messrs. Hawthorn, Leslie and Company, 
and then joined the London staff of Messrs. Babcock 
and Wilcox, Limited. In 1904, he obtained an appoint- 
ment in the engine drawing office of Messrs. Thorny- 
croft, whose shipyard was then situated at Chiswick ; 


}and when, three years later, the increasing size of 


torpedo craft caused the firm to transfer the yard to 
Woolston, Mr. Mackie became chief draughtsman on 
the machinery side in the new establishment. This 
position he continued to hold until 1926, when he 


| succeeded Mr. F. J. Cook, on the latter’s retirement, 


as engineering manager. In that capacity he was 
responsible for the machinery of all the vessels engined 
by Messrs. Thornycroft during the past 13 years, and 
also for the machinery repairs and alterations carried 
out for the Cunard White Star and other lines at the 
firm's repairing works at Southampton. In his youth 
an athlete of some prowess, Mr. Mackie applied in all 


| that he undertook an athlete’s characteristic vigour of 


mind and body, and occasionally of speech, which a 
naturally cordial personality saved from being merely 
brusque. His death at the present time is particularly 
regrettable, in view of his skill and experience in the 
machinery design of the lighter types of war vessel. 








THE LATE MR. ERNEST KING. 


Many London and Sheffield engineers will share 


His theoretical training was | 





is sometimes done in such a manner as to cut off com-| Our regret at the death, after a very brief illness, of 
pletely the supply of combustion air for hand-fired | Mr. Ernest King, London director of Messrs. Mellowes 
boilers or mechanical stokers. He adds that he has | and Company, Limited, of Sheffield. He was 70 years 
already had several cases brought to his attention in | of age. : 
which fires have gone out througa lack of air and| Ernest King was born in London, and received his 
that, probably, there will be many more when central- | schooling at St. Mark’s College, Chelsea. At the age 
heating plants are put into general operation. It is | of 16, he was entered at the Finsbury Technical College, 
therefore suggested that members of the coal trade | where he studied electrical engineering under Professors 
might take note of this danger, and, by a little timely | Ayrton and Silvanus Thompson, and was awarded the 
advice now, prevent numerous complaints and consi-| diploma of the College. In 1886, he commenced an 
derable trouble when the cold weather sets in. | apprenticeship with Messrs. H. Young and Company, 
| Limited, ironfounders, of Nine Elms, and during this 
period was appointed to a Whitworth Exhibition, 
OvurTruT oF Moror Cars IN THE UNITED StaTes.—j| appearing in the list of 1890. Two years later he 
According to a report issued by the Guaranty Trust| joined, as a partner, the Chelsea firm of James Gray 
Company of New York, 41,245 motor cars were produced | and Company, heating engineers, with whom he re- 
in the United States during the week ending Septem-/| mained for nine years. » 1901, however, he was 
— manager at the Sheffield works of Messrs. 
Mellowes and Company, and with them the rest of his 








ber 16, compared with 26,865 in the previous week and 
16,000 during the corresponding week of 1938. 


| life was spent ; for two years in his initial position of 
| manager, then for four years as secretary, and, from 
1907 onwards, as a director. In 1912 he was trans- 
ferred to Westminster, where he remained in charge 
of Messrs. Mellowes’ London office until his death, 
which took place on September 25, while he was 
on a visit to Dorset. 

Although he was originally trained as an electrical 
engineer, Mr. King’s subsequent interests were in other 
forms of engineering. He was elected an associate- 
member of the Institution of Mechanical Engineers in 
1901, and was transferred to the class of member in 
1914; but he was known also to a wide circle through 
his long and intimate association with the Junior 
Institution of Engineers, which he joined in 1890. In 
that institution he occupied a long succession of offices, 
serving on the council for three terms of three years 
before being elected vice-chairman in 1900. In 1913, 
a year after his return to London, he became chairman 
of the institution, and possessed the distinction, vir- 
tually unique in its history, of being invited, 21 years 
later, to occupy that position for a second time, when 
the Juniors celebrated their jubilee. Subsequently he 
was elected a vice-president. In the informal atmo- 
sphere of the “ J.I.E.,”” his versatility and natural gift 
for good fellowship found ready expression, and, inci- 
dentally, provided full justification, if such were 
needed, for the educative principles which the Finsbury 
College was founded to inculcate, and which have 
characterised so many of its former students. 








CLEARING OFFICES : EMERGENCY 
ARRANGEMENTS. 


WE are advised by the Controller of Clearing Offices 
that the following arrangements have been made 
for the operation, during the present emergency, of 
the Anglo-Spanish, Anglo-Roumanian, Anglo-Italian 
and Anglo-Turkish clearings : 

(i) Payments of all debts to which the Treasury 
Orders apply will continue to be made in the ordinary 
way to the Bank of England for the account of the 
| respective Clearing Offices. 

(ii) Clearing Office receipts will continue to be a 
good discharge as regards the amounts paid. Receipts 
| will be issued as early as practicable, but some delay 
may be inevitable. 
|, (iii) Requests for telegraphic transfers cannot at 
present be entertained. 

(iv) Advance payments will continue to be accepted. 
| It is essential that they should be clearly described 
| as such. 
| (v) Payments by the Clearing Offices to United 
| Kingdom creditors will continue to be made, though 
| some delay may be inevitable. 











| BRITISH CHEMICAL STANDARD 


BRONZE AND CAST IRON. 


Messrs. Bureau of Analysed Samples, Limited, 
inform us that they have now ready for issue two new 
analytically-standardised samples, namely, a gun- 
metal, designated Bronze “C” (No. 207) and a cast 
iron designated No. 206. The bronze sample corres- 
ponds, in composition, to the British Standards Institu- 
tion specifications Nos. 382 and 383-1930 for 88/10/2 
gun-metal, and it enables manufacturers and buyers 
of ingots and castings, working to this specification, 
to procure a standard sample by which their chemists 
may check their methods of analysis. It is considered 
that the standard sample will be especially useful 
in cases in which the percentage of some constituents 
is on the border line of the specification. In addition 
to copper, tin and zinc, the gun-metal has been analysed 
for nickel, lead, phosphorus, iron, antimony, arsenic 
and sulphur. The sample has been prepared from 
very fine turnings, from a specially-prepared casting, 
and is stated to be in a more acceptable form than 
that of an earlier standard of somewhat similar type, 
(Bronze “A’”’). 

Cast iron No. 206 has been specially prepared to 
meet the need for an iron high in both phosphorus 
and silicon, typical of certain irons manufactured 
lin the Cleveland district and in the Midlands. In 
addition to the usual elements: total carbon, 2-59 per 
cent.; combined carbon, 0-05 per cent.; silicon, 
3-32 per cent.; manganese, 0-33 per cent.; sulphur, 
0-063 per cent.; and phosphorus, 1-51 per cent., 
the sample has been analysed for all likely minor 
elements, namely, titanium, chromium, nickel, vana- 
| dium, copper and arsenic. These elements are some- 
times present in larger amounts than might be supposed 
and may have some influence on the determination of 
the main elements. Both the bronze and the iron 
samples have been analysed by a number of experienced 
chemists, including independent analysts and chemists 
representing well-known manufacturers and users. 
|The certificate of analysis which is supplied with 
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each standard gives an outline of the methods employed 
by the co-operating chemists, some of which methods 
are of comparatively recent introduction. The stan- 
dards are issued in bottles containing 25, 50, 100 and 500 
grammes and may be obtained from laboratory fur- 
nishers or directly from the Bureau, 3, Wilson-street, 
Middlesbrough. 








TIMKEN BEARINGS FOR ROLLING MiLis.—We have 
received from Messrs. British Timken, Limited, Cheston- 
road, Aston, Birmingham, 7, a calculator, of the slide- 
rule type, designed by Mr. W. P. Snedden, to facilitate 
the selection of suitable Timken taper-roller bearings for 
roll-neck applications. For a given bearing load and 
operating speed, the bearing capacity can be determined 
and a selection can then be made from the makers’ 
standard lists. The estimated life of the bearing for 
hot mills and cold mills, and the bending stress in the 
roll neck can also be found. 





MERCURY-VAPOUR LAMP PLAN- 
COPYING MACHINES. 


Wuie the carbon-arc lamp has rendered invaluable 
service to the drawing office in speeding up the pro- 
duction of photoprints, as those who experienced the 
irritation and delays of the old sun-printing days will 
admit, it had a number of drawbacks and was only 
employed because there was no effective substitute. 
Recent advances in lighting technique have provided 
an adequate alternative, of which Messrs. B. J. Hall 
and Company, Limited, Stourton House, Dacre-street, 
London, S.W.1, have not been slow in taking advantage, 
this alternative being the mercury-vapour electric- 
discharge lamp. About a year ago Messrs. Hall 
introduced the “Sirius” electric copier fitted with 
this type of lamp. This machine consists of a frame 
carrying a glass semi-cylinder, lying horizontally with 
its concave side facing mercury-vapour lamps backed 
by a semi-cylindrical reflector. The reflector can be 
rotated on its axis so that it is concentric with the glass. 


| In this position the reflector shuts off the light so that 
| loading can be done without switching off the lamps. 
| It also provides, in conjunction with a clock, a means 
| for timing the exposure. One to three lamps are used, 
| according to the size of the machine. The lamps are 
| suitable only for 200 volts to 250 volts alternating- 
| current of 50 cycles. The power consumed is approxi- 

mately 0-75 unit per hour. The sensitised ~~ with 

the tracing in front of it is pressed against the glass by 
|@ canvas cover tightened by ratchet straining gear. 
The “ Sirius” copier, it will be clear, cannot be used 
for continuous printing, i.e., printing while the tracing 
and sensitised paper is traversed over the glass, and 
it is, in consequence, only suitable for offices where a 
relatively small amount of printing is done. At the 
same time it is inexpensive and thus meets the needs 
of the small firm or office. Por bigger outputs Messrs. 
Hall have produced a new continuous machine known 
as the ‘ Verax” copier. 

Two external views of the “ Verax”’ machine are 
given in the accompanying illustrations, Figs. 1 and 2. 
From Fig. 1 it will be evident that the machine is a 
double one, that is, there is a feed table at each side 
so that two operators can work simultaneously. There 
are two complete units of the type shown in Fig. 2, 
placed, as it were, back to back, the machine being 
completed by the lighting unit which, as shown in 
Fig. 1, is carried on the top of the other two. This 
unit is formed so that it can be slid to either side, 
as shown, all the lamps and the whole interior of the 
machine being thus accessible for dusting and so forth. 
At each side of the row of lamps inside the machine 
is a curved glass plate disposed so as to give a space of 
lenticular cross section with the axis, which represents 
the plane of the row of lamps, vertical. Sectional 
conveyor bands run over the convex surface of the 
plates in close contact with it. These are in the form 
of continuous bands, the contact strand of which passes 
over a pair of rollers close to the top and bottom edges 
of the plate, respectively, while the return strand 
passes over a single stretching roller. In front of the 
rollers at the top and bottom of each glass plate is a 
curved sheet-metal plate in the reverse curvature 
of the glass and forming virtually a continuation of it. 
The upper edge of the top plate is seen in the back- 
ground of Fig. 2, being identified by the strip of the 
conveyor bands visible just below it, and the sensitised 
paper and tracing are pushed into the slot thus 
formed. The former is contained, in the roll form, 
in the rounded pocket at the front of the feed table 
and is fed up through a slot in the table, underneath 
the tracing. The two together are inserted in the 
feed slot where they are picked up by the moving 
bands and traversed round the glass plates, to be dis- 
charged into the curved trough seen at the bottom 
of the machine in Fig. 1, which trough is the continua- 
tion of the metal plate near the bottom roller previously 
mentioned. 

The driving gear for the rollers is seen in Fig. 2. 
It consists of a constant-speed motor, a reversed cone 
change gear and a step change gearbox, this arrange- 
ment providing the precisely controlled feed which 
is necessary with the absolutely constant light source 
— The final drive from the gearbox to the 
ower roller is by the chain seen to the right of Fig. 1. 
The speed controls are on the right-hand side of each 
feed unit, within easy reach of its operator, and an 
indicator is provided to enable him to determine, 
and repeat, when necessary, the exposure. A circu- 
lating fan, not visible in Fig. 2, but situated between 
the units, keeps the glass plates cool. There is, 
of course, a separate drive, with a }-h.p. motor, for 
each unit. There are nine lamps in all, spaced so as 
to give a total printing width of 42 in., but a smaller 
size of machine with fewer lamps and having a printin 
width of 32 in. is also made. The lamps are screw 
into Goliath Edison holders carried on universal-joint 
brackets which permit full adjustment and alignment 
to allow for variations in the lampholders and 
caps. There is a separate choke with tappings for 
various voltages for each lamp and the lamps can be 
readily isolated completely from the supply mains. The 
electrical switchgear is enclosed in a metal case and 
all lamps and motors have push-button controls. The 
lamps are suitable for alternating current only and have 
an average life of 1,500 hours, The current consumed 
per lamp when it is first switched on is about 6 amperes. 
After burning from 5 minutes to 10 minutes full bright- 
ness is attained and the consumption per lamp drops to 
about 3 amperes. This can be pat ad further by 
means of a suitable condenser. The ‘‘ Verax”’ copier 
would appear to be the first continuous machine which 
will give uniform printing on either side and this, 
together with the saving of time from not having car- 
bons to trim or lamp glasses to clean, and the practical 
elimination of spoiled prints, emphasises the value of 
the new method of illumination as applied to plan 
copying. The glass plates are of large radius and are 
carried in supports such that breakage is reduced to 
aminimum. The shallow curvature ensures perfect 
contact between paper and tracing. 


’ 
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LABOUR NOTES. Another proposal was understood to be that Parlia- | 
ment should give the Minister of Labour power during 

REPRESENTATIVES of the Shipbuilding Employers’ | the war to require employers, outside the negotiating 
Federation and representatives of the Confederation | machinery, to observe proper rates of pay, working 
of Shipbuilding and Engineering Unions met in Carlisle | hours and conditions. In order to make the industrial 
on Thursday last week to give further consideration | machine function effectively, the Trades Union Congress 
to the claim of the unions for an increase of wages.| intended to suggest, it was understood, that the 


The demand, which was submitted before the outbreak | 
of war on July 27, was for a general advance in the 


rey of collective bargaining should be applied 
»y the Government to all industries and that a tribunal 


shipbuilding and ship-repairing industries. At the close | should be set up to bring all industries under legislative 


of the conference it was officially stated on behalf of | control. 


both sides that an agreement had been reached. The 
text of the agreement follows :—{1) The 8s. bonus 


advance granted to male employees, 21 years of age | 
and over, by the 1936, 1937 and 1938 general wages | 


agreements to be increased to 10s. a week, and the 
corresponding advances to piece workers, amounting 
to 16 per cent., to be increased to 20 per cent. as from 
the beginning of the first full pay week in September, 
1939. (2) The advance to apply to men whose wages 
fluctuate with shipbuilding and ship-repairing wages, 
but not to men whose wages fluctuate with wages in 
other industries, (3) The advance to apply to junior 
male employees in accordance with the agreement 
between the Shipbuilding Employers’ Federation and 


the Confederation of Shipbuilding and Engineering | 


Unions, dated February 17, 1938. 


At the end of August, 6,843 members of the Boiler- 
makers’ and Iron and Steel Shipbuilders’ Society were 
“signing the books,” as compared with 7,393 at the 
end of July. During August, the numbers of members 


in receipt of sick benefit decreased from 915 to 885, | 


and the number on superannuation benefit from 3,985 
to 3,960. In July the expenses amounted to 3,8901. 4s. ; 
in August, they were 3,7601. 9s. There was a net 
increase of 165 in the membership. 





The T.U.C. is determined, it was added, 
| to be represented on the Supply Council. 





A communication received by the International 
| Labour Office at Geneva contains a report of an 
interesting statement by the Assistant Director of the 
| Chinese National Resources Commission—Mr. Chien 
Chang-Chao. It deals with the progress made in the 
execution of the three-year plan for the development of 
| heavy industry, which the Government entrusted to 
| the Commission in 1936. In spite of the war, Mr. 
| Chien said, 45 factories belonging to twelve different 
| branches of heavy industry were in operation in the 
| unoccupied part of China. These included four metal 
works, four factories producing electrical machinery, 
| four chemical works, four gold-mining undertakings, 
| two copper-mining, two iron-mining, three tin-mining, 
one mercury-mining, and eight coal-mining under- 
| takings, two petrol undertakings, eight establishments 
| for electrical power supply and two stations for the 
| generation of electricity by means of water power. 





Mr. Chien proceeded to give details of the three-year 
| plan which had hitherto been kept secret. The pro- 
| gramme which had been drawn up in July, 1936, and 
| was being carried out with financial and technical 
| assistance from abroad, provided for the production 
|; and export of tungsten and antimony, and the con- 
| struction of an undertaking capable of producing 2,000 


In the course of a note on the subject of dilution, | tons of tungsten steel per annum; the construction | 
Mr. Hodgson, the general secretary of the Boilermakers’ | of steelworks capable d suiune annually 300,000, | 
and Iron and Steel Shipbuilders’ Society, says :—/| tons of first quality steel; the annual production of 
“ Until the necessity is proven and the requisite safe- | 300,000 tons of iron ore from certain deposits in Honan ; 
guards are made to protect our craft, we must keep | the development of the copper mines of Yanghsin and 
a careful watch. . We are not accepting willy-| Tayeh (Hupe) and Penghsien (Szechuan), and con- 
nilly and without consultations, agreements rushed into | struction of a foundry with an annual producing 
by other trade unions, no matter how important they | ca city of 3,600 tons of copper, representing about 
may consider themselves. We have 6,843 members| half the consumption of China ; the development of the 
still idle for whom employment must be found. We/|lead and tin mines at Suikowshan (Honan) and 
must see to it that in our efforts to assist in this fight | Kweihsien (K wangsi) to an extent sufficient to meet the 
against aggression we do not weaken our own fabric. | needs of the country, amounting to 5,000 tons a year ; 
Trade Unionism and all that it stands for must emerge | working of the coal deposit ef Kwangtung, with the 
from this struggle stronger and not weaker ; otherwise | object of producing 1,500,000 tons a year so as to 
our fight will have been in vain.” | prevent any shortage in South and Central China ; 
| building of an undertaking for the hydrogenation of 





| coal, and working of the petrol deposits of Yenchang 


The Director and Secretary of the National Federated | (Shensi), Pahsien and Tahsien (Szechuan), so as to| 
Electrical Association has sent the following letter to | produce 25 million gallons, or half the requirements 
members of the London Branch inside the London area | Of China ; the establishment of an undertaking with an 
and “ others interested ” :—‘* Re Mates.—In connec- | #nnual production capacity of 50,000 tons of sulphate | 
tion with my notification as to the revised rate of | of ammonia, together with sulphuric acid and nitric | 
wages for journeymen electricians due to take effect acid for munition works ; the establishment of an under- | 
on the second pay day in October, 1939, for the pay | taking for the construction of machinery to produce | 
period covered by that pay day, I would advise you | #eroplane engines, dynamos and tools; the construc- 
that, in accordance with the agreement, a revision in | tion of works capable of producing a sufficient quantity 
the rates for mates is also due. The present rate of | of electric bulbs, telephone apparatus and other 
is. 6}d. per hour will be reduced to 1s. 6d. per hour.” | electrical equipment to meet the needs of the country. 
} 
‘ ake ; | The programme was to have entailed an expenditure 

Concern at the rises in the prices of foodstuffs and | ¢ 239 million dols. In 1936 the Government opened 
other commodities and a protest against the Govern-|, credit of 10 million dols., which was raised to 
ment’s failure to control prices were the main features 36,600,000 in March, 1939, including 8,400,000 dols. from 
of a resolution adopted last week by the executive of | the profits made on the sale of tungsten and antimony 
the Transport and General Workers’ Union. it seeM$ | abroad. Large quantities of foreign capital have 
to the council, the resolution proceeded, “as if a | also been obtained. The National Resources Commis- 
deliberate policy is being carried out to lower the real | sion had secured the assistance of foreign technical 
value of wages. The council warns the Government experts in 1936 for the execution of the scheme, but the 
that a very serious wage difficulty is bound to arise | Sino-Japanese conflict had delayed its fulfilment. 
at an early date if the present state of affairs is allowed 








to continue and develop.” 


Leading representatives of the Trades Union Con- 


| Industrial and Labour Information gives particulars 
|of a French Decree of September 1 regulating hours 
of work in the industrial and commercial establishments 


gress were to meet the Prime Mivister this week to! covered by Book II, Section 6, of the Labour Code. 
discuss with him the whole question of the organisation |The Decree also provides that men between the ages 
of labour in wartime and particularly the working of | of 18 and 49 who do not belong to any military unit 





the Ministry of Supply. e proposals which, it was 
understood, had been prepared for submission to 
Mr. Chamberlain included the setting up of a national 
committee for each industry where joint negotiating 
machinery at present existed. These national com- 
mittees would have power to determine whether there 
should be local or regional committees in the particular 
industry which they represented or whether the 
should operate reese the national machinery. It 
would be the duty of the committees to evolve the 
best system for utilising labour in time of war and to 
determine the machinery to deal fully with the question 
of transference of labour in an emergency. 


| shall pay a national contribution out of their occupa- 
tional earnings. 





In virtue of the Decree, hours of work may be 
extended to 60 in the week, no special permit being 
necessary. They should be so arranged as not to 
exceed 11 in the day. The labour inspector may, 
however, authorise work to be spread over a period 
other than a week, with a view to making up time lost 
by collective suspensions of work, provided that the 
working day may not exceed 12 hours. The limit of 
60 hours may be lowered for a particular locality or 
region, or for particular occupations or classes of 








workers, by Order of the Minister of Labour. In 
continuous operations as many as 56 hours may be 
worked in the week, on an average calculated over a 
period of 12 weeks; the total may be increased to 
72 hours, subject to the grant of a permit by the labour 
inspector, in the case of work carried out in the interests 
of national defence or some public service. 





Hours of work may be extended to 45 in the week 
without any change in the weekly wages at present 
payable for 40 hours of actual work. For a period of 
six months, the latter provision will not be accepted as 
a justification for any reduction in the weekly wages 
paid for 40 hours of actual work in the case of persons 
whose hours of work are not increased to 45 in the 
week, nor may workers be dismissed on that account 
without permission from the labour inspector. Hours 
worked in excess of 45 in the week will be paid for 
at three-quarters of the normal hourly wages calculated 
at one forty-fifth of the weekly wages at present paid 
for 40 hours of work. The remaining quarter will be 
paid by the employer to the Treasury as a contribution 
to a national solidarity fund for the payment of military 
allowances to the families, in necessitous circumstances, 
of men serving with the forces. 





As from October 1, a national contribution equal to 
15 per cent. of occupational earnings will be payable 
by men between the ages of 18 and 49 who do not 
belong to any military unit. This contribution will be 
paid to the Treasury for the national solidarity fund 
mentioned above. The provisions will not apply to 
persons who are unfit for military service and in 
receipt of a pension payable under the regulations 
applicable to disabled ex-servicemen or civilians 
disabled during the war. 





According to an Order issued on September 4 by 
the German Defence Council concerning emergency 
economic measures, the Labour Trustees, acting on the 
instructions of the Minister of Labour, must imme- 
diately adjust earnings to war conditions by fixing 
binding maximum limits for wages, salaries and other 
conditions of employment. In new or transformed 
undertakings or services, and in the case of workers 
and salaried employees who change their occupation, 
the rates of wages and salaries in force for similar 
establishments or for the occupations in question must 
be applied. According to Press comment, the wage 
policy instituted by the Order is intended to lower 
wages which had been raised to exaggerated levels by 
the shortage of labour, but to maintain the present 
level of wages in so far as it is justified by the output 
of the workers. 





Any person who promises or pays, or accepts the 
promise or payment of wages or salaries not in accord- 
ance with the above provisions, will be liable to a fine 
imposed by the Labour Trustee. There is no statutory 
limit to the amount of the fine. The same penalty may 
be imposed on anyone who asks for or grants conditions 
of employment more favourable than those permitted 
by the Order. An appeal against the decision of the 
Labour Trustees lies to the Minister of Labour. In 
serious cases an offender is liable to imprisonment or 
forced labour. Proceedings will be taken only at the 
request of the Labour Trustee. 





It was stated at a coalfield conference of the South 
Wales Miners’ Federation on Saturday last week that 
an application for an immediate flat rate increase of 
ls. a day for adults and 6d. a day for youths under 18 
has been put forward by the Mineworkers’ Federation 
of Great Britain on behalf of all the workers in the 
mining industry to meet the rise in the cost of living 
caused by the war. The Cardiff correspondent of 
The Times says that it is understood that this is in the 
nature of an interim demand pending the ascertainment 
of the actual increase in the cost of living for September, 
the first month of the war, and, if granted, will operate 
until the end of October, when it is hoped to bring 
about an arrangement whereby wages increases will be 
automatically adjusted to the rising cost of living. 








URAL ALUMINIUM WorEs.—We are informed that the 
first section of the electrolytic plant of the Ural Alumi- 
nium Works was recently started up. The works, which 
are stated to occupy a total area of 850 acres, are situated 
5 miles from the town of Kamensk, and their construction 
was commenced in 1934. Adjoining the works a town of 
30,000 inhabitants has sprung up and a hospital, schools, 
parks and other amenities have been provided. The 
construction of the second section of the plant is now in 
progress and it is anticipated that the whole plant will 
be in operation in 1940. 
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NON-LINEAR DISTORTION 
IN IRON TESTING.* 


By James Greic, Ph.D., A.M.I.E.E., and Ernest 
FRaNELIN, B.Sc. 

In a previous communicationt consideration was 
given to errors which are produced by the flow of 
harmonic currents in the exciting circuit in the deter- 
mination of iron losses by certain commonly employed 
methods. The present paper records the results of 
certain extensions of this work and of a number of 
preliminary experiments directed towards reviewing 
the factors involved in employing harmonic production 
as one criterion of the quality of iron for communica- 
tion purposes. The methods of measurement to 
which the considerations of the previous paper apply 
directly are those in which one of the significant 
quantities, i.e., either the induced E.M.F. or the excit- 
ing current, must be substantially sinusoidal. In the 
previous tests, in which the alternating-current- 
potentiometer method was used, sinusoidal flux 
variation was the required ideal test condition and 
all the experimental work was devoted to circuits 
giving reasonable practical approximations to this 
condition. It was recognised, however, that sine 
current variation was of interest in relation to certain 
other test methods and it was decided to take, on a 
single specimen, a set of readings covering the whole 
range of exciting current wave form from the sine 
flux to the sine current condition. The methods 
used were identical with those recorded in the previous 


paper. 
Recapitulating briefly, the power absorbed at funda- 
mental frequency from the source by a non-linear 





* Paper prepared for presentation before Section G of 
the British Association at Dundee, September, 1939. 

t “‘ Harmonic Power in Iron Testing.” J. Greig and 
J. E. Parton. See ENGINEERING, vol. 146, page 431 
(1938). 

+ “The Specification of Magnetic Qualities.” 
ENGINEERING, vol. 140, page 290 (1935). 


See 
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element such as an iron test speci is in excess of the 
power actually dissipated in the specimen by the power 
at harmonic ies dissi in the external 
circuit. Calling W; the true power dissipated in the 
specimen, W, the harmonic power in the exciting 


Ww 
circuit, the quantity W, x 100 represents the per- 


centage error in a measurement of power loss by a 
method such as the alternating-current ntiometer. 
This percentage error was determined — conditions 

ing from substantially sine flux to sine current on 
the Lohys 6 in. by 7 in. ring specimen used in the 
earlier tests. The polarisation H, was maintained 
at 5-0 oersteds throughout and the fundamental com- 
ponent of induction B, at 2,000 gauss. The results 
of this test are plotted against circuit resistance in 
Fig. 1. It will be noted that, under the best approxima- 
tion to sine current which could be obtained, the 
limiting factor being the voltages available for excita- 
tion, the percentage error is 2-7 as against 5-5 
obtained with the best approximation to sine flux. 
The maximum error of 37 per cent. will be seen to occur 
when the resistance of the circuit is 30 ohms. The 
reactance of the specimen to the fundamental was 
18 ohms at this point. 

Before proceeding to a more detailed analysis of 
harmonic production by test specimens, it was decided 
that oscillographic records of the dynamic hysteresis 
loops corresponding to the various test conditions 
would be of service in interpreting results. For this 
purpose a gas-focused cathode-ray tube was employed, 
magnetic deflection being used for the H axis and 
electrostatic deflection for the B axis. A voltage pro- 
portional to, and closely in phase with, the flux was 
obtained by the usual condenser-resistance integrating 
circuit co: across the search-coil terminals. 
As the voltage across the integrating condenser was 
necessarily only a small fraction of the search-coil 
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voltage (0-3 per cent.), amplification was required to 
obtain a useful deflection of the cathode-ray beam. 
In order to obtain adequate fidelity of amplitude and 
phase, the amplifiers employed negative feed-back with 
phase-correcting condensers in the feed-back circuits. 

For tests at 50 cycles an existing amplifier* was 
used. This amplifier had a voltage amplification of 
465 and was practically linear and free from phase 
shift from 50 to 2,000 cycles. For higher frequencies 
and larger amplifications a three-stage amplifier having 
a voltage amplification of 6,200 was constructed. This 
instrument gave an amplification constant to within 
+ 1 per cent. and showed no discernible non-linearity 
or phase shift (by “‘ straight line ” test on the cathode- 
ray tube) from 200 to 3,000 cycles. Typical hysteresis 
loops obtained with these amplifiers are shown in Figs. 
7 to 9, 396. It was recognised that the accuracy 
to be obtained in such loops could not be high, par- 
ticularly in view of the fact that, at the low power 
factor (of the order of 0-2), even indetectibly small 
phase shifts would produce appreciable errors in the 
loop area (0-5 deg. represents + 4 per cent. approxi- 
mately). In order to ascertain the order of accuracy 
attained, a number of tests were made in which the 
power loss in the specimen was measured v alternating- 
current potentiometer and compared with the loss as 
given by the area of the corresponding hysteresis - 
Along with each hysteresis loop, a calibrating circle 
was taken by substituting a pure resistance of suitable 
value for the specimen. Typical loops with calibrating 
circles are shown in Figs. 7(a) and 7(b). The results 
of ten tests are summarised in Table I, page 396. It 
will be seen that the general order of agreement is 
within about 5 per cent. 

In considering the question of using harmonic pro- 





* “ A Low-Reading Mean Voltmeter.” James Greig 
and H.N. Wroe. The Wireless Engineer, December, 1938, 
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H, 5-0, Hy, 6-83, Ba 


1,880, f =< 50. 

duction* as one criterion of iron quality, it is at once 
evident that there is an embarrassing variety of choice, 
both in respect of the conditions of test and of the 
quantities to be observed. For example, the harmonic 
producing characteristics of a material are represented 
by the magnetising-current harmonics with sinusoidal 
flux variation or, equally well, by the E.M.F. harmonics 
with sinusoidal current variation. Again, in many 
applications of iron in the communications field the 


phenomenon of cross-modulationt is of importance. | 


This phenomenon is in evidence whenever a non- 
linear circuit element such as an iron-cored coil is 
subjected to simultaneous excitation by two or more 
frequencies. In such circumstances, component volt- 
ages and currents having frequencies given by the 
sums and differences of the fundamental frequencies 








TABLE I. 
j 7 ] 
We by | 7 . 
_ | Oscillo- | We dy 
. Ww t by | Oscillo- 
Condition : } graph - 
of Ex- H BR A.C. from graph 
: r P a Potentio- | . | from 
citation. | | meter. m2 | B. and H. 
| Circle. | Scales. 
" =r inion . ne 
Sin @* 5-0 1,883 0-530 0-525 0-544 
. 5-0 1,599 0-442 | oO 447 0-445 
, 5-0 1,047 0-227 |} 0-232 0-231 
560 | ‘610 0-0686 0-0669 0-0682 
om 5-0 | 2 0-0145 0-0143 0-0145 
" 2-5 | 1,910 0-425 «| 0-436 | 0-446 
° | 2-6 | 365 0-123 0-128 0-128 
‘ | o 1,940 0-265 0-281 — 
- 0-5 1,110 0-0047 0-101 0-100 
Sin I* 7-29 | 1,700 0-560 0-659 | 0-579 
Sin I 5-0 1,810 0-492 0-536 | 0-532 


* Loops taken at same values of ft and Hi. 


and the harmonics make their appearance and such 
sum and difference frequency components are especially 
deleterious in multi-channel communication systems. 
The amplitudes of these “ modulation products,” under 
given conditions of excitation, again represent the 
degree of non-linearity of the circuit element and a 
test under two-frequency excitaticn has to recommend 
it the fact that it is a closer approximation to the con- 
ditions of practical operation, There does not appear to 
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H 7°29, Hy = 7-80, By = 1,700, f =50. 
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H, = 9, Base = 2,000, 
Basoo 200, fi= 80, 
J, = 500. 


in specific investigations, Agreement exists only in 
the admission of a practical need for some measure or 
standard of non-linearity and of the difficulty in putting 
forward a standard and test method of general applic- 
ability and utility. 

It was decided, after reviewing the literature, to 
|}accumulate, in the first place, sets of results repre- 
| sentative of the various test conditions and to put these 
preliminary results forward as a basis for discussion. 











be as yet any general agreement as to the most suitable | Taking first the harmonic-producing properties of the 
form of test or method of expressing the non-linearity | jron-cored coil under sinusoidal excitation by a single 
of a circuit element such as an iron-cored coil. | frequency, it has already been mentioned that either 
Current harmonics, voltage harmonics and modula- | current harmonics with sine flux variation or voltage 
tion products have been employed by different workers | harmonics with sine current variation are equally 
representative. The results of tests under these 

* “Harmonic Production in Ferromagnetic Mat-| conditions on the Lohys specimen at 50 cycles are given 
erials,"”” by Eugene Petersen. The Bell System Technical | in Figs. 2 and 3, page 395. The range of By, the funda- 
Journal, October, 1928. mental component of induction, and of H,4, the funda- 
t F. Barton, Discussion on “ Flux Distortion in Iron | mental component of magnetising force, is approxi- 
Testing,” B.A. Meeting, Nottingham, 1937. Enotneer- | mately the same for each test. Harmonics up to the 


| 
ING, vol. 144, page 380 (1937). fifth are plotted for each case. It will be noted that, 
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Fro. 9 (b). 


H, = 5-0, Base = 2,000, Bacoo = 200, f, = 50, 
ff, = 500. 


for corresponding values of By or H, the voltage 
harmonics at sine current are much more pronounced 
than the current harmonics at sine flux. This is illus- 
trated by the figures, quoted from the curves, in Table 
II. The conditions of comparison in this table are that 
the fundamental component of exciting current with 
sin * is equal in magnitude to the sinusoidal exciting 
current with Sine I. As the limits of induction will 
not be exactly the same in the two cases, the hysteresis 
loops traversed will be slightly different (even when 
differences due to eddy currents are neglected). A 
separate test was made in which loops between identical 
fi and Fi limits were obtained under Sine ® and Sine I 
conditions. This was done by trial and error adjust- 
ment of the polarisation and alternating excitation, 
under Sine I conditions, until the limits of the hysteresis 
loop shown on the oscillograph coincided, as nearly as 
could be measured, with those of a loop previously 
recorded with Sine . The two “identical” loops 
are shown in Figs. 7(a) and 7(6). The corresponding 
harmonic analyser results up to the 7th harmonic 
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|an engine of this type. Special attention has been 
| paid to cooling, large size slow-speed pumps being 
| provided ; all water jackets are of ample cross section 
| with large inspection doors or plugs. The transfer 
| passage between the cylinder block and head is made 
| by a pipe which reaches into the cylinder head, and 
— | directs cooling water straight towards the exhaust 
passages and atomiser sleeve. 
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are given in Table III. A further test was made 
under Sine ® conditions at a frequency of 500 cycles 
for the same range of excitation. The harmonics are 
plotted in Fig. 4, page 395, and Fig. 8 is a typical 500- 


TABLE II. 




















Harmonics Expressed as Per Cent. of 
Conditions Fundamental. 
Hy, of 
Excitation. 
| 2nd | 8rd | 4th | 5th 
3-0) Sind... 7-2 5-3 0-25 1-0 
Sin I os 18-1 0-6 3-8 5-4 
5-0| Sin@ ..| 18-8 “74 | bel 1-4 
SinI .. 49-7 6-7 5-5 11-6 
6-0} Sin®d .. 26-0 9-8 1-9 1-5 
SinI .. 81-3 40-8 12-8 7°4 





cycle B.H. loop. The 500-cycle voltage available for 
excitation was insufficient to provide for a correspond- 
ing test under sine current conditions. 

Passing to tests with two-frequency excitation, it has 
been mentioned that, in addition to harmonic com- 
ponents, sum and difference frequencies make their 
appearance. The excitation frequencies used were 
50 cycles and 500 cycles and again it was possible only 
to make tests under sine flux conditions on account 
of the limited 500-cycle voltage available. Resonant 
shunts were connected across the two generators in 




















TABLE III, 
Harmonics Expressed as Per Cent. of 
Fundamental. 
SSE GERUENT GRENGS nme! names! WEES 
2nd 3rd | 4th | 5th | 6th | 7th 
Current harmonics 
for Sin } loop 33-45 | 14-0 | 3-33 | 2-03 | 0-626) 0-561 
Voltage harmonics hd a 
for Sin I loop 
(per cent.) 68-1 30-5 | 7-79 | 7-98 pee 10-0 








order to provide low-impedance paths for the flow of 
harmonic currents. Second and third harmonic 
currents, the 500 + 50 cycle, 500 — 50 cycle and 
several higher order modulation products were recorded, 
but for simplicity only the fundamental currents and 
the 500 + 50 cycle currents have been plotted. The 
results of two typical tests on the Lohys specimen are 
given in Figs. 5 and 6, page 395. These tests were made 
with fixed alternating excitation and varying polarisa- 
tion to show the effect of polarisation on the amplitudes 
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of the modulation products. In the first of these tests, 
the induction amplitudes of the 50-cycle and 500-cycle 
components were maintained equal, while in the second 
the induction amplitudes were in the ratio of 10 to 1, 
thus representing equal induced voltages. Typical 
B.H. loops for two-frequency tests are shown in Figs. 
9a and 9b. 

The experimental results given in this paper are put 
forward, not as useful data typical of a particular 
class of magnetic material but rather as illustrating 
the relative orders of magnitude of quantities which 
serve as indices of the degree of non-linearity present 
in an iron-cored coil under given operating conditions. 
It is recognised that in the communications field there 
are widely different requirements. While it is true 
that harmonic production with single-frequency excita- 
tion and the production of modulation products with 
multiple-frequency excitation arise essentially in the 
same phenomenon, the deleterious effects produced 
in different applications are more directly ascribed 
in some cases to harmonics and in others to modulation 
products. The question arises whether the added 
complication of making two-frequency tests is offset 
by the more direct practical application of the results 
obtained. It is hoped that the data given may serve 
as a basis for the discussion of the question of what is 
the most useful practical criterion of the degree of non- 
linearity present in an iron-cored circuit element. 








180-B.H.P. ‘‘SUPERSCAVENGE ”’ 
MARINE ENGINE. 


One of the most interesting engines to be put on 
the market in recent years is the “ Superscavenge ” 
model, introduced by Messrs. Petters, Limited, Lough- 
borough, Leicestershire. A typical four-cylinder sta- 
tionary engine of this type was described in Enarn- 
EERING, vol. 146, page 10 (1938). The firm have now 
introduced a marine engine of the same type, fitted 
with reversing gear and arranged for remote control. 
The latter unit, which is a three-cylinder engine, is 
illustrated on this page. It incorporates the principal 
features of the industrial design previously described, 
and it will therefore be sufficient on this occasion 
to deal with the leading features. The rating is 
60 brake horse-power per cylinder at 500 r.p.m., 
giving a rated power for the engine of 180 brake horse- 
power. Uniflow scavenging with a gear-driven blower 
is adopted, with twin exhaust valves in the cylinder 
head, the inlet ports being at the bottom end of the 
cylinder. As stated in the previous article referred to, 
tests have shown that the system of scavenging em- 
ployed gives very good combustion with a smokeless 
exhaust at all normal loads, persisting on considerable 
overloads. The fuel consumption is also very low for 


| The engine is of small size for the power developed, 


and the compact arrangement will be clear from the 
The controls and gauges are all grouped 
The 


illustration. 
as shown in one convenient operating position. 


| engine auxiliaries, comprising pumps, compressors and 
lubricating-oil filter, are all grouped at the forward 
end of the engine and. each is readily accessible. 
The large covers for the crankcase and valve gears, 
etc., will be noted. By removal of a few covers 
the entire working parts of the engine can be laid bare 
for inspection or overhaul. A very massive helical 
gear drive is used for the blower and camshaft, being 
located immediately next to the flywheel. At the 
forward end, the single-acting apy oe water pumps 
and air compressor are gear driven at half engine speed. 
The lubricating-oil pumps, both pressure and scaveng- 
ing, are chain driven, and are readily accessible and 
replaceable. The governing on this engine has been 
carefully studied, and the engine is claimed to run 
perfectly evenly down to about 100 r.p.m. This point 
will be appreciated by those engaged in fishing or 
trawling, or working uncer other operating conditions 
which require long running at slow speeds. 

The reversing gear fitted has a direct drive through 
clutches instead of through the usual locked pinion 
gears. The gear unit is locked tightly to the crank- 
shaft instead of driving through loose splines or keys. 
The gear unit thus revolves en bloc in the ‘“‘ ahead ”’ 
position. A reduction gear giving a propeller speed 
of 250 r.p.m. can be fitted if desired. The thrust bear- 
ings are of generous dimensions and of the ball-bearing 
type. Turning to the lubricating system, a pressure 
feed is taken to every working part, and the oil is 
continuously maintained in condition by a built-in 
Streamline filter. As is well-known, on the Super- 
scavenge industrial engines oil-cooled pistons are 
used, giving freedom from piston over-heating and its 
consequent disorders, Metered feeds of clean oil are 
provided for cylinders and blower. 

In addition to the model described, the firm manu- 
facture a two-cylinder unit, and direct air-reversing 
engines with four to six cylinders are also available. 
These engines are similar in all essential details except 
for the mancuvring gear necessary to shift the cam- 
shaft from ahead to astern running positions. All 
controls are positively interlocked, so that false 
manceuvring cannot take place. A Michell-type thrust 
bearing is fitted, and reduction gears can be provided, 
Both the direct air reversing and the gear reversing 
engines are fitted with a safety device which imme- 
diately cuts off the fuel supply when the lubricating- 
oil pressure falls to a dangerously low value. 








NOTES ON THE MACHINING OF 
ALUMINIUM AND ITS ALLOYS.* 


By J. H. Dickin, B.Sc., and G. A. ANDERSON, B.A. 


Tue variety of aluminium and aluminium-alloy com- 
ponents passing down the lines of machine shops in 
this country is now enormous, and is still increasing. 
These components may be made from castings, forgings, 
rolled or drawn products, or extrusions, and may or 
may not be heat-treated. The form of the material and 
its previous history during fabrication may have just 
as great an effect on machinability as the chemical 
composition. With few exceptions, such components 
may be very rapidly machined to an excellent finish, 
oad the time saved during the machining operation 
will frequently do much to offset the higher specific 
cost of the material. Comparative figures for a cast- 
iron and an aluminium crankcase, which may be taken 
as typical of common experience in this connection, 
are :— 

Iron crankcase: Weight, 90 lb.; cost of casting (at 
| 4d. per pound), 11. 10s.; machining cost (including 200 
| per cent. overheads), 21. 58. ; total cost, 31. 15s. 
| Aluminium crankcase: Weight, 45 lb.; cost of 
| casting (at 1s. 4d. per pound), 3/.; machining cost 

(including 200 per cent. overheads), 11. 2s. 6d.; total 
| cost, 41. 28. 6d. 
| This example shows how a ratio in basio cost per 

und of 4:1 is reduced to a ratio of about 1-1:1 
or the finished article, simply by virtue of the time 
saved during machining. 

The motor-car industry was perhaps one of the 








* Paper prepared for presentation at the cancelled 
Glasgow Autumn Meeting of the Institute of Metals, 
in connection with a general discussion on ‘‘ Machin- 
ability.”” Abridged. 
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earliest to become aware of the advantage of aluminium 

alloys from a machining point of view, but aircraft 

manufacturers have since carried the art of machining 

these materials a considerable way towards perfection, 

it being current practice in that industry to machine 

the majority of components on all surfaces, as in the 

case of air-screw blades, to a complex shape where 

extreme accuracy overall is imperative. Machined 

aluminium components are now widely used in many | 
other industries, notably shipbuilding, chemical engi- 

neering, and textile machinery. The correct technique | 
for machining is well understood in most quarters, but 

the notes given in this paper will perhaps help to 

summarise the position. 

Methods of Testing Machinability.—In order to check 
the machinability of any particular alloy, it is necessary 
to consider the uses to which the material is likely to 
be put. In the case of cast alloys probably the most 
difficult operation to perform is screw cutting, and, | 
while an experienced operator can produce a good | 
thread on most indifferent material, there is no means | 
of assessment other than the operator's impressions. | 
While reviewing the machining qualities of standard | 
aluminium cast alloys, a similar problem was encoun- 
tered; in order to eliminate the human element an | 
automatic screw-cutting machine was used. The | 
results obtained were, however, of little use, since no 
material difference was obtained between one alloy | 
and another. This was due to the burnishing action of 
the chasing tools, which masked the true cut surface | 
by superficial flow of the metal. With these difficulties 
in view, a helical cut test was devised ; this consisted 
of a V-groove cut with one traverse at a fairly coarse 
pitch and was comparable with the first cut of a lathe | 
screw-outting operation. After some exploratory work, | 
it was decided to adopt a cut y in. deep, ten cuts to 
the inch, and it was found advisable to flatten the 
top of the Vee to enable the tool to retain its edge 
under the rather severe conditions of cutting. Alloys 
with good machining qualities gave smooth clean 
grooves with little tearing of the sides, whilst poor | 
machining alloys gave a generally rough and torn 
surface. 

In order to study the general turning properties of 
cast alloys, « = cut with an ordinary snub-nosed 
tool was used. This definitely showed up differences, 
but the full effect could not be estimated, on account 
of the fact that any roughness caused in cutting one | 
revolution would be removed during the subsequent | 
revolutions. In order to avoid this, a facing test was 
devised ; this consisted of a z¥-in. facing out using an 
automatic traverse, the tool being round-nosed with a 
radius of % in. The surfaces obtained were sufficiently 
distinctive to allow assessment of the cutting qualities. | 
This method of carrying out the test readily shows the 
effect of turning speed. Wrought alloys for general 
lathe work can be assessed by the same type of test, | 
but, in the case of high-speed automatic work for which 
free-cutting alloys are generally used, it is necessary 
to make an additional test for the free-cutting proper- 
ties. A test devised for this purpose consists of 
sive cuts of 4 in. at a feed of 0-010 in. per revolution | 
with a straight box tool. For cutting stock above 4 in. | 
diameter, speeds of 700 r.p.m. are used; for smaller 
diameters, higher speeds of 1,100 r.p.m. are necessary. | 
The smallness and uniformity of the chips and the 
condition of the cut surface at each stage form adequate 
means for assessment. Tests of this type are performed 
dry. 
Available Materials.—While pure aluminium is not 
the material that would be selected if machining were 
the only consideration, there are a number of cases 
where its high corrosion-resistance, or perhaps its 
electrical conductivity, make it preferable to an | 
aluminium alloy. It is possible to obtain a good 
machined surface and a high rate of output, provided 
that a few simple precautions are observed. Cold-work 
considerably assists machinability, and hard-temper 
sheet and hard-drawn tube or rod should therefore be 
used wherever possible. 

Cast Alloys.—Casting alloys, being more hetero- 
geneous in character, are generally much more free- 
cutting than pure aluminium, and are therefore less 
sensitive to choice of tool design and do not require 
tools having such acute cutting ingles. Some of the 
better-known standard aluminium alloys were sub- 
mitted to the machining tests described above, in both 
sand- and chill-cast conditions. Of the copper alloys, 
those containing 11 per cent. to 13 per cent. copper 
(3L. 8 alloy) gave the best results; the helical groove 
was smooth with slight tearing at the edge, while the 
facing test gave a good surface with some stepping. 
With lower copper contents the results of both tests 
were generally inferior. The copper-zinc-aluminium 
alloys (B.A. 34) were very similar to the 11 per cent. to 
13 per cent. copper-aluminium alloys; silicon-alu- 
minium alloys gave very poor results when cut dry, but 
considerable improvement was obtained by the appli- 
cation of soda water as a cooling agent. It was very 
clear that with these alloys the degree of modification 
is important and that to obtain the best results they 
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must be fully modified. ‘ Y” alloy gave consistently 
good results, and was satisfactory in all respects. 
B.A. 37 also gave good results, but was not quite so good 
as ‘ Y” alloy, while B.A. 34 gave the best results of 
all. It was generally noticeable that the harder the 
alloys, as judged by Brinell values, the better the 
machining qualities. It was also very noticeable that 
the chill-cast were better than the sand-cast specimens. 
When pin-holing was experienced, inferior machining 
results were obtained, and the application of a fluxing 
treatment gave improved results; from a machining 
point of view it is desirable that the alloys should be 
free from pimholes. The mechanical properties of some 
of these alloys can be considerably ~ gee by 
heat-treatment, and the increased Brinell hardness 
obtained in this manner considerably improves machi- 
ning properties. One of the best alloys in this respect 
is B.A. 34, which will give a Brinell hardness number 
up to 130. 

The tests referred to above were all carried out under 
comparable conditions with normal a steel 
tools. In the case of the less satisfactory alloys some 
modification of the tools, angle, etc., would give con- 
siderable improvement. For instance, with silicon- 
aluminium alloy the use of tungsten-carbide tools 
improves the rate of cutting, while diamond turning 
imparts a fine surface finish. 

Wrought Alloys.—The wrought-aluminium alloys 





have considerably better machinability than has 
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wrought pure aluminium, but, excepting for the special 
free-cutting alloys, which have characteristics of their 
own and are dealt with separately in this paper, they 
require much the same technique as pure aluminium, 


are heat-treated, rather smaller cutting angles are 
permissible. Copper, zinc, magnesium, manganese, 
and silicon are the most common alloying elements, 
and, generally speaking, the machinability increases 
with the concentration of the alloying element in solid 
solution. Copper and zinc have, therefore, long been 
favoured for machining alloys, although latterly the 
rather poor corrosion-resistance of such materials has 
caused them to give way in some measure to alloys 
containing magnesium and silicon in the form of 
Mg,Si and depending on heat-treatment for their 
hardness and strength. Magnesium-aluminium alloys 
are now rapidly increasing in popularity by virtue of 
their cucations corrosion-resistance and considerable 

These alloys have excellent machinability 
and cause relatively low tool wear, while at the same 
time not requiring to be heat-treated. 

High Brinell hardness is, in general, an indication 
of good machining qualities, and heat-treated copper- 
magnesium-alumini alloys of the Duralumin type 
are capable of being machined at high speed to give 
an excellent surface finish. Such alloys have aroused 
considerable interest for repetition and automatic 
work, particularly as they offer light- 











_ strength, 
ness, and a white metal finish without the necessity 
for electroplating. With automatic machinery, how- 








ever, the possible variations in cutting speeds, feeds, 
and tool angles are largely determined by considera- 
tions other than the requirements of the material. 
Hence, the most satisfactory conditions for this t 

of aluminium alloy are not always obtainable. T' 
size and toughness of the turnings also tend to interfere 
with the continuous operation of the machines. Fur- 
thermore, the accumulated turnings, being relatively 
harder than the work, are capable of causing scratches 
that mar the finish of the components. A great deal 
of research has therefore been undertaken recently in 
several countries with the object of improving the 
free-cutting qualities of wrought aluminium-alloy rod 
for repetition purposes. 

Free-Cutting Alloys.—Research has been concentrated 
on two types of alloys known to have excellent general 
machining qualities, namely, the magnesium-aluminium 
series and the copper-magnesium-aluminium series, 
typified by Duralumin. As a result, there are now 
available commercially variations of these alloys cap- 
able of being machined with much the same tools as 
free-cutting steel or brass, while giving small broken 
chips that can readily be removed from the working 
faces by the stream of lubricant. The problem has 
been solved on distinctly different lines for each type 
of alloy. In the case of the magnesium-aluminium 
alloys, free-cutting qualities have been imparted by 
the addition of hard, brittle constituents, while for 
the copper-magnesium-aluminium alloys, additions of 
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elements of low melting point and of limited solubility 
in aluminium have generally been preferred. In the 
majority of wrought-aluminium alloys, the form of the 
precipitated intermetallic compounds is similar to that 
of the same compounds in cast alloys, but in the case 
of the magnesium-aluminium alloys the compound 
Al,Mg, is precipitated from the solid solution in an 
extremely finely dispersed state, either at the grain 
boundaries or in the grains themselves. This hetero- 
geneity itself assists free-cutting, but it has been found 
that certain further additions, such as manganese, iron, 
chromium, vanadium, titanium, molybdenum, etc., in 
quantities sufficient to give hard intermetallic com- 
pounds, considerably improve the free-cutting charac- 
teristics. 

The presence of such constituents is not, however, 
the sole requisite ; their distribution is also important. 
The addition of one element alone tends to lead to the 
formation of a relatively coarse precipitate, giving poor 
surface finish, as the hard particles are torn bodily out 
of the matrix instead of functioning as chip breakers. 
To avoid this, the addition of more than one element 
is recommended, forming complex aluminides which 
separate out in a finely-dispersed condition. Heat- 
treatment can also be employed to cause further 
breakdown of the aluminides by diffusion of the 
magnesium. Even so, segregation in the molten 
condition is a definite problem with such alloys, and 
attention has therefore been given to magnesium- 
aluminium alloys containing more silicon than normal. 
Silicon alone, while giving improved free-cutting 
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properties, tends to give poor surface finish. Substi- 
tution of manganese for part of the silicon improves 
the dispersion of the chip-breaking constituents, while 
the addition of zinc improves both free cutting and 
corrosion resistance. This type of magnesium-alu- 
minium free-cutting alloy enjoys considerable popu- 
larity on the Continent, particularly in Germany, but 
so far does not seem to have been exploited commer- 
cially in this country. The heat-treatable copper- 
magnesium-aluminium alloys have received more 
general attention, but almost entirely in connection 
with the addition of low-melting-point constituents of 
limited solubility in aluminium. Lead, bismuth, 
cadmium, and thallium have the requisite charac- 
teristics, and there are a number of free-cutting alloys 
now in use commercially, depending on the addition 
of one or more of these elements for their machining 
properties. 

The addition of lead to aluminium and its alloys 
was suggested some years ago, but the great difference 
in specific gravity between the two metals, coupled 
with the fact that they are mutually insoluble in the 
liquid state, makes it very difficult to obtain the 
requisite even and finely dispersed distribution of the 
heavy metal. The direct addition of lead to molten 
aluminium simply results in the heavier metal forming 
a pool at the bottom of the crucible, but various 
methods have been suggested for improving the dis- 
persion of the lead. Research in this country has been 
concentrated on the effect of adding tin and antimony 
to alloys used for the production of extruded machining 
stock. At the time this research was undertaken little 
was known regarding free-cutting alloys, and, as a 
preliminary, additions of lead, tin, bismuth, cadmium, 
and antimony were made in varying quantities to 
magnesium-copper-aluminium alloy of the age-harden- 
ing type. The resulting alloys all gave free-cutting 
properties, but unfortunately the surface finish was 
poor, except for those alloys containing tin and lead. 
With the former there was, moreover, a serious difficulty 
in production, owing to hot-shortness arising from the 
appearance of a liquid phase at 232 deg. C. 

In these exploratory tests peculiar results during 
turning were experienced, and it was necessary to study 
the question of tool variation. It was found that an 
ordinary snub-nosed tool would not give short chips 
under any conditions; on the other hand, the finish 
obtained was excellent with any of the above alloys. 
A typical brass-cutting too] without top rake gave small 
chips, but generally a poor finish was obtained, except 
with the alloy containing tin. When a box tool was 
used it was found that the cutting edge was somewhat 
critical and must be set at 10 deg. to 15 deg. to the 
vertical; furthermore, it must be square with the 
work. The depth of cut with this type of tool had 
a considerable effect on the chips and free-cutting 
behaviour, the shortest and most uniform chips being 
obtained with a depth of cut of the order of ¢ in. to 
#; in. Regarding the question of cutting speed, the 
lead- or tin-containing alloys were generally satis- 
factory at normal engine;lathe speeds of the order of 
400 r.p.m., which, however, are not comparable with 
the much higher speeds of 1,500 r.p.m. and over 
obtaining in automatic-lathe practice. The alloy con- 
taining lead gave very poor results, while the alloy 
containing tin gave far better results at higher 
speeds than at low speeds. The question of increasing 
the lead content was investigated, but it was impossible 
to increase this beyond 0-5 per cent. to 0-6 per cent. 
without the occurrence of segregation. 

The alloys containing tin were generally satisfactory, 
except from the point of view of hot-shortness. In 
the antimony-tin binary system the alloys containing 
more than 60 per cent. antimony have a solidus tem- 
perature of 425 deg. C. A number of magnesium- 
copper-aluminium alloys containing varying amounts 
of tin and antimony were therefore made up, and it 
was found that where the antimony content exceeded 
that of the tin the difficulty due to hot-shortness during 
extrusion was not experienced. All these alloys had 
free-cutting properties, but where the amount of 
antimony exceeded 2 per cent. the surface finish was 

r. It was found that the tensile strength of such 
som was of the erder of 12 tons per square inch, which 
was comparable with that of the basis alloy in the 
unaged condition, and it therefore appeared that the 
antimony-tin additions were _—— the alloy from 
age-hardening. It was then found that by increasing 
the amount of magnesium in the basis alloy from 
0-3 per cent. to 0-5 per cent., the age-hardening 
properties were restored and the alloy was capable of 
a strength of 18 tons to 20 tons per square inch after 
ageing for five days. Analysis showed that the actual 
antimony and tin contents of the alloys made up were 
very variable and by no means comparable with the 
amounts added. Furthermore, the distribution was 
anything but uniform. 

Considerable commercial experience has now been 
obtained with a magnesium-copper-aluminium alloy 
containing tin and antimony (B.A. 35), and there is 
no doubt that, from a free-cutting point of view, it 





represents a considerable advance on alloys previously 
available. The material is not at all sensitive to 
tool angles and can be machined with tools having 
little or no top rake, as commonly employed for free- 
cutting steels or brasses. High speed and light feeds 
should be aimed at, and it is generally possible to use 
the highest speed of which the machine is capable. 
If machines could be designed to exceed the present 
5,000 r.p.m. to 7,000 r.p.m., the finish and free-cutting 
properties on small components could be greatly 
improved. Where possible, cutting speeds of more 
than 400 ft. per minute should be aimed at. 

Recommended Procedure.—These recommendations 
are primarily intended for pure aluminium and medium- 
strength alloys, but the guiding principles are the same 
for high-strength and wrought alloys. Casting alloys, 
being more heterogeneous in character, are generally 
much more free-cutting than wrought alloys, and are 
therefore less sensitive to choice of tool and do not 
require tools having such acute cutting angles. As it 
is a relatively soft material with a high coefficient of 
friction against steel, pure aluminium—like the majority 
of medium-strength alloys, whether cast or wrought— 
readily clings to any roughness of the tool surface and 
has a definite tendency to weld under the high pressure 
experienced at the moment of chip removal. This is 
especially noticeable in the case of the free-cutting 
alloys. It is therefore of the utmost importance that 
all the cutting edges should be keen and extremely 
smooth ; hand stoning after grinding is always to be 
recommended, and this should preferably be carried 
out in the direction of the metal flow over the tool. 
Not only the edges require to be stoned, but also the 
front and side faces, and the top face over which the 
turning is to pass. This question of smoothness is of 
paramount importance, and time spent in getting the 
necessary finish will be amply repaid. 

Turning and Boring.—The turning should be removed 
as a long continuous cutting, and the tool should be 
designed to lead the cutting away from the work as 
easily as possible. Any attempt to design a tool to 
curl the cutting or to break it up artificially leads to 
building up an unsatisfactory finish. For high-speed 
steels, a top rake of 30 deg. to 50 deg., with a front 
clearance of 8 deg. to 10 deg., is generally employed. 
Side rake up to 15 deg. or 20 deg., where the design 
of the tool will permit, increases the slicing action and 
so assists a clean cut. The setting of the tool in relation 
to the work is also important, and with relatively small 
diameters the tool may tend to feed itself into the 
work unless set rather above the centre line. The 
lead away from the cutting edge should not change 
direction too rapidly; in other words, the “ hook ” 
should not be too small, and should be made to blend 
smoothly with the shank. There is no doubt that the 
advent of cemented tools of material such as tungsten 
carbide has been of great assistance, particularly for 
alloys containing silicon. With such tools, a more 
obtuse angle is advisable, the top rake being reduced 
to about 15 deg. with a front and side clearance of 
6 deg. to 10 deg. and a side rake of 10 deg. It is 
not generally possible to give forming or parting tools 
such a generous top rake, and particular attention 
should therefore be devoted to the smoothness of the 
top face. A 3 deg. or 4 deg. clearance should be given 
on the side, as well as the front, faces. 

Speeds and Feeds.—As a general rule, a high s 
and light feed should be aimed at. With high-speed 
steels, 200 ft. per minute is normal for roughing, while 
for finishing, up to 1,000 ft. per minute is employed, 
with a feed of 0-002 in. to 0-004 in. per revolution. 
Too low a speed will a a poor surface, and feed rather 
than speed seems to be the major factor in determining 
tool wear. With tungsten-carbide tools higher speeds 
and lighter feeds than for tool steels will be found to 
give the best results; it is, in fact, generally possible 
to use the maximum speed of which the machine is 
capable, consistent with safety of rotation and freedom 
from vibration on large or irregular-shaped components. 
With alloys containing much silicon, however, the 
cutting speed should not exceed 800 ft. per minute. 
Ample lubrication is advisable, but its nature does 
not seem to be critical. Light machine oil, or a 
mixture of paraffin and lard oil, is commonly used. 
Soluble cutting oils are also very suitable as they have 
a greater cooling action. 

In planing and shaping, the same general principles 
apply as regards rake clearance and smooth finish. 
With high-speed steels the side rake may with advan- 
tage be increased to 30 deg. to 40 deg., in order to 
give the tool a greater slicing action. Very much 
greater speeds of milling are possible than for steel or 
cast iron, together with a rather heavier feed. With 
high-speed steel cutters 500 ft. to 700 ft. per minute 
for roughing, and 700 ft. to 1,000 ft. per minute for 
finishing, are commonly employed. With cutters 
having inserted teeth tipped with tungsten carbide, 
speeds double or treble the above may be employed. 
Feeds are selected with due regard to chip per tooth, 
finish, and horse-power available ; in the last connec- 
tion it is worth noting that the power required to 








remove a given volume of aluminium is only about 
one-half that required for the same volume of cast iron, 
and one-quarter the power required for steel. 

End-mill cutters are sometimes preferred to cylin- 
drical ones, as they are less easily clogged. Cylindrical 
cutters should be of the ooarse-toothed type, with a 
generous spiral, and the teeth should have some 15 deg. 
rake and 8 deg. to 10 deg. clearance. The faces of the 
teeth, as well as the cutting edges, should be smoothly 
finished in order to assist removal of the cuttings. Cut- 
ters ae inserted teeth tipped with tungsten carbide 
are specially suitable, particularly for alloys containing 
a high percentage of silicon. All cutting edges should 
have sharp corners, and not round ones as used for 
cast iron. Paraffin, or a mixture of paraffin and 
turpentine, is suitable as a lubricant. 

Drilling.—Standard twist drills give satisfactory 
results a that they are kept sharp and are given 
ample lubrication, but comparative tests have shown 
that drills with a rather more rapid spiral, 40 deg. in 
place of the usual 28 deg., and a point angle of 140 deg. 
in place of the usual 116 deg., give a cleaner hole and 
more rapid penetration. Drills with polished flutes 
are specially suitable for deep holes, as they make it 
easier for the chips to clear the work. Straight-fluted 
drills are unsuitable, but flat drills are used to some 
extent on automatic machinery. 

Screw Cutting and Threading.—Threads in pure 
aluminium and the softer alloys should preferably be 
cut in a lathe, using a single-pointed tool. Taps and 
dies should have ground threads, and a smooth finish 
on the flutes as well as on the cutting surfaces. Some- 
what narrower lands help to give clean cutting and 
by enlarging the flute area allow easier escape for the 
chips. Spiral-fluted taps also assist in clearing the 
cuttings from the work. Generous taper must be 
provided for leading in, and this taper should be 
backed off. Backing off, except on the tapered portion, 
is not really necessary, provided that both front and 
back faces are given rake so that the tap will cut 
instead of binding when reversed. Holes should be 
drilled slightly larger than for iron or steel, or a 
slightly over-size tap should be employed. 

Sawing.—It has been suggested that aluminium 
1 in. thick can be cut at 13 linear ft. per minute 
with a band-saw 1} in. to 2} in. wide, running at 
5,600 ft. per minute. Where the cost of such heavy 
tools is not justified, sawing of aluminium can satis- 
factorily be carried out on an ordinary wood working 
band saw running at 1,000 ft. to 1,500 ft. per minute. 
Using a 15-ft. by }-in. blade, a block of aluminium 
7 in. thick can be cut at the rate of 2 in. to 3 in. per 
minute. At a speed of 1,100 ft. per minute such a saw 
should have four to five teeth perinch. A finer-toothed 
saw has a tendency to clog with sawings, although 
for thin sheet, where the sawing can readily escape, 
saws of 11 teeth to the inch are preferable. A lubri- 
cant is essential; tallow or ordinary machine oil 
is satisfactory and should be frequently applied. 
With pure aluminium and the softer alloys the saw 
should have appreciable set, but for the harder 
alloys the set may be considerably decreased. The 
saw should be allowed to vibrate freely, and a clearance 
between the top guide and the work should be of the 
order of 2 in.; if this is not allowed the chips will 
not clear and the saw will cut more slowly. The 
inclination of the blade to the table has a considerable 
effect on the speed of cutting. The top guide should 
be forward of the bottom guide, the amount being 
ascertained by experience; when the saw is cutting 
correctly there is considerable noise, and the cut 
surface will have deep marks running forward from 
top to bottom of the work (see Figs. 5 and 6, 
opposite). If there is little noise, the saw is not cutting 
properly, and most of the energy is being dissipated in 
heat ; the cut surface will then be smooth and with 
light vertical marks. 

Filing.—For rough filing, a heavy-toothed ‘‘ Milleni- 
cut ”’ file is most satisfactory and can be used without 
a lubricant. The notched teeth break the chips and 
prevent clogging. For finish filing, ordinary single-cut 
engineers’ files are quite suitable; the use of a light 
lubricant prevents loading. 

Grinding.—The silicon carbide type of abrasive 
is more suitable than the aluminium-oxide type, and 
the wheel should have free-cutting characteristics or 
it will tend to become clogged. For general work, 
speeds of the order of 6,000 ft. per minute should be 
employed. In the case of synthetic resin-bonded 
wheels, speeds up to 9,000 ft. per minute are permissible, 
and this type of wheel, operated dry, is particularly 
suitable for rough grinding aluminium and its alloys. 
For precision work a vitrified wheel is commonly 
employed, with a soluble-oil cooling medium or a 
mixture of lard oil and kerosene ; the former is perhaps 
preferable, as it avoids the risk of fire. Diamond 
grinding wheels are sometimes employed for precision 
work, and impart a very fine finish to the harder 
aluminium alloys. They are particularly suitable for 
alloys containing silicon, where a fine-point diamond 
lathe tool may be found to lack robustness. 
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ELECTRICAL APPARATUS. 


508,872. Interpole Winding. Metropolitan - Vickers 
Blectrical Company, Limited, of London, and A. Tustin, 
of Sheffield. (6 Figs.) January 21, 1938.—The object 
of the invention is to reduce the lag of the working flux 
on the exciting current, due to eddy currents set up in 
the pole, and so to produce more rapid commutation. 
The interpole is surrounded by an additional winding 
consisting of a copper strip bent to form three coils 4, 
5 and 6 in series. The coil 4 is parallel to one side and 


The number of views given in the Specification Drawi 
is stated in each case; where none is mentioned, 


the coil 6 to the opposite side of the interpole, and each 


_ Fig.1. 
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links with the leakage flux issuing from its respective 
pole side. The third coil 5 encircles the working flux 
from the face 3 of the interpole. The three coils form a 
closed cireuit, the coil 5 being reverse connected with 
respect to the coils 4 and 6. Any change in the leakage 
flux from the sides will induce currents in the coils 4 and 6 
which circulate in the same direction. The circulation 
of this current is opposite in direction to that which is 
induced in the coil 5 by a change in the working flux, 


and therefore tends to accelerate this change. ( Accepted 
July 7, 1939.) 
507,334. High Rupturing Capacity Fuse. S. Buxton, 


of Cardiff. (3 Figs.) December 13, 1937.-The invention 
is a form of fuse in which the arc is rapidly extinguished 
and in which no high internal pressure is developed. 
The fuse consists of a pair of metal end-blocks 1, 2, con- 
nected by a thin evacuated silver tube 3. The end- 





(507,334 


blocks, 1, 2 carry integral “‘ stalks "' 7 each surrounded at 
ita base by a groove 8 in the inner face of the block. The 
stalks are tapered slightly towards their free ends, and 
are provided with tips of arc-proof material. A silver 
tube of half the length that will be required for the 
finished fusible element and of twice the wall thickness 
is engaged over the stalks which are of such length that 
they meet in the centre of the tube. The ends of the 
tube are secured to the end-blocks by filling the grooves 8 
with silver-solder to cover the ends of the tube which 
project into these grooves. The joints so formed are air- 
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tight, strong, and have low resistance and a high melting 
point. The end-blocks 1, 2 are drawn apart axially to 
extend the tube to the required length, simultaneously 
reducing the wall thickness and creating a vacuum within 
the tube. During this operation, the tube is heated by 
a low-voltage current passed between the end-blocks. 
Owing to the conduction of heat away from the ends of 
the tube by the end-blocks, the temperature of the tube 
is highest at the centre so that the maximum stretching 
takes place at that point. The finished fuse element is 
thinnest at the middle, as is required. The unit is in- 
serted into a cylindrical casing which is packed with 
powdered quartz. Each block is a close fit in the casing, 
and the block 2 carries lugs to fit in notches in the casing. 
A flanged cap 12 is screwed on to this end of the casing 
to retain the block in position. The outer block has a 
retaining plate secured by screws, and bas lugs to engage 
recesses in the casing. A further cap 16 is screwed on 
to the casing to complete the assembly. The end-blocks 
have tags for connection to the supply terminals of the 
circuit. When a short-circuit occurs, the thin tube 3 
melts and the molten metal rushes into the evacuated 
space to be followed by the powdered quartz. The are 
is extinguished before the short-circuit current has risen 
to a dangerous value.-—( Accepted June 13, 1939.) 


STEAM ENGINES, BOILERS, ETC. 


508,978. Marine-Boiler Superheater. Marine and 
Locomotive Superheaters Limited, of London, and H. 
Melhuish, of London. (2 Figs.) January 13, 1938.—-The 
superheater is for use with marine boilers of the type 
in which the back tube plate is flush with the back end 
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of the boiler shell, and the combustion chamber of the 
boiler, which connects the large furnace flues and the 
smoke tubes, is external to the shell. 1 is the main 
body of the boiler and 2 the external combustion chamber. 
Water tubes 3 are disposed between the boiler back plate 
and the rear wall 5 of the combustion chamber. The 
vertical portions of the tubes 3 are mounted away from 
the wall 5 and the superheating elements 6 are arranged 
in the space between the tubes and the wall. The ele- 
ments are of the multiple U-loop type, and the headers 
7, 8 are arranged in a housing above the top wall of the 
combustion chamber, the housing having a hinged 
cover to afford access to the headers. The headers 7, 8 
are spaced apart sufficiently to enable the loops of the 
elements to pass between them when being removed. | 
The inlet and outlet legs of the elements pass through 
holes in a rectangular plate 11 the ends of which rest ona 
pair of girders. A threaded sleeve is welded to each leg | 
above the plate 11, a nut being threaded on the sleeve 
and bearing on the plate. The nuts are adjusted so that 
the weight of the element is borne by the plate to relieve | 
the joints of the elements with the headers. A baffle 16) 
extends from side to side of the combustion chamber | 
opposite the portions of the boiler back plate between | 
the large furnace flues and the smoke tubes.—( Accepted | 
July 10, 1939.) 
MISCELLANEOUS. | 
507,098. Drilling Mains under Pressure. F. Cooke, | 
of Denton. (5 Figs.) February 12, 1938.—The appa- 
ratus is for use when valves or connections are to be| 
attached to branch mains along which water or gas | 
under pressure is fowing. The invention is designed to 
overcome the difficulty of supporting the front end of the | 
drill spindle, which usually extends through a plug valve 
bolted to a split clamp, which, in turn, is secured to the 
main. The drilling apparatus has the usual travelling | 


| guide cylinder. 


1939. 


Oct. 6, 
carriage A and spindle B for supporting the drill. A con- 
centric cup drill B' and a central drill B* are mounted 
on the spindle B. The housing a is flanged for coupling 
to the plug valve and the rear boss is bored to form a 
bearing. An elongated sleeve 6} is a sliding fit in this 
bearing and through it the drill spindle B slides. Bushes 
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support the sleeve at each end, so that it is an easy fit 
about the drill spindle B. A cup-leather packing is 
located in the rear end of the boss on the housing. Upon 
the forward end of the elongated sleeve a spoked ring ¢ 
is mounted its periphery being turned to fit the bore 
of the housing a. When the drill is retracted the sleeve 
6 is in part telescoped through the back of the housing 
so that the drill can occupy the housing completely. 
When the carriage A is moved forward by its screw, 
it advances the drill spindle through the sleeve until it 
encounters the bush on its end. Continued movement 
of the carriage A pushes the sleeve and the ring c forward 
through the housing until the ring meets an abutment 
on the housing and the bush reaches the rear face of the 
boss. The arrangement gives an automatically extended 
and well supported bearing for the drill spindle which 
affords adequate support when the drill is being fed up 
to cut through the pipe.—( Accepted June 9, 1939.) 


507,099. Reducing Valve. A. Swan and W. C. 
Clothier, of the Royal Aircraft Establishment, South 
Farnborough. (3 Figs.) February 12, 1938.—The in- 
vention is an automatic reducing valve in which the 
danger of the valve staying open due to the accumulation 
of grit particles is minimised. A flexible diaphragm 1 is 
stiffened by a central disc biased by a spring 3 between 
the dise and a cover cap. A hollow piston valve 5 slides 
freely in a cylindrical guide screwed into the valve casing 
and is pressed towards the diaphragm 1 by a spring 8. 
A stem on the piston valve projects into a central recess 
formed in a positive seating valve 10. This valve carries on 
its upper face another stem the end of which contacts with 
the face of a bolt on the underside of the diaphragm. 
From the upper and lower ends of the valve 5, two knife- 
edged flanges project which guide the valvein the cylinder. 
To provide the balancing effect, the top surface of the 
piston valve has an orifice leading to the interior of the 























valve. The valve 10 is guided by vertical ribs and the 
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spring 8 normally holds the stem on this valve in contact 
with the face of the diaphragm bolt, but in the event of 
the piston valve failing to close, the valve 10 is able to 
follow the movement of the diaphragm under the action 
of a spring interposed between the two valves. High- 
pressure liquid from the inlet passes through ports 22 in 
the cylindrical guide to the outlet by way of the orifice 24 
of the valve 10, and ports formedin a cap screwed to the 
The cap prevents the liquid issuing from 
the orifice 24 from impinging directly on to the dia- 
phragm and so affecting the static pressure on it. The 
diaphragm 1 controls the port openings 22 by moving 
the piston valve 5 in such a way as to maintain the pres- 
sure in the delivery constant, at a value determined by 
the difference in strength of the springs 3 and 8. While 
liquid is flowing, the valve 5 operates as a balanced valve, 
the pressure being transmitted to its lower side through 
the orifice in the head. As the flow from the delivery 
is reduced and the pressure in the outlet rises, the dia- 
phragm flexes and the valve 5 moves upwards and partly 
closes the ports 22 so maintaining the delivery pressure 
constant until finally it closes the porte 22. If due to the 
leakage past the valve 5 the pressure in the delivery 
continues to rise, the diaphragm moves upwards until 
the valve 10 closes the orifice 24 and prevents any flow 
through the reducing valve. All the time liquid is flow- 
ing, the opening of the valve 10 is large and there is no 
tendency for foreign matter to collect on the seat.— 
( Accepted June 9, 1939.) 
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THE GOLDEN GATE BRIDGE, 
SAN FRANCISCO. 


By Cuirrorp E. Pare. 
(Concluded from page 347.) 
ERECTION OF THE SUSPENDED SPANS. 


Tue structural steel for the suspended spans 
was fabricated at Pottstown and Steelton, Penn- 
sylvania, and was shipped to San Francisco Bay. 
It was stored at Alameda, about twelve miles from 
the bridge, and was conveyed to the site by barge, 
as required for erection. There it was unloaded by 
100-ft. Chicago booms mounted on the towers 
at the roadway level. One of these booms can 
be seen at the San Francisco tower in the photo- 
graph reproduced in Fig. 118, on this page. This 
shows the bridge with the end sections of the sus- 
pended structure in position. The material was 
stored on platforms at the bases of the towers and, 
as work progressed, was raised to the road level of the 
Chicago booms. It was then loaded on to flat 
cars and hauled out to the travellers. 

The first three panels of the centre span were 
erected by the Chicago booms, which acted as canti- 
levers secured to the towers. The vertical shear 





provided suspenders at alternate panel points. 
Top-chord splices were located at the suspender 
points and the bottom-chord splices were located 
midway between the suspenders. The gusset 
plates and other splice material for the top chords 
were attached to that end of the member which 
was nearest to the centre of the span, the bottom- 
chord gussets being shop-riveted to the verticals. 
These arrangements will be followed from Figs. 120 
to 123, on page 402, in which the shop-riveted 
connections are indicated. During the erection 
of the suspended structure, the cable sag was much 
less than it would have been under full load, 
so that the tops of the suspender sockets were in 
positions considerably higher than their final loca- 
tions. As a result of this, the chord splices could 
not be riveted or fully pinned as soon as the mem- 
bers were erected. Even to hang the portions of 
the erected structure from the suspenders required 
considerable planning. 

The method of carrying out the work was to 
arrange that when the first suspender was in 
position, the cantilevered three panels were lowered 
on to it by releasing blocking between the bottom 
chord and the tower. The traveller was then moved 
forward so that its front support was on the floor- 





truss could be lifted far enough to permit the sus- 
pender sockets to be placed in position. The 
condition of affairs at this stage is illustrated in 
Fig. 131. When the sockets were secured, the load 
on the traveller could be released. The pins were 
then replaced in the diagonal connection adjacent 
to the traveller, after which the floor beams, knee- 
braces, centre strut, lateral plates, laterals, some 
of the roadway stringers and the bottom chord, 
were erected and pinned and bolted in place. The 
traveller was then moved forward to the next 
suspender point and the same procedure followed. 

As the shape of the suspended span was not 
the same during erection as after the bridge was 
completed, the joints of the chords could not be 
fully pinned or riveted until the relative alignment 
of the pieces to be joined was that which is obtained 
under full dead load at normal temperature. In 
general, the top-chord cover plate splices had to 
carry the greater part of the chord stress arising 
from transverse wind loads until more than half 
of the centre span had been erected. After that 
time, the joints of the top chord began to come 
into full bearing and proper alignment, so that 
it was possible to rivet some joints and pin others 
more completely. 









































was taken by the permanent rocker links at the end 
of the stiffening trusses, and the transverse shear 
from wind loads was taken by the permanent lateral 
connections. The top chords of the stiffening 
trusses were then fastened to the towers by short 
links, which were made of sufficient strength to 
carry the chord stresses from transverse wind 
moments until at least 600 ft., but less than 650 ft., 
of the centre span had been erected. They were 
designed for a compression or tension of 647 tons. 
The bottom chords of the stiffening trusses were 
blocked against the tower; the blocking assembly 
contained a 3l-ton hydraulic jack in order to be 
able to produce vertical movements of the free 
end of the cantilever. The arrangement was capable 
of holding the third panel point of the truss at 
a height of 3 ft. 9 in. above its final position. The 
side-span travellers were erected on the cantilevered 
portions of the centre span and were then used 
to erect the floor of the tower. They were then 
moved on to this floor and the Chicago booms 
were used to erect the centre-span travellers. 
All four travellers were of the stiff-leg derrick 
type with booms 75 ft. long and of 31 tons capacity. 

As soon as the suspenders were in place, those 
at the third panel point were connected and the 
erection continued. The design of the bridge had 





























Fie. 118. ERrgcrion oF SUSPENDED SPAN. 


beam at the suspender. The only steel that had 
been erected in advance of the suspender was a 
panel length of bottom chord. The first member 
then to be erected was the vertical at the end of the 
bottom chord. This is marked 1 in Fig. 130, 
page 403. The bottom-chord gusset plates, which 
had been shop-riveted to this vertical, were then 
bolted to the bottom chord with four 1-in. diameter 
bolts and pinned with eight 14-in. pins. The dia- 
gonals on each side of the vertical were then placed in 
position and bolted and pinned to the available 
gusset plates, the order of erection being as indi- 
cated in Fig. 130. The top chord, marked 4 in 
Fig. 130, was then placed in position and bolted to 
the other members. The vertical at the next 
suspender point, marked 5, was then erected and 
bolted to the top-chord gusset plates. The traveller 
then lifted the free end of the truss sufficiently to 
relieve the moment due to the cantilevered panels, 
the bolts and pins being removed from the bottom- 
chord connection. The pins in the diagonal connec- 
tion near the traveller were also removed, leaving 
only a group of four small bolts in each gusset 
at each end. 

Since the top-chord connections adjacent to the 
front of the derrick were limited to a few bolts in the 
centre cover-plate splice plates, the free end of the 








When the travellers reached the centre of the 
span, it was possible to enter the closing top-chord 
members. This operation is illustrated in Fig. 134, 
on page 404. The closing bottom-chord members, 
however, could not have been erected if they had 
been made of full length, because, under this con- 
dition of loading, the cables at mid-span were still 
about 134 ft. above their normal dead-load position. 
In anticipation of this, the bottom-chord members 
had been made 3{ in. shorter than normal, so as to 
allow at least one inch clearance for entering them. 
It had been determined that at this stage the top- 
chord joints could be pinned, bolted or riveted 
sufficiently to carry a stress of 317 tons per truss. 
The planned procedure was to enter the bottom- 
chord members and then, by jacking, to separate 
the bottom-chord panel points of the closing panel 
until the closing-chord connections could be made. 
This jacking resulted in that condition of stress 
in the stiffening trusses which would be obtained 
if negative loads, equal to the uniformly distributed 
weight of the omitted steel and pavement, were 
applied to the completed bridge. Any connections 
not previously riveted were then in a condition to be 

e. 
The jacking device for each truss consisted of 
two longitudinal diaphragms, one in the closing 
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Fie. 119. Toit Bar on THE Tout Praza. 
JACKING DEVICE 
~*~ MINIMUM PINNING OF TOP CHORD DURING JACKING 
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bottom-chord member and the other in the adjacent | main spans having been worked out previously., 132 and 133, opposite. It was moved forward 


bottom-chord member, and a 312-ton jack. With 
the top chords pinned for a stress of at least 312 tons, 
and the diagonals 80 per cent. bolted or pinned, 
the jacks in both trusses were operated simul- 
taneously and the connections of the closing bottom 
chords were made. The arrangement of the jacks is 
shown in Figs. 120 and 121, on this page, Figs. 122 
and 123 showing the pinning of the top chord during 
the jacking operation. After this work had been 
completed, the travellers worked back towards 
the towers, placing, as they went, the remainder 
of the roadway stringers, the curbs, the hand- 
railing and the sidewalk steel. A view of the bridge 
from above showing the suspended steelwork nearing 
completion and the meeting of the two travellers 
at the centre of the span is given in Fig. 124, on 


Plate XV. A somewhat similar view is given in 
Fig. 125. The men on the suspender cables are 
painters. 


While the centre-span travellers were erecting the 
centre span, the side-span travellers were erecting 
the side spans, the relative progress of the side and 





In general, the proportion of the side spans erected | ahead of the traveller as the work progressed, leaving 
was maintained equal to the proportion of the main | behind it a new section of net attached to the newly- 
span erected. The movements of the tower tops | erected panels. When the frame was ready to 
were watched, the movements being controlled | be moved forward, the next section of the net was 
when necessary by jacks at the saddles, so as to| laid on the platform and attached to the section 
limit the deflection to 1 ft. | whic h was already in place. It was then paid out 

An interesting and unusual feature of the erection |as the frame advanced. A view of the advance 
of the suspended structure was the employment | section of the net, seen from above, is given in 
of a safety net. This was stretched below the| Fig. 128, on Plate XV. After the completion 
structure and supported from it, so that any work-| of the steelwork to the stage shown in Fig.- 126, 
man who missed his footing and fell would be| there was a safety net 120 ft. wide and 6,500 ft. 
saved from certain death. As erection proceeded, | long below the entire suspended structure. The 
the net was attached to the stiffening trusses in | net was made from j-in. diameter manilla rope 
such a way that it extended for the full width of | laid at 6 in. centres in both directions, metal clips 
the bridge and 10 ft. beyond it on each side. The | being used at all intersections. The lives of nineteen 
net is clearly to be seen in the view of the suspended | men were saved by the net. The total number of 
steelwork from above and below given in Figs.| men who lost their lives during the construction 
126 and 127, on Plate XV. At the forward end,| of the bridge was eleven. Ten of the fatalities 
for the protection of men working in advance of the | were the result of a single accident due to the failure 
traveller, the net was attached to a movable frame, | of a scaffold employed by workmen stripping forms 
which was cantilevered out ahead of the work. | from the underside of the pavement. The erection 
The arrangement of this frame is shown in Figs. | of the steel of the suspended structure was started 
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from the initially cantilevered panels on Septem- 
ber 11, 1936, and was completed on December 14, 
1936. 

THE BripGe APPROACHES. 

The Marin approach consists of the Marin ancho- 
rage, five 175-ft. deck truss-spans on high steel 
towers and a trapezoidal beam span. It has an 
overall length of 1,100 ft. and carries a 60-ft. road- 
way and 5-ft. sidewalks. The greater part of the 
approach is on a curve with a radius of 1,025 ft., 
and the roadway on the curve has a superelevation 
of 2-22 ft. The steel towers carrying the deck 
truss-spans are rectangular in plan and are supported 
on concrete pedestals carried down to the rock. 
One of the towers can be seen in the view of the 
approach given in Fig. 129, on Plate XV. The 
spans were erected on timber falsework towers which 
were made in sections about 20 ft. high, so that they 
could be moved from span to span in units. A 
travelling derrick was used to erect the steel. 

The San Francisco approach consists of a 























319-ft. 7-in. two-hinged arch span, two 125-ft., 
and one 175-ft., deck truss-spans on steel towers, 
and three 71-ft. deck girder-spans on rocker bents. 
The floor construction is similar to that on the sus- 
pended spans, providing a 60-ft. roadway and 
two 10-ft. sidewalks. The towers and bents are 
supported on concrete pedestals founded on rock. 
The arch span is carried on the two flanking pylons ; 
it can be seen in the general view of the completed 
bridge, Fig. 135, on page 414. A nearer view was 
given in Fig. 6, on page 16, ante, which formed part 
of the first section of these articles, where it was 
explained that the arch was introduced to span 
the old fort on the San Francisco shore; it was 
desired to retain this as it was of historic interest. 
At the north end of the arch the roadway is 185 ft. 
above the springing line and the arch ribs, four in 
number, have a rise of 113 ft. The two inner ribs 
are 42 ft. 6 in., centre to centre, and the two outer 
ribs are spaced 102 ft. 6 in. apart in order to 
clear the cable back-stay by a sufficient margin 


|to permit wrapping it after erection of the arch 
| span. 

The toll plaza, at which tolls are collected from 
| cars crossing the bridge, is situated at the end of the 

San Francisco approach. A general view of the 
toll bar is given in Fig. 119, opposite, and an aerial 
| view of the plaza and approach road in Fig. 136, 
prge 414. Fourteen traffic lanes are provided at 
|the bar, the two outer ones being equipped with 
scales for weighing lorries. As will be clear from 
Fig. 119, toll booths are located between each pair 
| of lanes. The administrative offices, shops, stores 
and power house are on the west side of the plaza, 
/@ small building on the opposite side providing 
quarters for the highway patrol men. A portion 
of this plaza was constructed on made ground and 
| provision had to be made to deal with possible 
| settlement. 

The bridge works include an approach road, 
| 8,400 ft. long, extending from the toll plaza to 
ithe east boundary line of the Presidio military 

reservation. A view of this road was given in Fig. 7, 
on page 16, ante. A high viaduct, 1,519 ft. long, and 
a low viaduct, 3,308 ft. long, are included in this 
|road. The viaducts carry a 60-ft. roadway and 
|one 3-ft. sidewalk. The high viaduct comprises 
|eight 135-ft. deck truss-spans flanked with four 
| beam-spans at each end. The spans are supported 
| On concrete piers. The low viaduct, which is a 
| concrete structure, has spans averaging about 
| 30 ft. in length. Alternate spans are monolithic 
| with the supporting bents, which are further joined 
| together by longitudinal ties so as to form effective 
rigid frames capable of carrying horizontal forces, 
including those due to earthquakes. A view of this 
low viaduct during construction was given in Fig. 2, 
on page 1, ante. The footings of the low viaduct 
are on piles of timber or concrete, the use of one 
or the other material depending on the relation of 
pile cut-off to ground water. Because of the 
soft nature of the ground under the viaduct, the 
contractors designed the falsework to span between 
the footings. Falsework towers, having a post 
at each of the four corners of the footing, supported 
|a falsework of steel beams, on which the forms 
| for the spans were placed. The steel beams were 
| later used as stringers in the high viaduct. 

The construction of the approach across the 
Presidio reservation involved the demolition and 
reconstruction of an elaborate system of military 
| structures and works. The replacements necessary 
involved an expenditure of 500,000 dols., which 
may be considered to represent a payment by the 
bridge authority for the right-of-way across the 
| military reservation. 
| [At the conclusion of this series of articles, atten- 
| tion should be called to an unfortunate error on 
Plate V, which accompanied our issue of August 4. 
| Owing to a draughtsman’s mistake, the stresses 
| in the struts and diagonals in Fig. 41 are given as 
pounds. These stresses are actually in tons. As it 
| is stated clearly in the text, on page 133, that these 
| figures represent tons, the mistake is not likely 





to lead to misunderstanding.—Eb., E.] 








| 
THE UNACCOUNTED DRAG OF 
| AIRCRAFT. 


By F. W. Lancuester, LL.D., F.R.S. 


Tue factors that together constitute the funda- 
mental basis on which the resistance of an aero- 
plane depends were first formulated by the writer 
in his work, Aerial Flight, published in 1907. These 
are: (1) Aerodynamic resistance, now known as 
‘induced drag”; (2) direct resistance on wings 
or aerofoil, attributed to skin-friction, now known 
as ‘profile drag”; (3) direct resistance on the 
| tail plane and fin surfaces, assessed as skin friction ; 
| and (4) body resistance, or “ body drag”’ (may also 
| be assessed in terms of skin-friction). In practice, 
|in an actual aeroplane, there are other incidental 
causes of loss, due to such things as struts, rigging 
wires, alighting organs, and engine mountings and 
adjuncts. Also, when circumstances demand it, the 
body resistance is augmented by irregularities of 
|form by reason of which the drag is considerably 
| greater than is theoretically necessary ; it can then 
‘no longer be considered as due to skin friction alone. 
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All these, added together, are commonly referred 
to as parasitic drag, giving rise to parasitic losses, 
and constitute the major part of the unaccounted 
drag. 

The writer was able to show that the aerodynamic 
resistance or induced drag (item 1 above), for a 
given glider or aeroplane varied in the inverse ratio 
of the square of the velocity of flight, whereas 
resistance due to causes (2), (3) and (4) varies 
directly as the square of the velocity, as also does 
resistance of parasitic origin ; these all come under 
the general heading of direct resistance. The 
writer was able to demonstrate that for any glider 
or aeroplane the condition of least resistance, other- 
wise minimum drag/lift, or least gliding angle, 
required that the aerodynamic resistance (induced 
drag) should be equal to the sum of the direct 
resistance or drag, that is to say the total that 
varies as V*.* But there is another condition no 
less important, namely, that wnich determines the 
optimum span when the velocity V is specified ; 
the writer has termed this the optimum condition. 
That is the condition which primarily concerns the 
designer, and it requires that the induced drag shall 
be equal to the profile drag}; the body drag is 
already determined by the design of the body 
and the velocity as specified. Therefore, para- 
doxical as it may seem, the optimum condition is 


* Aerial Flight, vol. |, page 235, Prop. I Comp. 
page 254, Fig. 112. 
t Ibid., page 237, Prop. IV. 








CLostne Top-CHoRD MEMBER Berne PLACED IN POSITION. 


not that of least resistance,* except in the case of a 


bodyless glider.t So long as we have no body 
resistance to consider, it is one of the results given 
by the writer,{ that for a given lift (load sustained) 
and for given aspect ratio, the minimum resistance 
is constant in respect of velocity, so that velocity 
is costly in terms of energy expended only as due to 
body drag and its accompanying parasitic drag. 
Obviously, therefore, if a design is executed for some 


DraG@/Lirt (GLIDING ANGLE). 


an explanation of the paradox. One further point 
should be mentioned. No reference has been 
made to the skin-friction#] drag on the tail plane 
and fin surfaces. As, however, these organs, in a 
general way, vary in area in constant relation to that 
of the aerofoil, it will be correct to regard them 
and treat them as an addition to the profile drag. 

It has been necessary to go into these general 
considerations in some detail, because the subject 











. " | | ] | 
“o values, 0-003 | 0-0025 0-0021 | 0-0018 | 0-0016| 0-0014 | 0-0013 | 0-0012 
£ equivalent, 0-010 0-0083 | 0-007 0-006 0-0053 | 0-0047 | 0-0043 | 0-0040 
N,, (approx.) 5 x 104 108 «=| 2x 105 | 5 x 105 106 4x 106} 107 | 105 
Np (apT ’ | ] | 
aspet |Gjua.) us) | @ | @ | | @ | @ (10) 
Bato a Col.(14).| (1B) (2) (3) (4) (5) (6) (7) | (8s) | < 
y | eT 73 OT Dirty § repre 
6 0-056 0-051 0-051 0-0450 0-0408 | 0-0375 | 0-0346 | 0-0326 | 0-0305 | 0-0295 | 0-0284 
7 0-0524 | 0-049 0-047 0-0414 | 0-03 0-0347 | 0-0321 | 0-0302 | 0-0283 | 0-0272 | 0-0262 
- 0-0488 | 0-046 | 0-044 | 0-0388 | 0-0855 | 0-0824 | 0-0300| 0-0283 | 0-0265 | 0-0255 | 0-0245 
y - | 0-044 0-042 | 0-0365 | 0-033 | 0-0306 | 0-0284 | 0-0266 | 0-0250 | 0-0240 | 0-0231 
10 | 0°0455 | 0-042 | 0-040 | 0-0346 | 0-0317| 0-0200/ 0-0268/ 0-0253 0-0237 0-0228 | 0-0219 


specified velocity, the resistance will be less if the 
velocity is lower; that is to say, the velocity of 
least resistance must be less than the velocity of 
design, or “ optimum” as defined. That is briefly 





* Jbid., page 238. See also Proc. Royal Aero. Soc., 
Reprint No. 86, page 9. 

+ Proc. Royal Aero. Soc., Reprint No. 86, page 8, “‘ The 
Paradox.”” 

t Aerial Flight, vol. i, page 238, Prop. V. 
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is full of pitfalls, and something in the way of a 
definition is necessary before we can proceed. 
When analysing the resistance of an aeroplane, we 
take as the basis the condition of least resistance, 
and in the calculated theoretical drag we assume 
a sleek streamline form of body, a form such as 
either by experiment or calculation is taken as 
the best available to contain the cargo or other- 
wise perform the functions of the service required. 
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Then when the actual machine is tested in the|c being a dimensionless constant now known as the | dimensions of the body, then the velocity of mini- 


air the total drag is found to be higher than| Reynolds number and denoted by the symbol Nj. | 
that given by calculation. This addition is| By way of a check a few determinations were made 


mum resistance or drag, and the least gliding angle, 
may be calculated. Anything over and above that, 


deemed to be “ unaccounted drag” and the ratio| independently by the writer, giving values of| as found when the machine “in being” is tested in 


of this to that calculated may be expressed as a|C, = 0-0025 at N,= 10° and C, = 0-020 at, 
factor or alternatively as a percentage increase.|N, = 10*, whereas Froude’s determinations (inter- | 
In the writer's Aerodynamics (page 263), with| preted) gave C, = 0-0012 at N, = 4 x 10’ and| 
reference to model gliders, it is stated that the|C, = 0-0015 at N, = 1-6 x 10%. There was at | 
resistance was “at least 50 per cent. greater than | the time some doubt whether these results were in | 
theory would indicate.” This gives a factor ‘accord, but these doubts were soon dispelled. The 
= 1-5 as expressing the relation between the two, | value of C, rises very rapidly at low values of Nj. | 
i.e., the observed resistance in terms of that given| In his Aerodynamics, Table VI, the writer gave | 
by calculation. The use of a factor in this form as | calculated values of the least gliding angle (symbol y) 
representing (inversely) the efficiency of an aero-| for values of £ ranging from £ = 0-03 down| 
plane has since become common. to&=0-01. In the light of present knowledge, | 
An interesting point arises. If the actual aero-/ it is clear that the values taken in the original table | 
plane is flown at the calculated speed of least | related to low Reynolds numbers, and were thus | 
resistance, that is calculated without parasitic drag,| appropriate only to small-scale models. Taking | 
then the “factor” will be truly determined. If, | the last figure of this table as the starting point, | 
however, the actual aeroplane be flown at its| the table is continued for lower values of £ in the | 
velocity of least resistance, that velocity will be | | 
lower than that given by calculation because the 
body resistance (hence the whole direct resistance) | 
having been increased by the parasitic drag, the 
resistances varying directly as V* will no longer 
balance the induced drag varying inversely as V*| 
and the velocity V must be reduced. Thus when the | 
actual machine is flown at its velocity of least - 
resistance (least gliding angle) the measured total | / 
drag will not be properly comparable. with that | Y 
derived by calculation ; the factor will be too low, / 
that is the unaccounted drag will appear to be less | 
than its true value. Parenthetically it may be re-| /,” \ ». 
marked that the measurement of drag in an actual! //’ \ M 
machine in free flight is by no means easy ; even | 
in the case of a glider, which is not complicated by | ——— 
considerations of horse-power developed and pro- | \ pore ei ' 
peller efficiency, there is usually a little uncertainty . 4 4 \ f, 
regarding the least gliding angle. P24 4 od 
Whether in the case of machines “ in being ” the , i aa, 
performance data are uncertain, as one might be | / 
led to suppose, or whether particulars are withheld | r 
from considerations of secrecy, the writer cannot | 
say. If actual information is lacking, however, 
the same cannot be said for the theory; it may, 
in fact, be truly said that the theory of the dynamics 
of flight is more complete and more exact than that 
relating to any other form of locomotion. The writer 
founded the method of estimating the “ induced | 
drag ” on his vortex or circulation theory of susten- 
tation. The theory as first formulated was not 
rigid in the mathematical sense, but it was never- | 
theless accurate, as subsequent investigations | 
showed.* For calculating the direct resistance | 
(* V*) of the aerofoil (the profile drag of modern | 
writers), the work of Wm. Froude was taken as 
applicable; that is to say, it was regarded as due 
to skin-friction, just as Froude had shown how the 
resistance of ships could be so computed. The whole 
of ‘the wing or aerofoil surfaces washed by the air- 
stream stands in place of the “ wetted” surface of table 


the ship’s hull. : 

The writer expressed skin-friction quantitatively values of both C, and ¢ are given, also he creme 
by a coefficient denoted by the symbol £ giving the | ponding values of N,. ; 
resistance of a plane in tangential presentation in | In the original table, the values of the coefficient g 
terms of that of the same plane normal to the air oe = . tm = wey - oy - . » pegs 

ea eiead » Coo was dependent upon the value of this 
stream; it was thus a double surface coefficient. | thom ion a P79 As subsequently 


ee a . | constant, 
The more modern method of expression is to Sive | determined, the correct value is more nearly 0-6, 


the single surface coefficient in terms of a constant : 
> such that the skin-frictional drag is given by | Pre sieaee 37 pe eer reeeg Me. ad peer aA 
e expression, 
Pp n In the extended table 


Fig.1. i 
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on the opposite page. In this extended table, 


|than an elongate form. 


2C, x aV*p (absolute units)t | herewith, column (la) is taken as the reciprocal 

the relation of C,, to ¢ is of the figures given in the original, ‘.e., drag/lift in 
‘ | place of lift/drag. Column (1B) has been calculated 

Co = 0°30 &. | from the same equation (as given in the original 


Froude’s determinations, dating from about the | table), but with revised values assigned to the 
middle of last century, were accepted by the writer, | constant Cy = 0-68. Column (2) is calculated 
although they related to water and not to air. | fom an alternative expression as given in the 


The connecting link was found in the expression | writer's 1037 paper; these relate to serofoils of 
¢ = VL/» in which V is velocity, L a linear tame >. rectangular plan form. Columns (3), (4), (5), oto., 
and » the kinematic viscosity (absolute units), | “© similarly caleutated, Out. seine to eqpotails 
ner: lis ” | elliptical in plan. This extended table covers a 

* Proc. Royal Aero. Soc., February, 1937, page ga, | Tenge eufficient for most — An — 
Table I. | value for N, in the case of a “sail plane” or 

t British units, a =aerofoil area in sq. ft. Vv =| glider isabout1-5 x 10%. For full-scale aeroplanes, 
velocity in ft. per sec., p = density, Ib. per cub. ft. In| it ranges from about 5 x 10* to 3 x 10’. 
¢.g.8. units, area sq. cm.; Vm. per sec.; pgramsper| The theory as above outlined stands firm to-day. 
cub. cm. C, is dimensionless. | Given the gross weight, the span, the aspect ratio, 

¢ Aerial Flight, vol. i, pages 54-55, equations (7) and (8).' the area of the ancillary surfaces, and the leading ' 














flight, or as deduced from scale-model experiment 
(on a model of the complete machine) due to para- 
sitic losses of various kinds, is the measure of the 
unaccounted drag. This is either reckoned as a 
percentage of the calculated figure, or expressed as 
a factor in terms of the latter as given above. The 
marked improvement in performance that has been 
achieved within the last decade is, in the main, due 
to a reduction in the factor which is the measure 
of unaccounted drag. One of the main objects of 
present-day research is to ascertain how much 
farther this reduction can be carried. 

The writer in a recent paper,* when discussing 
the limit of performance, took for the purpose of 
illustration, a hypothetical aeroplane of 14 tons 
gross weight, with an optimum velocity of 300 ft. 
per second. The net calculated drag, with no 
allowance for parasitics, came to 1,153 lb.; by 
way of allowance, this was increased to 1,468 lb., 
an increase of 28 per cent., or, expressed as a factor, 
= 1-28. This was the writer’s estimate of the best 


that could be expected at the date in question, 


or would be possible in the near future. In a 
recent article,t a factor of about the same magni- 
tude was used, giving a possible gliding angle of 
1 in 25. 

In a paper recently published by Dr. Seewaldf, 
the statement is made that, with modern aircraft, 
the actual drag ‘“‘is approximately twice as large 
as this minimum drag”; and further that from 
investigations and measurements made in the wind 
tunnel of the Deutsche Versuchsanstalt fiir Luftfahrt, 
7 the drag obtained was 1-30 times the 
minimum drag, against the two-fold drag of existing 
aircraft.’’ It thus appears that the earlier estimates 
of the writer have been confirmed by Dr. Seewald, 
certainly within the limits of experimental error. 
On the other hand, although it may be admitted 
that many existing aircraft show a very inferior 
performance, the factor “ two-fold drag” surely 
cannot be taken as typical of the best present-day 
performance. 

Whatever the factor may have been some ten 
or fifteen years ago, a large proportion of the causes 
that gave rise to parasitic resistance have been 
already eliminated ; struts and rigging wires have 
been almost entirely abolished by the monoplane 
construction which now prevails; moreover, the 
monoplane, for given lift, has less “‘ wetted surface ws 
and is consequently better from the point of view 
of profile drag. The retractable undercarriage 
has disposed of another source of parasitic drag. 
The streamlining of the body has been greatly 
improved, and the drag due to the engine housing 
has been diminished. From this we pass to consider 
future possibilities. 

One innovation which the writer regards with 
suspicion is the “‘low-wing” that, of recent years, 
has achieved considerable vogue in place of the 
“ high-wing” ; the difference is more correctly to 
be regarded as one of body position, The writer's 
objection is based on aerodynamic considerations. 
There are admittedly many other things to be 
taken into account. Some designers and con- 
structors consider that the low wing gives a more 
direct support to the floor and weights concen- 
trated in the body; others base their preference 
on the fact that the undercarriage construction 
can be more compactly arranged ; it is less “ leggy ” 
and retraction mechanism may be better contrived ; 
and these contentions are not without weight. But 
one argument which has been put forward is of a 
quite different character. It is argued that with 
the low-wing type the supporting surfaces are 
nearer the ground when taking-off and therefore 
a greater portion of the load is statically supported 
than is the case with the high-wing model,§ with 
the result that the plane will take-off at a less 





* Proc. Royal Aero. Soc., vol. 41, No. 314 (February, 
1937), page 92. 

+ ENGINEERING, page 204 ante. 

t Proc. Royal Aero. Soc., vol. 43; 
1939), page 511. 

§ Aerial Flight, vol. i, page 149. Compare, Proc. Inst. 
Automobile Engineers, vol. vii, pages 279-280. 
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velocity. This is undoubtedly the case, but it is| with two-thirds of the surface of a belt at its| Consider an iron core having a symmetrically disposed 


not the whole story. Although a low-wing machine | 
will begin to rise from the ground at a lower speed, | 
the advantage is short lived, and by the time an} 
altitude of 40 ft. or 50 ft. is reached, as may be | 
necessary to clear an obstacle, there is nothing 
in it; all that has been gained has then been lost. 

Considering the question as one of body position, 
it is certainly disadvantageous to place the body 
above the aerofoil, for in that region the air has a! 
higher velocity of relative motion than in the 
region beneath. According to hydrodynamic prin- 
ciples, where the pressure is greatest the velocity | 
is least and vice versa, so that this difference of 
velocity is counterpart to the function of sustenta- 
tion. The writer has estimated the difference of 
body drag as in the region of 15 per cent. or 
20 per cent. in favour of the high-wing (i.e., low- 
body) type.* 

The question of high versus low wing opens up a} 
very wide and debatable subject, viz., the body as) 
affected by its relationship to the organs of flight. | 
There has been far too great a tendency to treat | 
the body as something apart, as though it were a 
mere projectile. This view it is impossible to justify ; | 
it has served a useful purpose in the past, but the 
spirit of progress demands that it should be aban- | 
doned in favour of one based on a more accurate | 
appreciation of the true conditions. The correct 
form to be given to the body, its position in relation 
to the flight organs, and the method of calcu- 
lating ite resistance are all involved. The matter 
of position is summed up in the high versus low | 


wing controversy, already discussed. The sym-| 
tical body could be greatly dimini 
for an sirthip, and may be considered as « projectile | of a spherical body could greatly diminished 
form of least resistance, certainly does not conform 


metrical] streamline form which is perfectly correct 


to the air flow in the vicinity of the aerofoil ; 
is the peripheral system. Consider first a bodyless | 
glider. The motion of the air in the central region 
is nearly pure cyclic motion superposed on a motion 
of translation ; viewed relatively to the glider, the 
air is received as an up current and discharged as a 
down current. That is to say, the air stream to 
which the body needs to conform is not rectilinear, 
as would be the case with a projectile, but has a/| 
genera! curvature, and the axis of the streamlined 
body should be similarly curved, as shown dia- 
grammatically in Fig. 1, page 405, giving a form 
of body the upper surface of which is, in outline, of 
greater convexity than the lower. This is confirmed | 
by observation ; birds of the gull family when soaring | 
or gliding show this difference in marked degree. 

In the early days, the extent to which the body | 
of a soaring bird contributed to the sustentation 
was a matter of debate ; some were inclined to regard 
it as of little account, but others, notably Mouillard, | 
considered the ombre, that is, the vertically projected | 
shadow, as constituting the net sustaining area. 
The writer regards neither of these views as correct ; 
the body cannot be ignored for it would mean that | 
the circulatory system would be broken off at the | 
one wing root and renewed at the other, and this 
would not be possible unless at each point appeared 
in the wake a system of trailing vortices. Moreover, | 
it would further result in the equivalent mass of 
air acted upon being reduced to less than half, 
being equal to the areas of two circles each of a 
diameter equal to a wing length instead of a single 
circle of diameter equal to span, as shown in Fig. 2. 
On the other hand, the body of the bird or plane | 
can only act as a substitute for the part of the wing 
span or aerofoil that it replaces, as pointed out in 
the writer's Aerodynamics, page 284, and thus when 
added to a bodyless glider merely acts as a substitute 
for the portidn of the aerofcil the space of which it 
occupies (see Fig. 3). Now this raises a new point. 
If the profile drag be calculated without reference 
to the body, it will include that portion of the 
aerofoil which, when the body is taken into account, | 
is not there. Thus, when the body resistance is| 
calculated on the basis of skin-friction, or from data | 
secured in the wind tunnel, it needs to be credited | 
with the profile drag on the missing part of the aero- | 
foil. This cannot be stated quantitatively without | 
reference to an actual design, but to give a rough 
idea of what it means, the body may be credited | 


| 


| 





* Proc, Inst. Mech.B., November, 1937, page 227. 


that | the surface of the 


maximum section corresponding to the chord of the | 
wing. That would be in the region of 20 per cent. | 
of the body drag, as normally calculated, to be | 
deducted. This would seriously upset the basis of | 
calculation; unless taken into account it would 
make the theoretical drag come out too high, and | 
result in a too favourable estimate being made of 
the performance factor. 

A great deal has been said and written concerning | 
the control of the “ boundary layer”’ as a means 
of diminishing skin-friction. The contention is 
that if by any means the initial condition of laminar 
flow could be cultivated to the exclusion of the 
condition of turbulence, which under normal condi- 
tions is found: to supervene at an early stage, the 
coefficient or constant C, of skin-friction might be 


lowered. In the expression drag varies as Vv" under | 
the condition of laminar flow n= 1-5, whereas 
when the turbulent condition prevails* n = 2. The} 
writer's view is that if it were mereiy a question 
of the surface friction on a flat plate, or on the tail 
or other fin surfaces of an aeroplane, there might 
perhaps be some hope in the direction indicated, 
but in case of organs possessing much thickness, 
as in the case of wing sections, or in the body form, 
the result of delaying or abolishing the turbulent 
condition (even though it could be accomplished) 
would have the undesirable result of encouraging 
the onset of “ burble”’ and give rise to an increase 
in the profile drag or the body resistance as the case 
may be. In support of this view, the writer 
has cited the well-known experiment of Professor 
Prandtl, by which he showed that the resistance 


by the opposite procedure, t.e., by provoking the 
turbulent condition, a wire ring being soldered to 
sphere facing the wind. This 
acted by inducing turbulence which caused the air 


| stream to close in behind the sphere, instead of 
| breaking away in the region of maximum section.T 


Beyond the systematic elimination of the causes 
of parasitic drag and the closer study of body form 
and body position in relation to the organs of flight, 
the most promising outlook for further development 
and improvement in the performance factor lies in 
refinements in and connected with the engine, in 
particular the housing and cooling arrangements, 
also in the induction and exhaust systems. All 
these affect performance, quite apart from the 
actual development of power as transmitted to the 
crankshaft. 








THE INDUCTOR WITH AIR-GAPPED 
MAGNETIC CIRCUIT.t 


By E. V. D. 


Tue object of an air gap in the core of a choke or 
transformer is to reduce the polarising field strength 
in the iron, thus increasing its incremental permeability 
and thereby improving the inductance of the winding. 
If the air gap is made too large, however, the reluctance 
of the magnetic circuit to the alternating-current flux is 
increased, which tends to reduce the alternating-current 
inductance and offset the increase due to the higher 
incremental permeability. It is thus apparent that 
the gap permits the inductance to alternating current to 
be adjusted to an optimum value, and the design of 
the choke presents a number of interesting problems. 
The earliest theoretical treatment of gapped inductors 
appears to be that by C. R. Hanna,§ though other 
workers, notably Lanchester,|| Beatty, and Symonds** | 
have contributed to the subject. The method given | 
by Hanna is fundamental to other work on the same 
subject and for this reason a résumé of the underlying 
principles of his theory is given below. 


Guazier, B.Sc. 


* In skin-friction the index n = 2 is approximate. | 


Compare Acrodynamics, pages 63 and 243. 
t Report, Advisory Committee for Aeronautics, 
1915-16. R. & M. 190, page 21. Compare also Proc. ' 


Royal Aero Soc., vol. xli, No. 317, page 358, lines 3 to 10. 

t Paper prepared for presentation before Section G of } 
the British Association, at Dundee, September, 1939. 

§ C. R. Hanna. Journal A.J.E.E., February, 1927, | 
page 128. 

| F. W. Lanchester, LL.D., 
October, 1933, page 413. 

7 R. T. Beatty, D.Sc. 
1934, page 61. 

** A. A.Symonds,M.A. Wireless Engineer, September, 
1928. page 485. 


F.R.S. Journal I.E.E., | 


Wireless Engineer, February, | 


air gap and a winding which has to carry a given direct 
current and alternating current. 


Let F = applied M.M.F. due to polarising direct 
current. 
NI, exciting ampere-turns due to polarising 
direct current. 
Hy magnetising force in the iron due to 
polarising direct current. 
H = magnetising force in the air gap due to 
polarising direct current. 
lL - mean length of iron path (cm.). 
l, total length of air-gap (cm.). 
a = the air-gap ratio. 
1 
B flux density in the iron due to the polaris- 
ing direct current alone. 
a : cross-section of core (sq. cm.) 
4m NI, 
He = 35° Oh) 
4 
Then F = 15’ Nie =H,-1,+H-l, 
© wy Hy +H.s. 
lo |, 


Neglecting fringing at the air gap, then in 
the air gap H B. Assuming |, is small com- 


pared with /,, then = . 5 ly approximates to the given 
1 

M.M.F. per cm. of magnetic circuit due to the polarising 

__NIp 
(1, + ts) 





4 . 
current, namely, — which has been denoted 


10 
by Hp. 
Then 
H, = Hy + B.z. (1) 
If a very small alternating voltage is now applied, 
producing a very small alternating change of induction 
of amplitude B,, and requiring corresponding changes 
in H, and Hy of amplitude A, and pa we have, 


|: aA = fins + Baz 
oe (2) 
Ba = Ba TZ .« ° 4 


is the incremental permeability pa, 


or 


a 


As 


while the ratio fi > also has the dimension of a perme- 
on 


The ratio 


ability and is in effect the apparent permeability of the 

core complete with air gap. Denoting this apparent 

permeability by pa, then from (2), 
l 1 


—= 2. (3) 
Ha Fa 

Equations (1) and (3) are mutually dependent since 
3 must be taken at the value of H, in equation (1). 

The use of these results in the determination of the 
air gap to give maximum apparent permeability, and 
hence maximum alternating-current inductance, may 
perhaps be most neatly effected by a graphical method 
due to T. Tanasescu*. It is proposed to give an ex- 
ample of this, since the underlying theory is shown up 
to advantage. A ballistic B-H curve is shown in Fig. I, 
opposite, and from this B is obtained in terms of Hy 
(equation 1). Curves of wa against H, for various 
values of B, for the same material, obtained by experi- 
ments at a frequency of 50 c.p.s. on ring-shaped speci- 
mens, are given in Fig. 2, and from these curves, values 
of ys for equation 3 are obtained. Taking as an ex- 
ample a value of H, equal to 5-0 oersteds, this value 
is set off along the H-axis in Fig. 1, i.c., OS = 5-0. 
Then from S§ an arbitrary line SP is drawn to intersect 
the B-H curve. A perpendicular is dropped from P 
on to OS meeting it at T. Then OT = Hy and from 
equation (1), TS = B.z. Also, since PT = B then 
tana =. Corresponding to Hy a value of ws can 
be read from the curves in Fig. 2 for any required value 
of B,. Through P a line XY is drawn having a slope 


equal to this value of ps. OQ is then drawn 
parallel to XY to intersect PS in Q. 
Let = 


R= Pp. 
Then H, =OR+RS 
a ee 
Mo 
H, l 
r —+~F=— =-— 
Ba Pp Ha 
or ba = r 
i,’ 


Thus, the locus of points such as Q obtained by 
drawing arbitrary lines from S enables the apparent 





* T. Tanasescu. Wireless Engineer, April, 1934, page 
197. 
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ed for various values of 
x, the air-gap ratio. The 





curve ‘obtained by this 
method for 4 per cent. 
silicon steel when By = 
100 gauss is given in Fig. 3, 
and it will be observed 
that a strongly-marked 











maximum occurs. Anex- 
perimental curve is also 
shown on the same graph. 1 
By repeating the pro- 





uniomngilll 2 from fers 
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cedure for different values 
of H, and Bag, it is clear 
that a group of curves, 
useful for practical design, 
may be _ constructed. 
(Hanna’s method of prac- 
tical calculation achieves 
equivalent results to the 
above, and, in fact, goes 
farther, but the graphical 
construction is rather 
‘better suited to the 
author’s purpose in the 
present paper.) It has 
been stated by previous 
writers that such calcu- 
lated curves as the above 
show good agreement with 
measured results. How- 
ever, it has been found 
by the author that when 
the above theory is ap- 
plied to inductors having 
a larger value of super- 
imposed alternating-cur- 
rent induction, that is, 
where the current modula- 
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tion = is of the order 


0 
of 5 per cent. or more, then considerable discrepancies 
between calculated and measured apparent perme- 
ability or alternating-current inductance can occur. This 
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crepancies between the calcu- 
lated and the experimental 
curves have been observed for 
5 0-2 per cent. silicon steel, 
“ENGINEERDSG” a typical pair of curves being 

shown on the same graph. 
The chief reasons for the discrepancies are as follow:— 
(a) When an alternating current is superimposed on the 
polarising current, the mean current in the winding does 


TABLE TI. 


H, = 5:0, By = 1,000, 


4 per cent. Silicon Steel. 








' ' 


| ud 26. | na lv 
H’p. By Bp-z z ; 1 1 l 
wa. Z. wa =+e | te 1 ae 
j pa 
| 
(1) (2) (3) (4) (5) (6) (7) (8) (9) | (10) 
Deg. Min. | Deg. Min. 
0-10 1,550 4:90 | 0-003150 3,500 22 50 0-000286 | 0-003420 292 | 1 50 
0-15 2,800 4-85 | 0-001732 3,150 22 0 0-000318 | 0-00: 490 3 30 
0-20 4,000 4-80 | 0-001200 2,840 21 30 0-000352 | 0-001533 | 650 5 0 
0-25 4,900 4-75 | 0-000969 2,520 21 0 0:000397 | 0-001350 7400 | 6 10 
0-50 7,100 4-50 0-000634 1,800 19 20 0-000556 0-001170 | 855 | 9 10 
0-62 7,850 4:38 | 0-000558 1,600 18 50 0-000625 0-001160 | 860 | 10 0O 
0-75 | 8,450 4-25 | 0-000503 1,420 18 30 0-000704 0-001190 840 | 10 50 
1:00 | 9,400 4-00 0-000426 1,150 17 50 | 0-000870 0-001285 778 12 0 
2-00 | 11,550 3-00 | 0-000260 610 15 40 0-001640 0-001890 529 13 45 
5-00 12,600 0-00 | 0 215 12 45 0-004650 0-004650 215 12 45 


| | 


is illustrated by Fig. 4, which refers to a 4 per cent. 
silicon steel, and where H, = 5-0 and B, = 1,000, the 
current modulation being approximately 20 per cent. 
The divergence between the calculated and experi- 
mental curves is at once apparent. Much larger dis- 


not change, but the mean flux density changes from 
the value B to the value By. (6) Owing to the eddy 
current and hysteresis power losses in the iron the 
fundamental components of B, and Ay, will not be 
in phase, while in the air gap B, and the corresponding 














wer 3 er 

Air Gap Ratio x (x1000) 

magnetising force A, are cophased. The arithmetic 
addition in equation (2) and equation (3) is, therefore 
not strictly justified. A considerable range of experi- 
ments has shown that the most important of these is 
that the mean induction changes when an alter- 
nating current is superimposed on the direct current. 
The manner in which this effect modifies the apparent 
permeability of the gapped magnetic circuit may be 
understood by reference to Fig. 5. This diagram 
refers to an inductor where the air-gap ratio is repre- 
sented by the line SPP’ as in Fig. 1. Starting from the 
demagnetised condition and passing a direct current to 
produce a polarisation Hy, then the state of the iron 
will be represented by the point P, the intersection of 
the line SPP’ and the ordinary ballistic B-H curve. 
The polarisation in the iron will be H, and the incre- 
mental permeability corresponding to this will be given 
by the point W in Fig.2. When the alternating-current 
is superimposed, the value of mean induction changes 
from B to By and for a fixed air gap the polarisation in 
the iron changes from Hy, to H’y. The incremental 
permeability thus rises to the value corresponding to 
W’. Since the air gap has been maintained constant 
during these operations, the apparent permeability of 
the core will increase. 

The dynamic rise of mean induction has been re- 
ferred to previously by R. F. Edgar* and by T. A. 
Ledward,t but it is believed that the present paper 
represents the first treatment of its reaction upon the 
design of the air-gapped inductor. 

It follows that equation (1) should be modified as 





* R. F. Edgar. Journal A.I.E.E., February, 1934, 


page 318. 
+t T. A. Ledward. 





Journal J.H.E., January, 1939, 





page 113, 
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below when the amplitude of the superimposed alternat- 
ing current is appreciable : 

H, = H’, B,.2z. — 
where H’, is a function of B, and B, and is the new 
polarising magnetising force in the iron. Curves such 
as OP’N’ relating B, and H’, are, in general, higher than 
the ordinary ballistic B-H curve OPN, and hence it 
follows from Fig. 5 that H’, will, in general, be less 
than H, 

Consider now the distribution of M.M.F. round the 
magnetic circuit due to the applied alternating current. 
In maximum values : 


4n .. a 
NIy H, ./, B, .l, 
10 
As A, +B,.2. (5) 
in the air gap By and the magnetising force are co- 
phased, but in the iron H, and By, are to be considered 


BR, 
«s vectors, the ratio fi of which is the complex or 
a 


elliptical incremental permeability x, /@. That is the 

modulus”’ definition of alternating-current perme- 
ability is assumed in which By and A, are calculated 
from modulus values of fundamental alternating voltage 
and alternating current without regard to phase 
difference. As previously, xs /@ is a function of H’, 
and B, depending on the quality of the core material 
ond must generally be determined from fundamental 
measurements on ring specimens 


B, 
The ratio “..* the complex apparent permeability 
rd 


pa /¥, Which is used for the calculation of incre 
mental inductance. The angle ¢ will be less than @ due 
to the smaller iron losses in the gapped choke. 

Hence, from (5): 

l l 

Ma BS 

The arrows above the permeabilities denote that they 
are of vector form. A vectorial representation of equa- 
tion (6) is shown in Fig. 6. Curves showing how the 
mean induction changes from the ordinary ballistic 
reversals value when alternating flux is superimposed 
are shown in Fig. 7. These curves are for the same 
4 per cent. silicon-steel ring specimens to which Figs. 1 
and 2 refer 

rhe determination of maximum apparent perme 
ability or optimum air gap may be carried out approxi- 
mately, by the previously described graphical method 
if the B, — H’, curve corresponding to the appro- 
priate value of By, is substituted for the B-H curve in 
Fig. |. However, this method necessarily ignores the 
complex nature of u, 78. In order that this may be 
taken into account, a tabular method may be used. 

Table 1, page 407, deals with the same general example 
is that previously taken, but with the induction ampli- 
tude increased from By 100 to By 1,000 gauss, 
In the first two columns values of H’, and By are 
inserted, corresponding to arbitrary points on the By 
H’, curve for By 1,000 givenin Fig. 7. From equa- 
tion (4), the product By.< can be ascertained, since 
H, = 5-0 oersteds. This is inserted in column (3), 
and the ratio of columns (3) and (2) gives the air gap 
ratio which is inserted in column (4). Corresponding 
to each value of H’, at Bs = 1,000, the value of wa ZO 
js inserted in columns (5) and (6) from Fig. 2. Column 
(7) is the reciprocal of column (5). The vectorial addi- 


c : . . (6) 


fs , 
tion of (> + r) may then be carried out by calculation 
Ha 


or by graphical construction 1s in Fig. 6. At low fre 
quencies an arithmetical addition is sufficiently acou 
rate since, in general, @ is comparatively small. An 
examination of a typical vector diagram will indicate 
whether the desired accuracy can be achieved by arith- 
metic addition. The apparent permeability given in 
column (9) is simply the reciprocal of column (8), while 
the angle may be measured from the vector diagrams. 

The values of apparent permeability are plotted 
against the air-gap ratio z, in Fig. 8, and the existence 
of @ maximum is again epee | shown. An experi- 
mental curve referring to an inductor core constructed 
of T and U stampings of 4 per cont. silicon steel is 
shown on the same graph. The measurements were 
made at 50 c.p.s. by an alternating-current potentio- 
meter method similar to that used for obtaining the 
fundamental incremental data from ring specimens.* 
rhe T and U stampings had the air-gap joints carefully 
ground to match perfectly and measured insulating 
spacers of various thicknesses were used for obtaining 
the various points on the curve. 

It will be observed that near the optimum point the 
previous discrepancies have been reduced to a very 
small order. But it is also to be noted that for zero 

* Sims and Clay. “Incremental Magnetisation.” 
Wireless Engineer, May and June, 1935. 
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air gap and for air-gap ratios well beyond the optimum, 
the agreement between the calculated and experi- 
mental curves is less satisfactory. The discrepancies 
thus remaining are accounted for as follows :—{a) For 
air-gap ratios smaller than the optimum, it is practic- 
ally very difficult to measure the actual air gap and in 
the limit when no spacer is inserted, there is no measur- 
able air gap. But, owing to the fine gap which actually 
exists the apparent permeability (yg = 618) is greater 
than the incremental permeability (y, = 235) at 
H, = 5-0 and By 1,000, as obtained from a ring 
specimen. By drawing the horizontal line OX in 
Fig. 8, it is possible to estimate the residual air-gap 
ratio. Inthe example taken above this ratio is 0-00031, 
and for a specimen with a mean length of 24-1 cm. 
and with two gaps in the magnetic circuit, this corre- 
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sponds to a residual air gap of 0-0037 cm. or 0-0015 in. 
(6) At values of z appreciably greater than the optimum, 
leakage at the air gap becomes perceptible. The dis- 
erepancy in this region may be accounted for by the 
fact that a method of calculation which ignores leakage, 
would for large air-gap ratios, tend to under-estimate 
the actual air-gap required in practice to produce a 
given apparent. permeability. Fortunately, in the 
neighbourhood of the optimum point, and for the range 
of polarisations and inductions considered up to the 
present, the value of the air gap is so small that the 
error in ignoring leakage is negligible. 

By carrying out a series of calculations similar to the 
modified method given above, for various values of H,, 
then selecting the optimum apparent permeability and 
plotting against the value oF H, concerned, a curve 


;and sustained research. 
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such as that shown in Fig. 9, is obtained. In this figure 


| the incremental permeability curve for the material 


without air gaps is shown, so that the improvement 
obtained by using the optimum air gap may be 
observed. It will be seen that the apparent perme- 
ability with optimum air gap is, for values of H, = 5-0 
and more, as much as three times the permeability of 
the ungapped material. Two similar curves for 0-2 
per cent. silicon-steel material are shown in the same 
figure, and it is from such curves that the relative 
merits of ferro-magnetic materials under incremental 
conditions should be judged. Points obtained from 
experimental results are also shown in Fig. 9, and it 
will again be observed that good agreement with the 
calculated curves is obtained. Further experiments 
have been undertaken to determine more precisely the 
effect of harmonic distortion, leakage, and the position 
of the air gap in relation to the winding. 

In conclusion, the author wishes to thank Dr. L. G. 
A. Sims, under whose general direction the work has 
been carried out, and the authorities of the Northamp- 
ton Polytechnic, London, for the experimental facilities 
provided. Thanks are also due to Messrs. Sankey, 
Limited, Bilston, for the provision of test samples. 








NICKEL CAST IRON. 


Tue idea of improving the properties of cast iron 
by making additions of nickel to the melt is not new, 
but, while patents dealing with the alloying of nickel 
with cast iron were taken out as long ago as 1799 
and 1845, the commercial production of nickel cast iron 
did not become of importance until some 15 or 20 
years ago. Although iron founding is a very old 
industry, the knowledge accumulated by generations 
of founders remained largely of an empirical nature 
until supplemented and amplified by modern scientific 
investigation, and, unquestionably, the position now 
occupied in the engineering industry by nickel and 
other alloy cast irons is the direct result of systematic 
Commercial development 
has continued hand in hand with research and at the 
present time a wide selection of cast irons containing 
up to 30 per cent. and even 40 per cent. of nickel 
is in use, covering a wide range of properties of interest 
to engineers and foundrymen. With the object of 
providing, in a convenient form, data covering all 
aspects of the production, properties and applications 
of the many types of nickel-alloy cast irons now 
employed, the Bureau of Information on Nickel, of 
Messrs. The Mond Nickel Company, Limited, Thames 
House, Millbank, London, S.W.1, have issued a neat 
little loose-leaf handbook entitled Nickel Cast Iron. 


'In this, previously published information is collected 


and classified and supplemented by general instructions 
and practical notes on the production of the different 
types of nickel cast iron in the foundry, including 
such matters as the choice of raw materials, furnace 
operations, and methods of alloying. 

A good deal of space is devoted to engineering quality 
iron containing up to 2 per cent. of nickel. This is an 
ordinary grey cast iron of good quality, and pearlitic 
in structure. The addition of nickel, as is now well 
known, promotes uniformity of structure and equalises 
the hardness in the thick and thin sections of a casting. 
It also improves machinability by eliminating hard 
chill spots, and the higher density and soundness 
and finer grain secured make for greater strength, 
toughness, and pressure tightness. Furthermore, 
nickel improves the hardness, wearing quality and 
corrosion resistance of the material. It is emphasised 
that nickel cannot exert its maximum beneficial 
effects unless the composition of the base iron is satis- 
factory. Carbon has a vital effect and it must be 
maintained low if maximum strength is required. 
A total carbon content of between 2-9 per cent. and 
3-4 per cent. is satisfactory in most cases, the lower 
figure being aimed at when maximum strength is 
specified. The silicon may vary between 0-8 per cent. 
and 2-5 per cent., the actual proportion depending 
on the general sectional thickness and mass of the 
castings. For high-quality castings it is generally 
desirable that the amount of phosphorus present in the 
base mixture should not exceed 0-3 per cent or 0-4 per 
cent., and provided that the final sulphur content is 
adequately balanced by manganese, no harmful effect 
will result with percentages up to 0-12. For normal 
compositions, the manganese content should be within 
the range of 0-6 per cent. to 1-2 per cent. 

The handbook also deals, in some detail, with 
nickel-chromium cast iron and with high-strength 
irons. It is pointed out that for general foundry 
purposes the usual proportions of nickel and chromium 
for engineering castings are 1-5 per cent. of nickel and 
0-5 per cent. of chromium, or, alternatively, 1-0 per 
cent. of nickel and 0-3 per cent. of chromium. The 
combined nickel-chromium addition, made to a suitable 
grade of base iron, allows the full benefit of the nickel 
addition to be realised. This applies especially to the 
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improved strength and hardness which are associated 
with the fine grain of the alloy castings. A special 
method of producing high-strength cast irons is that 
known as the ‘ Ni-Tensyl-Iron” process. This 
process is essentially one of inoculation and the special 
control exercised over the form and quantity of the 
graphite, it is stated, enables tensile strengths of between 
22 tons and 25 tons per square inch to be regularly 
obtained in commercial iron castings. Moreover, 
the strength of the material can be further increased 
by additions of molybdenum, while retaining the 
1 per cent. to 2 per cent. of nickel normally present 
in the alloy. In these circumstances, tensile strengths 
of 28 tons to 30 tons per square inch may be obtained. 
In all cases, the strength of Ni-Tensyl-[ron can be further 
substantially increased by heat treatment. In addition 
to high strength, the material offers good wear resist- 
ance and good corrosion resistance, and, in spite of a 
hardness which may be as high as 260-300 Brinell, 
it machines readily. Other nickel cast irons, such as 
the hard and abrasion resisting ‘“‘ Ni-Hard ” (2 per cent. 
to 5 per cent. Ni), the 14 per cent. to 22 per cent. Ni 
non-magnetic and corrosion- and heat-resisting ‘‘ No- 
Mag,” “ Ni-Resist”” and “ Nicro-Silal” alloys, are 
briefly mentioned in the handbook. We understand 
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| that fuller information regarding these will form the 


subject of supplementary sections to the handbook 
which will be issued from time to time. Other sections 
relating to heat treatment, chemical analysis and micro- 
structure, and also data sheets of recommended compo- 
sitions are in preparation. 








*“ Duco ” NON-TEMPER COLD CHISELS.—Some months 
ago we received from Messrs. Brown Brothers, Limited, 
Brown’s Buildings, Great Eastern-street, London, K.C.2 
a specimen of a new series of engineers’ cold chisels which 
they have marketed under their trade name of “‘ Duco.” 
The stock sizes are six in number, ranging from 6 in. by 
1s in. to 8 in. by 1 in., and the material is an octagon- 
section non-temper steel which can be readily resharpened. 
We submitted the sample chisel to a firm of general 





engineers with the request that it should be thoroughly 
| tested, and have now received a report that it “‘ was 
| tried on work in the shop and outside, and compared 
very favourably indeed with the ordinary type of chisel, 
standing up far better to heavy work and being much 
more easily sharpened. There was no sign of chipping 








| of the point, and the head did not mushroom so readily | 


| as the usual type.” 


OGGLE-TYPE PLASTIC- 
MOULDING PRESS. 

Tue 100-ton plastic-moulding press shown in the 
accompanying illustration has a somewhat unusual 
toggle gear for traversing the bottom platen. This is 
hydraulically operated at the comparatively low maxi- 
mum pressure of 550 lb. per square inch. The press is 
manufactured by Messrs. F. J. Stokes Machine 
Company, Tabor-road, Olney P.O., Philadelphia, 
Pennsylvania, U.S.A., and is distributed in Great 
Britain by Messrs. Alfred Herbert, Limited, Coventry. 
It will be inferred from the mechanism seen in the 
background of the illustration that the machine is self- 
contained and is semi-automatic in action, the loading 
and discharging only requiring manual operation. The 
maximum mould or die area is 24 in. by 16 in. and the 
maximum distance between the bolsters, when the 
lower platen is in its top position is 12 in., each bolster 
being 54 in. thick. The toggle mechanism provides 
an initial closing speed of 45 in. per minute, which speed 
is virtually maintained until pressing commences, 
when it slows down to 5-7 in. per minute, thereafter 
decreasing, as the toggles straighten, to zero. The 
return speed is 60 in. per minute. It is claimed that a 
substantial saving of time is thus obtained without 
having to force the material into the mould faster than 
it can become plastic and flow, this saving of time being 
stated to result in increased production of from 30 per 
cent. to 50 per cent. over that obtained on straight 
hydraulic or other mechanical type presses. 

Although it may appear at first sight that there 
are only two toggle joints, i.c., one at each side of the 
machine, there are in reality three, the third being 
attached to a crosshead on the hydraulic ram. One 
end of this crosshead can be made out just below 
the spline-ended bar running across the front of the 
machine and above it, visible through the slide opening, 
is one of the arms of the toggle ; both arms are attached 
to the side toggles at a plane in line with the knees 
of those toggles. The mechanical advantage is, there- 
fore, high, since the side toggles are straightened out 
not by a direct push but by the third toggle. The side 
toggles are attached to the bottom platen at its 
corners, aear the column slides, an arrangement allowing 
the platen to have the correct fish-belly shape for a 
loaded beam and thus forming a stiff construction. 
The platen has, moreover, no tendency to tilt in any 
direction and, in consequence, there is minimum wear 
and tear on the moulds from incorrect registration. 
The spline-ended bar referred to above, it may be 
mentioned here, is part of the ejector mechanism for 
the lower mould. A spring-loaded ejector rod can 
be seen at each side of the machine, depending from 
the bottom platen. Below that on the left, is seen 
a stop which has vertical adjustment and is attached 
to a rack meshing with the splines on the bar. 
As shown in the illustration, the ejector rods are 
clear of the bar, but it will be seen that rotation 
of the bar by the lever at the right, this rotation being 
in a clockwise direction when looking to the left, will 
traverse the stops into line with the rods so that, when 
the bottom platen descends, the rods will come into 
contact with them and be forced upwards to eject 
the parts from the mould. The rods pendant from 
the top beam are those for ejecting parts from the top 
mould. The nuts on the lower ends of the rods make 
contact with the bottom platen as it descends, thus 
pulling the rods down. 

The hydraulic ram is supplied from a duplex pressure 
pump driven by a 2-h.p. motor, the reservoir for the 

| supply containing 25 gallons of oil. The manual con- 
trols consist of the push-button switch attached to the 
right-hand front column and the ball-ended lever visible 
above the pressure gauge on the pump assembly. ‘The 
platen pressures are readily and rapidly adjusted to 
meet the requirements of individual moulds, the range 
being from one-third of the rated capacity of the press 
to full capacity. The platen pressure in tons may be 
read instantly at any combination of toggle position 
and pump pressure adjustment, on a scale near 
the crosshead slide. With manual operation the cycle 
is as follows: The operator loads the mould and lifts 
the lever, which movement starts the press closing 
under low pressure, fast at first and gradually slowing 
down. When the pressure is sufficiently built up, the 
high-pressure side of the duplex pump automatically 
closes the mould. In some instances it is necessary 
to open the mould momentarily to allow gas formed in 
the part to escape. The lever is restored to the original 
position, the mould remaining under full pressure until 
the end of the cure. With the automatic time-cycle 
control the whole of the operations except loading and 
unloading are performed by the timing device, the 
cycle being started, after loading, by pressure on the 
push button. By using the time cycle the mouldings 
are always identical in quality, since the cycle, once 
set to suit the particular conditions desired, repeats 
indefinitely, and the degassing opening, which must 
take place at a precise stage and last for a precise time, 
' has not to rely on human judgment. 
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480-B.H.P. AND 415-B.H.P. SIX-CYLIN- 
DER AIRLESS-INJECTION ENGINES, 


Tue firm of Messrs. Ruston and Hornsby, Limited, 
Lincoln, have recently introduced two new ranges of 
airless-injection engines, unsupercharged and super- 
charged respectively. The unsupercharged engines 
constitute a range of medium-speed units replacing 
the firm’s well-known V.R. series, the engines being 
built in closely-graduated sizes. The smallest engine 
in the range is a 4-cylinder model developing 90 brake 
horse-power at 750 r.p.m., and the largest an 8-cylinder 
model developing 1,040 brake horse-power at 375 r.p.m. 
The range of pressure-charged engines comprises 6-, 
7- and 8-cylinder engines, the smallest size developing 
+15 brake horse-power at 600 r.p.m., and the largest 
developing 1,560 brake horse-power at 375 r.p.m. All 
the powers quoted are in accordance with the B.S.I. 
12-hour rating. 

\ typical six-cylinder unit in the range of unsuper 
charged engines, developing 480 brake horse-power, 
is illustrated in Figs. 1 to 4, on this and the opposite 
page. The chief differences between this engine and the 
one it replaces in the V.R. series are the adoption of an 
open-type combustion chamber with overhead valves, 
new fuel-injection equipment including a separate fuel 
pump for each cylinder and located beside the cylinder, 
and the employment of the recently-introduced Ruston 
Mark 37 atomiser. The main object of adopting the 
open type of combustion chamber is to achieve greater 
fuel economy, and a further advance in this respect is 
achieved by the latest injection equipment. The 
engine operates on the four-stroke cycle, and the 
rated power of 480 brake horse-power corresponds to a 
crankshaft of 428 r.p.m. The crank-case, 
shown in Figs. 2 and 3, is a deep casting of strong 
section entirely enclosing the main reciprocating and 
revolving parts, and carrying the cylinder heads and 
liners. As will be seen from Fig. 1, large inspection 
openings are provided to give easy access to all main 
bearings. Split pistons can be supplied, permitting 
the withdrawal of the pistons and connecting rods 
through these openings without removing the cylinder 
heads. The inspection doors are hinged and secured 
by clamps as shown. The bed plate will be seen from 
Fig. 1, is of deep section and substantial design. 
Che bosses for the main bearings are finally bedded 
to a mandril of the finished outside diameter of the 
bearing shell to ensure exact alignment. Separate 
cylinder heads are fitted, carrying the overhead inlet 
and exhaust valves with rocking levers and brackets, 
together with the atomisers and air-starter valves. 
As shown in Fig. 2, the inlet and exhaust valves aré 
fitted in cages which can be withdrawn without remov 
ing the cylinder head. The cylinder liners, of the wet 
type, are of a special grade of cast-iron. The working 
surfaces are finished by grinding and honing and the 
alignment is carefully checked with the corresponding 
crank. The pistons are of a special mixture having 
Reat-resisting qualities, and are annealed after rough 
machining and before finishing. The body is ground 
to give the correct clearance over its length at the 
working temperature. The bores of the bosses are 
chilled to give a hard close-grained surface, and are 
ground The gudgeon pin is of the fully-floating 
type. As shown in Fig. 2, an internal cover is pro- 
vided to prevent lubricating oil or vapour coming into 


speed 


contact with the piston dome. Five pressure rings 
and one scraper ring are fitted. The connecting rods 
are steel stampings, machined and balanced. The 


big-end bearing is a steel shell lined with anti-friction 
metal, and the small end is fitted with a chilled phos- 
phor-bronze bush. The crankshaft is a solid steel 
forging, machined, ground, and balanced within close 
limits. The design such that the fundamental 
critical speed is well above the maximum engine speed 
\ laboratory test is made on a piece taken from every 
shaft. An important feature of the shaft is that the 
radii are counterbored at the junctions of the crank 
pins and journals with the crank webs; as a result, 
excessive stress at these points is avoided and the 
requisite flexibility given to the shaft to reduce the 
effect of fatigue to a minimum. A double journal 
bearing is provided to take the additional load imposed 
by the flywheel, as shown in ‘ig. 2. The flywheel 
is bolted to a flange forged on the shaft, as shown in the 
same figure. The main bearings of the crankshaft have 
steel shells lined with anti-friction metal spun into the 
shells. 

The camshaft is driven from the crankshaft by an 
adjustable chain at the flywheel end of the engine, as 
shown in Figs. 2 and 3. The inlet, exhaust, and air- 
starter valves, are actuated by wide-faced steel cams 
operating through hardened-steel tappets. The fuel 
pumps fitted to the engine are of the firm's own manu- 
facture. A separate pump is provided for each cylinder, 
as stated above, and each pump is mounted at the top 
of the engine housing alongside the cylinder which 
it serves, as shown in Figs. | and 2. Ready access 
to the main working parts is provided. The governor 
is of the centrifugal type, and is driven directly from 
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ENGINE wita CoveR REMOVED. 


the flywheel end of the crankshaft by a vertical spindle , at the blower side is lubricated by a positive-feed 
carrying a spiral wheel at the bottom engaging with a| lubricator, while the turbine-side bearing is provided 
corresponding wheel on the crankshaft, as shown in| with oil-vapour lubrication, the oil being flung against 


Fig. 3. 


so as to give as steady and smooth a drive as possible. | by the shaft. 


The position of the governor has been chosen | the walls of the bearing chamber by 


a small dise driven 


A bladed diffuser with fixed blades 


The quantity of fuel delivered to the engine is regulated | surrounds the impeller to ensure that the energy leaving 
in such a manner that the injection timing is constant | the latter is converted into pressure energy under 


at different engine speeds. The atomisers are of the 


favourable conditions. Labyrinth glands, which can be 


new model described in ENGINEERING, vol. 147, page | readily removed if necessary, are provided throughout. 


64 (1939). 
gear-type pump, driven by an extension of the governor 
shaft, as shown in Fig. 3. The pump delivers the 
oil to all the wearing surfaces, the chain sprockets, 
and camshaft bearings. All bearings are oil flooded. 





Lubrication is effected by a submerged | The turbine casing consists of the barrel with exhaust 


connections, and the inlet casing with exhaust-gas 
inlet branches. Both parts are of high-grade cast iron. 
They are bolted together and the barrel is bolted to 
the blower casing. Both the barrel and inlet casing 


A hand priming pump is fitted to ensure internal | are water-jacketed. The nozzle ring is mounted in 
lubrication of the surfaces, particularly after long haul-| the inlet casing, and consists of two cast-iron rings, 


ing. 


All the oil pipes are of ample diameter. The | into which are cast blades of heat-resisting steel. The 


oil is passed through a cooler served by the engine | turbine rotor consists of a disc in which the profiled 


cooling-water system. The latter embodies a centri-| blades of heat-resisting steel are welded. 


Labyrinth 


fugal pump driven directly from the engine crankshaft | glands with a compressed-air seal are provided where 


by silent chain. 


A fuel filter is fitted in the fuel supply | the shaft traverses the turbine casing, thus preventing 


system on the suction side of the fuel pump, and | the leakage of exhaust gases. 


further filtration is provided by strainers of the edge | 


type fitted to each atomiser. A streamline filter can 
be fitted in the lubricating system at an extra cost. 
The exhaust manifold is built up in sections, and is 
designed to take the exhaust gases from either end of 
the engine. 

The range of pressure-charged engines is based on 
the larger sizes of the unsupercharged range, the con- 
struction being generally similar to that of the engine 
just described. It will therefore be sufficient to 
describe the pressure element, which is a Biichi type 
of exhaust-driven turbo-blower. In general, the super- 
charged engines develop some 40 per cent. more power 
than the corresponding unsupercharged engines of 
similar size. 
in Figs. 4 and 5, opposite, combines the centrifugal 
blower with the exhaust-gas turbine in one component 
unit. The turbo-blower is of the single-stage type. 
The blower casing is a single casting in light alloy with 
tangential air discharge. The suction is arranged 
axially. Referring to Fig. 4, the exhaust gas enters 
at a and passes through the nozzles } to the turbine 
wheel c, and thence to the atmosphere. Air is drawn 
into the centre of the blower through the passage d, and 
passes through the centrifugal impeller e to the engine. 
The rotor consists of a common rigid shaft of forged 
open-hearth steel for blower and turbine. The im- 
peller consists of a hub and a covering disc, between 
which the blades are riveted. The complete impeller 
is of high-tensile alloy steel. It is balanced both 
statically and dynamically, and is subjected to a 


| 


} 
| 


The pressure charger, which is illustrated | 


severe overspeed test to detect any weakness in the | 


material. The rotor is carried on ball bearings, the 
one on the blower side being of the combined journal 
and thrust type to fix the axial position of the shaft. 
The other bearing is mounted to allow of free expansion 


of the shaft under temperature changes. The bearing | proceeding to seize her. 








SUBMARINE WARFARE IN 
1917 AND 1939. 


In a recent issue of the French weekly periodical, 
Le Journal de la Marine Marchande, Commandant 
Jean de Fussy discussed submarine warfare at some 
length in an article appearing under the general heading 
of “ La Défense des Routes Maritimes.” In the belief 
that they will be of interest to our readers, we give 
below the substance of his remarks. 

Commander de Fussy observes that the torpedoing 
of the British liner Athenia, at a point some 200 
miles west of the Hebrides, less than 24 hours after 
the declaration of war, points, on the one hand, to 
premeditation on the part of Germany, and, on the 
other, to her intention to indulge in unrestricted 
submarine warfare, as in 1917. As was emphasised 
by Mr. Chamberlain in the House of Commons, on 
September 13, it was manifestly impossible for sub- 
marines, having a maximum surface speed of 15 knots, 
to reach the region west of the Hebrides on Septem- 
ber 3, unless they had left their bases and received 
orders before the declaration of war. Germany’s 
intention to wage unrestricted submarine warfare was 
proved by the facts that, in the first place, the Athenia 
was a passenger liner carrying 1,400 persons, 300 of 
whom were Americans; secondly, that she was pro- 
ceeding from Europe to the United States, thus ren- 
dering it extremely unlikely that her cargo included 
any war material; and, thirdly, that the 1936 Con- 
vention, to which Germany was a party, prescribed 
that a submarine must call on a vessel to stop before 
The sinking of the Athenia 
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thus constituted a more serious crime than the tor- 
pedoing of the Lusitania, which took place nine months 
after the declaration of the war in 1914, when this 
vessel was proceeding to Great Britain. 

Commander de Fussy contended, however, that the 
submarine was at present infinitely less of a menace 
than it was in February, 1917. At the commencement 
of 1917 the enemy had between 150 and 175 submarines 
in service and were constructing a further 200 ; whereas, 
on May 1 of the present year, they possessed only seven 
flotillas, comprising 52 vessels, and were building 
19 further ships. Furthermore, he added, in her haste 
to reconstruct her submarine fleet and to train crews, 
Germany had sacrificed quality to quantity. Of the 
52 vessels in service, as many as 28 were small 250-ton 
units, while 16 were of 500 tons, and 8 of 740 tons. 
These last were the only ones capable of undertaking 
long cruises; the radius of action of the others was 
very limited, and, in the absence of bases or of floating 
revictualling and refuelling depots, they could do little 
more than cruise in the Baltic or North Sea. Further, 
the 250-ton submarines were armed with one small- 
calibre anti-aircraft gun and three torpedo tubes only, 
and their maximum speed was 13 knots, on the surface, 
and 7 knots when submerged. Thus, from the point 














of view of endurance, these 
vessels could not compare 
with the large 1,400-ton 
French submarines, carry- 
ing one 100-mm. (3-9-in.) 
gun and 12 torpedo tubes, 
and capable of a surface 
speed of upwards of 20 
knots. 

During the course of the 
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war of 1914-18, the effici- 
ency of the submarine as 
an instrument of warfare 
was a revelation and it 
was only towards the end of 1917 that the Allies 
were able to put into operation effective measures 
for the -protection of shipping. On the other 
hand, of all war instruments, the submarine had, 
perhaps, progressed least during the past 20 years. 
It was, perhaps, less vulnerable than formerly, but 
no sensational increase in its fighting power had mani- 
fested itself. Taking dimensions into account, the 
speed and radius of action, on the surface and when 
submerged, had remained practically the same as they 
were during the last war. The submarine was still 


Fie. 5. 





Bicut Exuaust-Driven BLOWER. 


slower, when submerged, than the slowest cargo vessel. 
In striking contrast with this, the anti-submarine 
defence measures introduced in 1917 had developed 
continuously during the last 20 years, and, moreover, 
the increases in the speeds of merchant ships and in 
the efficiency of patrolling aircraft had greatly aug- 
mented the difficulties of submarine attack. 

Admiral Lord Jellicoe* stated that, in September, 


* Commander de Fussy quoted Le Péril Sous-Marin ; 
presumably he referred to The Crisis of the Naval War. 
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1916, 1,749 merchant ships had been provided with 
defensive armament, and that this number had increased 
to 2,899 on February 22, 1917, to 3,253 on May 15, 
1917, and to 3,656 at the of December, 1917. 
During the period January | to 25, 1917, 310 armed 
British merchant ships were attacked by submarines. 
Of these, 236 escaped, 62 were sunk without warning 
by torpedo attack, and only 12 were sunk as the result 
of gun fire. During the same period, 302 unarmed 
vessels were attacked ; 67 escaped, 30 were sunk by 
torpedo attack without warning, and 205 were sunk 
by shell fire or by bombs. These figures indicated the 
importance of arming merchant ships; as, after 
sighting a merchantman carrying guns enemy 
submarine would not, in the majority of cases, run 
the risk of trying shell fire and must, therefore, sub- 
merge and endeavour to carry out its attack by torpedo. 
The latter, however, was a capricious weapon; and a 
submarine, which carried shells sufficient to sink a 
hundred merchantmen, had at its disposal a maximum 
of 12 torpedoes to last for the entire cruise 

The convoy system adopted at the end of the last 
war was another highly-effective means of combating 
the submarine menace. Admiral Lord Jellicoe, in the 
hook already quoted, stated that the convoy system 
1,037,116 men to be conveyed across the 
Atlantic, between January 1 and November 30, 1918, 
the total loss of life amounting to 637, or 0-061 per 
cent With the introduction of satisfactory defence 
measures, the losses of enemy submarines were high. 
The Germans lost 63 submarines in 1917 and 69 in 
1918, or about a third the average number of 
vessels in service during each year. These results were 
due to the mine barrages in the North Sea and in the 
Straits of Dover, and also to the action of patrol 
vessels of all types, including destroyers, trawlers and 
armed yachts. 

To combat 170 German submarines in 1917, 
Allies had at their disposal 270 destroyers and upwards 
of 800 trawlers; against the 52 German submarines 
now in service, their situation regarding patrol vessels 
was, in proportion, much superior. Moreover, aircraft 
patrols would be far more effective in combating the 
submarine menace than was the case 20 years ago. 
Hence, it appeared that the German submarine methods 
of warfare were bound to fail, even if partial successes, 
such as the sinking of H.M.S. Courageous, were some 
times secured. The submarine menace, however, 
should not be under-estimated, nor, on the other hand, 
should it be over-exaggerated. At the present time, 
the German Navy did not sufficient 
to conduct an unrestricted submarine campaign. 
enemy could, however, construct these vessels fairly 
rapidly, hence it was absolutely imperative that 
measures for the protection of mercantile fleets, similar 
to those so successfully utilised in 1917, should be 
adopted without delay. 
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ENGINEERING TRAINING AND 


EDUCATION. 
Industrial Metallurgy.—The 
Department of Metallurgy, Battersea Polytechnic, 
Rattersea Park-road, London, S.W.11, informs 
that a special course in industrial metallurgy has been 
arranged in his Department to meet the needs of 
technical representatives, salesmen, inspection officers, 
and all persons working, machining, or otherwise 
dealing with metal articles. The course consists of 24 
lectures, commencing on October 17, and the syllabus 
includes : Metallurgical terms; the manufacture and 
properties of industrial metals and alloys; wrought 
iron, cast iron, malleable cast iron, steel ; 
fabrication processes, and founding, stamping, rolling 
ond extrusion ; defectsin metals ; corrosion ; industrial 
pyrometry ; mechanical testing ; specifications; gal 
vanising and electro-deposition ; and heat-treatment 
of carbon and alloy steels. Practical work is also 
available, as a second-year optional course, in connec 
tion with the lecture course. The fee for either course, 
for London students, is 208. 

Institute of Marine Engineers’ Kxamination.—An 
examination for admission to the + ssociate membership 
of the Institute of Marine Engineers is to be held from 
May 20 to 27, 1940. The annual examination for the 
admission of probationer students and students will 
be held from May 20 to 28, 1940 rhe Institute's 
examinations are held in London and other centres, 
according to the candidates’ places of residence 
Detailed particulars of the syllabus and exemptions 
allowable may be obtained on application to the 
secretary of the Institute, 73, Amersham-road, High 
Wycombe, Bucks 
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CALENDAR.-—Messrs. British Timken, Limited, Aston, 
Birmingham, 7, have sent us a useful monthly tear-off 
wall calendar. 
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London, E.C.4, and the price is 


Universal Directory of Railway Officials and Railway 
Year Book.—The 1939-40 edition of this well-known 
work of reference has been published by Messrs. The 
| Directory Publishing Company, Limited, 33, Tothill- 
| street, London, S.W.1. Originally issued as The 
| Universal Directory of Railway Officials in 1895, the 
present volume constitutes the 45th of the series and 
its arrangement is similar to that of previous editions. 
\ geographical basis is adopted for the directory section 
;and the order in which the entries appear has been 
selected so as to group all the railways in the United 
Kingdom, the British Colonial Empire and the Domi- 
nions in sequence, followed by the railways of foreign 
in which important British interests are 
held, and, lastly, the railways of other overseas 
countries. In the case of each undertaking the name 
of the railway, in the language of the country, is given 
and this is followed by brief historical particulars, 
| financial data, and information regarding the mileage 
of line open, the gauge, and the locomotives and rolling 
stock in service. Finally, a list is given of the directors, 
| principal officers, heads of departments, divisional 
engineers, and other officials. The year-book section 
|of the volume contains a mass of data and statistics 
regarding such matters as railway operation, main- 
traffie and equipment, and economics and 
| history. Three indexes are provided, namely, an 
index to countries; a general index, in which are 
included all references to individual railways and to 
statistical and other information, and a_ personal 
index of railway officials. The volume is compiled 
from official sources under the direction of the Editor 
of The Railway Gazette and the price is 20s. net. 

The British Corporation Register Ship and Machinery 
Rules.—The British Corporation Register of Shipping 
and Aircraft, 14, Blythswood-square, Glasgow, C.2, 
| have recently issued a new edition of their Rules for the 
Construction and Classification of Steel Ships and their 
Vachinery. The previous edition was issued in 1937 
and the additions and amendments since adopted by 
the Committee have been embodied in the present 
edition. The ship rules relate to rolled steel, steel 
castings and forgings, ship’s constructional elements, 
rudders, frames, stanchions and deck girders, bulk- 
heads, deep tanks, shell plating, decks, superstructures, 
and to such matters as painting, riveting and welding, 
and the strengthening of vessels for navigation amongst 
ice. The machinery rules refer to cylindrical and 
water-tube boilers, superheaters, steam reciprocating 
|engines, turbines and auxiliaries, internal-combustion 
engines, electrical installations, auxiliary machinery, 
steam pipes, fuel-oil installations, pumps and refrigerat 
jing plant. Information regarding periodical survey 
requirements and fees is also included, and the book 
closes with tables of scantlings and equipment for 
ships. In many cases paragraphs in the Rules have 
been amended, re-worded or amplified, and certain 
additions and deletions have also been made to the 
tabular matter. A list of these alterations is given at the 
commencement of the volume, the price of which is 15s, 
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Locomotive Engineers’ Pocket Book.—The new edition, 
the 39th, of the Locomotive Engineers’ Pocket Book, 
retains all the useful features of its predecessors while 
ed evidence of careful revision. One of these 
features is the comparatively extensive documentation. 
| This or that mechanism or technique is outlined and 
}a reference is given to a book, journal, or published 
| paper in which a fuller description may be found. 
| This, in our opinion, is a commendable usage, very 
sparingly practised in other pocket books, in that it 
enables an editor to get a wider range of subjects 
into a book of convenient size. At the same time, 
it must be understood that the parts of the book 
dealing with pertinent design and construction are 
adequately detailed and illustrated ; for example, the 
widely-used Walschaerts valve gear very fully 
dealt with, sufficient particulars of its many variations 
and of other types of valve gear, including the modern 
cam-operated gears, being supplied to make identifi- 
cation easy. The usual tables are supplemented by a 
number of particular utility to the locomotive engineer. 
Other types of locomotive than those driven by steam 
are lucidly discussed, especially as to the types of 
transmission involved by the internal-combustion 
engine and electric drives. A note clarifying the wheel 
arrangement and notation of these two latter classes of 
locomotive, however, would have been of interest. 
Such data as that relating to the fastest runs and the 
mileage and gauge of the railways of the world has 
been revised to include the year 1938. Incidentally, 
it will be somewhat surprising if the Editor is not 
brought to task over combining all the railways in our 
neighbouring island under the title “ Ireland.” The 
pocket-book really merits that term as its shape and 
bulk are both convenient, in spite of the amount of 
| material got into its 400 pages, and that without loss 
| of legibility. The publishers are Messrs. The Loco- 

notive Publishing Company, Limited, 3, Amen Corner, 
3s. 6d. net. 
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Messrs. THE BRUSH ELECTRICAL ENGINEERING 
Company, Liurrep, Loughborough, have taken over the 
patents, manufacture and sale of the Koela gas producer, 
and this plant, in future, will be marketed under the 
name of Brush-Koela. It can be applied for the driving 
of all types of internal-combustion engines and has been 
specially developed for the use of all classes of motor 
Mr. BoswortH Monck, the chairman of 
Koela Producer Gas Plant Company has 
Brush and will have charge of this side 


vehicles. 
Messrs. The 
joined Messrs. 
of the business. 
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TEMPORARY WAR-TIME 
ADDRESSES. 


WE give below a list of temporary offices occupied 
by firms and institutions during the period of hostilities. 

THE INSTITUTION OF PROFESSIONAL CIVIL SERVANTS. 
20, Cedar-road, Sutton, Surrey. Telephone: Vigilant 
0095. 

Messrs. THE WOODALL-DUCKHAM VERTICAL RETORT 
AND OVEN CONSTRUCTION COMPANY (1920), LIMITED, 
Uplands, Epsom-road, Guildford, Surrey. Telephone: 
Guildford 3267 and 3268. 

Messrs. THE ASSOCIATED PORTLAND CEMENT MANU- 
FACTURERS, LIMITED, Saxon Works, Coldham’s-lane, 
Cambridge. 
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NOTES FROM THE SOUTH-WEST. 


CarRDIFF, Wednesday. 


The Welsh Coal Trade.—Demand from all the principal 
overseas markets continued along brisk lines on the 
Welsh steam-coal market last week. The amount of new 
business, particularly for early loading positions, which 
could be concluded, however, was strictly limited owing 
to the very restricted nature of supplies sellers generally 
had to offer. Most collieries were kept almost wholely 
engaged on the completion of orders already on their 
books and any free supplies that became available were 
quickly taken up. As a result, the market continued 
to display a very firm tone. The French trade continued 
to show activity. There was a brisk inquiry passing to 
meet the increased needs of the French railways and 
industries, while shipments, under recent bookings were 
on good lines. It was reported that the French National 
Railways, who recently asked for offers for the supply 
of something like 500,000 tons, still had prices under 
consideration. Owing to the likelihood of a scarcity of 
supplies over some time ahead, it was expected, however, 
that they would take as much coal locally as producers 
had to offer them. According to reports, these buyers 
have placed business with shippers on the North-East 
Coast for about 100,000 tons of coking coals. There 
have been signs of a revival of interest by Spanish 
customers and several tentative inquiries have been 
received, though, as yet, no actual business has been 
reported. Spain was, at one time, one of South Wales’ 
leading customers, but shipments have been adversely 
affected by the Spanish war, and since its conclusion 
operations have been almost completely at a standstill. 
Financial reasons have been advanced for this, while it 
has also been recognised that the increasgd output at 
the native Spanish mines has been able to satisfy the 
bulk of the country’s reduced coal requirements. Interest 
has again been shown on behalf of Italian customers 
though, as yet, there was no definite inquiry from the 
Italian State Railways, who usually make heavy pur- 
chases about this time of the year. Duff coals continued 
the best feature of the market and sellers were again 
finding it well nigh impossible to arrange business for 
these sorts over a very long time to come. Best large 
qualities displayed a good activity and were steady. 
while dry large sorts came in for a fairly good attention. 
Sized coals were well placed with orders. Smalls were 
steadily absorbed. Cokes were busy on home account 
while patent fuel was actively engaged. 

The Iron and Steel Trade.—Brisk conditions were 
maintained in the iron and steel and allied trades of 
South Wales and Monmouthshire last week. Works 
remained well booked with orders and new business was 
extremely difficult. to negotiate. 








JEWEL BEARINGS FOR WATT-HOUR METERS; BALL- 
TESTING APPARATUS.—In an article on page 179, ante 
dealing with the Jewel Bearings for Watt-Hour Meters 
of Messrs. The English Electric Company, Limited, we 
referred, on page 180, to the apparatus used by the 
company for testing steel balls. We have been asked to 
mention that this apparatus, which was illustrated in 
Fig. 7, is the subject of a British Patent, No. 429,788, 
owned by Messrs. The Hoffmann Manufacturing Com- 
pany, Limited, Chelmsford. We regret that this fact 
was not stated in the article above referred to. 





OVERSEAS TRADE IN MOTOR VEHICLES.—We under- 
stand that it is the’intention of the Government to 
maintain the export of motor vehicles by encouraging 
their production where this does not interfere with more 
vital industries. The necessity for such a step is indi- 
cated by the Board of Trade returns for August, showing 
the exports and imports just before the outbreak of war. 
These returns show that the value of exports of all types 
of motor vehicle, including vehicle parts, was 10,247,3591. 
The corresponding value of imports was 2,315,1201., 
giving an excess of exports over imports of 7,932,2391. 
Compared with the corresponding month in 1938, exports 
of vehicles and parts showed an increas of 165,256/. 





RACK-RAIL DIESEL-ELECTRIC VEHICLE.—It is stated 
in a recent issue of the American journal, the Railway 
Mechanical Engineer, that Messrs. The General Electric 
Company, Schenectady, New York, have constructed a 
Diesel-electric vehicle for the Manitou and Pike’s Peak 
Railway. Pike’s Peak, which is 14,109 ft. in height, is 
in the Rocky Mountains, in the State of Colorado. 
Contrary to the usual practice, the Diesel-electric vehicle 
pushes, instead of hauls, a 50-passenger car up the 
mountain. The power vehicle has two axles, weighs 
20 tons, and is fitted with three Diesel-electric generators. 
Each engine is rated at 160 h.p., at a height of 1,800 ft. 
above sea level, and at 100 h.p. at the summit of the 
peak. On the downward run the power vehicle simply 
backs down the slope in front of the passenger car. 
Dynamic braking maintains the speed within safe limits. | 
The new Diesel-electric unit has replaced steam loco- 
motives which were in service for nearly 50 years. 





| section, the Pilling Prize has been divided between Mr. 


SHEFFIELD, Wednesday. 
Tron and Steel.—Otticial returns no longer being avail- 
able, it is impossible to gauge the exact measure of 
local output of steel ingots and castings, but inquiries in 
authentic quarters strongly support the view that the 


aggregate production aimed at is well within sight. 
Generally speaking, raw and semi-finished materials 
for the steel-making trades are adequate. In some 


descriptions distributors still hold substantial stocks 
on which they are able to draw for supplies in excess 
of current contract requirements. No slackness is 
discernible at forges, foundries, and rolling mills, despite 
the inevitable modification of commercial needs. In bulk 
steel, as well as in special steels of many varieties, deli- 
veries are being discharged strictly on the priority 
basis, though often this is not the easy matter it may 
sound, as even among priority materials of the first class 
arrangements have to be made for orders requiring special 
urgency. Colliery steel is an expanding line, more 
orders having come to hand for arches and supporting 
materials. There is a big turnover in high-grade alloy 
steels, while the stainless, heat- and acid-resisting groups 
are running to full capacity. Shipyard requirements, 
for which Sheffield specially caters in several directions, 
are in the ascendant. This applies particularly to heavy 
engine parts. In the lighter trades, only those normally 
supplying luxury requirements show a reduced output, 
all the tool and implement making sections being actively 
employed. 

South Yorkshire Coal Trade.—All-round activity is 
the keynote. In most directions requirements are more 
readily met from outputs that have expanded. A 
marked increase is reported in domestic-fuel orders. 
On the industrial side, deliveries are moving freely 
against contracts, which account for most of the output. 
The textile areas are taking large supplies of steam-raising 
fuels. Slacks have become a stronger market, owing to 
the reduction of stocks at the pits, and there is a healthier 
tone in gas fuels. 








THE ELECTRICAL OPERATION OF COKE-OVEN PLANT: 
ERRATUM.—In our issue of September 29, in an article 
on “* The Electrical Operation of Coke-Oven Plant,”’ which 
appeared on page 355 ante, an incorrect rendering of the 
title and address of the contractors unfortunately 
occurred in the second paragraph. It should read 
“ Messrs. The Woodall-Duckham Company, ‘ Uplands,’ 
Epsom-road, Guildford.” 

THE BURMA-YUNNAN RaliLway.—lIt is stated in the 
current issue of The Far Eastern Engineer that reports 
received in Shanghai indicate that the Kunming-Paoshan 
section of the Burma-Yunnan Railway has recently been 
opened to traffic. At present, 100,000 men are working 
on the line in order to complete the entire railway as 
soon as possible. A new highway has been constructed 
linking Peisheh in the Chinese Province of Kwangsi with 
Kaoping in French Indo-China. Regular traffic is now 
in operation between these two points. 

SouRCES OF PETROL SuppLy.—The introduction of 
petrol rationing in this country lends particular interest 
to the Board of Trade returns for August, showing the 
sources of supply and the quantities obtained for the 
first eight months of 1939. The largest quantity, 448,717 
million gallons, was obtained from the Dutch West 
Indies, and this was followed by 256,621 million gallons 
from the United States of America, and 211,808 million 
gallons from Iran. Other smaller quantities imported 
were 64,761 million gallons from the British West Indian 
Islands, 41,276 million gallons from Roumania, 28,498 
million gallons from the Soviet Union, 15,550 million 
gallons from the Dutch East Indies, and 32,038 million 
gallons from other foreign countries. There were other 
minor supplies, giving a total from all overseas sources 
of 1,099,484 million gallons. 





THE MANCHESTER ASSOCIATION OF ENGINEERS.— 
The Council of the Manchester Association of Engineers, 
St. John-street Chambers, Deansgate, Manchester, 3, 
informs us that meetings of the Association and of the 
students’ section will not be held at present. The 
authors of all papers and lectures, shown in a syllabus 
issued prior to the outbreak of war, however, have been 
invited to write their paper or lecture for advance circu- 
lation. These will be despatched to all members, who 
will be invited to send in discussions in writing, and, if | 
possible, these written discussions and the authors’ | 
replies will be circulated to members. The papers and | 
lectures, with discussions, will be published in the annual 
volume of the Transactions of the Association, to be 
issued in the summer or autumn of 1940. The awards 
made by the Association for 1939 comprise the Contantine | 
Gold Medal to Mr. J. H. Rivers, and the Butterworth | 
Gold Medal to Mr. A. C. Dean, while, in the students’ | 


W. V. Mercer and Mr. N. Youatt. ' 


NOTES FROM SOUTH YORKSHIRE. | 








= 413 


NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 





General Situation. —Fulfilment of orders in compliance 
with priority delivery claims continue to involve delay 
in execution of other business, but producers of nearly 
all commodities are gradually providing increasing 
tonnages for the usual industrial purposes, and freer 
release of distribution permits would permit appreciable 
expansion of general commercial trade. Substantial 
stocks of raw and semi-finished materials, accumulated 
prior to the outbreak of war have enabled producers of 
iron and steel to increase outputs to an extent which 
is sufficient to meet the exceptional demand. 

Cleveland Iron T'rade.—Makers of Cleveland pig see 
no occasion to resume regular production. They con- 
sider that the iron they have stored is sufficient to meet 
requirements for some months to come, particularly as 
consumers of foundry qualities continue to take increasing 
supplies from other producing centres. Export business 
in Tees-side brands is unheard of, but merchants still 
have small quantities to ship for destinations abroad, 
the loading of which is necessarily held up. Fixed 
minimum prices of Cleveland pig remain on the basis of . 
No. 3 description at 99s., delivered to local buyers. 

Hematite.—Further expansion in the demand for 
East Coast hematite is making considerable inroad into 
producers’ stocks. Tonnage accumulations at makers’ 
yards are, however, still heavy, and as output is on a 
rather increased scale, ample supplies for a long time 
are assured. Consumption is largest at producers’ own 
works, but home customers elsewhere are accepting full 
deliveries under running contracts, and extensive buying 
is expected after prices have been reviewed. Second- 
hands hold moderate parcels and are steadily distributing 
tonnage among domestic customers. Stabilised quota- 
tions are ruled by No. 1 grade of hematite at 115s. 6d., 
delivered to North of England firms. 

Basic Iron.—Output of basic iron is maintained on a 
huge scale to cope with the requirements of makers’ 
adjoining steelworks. 

Foreign Ore.—Market values of foreign ore have been 
forced up by the position regarding freights and are not 
ascertainable, but consumers are not badly placed as 
regards supplies and imports are better than expected. 

Blast-Furnace Coke.—Durham blast-furnace coke con- 
tinues in quite ample and regular supply; upward 
movement in values is considered imminent. 

Manufactured Iron and Steel.—Semi-finished iron and 
steel output is expanding and imports of overseas pro- 
ducts are still coming in. Manufacturers of iron are 
turning out more tonnage than recently, and steel 
producers continue fully employed. Sheet makers are 
sold well into next year, constructional-steel producers 
have heavy contracts to execute, and manufacturers of 
shipbuilding material have work in hand that will keep 
them employed for some months. The principal market 
quotations for the home trade are :—Common iron bars, 
121. 5s.; steel bars, 111.; soft steel billets, 71. 7s. 6d. ; 
hard steel billets, 8/. 10s.; steel ship, bridge and tank 
plates, 101. 10s. 6d.; steel ship rivets, 141.; iron ship 
rivets, 151.; steel constructional rivets, 151. 58.; steel 
boiler plates, 111. 8s. ; steel angles, 101. 8s. ; steel joists, 
101. 8s.; fish plates, 13/. 10s.; black sheets, No. 24 
gauge, 141. 15s. ; and galvanised corrugated sheets, No. 24 
gauge, 171. 5s. 

Scrap.—The demand for iron and steel scrap at control 
prices is unabated and merchants are endeavouring to 
expedite deliveries. 








THE VERMILYE MeEpAL.—The Franklin Institute of 
the State of Pennsylvania has instituted a new medal, 
to be awarded biennially, or at longer intervals, to 
persons in the United States and other countries who 
have distinguished themselves in the field of industrial 
management. The Medal, of bronze, is named after its 
donor, Mr. W. M. Vermilye, and the first award will be 
made in Philadelphia on Tuesday, November 14. The 
name of the recipient has not yet been announced. 


SLIDES OF WELDING SuBJsEcTs.—A series of “ slide 
films ” on various aspects of arc welding has been pre- 
pared by Messrs. Lincoln Electric Company, Limited, 
Welwyn Garden City, Herts. Each slide film comprises 
some 30 or 40 pictures and diagrams, and among the 
subjeets dealt with are the shielded arc process, the 
erection of buildings and structures by electric welding, 
work on pipe lines, automatic arc welding, and safety 
and health in are welding. With each slide film is 
distributed the text of the accompanying lecture, while 
Messrs. Lincoln also supply a projector, by means of 
which the film can be shown on a screen or white wall. 
Technical schools and engineering firms should apply 
direct to the company for the loan of any particular slide 
film and a projector. 
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SHIPPING LOSSES IN THE WAR. 

THE war has now progressed long enough to 
afford, to those with reasonably lengthy memories, 
an opportunity to compare the manner of its 
beginning with that of 1914. The differences are 
many, and some of them are curiously significant ; 
indeed, when the opening stages of the two conflicts 
are examined in detail, virtually the only important 
point of similarity is that Great Britain and France 
on the one side are arrayed against Germany on 
the other. In 1914, the general public was exposed 
to little risk of personal loss or injury by enemy 
action, yet it indulged in hysterical outbursts 
against everything German or seeming to be German, 
sacked the shops of inoffensive bakers and Deli- 


katessen merchants, and had to deprive itself of | 876 tons. 


the services of many excellent craftsmen of German 
origin, long resident in this country, by shutting 
them in internment camps for their own safety. In 
1939, the potential danger to the individual is very 
much greater; personal restrictions, which only 
gradually developed their crescendo in the last war, 
this time have descended upon the nation in a clap ; 
official démands upon the taxpayer’s pocket, posses- 
sions and privacy follow each other in bewildering 
succession ; but it is still possible to take a dachs- 
hund for a walk without having to seek police 


protection, and the general feeling towards the | 


enemy forces and the nation behind them is much 
more inclined to be sympathetic than bellicose. 

It has been said above that only in the identity 
of the nations at war is there a strong similarity 
between the conditions of 1914 and those of 1939 ; 
but to apply that statement literally is, perhaps, 
to underrate a factor of the first importance. The 
British Navy was ready in the last war, and (having 
had warning enough, in all conscience, from the 
trend of European events), it was even better 
prepared for the present outbreak. Moreover, 
although the work of all three of the fighting 
Services has been carried on under conditions of 


‘ unprecedented official secrecy, the public has been 


416) 


; | which ended on April 29, 1917. 





some general comparison to be made in this respect 
between the first few weeks of the ‘ Kaiser War ” 
and the corresponding period of the ‘‘ Hitler War.” 


The points of difference are interesting and 
instructive. 
In August, 1914, the Imperial German Navy 


possessed few submarines, but it had a considerable 
cruiser force at sea in various parts of the world, 
which was supplemented almost at once by the 
armed liners Kaiser Wilhelm der Grosse and Kron- 
prinz Wilhelm. In spite of this initial advantage, 
however, the British mercantile marine lost, apart 
from some 26 fishing craft, only 40,250 tons of 
shipping by enemy action in the whole of that 
month, as against 65,000 tons in the first week of 
the present war. The first mercantile casualty of 
1914 actually occurred before war was declared, 
| the tanker San Wilfrido striking a German defensive 
mine on August 3 off Cuxhaven when leaving the 
Elbe. The other British vessels lost during the 
month numbered only eight, one small craft being 
| captured by a German torpedo boat and taken 
|into Emden, and the remaining seven ships, all 
cargo steamers of between 3,000 tons and 7,400 tons 
| gross, being sunk by cruisers; two by the Kaiser 
| Wilhelm der Grosse, which vessel was herself sunk 
| by H.M.S. Highflyer before the month was out. 

| Sinkings of British merchant ships in the first 
| week of September, 1914, numbered only three ; 


,. | and the total losses in the first five weeks of the 


war, neglecting those which had failed to escape 
|in time from German ports, amounted in round 
| figures to only 49,000 tons. One of the three in 
| September, the Wilson liner Runo, was mined. 
The other two ships were captured and sunk by 
| surface craft; it was not until October 20, 1914, 
| that a British ship was sunk by an enemy submarine, 
and then by scuttling. The first use of a torpedo 
against a British merchant ship was not recorded 
until January 30, 1915. Thereafter, however, the 
tale of casualties mounted rapidly, and as the 
German submarine-building programme developed, 
more and more ships were sunk by their torpedoes, 
usually without warning. It may be noted that 
the worst week of the war, in this respect, was that 
According to a 
| Statement made subsequently in the House of 
Commons, in that week a total of 239,254 tons of 
|merchant shipping was sunk by enemy action, 
| 172,209 tons being British. 

| The effect of the German submarine campaign 
against British merchant shipping in the present 
| war—and, by implication, the progress of the anti- 
/submarine activities of the British and French 
| navies—is sufficiently indicated by the published 
| figures of losses during the first five weeks. As 
|mentioned above, in the first week the losses 
| totalled 65,000 tons. In the four following weeks, 
| the successive totals showed a continued and most 
| encouraging diminution, the figures -being, respec- 
| tively, 46,000 tons, 21,000 tons, 9,000 tons, and 
These figures relate to British ships 
| only, and the fact must not be lost sight of, that 
| there have been considerable losses of neutral 
| tonnage ; but the projected extension of the convoy 
| system to neutral as well as Allied ships may be 
|expected to effect an appreciable improvement in 
| this respect. That the German Government shares 
| this view is sufficiently indicated by its threats that 
neutral tonnage which takes advantage of the 
| protection of British convoys will be regarded as 
| belligerent and will be liable to attack, possibly 
| without warning. 

If the comparison between 1914 and 1939 in 
the matter of sunk mercantile tonnage shows a 
much greater severity of attack in the present war 
than in the last, the position is definitely reversed 
in respect of warships. In 1914, within two days 
of the declaration of war, we lost one of the Navy’s 
newest light cruisers, H.M.S. Amphion being sunk 
by striking a mine in the North Sea on August 6. 
On September 3 in that year we lost an old gunboat, 
the Speedy, from the same cause; and only two 
days later, the scout cruiser, Pathfinder. Before 
the end of that month, four more cruisers (Cressy, 
Aboukir, Hogue and Pegasus), the Australian 
|submarine, AE], and the armed liner Oceanic 
were lost. 








4160 


ky contrast, the opening we ks of the present 
contlict have been less productive of casualty than 
might have been expected, bearing in mind the 
number of vessels occupied in war duties, and the 
effectiveness of of destruction. 


increased weapons 


Apart from the sinking of the aircraft-carrier 
{ ourayceous, the only ve ase ls to suffer by enemy 
action have been the convoy sloop Kittiwake, 
damaged, but not sunk, by a mine, and the sorely- 


injured submarine which succeeded in reaching a 
home port after being attacked by depth charges 
and explosive sweeps while on the bottom 
The of that 
vividly presented by the official account, 
interest that the 
submarine-detecting apparatus employed by the 
all, more efficient 
than the gear developed in the course of the last 
The dropping of the depth charges, carried 
for 
directed by 
submarine 


lying 


in German waters. story naval 


occasion, 
is of as indicating 


particular 
enemy appears to be little, if at 


war. 


continuously more than hour, was evi- 


dently 
that a 


on an 
certain knowledge than 


in the vicinity 


no more 
was somewhere 
The efficacy of the anti-submarine apparatus and 
British Navy 
were indicated in a brief but striking passage in the 
in the House of Commons by the 
Admiralty, Mr. Winston Churchill, 


measures now being employed by the 


mace 
First Lord of the 


statement 


on September 26 l'wenty-five years ago,” said 
Mr. Churchill, there were moments when the 
submarine problem seemed well nigh insoluble. 


Very often, to hunt down a | 
+ flotilla of 15 or 20 vessels, working together 
Now, 


pro 


boat, it was necessary 
to use 
whol 


for a day on the vaguest indications 


two destroyers, or even one, could maintain 


longed and relentless pursuit."’ The implications of 
incidental to 
require emphasis, but, even so, the relative numbers 


this almost reference are too clear 
of vessels required to hunt one submarine, then and 
now, hardly give a sufficient measure of the increased 
efhmency opposed to the ot under- 
attack The Parliamentary statement men- 


tioned carlier in this article provides more impressive 


now menace 


water 


figures, 
the 
time in anti-submarine operations reached, in the 
of October, 1918, the remarkable total of 
3.971 British and approximately 1,550 allied vessels ; 
month nearly 60,000 tons of British 


According to this authoritative summary 
number of armed vessels of war engaged at one 


month 


vet in that same 


and over 41,000 tons of allied shipping, were lost. 


Che sinking of the liner Athenia by a German 
submarine, with considerable loss of life, on the 
very day that war was declared, and the heavy 
casualty list that accompanied the torpedoing 


of H.M.S. Courageous, deeply impressed the public 
mind, and not that of the British public ; 
but, with to belittle the ot 
these events, it may be pointed out that the losses 
far sustained by the Allied and merchant 
Heets in the present war are trivial by comparison 
with what they might have been, had the protecting 


alone 
no desire seriousness 


ba 


wat 


forces Posse ssed merely the same equipment as 
they did at the close of the last war. A great 
deal has been said and written in support of the 


thesis that Science tends too much to the develop- 
ment of destructive agencies, and that some restraint 
should be imposed to ensuce that scientific endea- 
vour should not be applied to any purpose even 
remotely connected with Here, however, 
is a clear vindication of the general principle that, 


war. 


for every bane, there is eventually evolved an 
antidote. If the present war does nothing more 
than to demonstrate beyond a peradventure 


that the submarine has now lost its sole advantage, 
that of surprise in attack, 
the most vulnerabk 


ind instead, has become 


of war vessels, it will etfect a 


change in the attitude of all naval powers towards 
their retention that hitherto have sought 


DANY in 


vain to bring about. 


THE LATE DR. J. H. T. TUDSBERY. 


\s we go to press, we learn with regret of the 
death, on October 10, of Dr. J. H. T. Tudsbery, 
honorary secretary since 1922, and previously, for 


26 vears, the 
Engineers, 
publish a 


secretary, of the Institution of Civil 
He was 80 years of age. We hope to 
memoir of Dr. Tudsbery’s long career 
in the next issue of ENGINEERING. 
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STEAM POWER ON THE LAND. 

Fiery ve when the farmer still looked to 
horses rather than to engineering for motive power, a 
certain sporting periodical adopted as its motto the 
slogan, High High Farming and Old 
Port for Ever.” The cult of high Toryism has since 
waned somewhat, and old port, if its devotees are 


ars 


wo 


roryism, 


to be believed, is not so generally revered as formerly; 
but the significance attached to farming has lost 
little of its force, 
The tru 

only to be 
stantial 


especially in these troublous times. 
value of agriculture to the nation seems 
ippreciated in a time of war or of sub- 
thereof; the agriculturalist 
is then hurriedly urged in this way and that to 
‘increase production This may appear a sound 
principl to the townsman, but it 
scant attention to the essentially long-term nature 
of farming. It will not occur to many non-farmers, 
for example, that quite three-quarters of the work 
done on the land this autumn is designed to provide 
the food supplies of 1941, and that present errors 
and omissions will not be noticeable to the public 
until well into that year. If this essential fact be 
grasped, it should cause us to examine carefully 
the 
assured regarding the future and with a view to the 
immediate remedy of such shortcomings as may be 
indicated. Delays are doubly dangerous in wartime. 

It is knowledge that the Government, 
in pursuance of its defence policy, offered earlier in 
the year a subsidy of 2/. per acre for the breaking-up 
to arable of any land that had been down to grass 
for a specified number of years; the expression 
“ grass,’ it is believed, being liberally interpreted 
so as to include land long out of cultivation, that 
had in course of time acquired a green but valueless 
growth The first therefore, 
whether all such land is likely to be thoroughly 
up by the end of this autumn’s 
that is, by about the end of October. Unfortunately, 
the answer must be No. It is elementary agricul- 
knowledge that autumn and late 
ploughing, or, alternatively, breaking up with a 
cultivator,” is the most valuable of any ; therein 
lies the point in this question. The second question 


possibilities 


enough pays 


present position in agriculture in order to be 


common 


upon it question 18, 


broken season, 


tural summer 


is: Has all the mechanical ploughing and cultivating 
plant available for hire been fully employed since 
the Government scheme came into operation, and 
is it in fact so employed at the present time % The 
reply again must be in the negative. It may be 
remarked, in parenthesis, that the present autumn 
has proved to be a singularly good ploughing season. 
It is well to ditlerentiate between the plant owned 
by the farmer and that owned by the contractor ; 
the farmer has other things to attend to at this 
time of year, for example, the sugar-beet crop, and, 
not having unlimited labour, can only plough when 
other conditions permit ; but the contractor should 
be able to man his plant at all times. In short, his 
business is to supplement the farmer’s own efforts. 

Plant actually available to-day can be divided 
into heavy steam engines in pairs, working with a 


cable across the field; heavy internal-combustion 
plant, mostly single units of the Diesel-engined 
tractor type, but occasionally converted from 


cable steam engines; together with a very large 
number of the several standard designs of small 
internal-combustion tractor, working on a coarse 
parattin-like fuel known as “tractor vaporising 
oil.” Most of the heavier units are owned by con- 
tracting firms, but practically all of the small type 
are in the possession of farmers. The steam plant 
has dwindled from a maximum of 600 available 
sets at the end of the last war to an approximate 
present availability of 125, while the internal- 
combustion types have all increased enormously 
in number. It is a matter for careful consideration, 
therefore, as was observed in our issue of July 15 
last, whether the pendulum has not swung too 
far in favour of the latter engine, especially in 
view of the state of war and a public shortage of all 
classes of liquid fuel. The remedy appears to be an 
immediate examination of the entire situation by a 
central organising authority, for the purpose of 
ensuring that all available plant is ready for the 
next spring, with the necessary acreage 
on which to work duly parcelled out. The depres- 
sion which followed the last war has enforced upon 
the agriculturalist a habit of rigid economy which, 


season 
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while securing to him a possible living, does not 
ensure the maximum possible production. In fact, 
the ideal of “ high farming,” i.e., the maintenance 
of land in maximum fertility and clear of weeds, 
is often so neglected that the steadily deteriorating 
fields bear steadily diminishing crops. The result 
is either the ultimate bankruptcy of the farmer or a 
transfer of the land to a new tenant or owner at a 
knock-down figure. A common alternative is to 
allow the land to go right out of cultivation. In 
any case, a considerable expenditure of time and 
money is unavoidable if the land is to be restored to 
good condition. Similarly, a large proportion of the 
steam plant is at present idle, either requiring heavy 
repairs, or in good order but without a reasonable 
prospect of work or crews, really good cultivation 
being beyond so many farmers’ means. 

We would especially comment upon the value of 
the steam engine in this connection on account of 
its simplicity, ability to stand rough usage, and 
dependence upon home-produced fuel. In addition, 
there are still ample staffs, dispersed about the 
country, who are capable of driving such plant and 
of effecting repairs. The necessary equipment 
for repairs, too, is still generally available, although 
possibly not of the most recent type. The fuel and 
water question, always a bugbear with the farmer 
on account of shortage of both horses and labour, 
can be solved if the contractors send out a carter 
and team with every set. It is generally admitted 
that the cable system accomplishes the best work. 
It is, indeed, the only system competent to handle 
the heavier operations, such as land-draining or the 
breaking-up of the stiffer soils. Production rather 
than economics must be the main inspiration in 
present circumstances, and the resources of engineer- 
ing must be fully mobilised to assist where needed. 
Plant that is idle to-day may exact a heavy toll 
later in unnecessary shortage of essential foodstuffs. 








NOTES. 


THE OPERATION OF THE CENTRAL REGISTER. 
ACCORDING to a notice circulated to its members 
xy the Institution of Civil Engineers, the enrol- 
ments of technically qualified men in the Central 
Register, compiled by the Ministry of Labour from 
particulars obtained by the various specialist insti- 
tutions and total 74,000, of 
which approximately 13,000 are grouped under the 
heading of ** General Engineering.” To the end of 
August, more than 3,000 requisitions had been 
made by Government Departments, and the 
Ministry had been able to satisfy these requirements 
from among the engineers and other technical men 
on the During the 
first week of the war, also, the Ministry arranged 
with the Admiralty and the War Department to 
supply the names of registered engineers whose 
qualifications were suitable for the technical fighting 
forces, and a selection of suitable men is now in 
hand. It is emphasised, however, that the fact of 
their names being on the Register does not debar 


societies, now some 


whose names were Register. 


registered engineers from accepting commissions in 
technical units, such as the Royal Engineers ; but 
the Government is anxious that trained engineers 
should not enrol in the non-technical side of the 
Army, in which their special training and experience 
would be wasted. It is particularly urged, too, 
that engineers who have registered, and who are 
already in employment, should not write to the 
Ministry to express their readiness to undertake 
work of national importance. Those on the Register, 
however, who are unemployed, may, and should, 
do (apparently the adopted 
official term) are asked to exercise patience and to 
accept the assurance that, by so doing, they are 


® Dac ” 
so. Registrees 


serving the best interests of the country at the 
present time. 
CENTENARY OF BrRApSHAW’S RAILWAY GUIDE. 


Writing in the current issue of the Great Western 
Railway Magazine, Mr. W. G. Chapman draws 
attention to the fact that Bradshaw's Railway Guide 
attains centenarian status this month, the first 
issue having appeared on October 19, 1839. He 
recalls that the founder, George Bradshaw, was born 
at Pendleton, Manchester, in 1801, and, after 
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completing his apprenticeship in an engraver’s 
workshop, set up in business as a map engraver in 
1824. He first specialised in canal maps, but, later, 
directing his attention to railway maps, earned the 
praise of Brunel, Telford, and other prominent 
engineers for the skill he displayed in carrying out 
his work. From railway maps Bradshaw turned to 
railway time-tables, and he appears to have been 
among the first to realise the public need for 
authoritative information regarding train times. 
is strange to note, however, that his proposals at 
first met with little support from the few railways 
then in existence, and that some were even hostile 
to his scheme. Nevertheless, by 1841, he had not 
only been able to persuade the railways to furnish 
all the information required as to train times, but 
also to make alterations in such times only at the 
beginning of the month. Meanwhile, Bradshaw had 
taken Mr. William T. Blacklock into partnership 
in his map-engraving business, and had added a 
printing department, of which Mr. Robert D. Kay 
was foreman. It was under the editorship of the 
latter that the first issue of “ Bradshaw’s Railway 
Time-Tables and Assistant to Railway Travelling,” 
as the Guide was then called, was issued in October, 
1839. This consisted of 25 pages, half of which 
were devoted to maps. From December, 1841, a 
monthly issue of 32 pages, much in the form in 
which it exists to-day, became possible, and the 
time-tables, now renamed * Bradshaw’s Monthly 
Railway Guide,’ quickly came to be accepted as the 
standard book of reference on railway-travelling 
facilities. Continued progress was made, and, in 
June, 1847, the first issue of ** Bradshaw's Conti- 
nental Guide’ appeared. It was in connection with 
the latter that George Bradshaw met his sudden 
and untimely death. Although cholera was preva- 
lent in Norway and Sweden in the autumn of 1853, 
he insisted on paying a business visit to those 
countries. He reached Christiania (now Oslo) on 
September 8, and, contracting the disease, died that 
same evening within a few hours of his arrival. 
Although Bradshaw was thus only associated with 
his guide for the first 14 years of its existence, he 
had lived long enough to make his name a household 
word among millions of his fellow countrymen. 


THE MAINTENANCE OF INTERNAL TRADE. 


The creation of a Ministry of Supply, for the 
better co-ordination of British manufacturing effort 
in the interests of the armed forces of the Empire 
and those of our allies, is obviously a prudent step, 
and one that it is well to take in the early days of a 
conflict rather than after such an interval as pre- 
ceded the establishment of the Ministry of Munitions 
in the last war. At the same time, it is no less 
prudent to look still farther ahead, and not to 
ignore, merely because they are not yet imminent, 
the problems of trade re-adjustment that will 
inevitably accompany the ultimate cessation of 
hostilities. This applies particularly to manufac- 
turers of engineering plant and machinery generally, 
whose peace-time clientele might be led to suppose, 
from official pronouncements regarding the extent 
of the country’s efforts in the production of muni- 
tions, that the only hope of obtaining delivery of 
plant required for ordinary industrial purposes is 
to order it abroad. Undoubtedly, the fact that 
such a large proportion of the country’s manufac- 
turing potentiality is now engaged either on direct 
Government orders or on work for contractors who 
are themselves so engaged makes it possible for the 
foreign manufacturer to promise better deliveries 
at the present time; but it is doubly important 
that the loss of foreign orders, which a state of 
war cannot fail to divert to other countries, should 
not be accompanied by the diversion abroad of 
domestic orders, merely to secure the temporary 
advantage of quicker delivery. It is doubly 
important because, not only does such a course of 
action impose upon the national industry the 
difficult task of recovering markets which it cannot 
afford to lose, but it involves an increase in the 
national indebtedness to other countries which, at | 
the present juncture, it is in every way desirable to 
avoid. Some safeguard against the latter contin- 
gency is afforded by Government control of financial 
transactions with other countries, and it has been 
stated officially that every effort will be made to! 








It | 
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ensure that, in developing the supply of munitions, 
the seeds will not be sown of another industrial 
depression such as that which immediately preceded 
the rearmament programme. Such good inten- 
tions, however, cannot be more than partially 
effective if they are not supported by the individual 
initiative of intending purchasers; and we fee 
that no apology is needed for stressing, even at 
this early stage, the desirability that British owners 
of plant should place with British suppliers, as 
far as possible, the orders for machinery and other 
engineering products required for maintenance 
and extensions, even though, in so doing, they 
oblige themselves to accept somewhat delayed 
deliveries. 








THE REPORT OF THE PACIFIC 
LOCOMOTIVE COMMITTEE. 


(Continued from page 366.) 


In the previous instalments of our summary 
of the Report of the Pacific Locomotive Committee, 
the reasons which led to the appointment of the 
Committee were surveyed, and some indication 
was given of the technical considerations to which 
attention was directed. Chapter III of the Report 
contains a critical examination of “‘ The Disturbing 
Forces in a Locomotive,” and as it constitutes 
an authoritative treatise of considerable interest to 
designers and operators of locomotives, we commence 
below an abstract of the chapter, with only slight | 
abridgements to render it more compact. 

In practice, terms to describe movements of 
engines on the track are often loosely used to refer 


to more than one movement. It is advisable, 
therefore, to define such terms as follows : 
Oscillation.—This inclusive term is_ generally 


used to describe movements of the engine in any | 
plane. 

Nosing.—Transverse oscillation of the engine on | 
the track about a vertical axis ; pursuing a sinuous | 
path along the track. 

Rolling.—Transverse oscillation of the engine on its 
springs about a longitudinal centre line. 

Hunting.—Nosing and rolling are generally | 
found acting together in varying proportions ; the 
resulting oscillation is described as hunting. 

Lurch.—One_ semi-amplitude of movement in 
the action of hunting, viz., an individual deflection 
from the centre line towards one or other of the 
running rails. 

Shuttling.— Oscillation in a fore and aft direction 
parallel to the track. 

Pitching.—The front and back ends of an engine 
alternately rising and falling about a transverse 
horizontal centre line ; sometimes referred to as 
galloping. 

Trimming.—A settling-down at front or rear | 
so that the line of the footplate is no longer parallel | 
to the track. 

This chapter of the Report deals with the technical | 
aspects of ten disturbing forces to which a loco- 
motive is subject when running, distinguishing 
between those which primarily affect its stability 
as a vehicle and those which have only a secondary | 
effect. We attempt (say the Committee) a rational 
explanation of how hunting occurs and of the cireum- 
stances in which it will either die away or build up | 
to undesirable proportions. For reasons set out, | 
the matter is not dealt with mathematically, and, 
in avoiding such treatment, we have had regard 
to the valuable investigations of Carter* in England, 
Cain,t Langer and Shambergert in America, 


| 


others. Their work has pointed the way, but, for 
immediate results which can be put into practice 
forthwith, less rigid methods of analysis have to 
be pursued. 

The disturbing forces may be divided into three 
groups, namely ; (A) those which act solely in a 
longitudinal direction and do not, therefore, affect 
the problem at all; (B) those which, by their direc- 
tion, have a tendency to produce hunting but, due 
either to the period at which they act or to the small 


| amplitude which they attain, have little practical 


bearing on the problem ; and (C) those which have 
a direct bearing on hunting and the resulting 
flange forces. 

In Group A, the forces concerned are (1) a shuttl- 
ing force, causing a fore and aft vibratory movement 
due to the uneven turning moment, namely, the 
varying tractive effort arising from the piston load 
and the crank angle as the piston moves from 
one end of the cylinder to the other; (2) a further 
shuttling force, superimposed on the above and 
arising from the effect of the unbalanced portion 
of the reciprocating masses; and (3) a trimming 
movement, when the centre line of the crank axle 
does not lie in the same horizontal plane as the draw- 
gear. The disturbances mentioned in this group 
only affect the engine in a direction parallel to the 
track, and as they have no bearing on the present 
investigation, no further reference will be made 
to them. 

In Group B, the forces arise from (4) the surging 
effect of the unbalanced masses acting in the 
different planes of the several cylinders, which cause 
a couple tending to make the engine oscillate trans- 
versely about a vertical axis; (5) rolling, which is 
set up by the vertical reaction of the crossheads 
on the slide bars ; (6) pitching, set up by the slide- 


| bar pressure being accompanied by an equal down- 


ward thrust at the crank axle; and (7) a nosing 
couple, which may also be set up by the variation 
in piston pressure on the two sides of the engine 
at any one time, and is effective if there is twist 
on the axles due to the piston pressure or if there is 
longitudinal play in the boxes. This group com- 


| prises the disturbances arising from the function 


of the engine as a power unit, and would affect 
it even if it were slung clear of the rails by a crane. 
It will be shown that these disturbances have 
little direct bearing on the question of flange 
forces and track distortion ; they are dealt with fully 
in order to demonstrate this fact. 

In Group C, the forces arise from (8) periodic 
nosing, set up by the coning of the tyres, by trans- 
verse flexibility of the frame and the wheel centres, 
and by irregularities in line and level of the track 
under load; (9) rolling, which is set up by track 
depressions under load and is affected by stiffness 
of the springs, the transverse moment of inertia of 
the engine, and the transverse spacing of the axle- 
boxes ; and (10) centrifugal action during passage 
round a curve. As pointed out, (8) and (9) are 
nearly always found together, and it is in this group 


as a whole that the complementary effect of engine 
and track, as components of one machine, is most 
clearly indicated. 


The consideration of this, with 
regard to the whole question of the behaviour of 


the engine as a vehicle, is of immediate importance. 


The disturbances arising from the engine as a 
prime mover, and classified in Group B, consist of 


a nosing couple due to unbalanced reciprocating 
forces, rolling and pitching due to reaction of the 
crosshead on the slide bars, and the couple due to 
piston thrust. 
of the unbalanced reciprocating parts, forces acting 


Due to the combined surging effect 


Marie,§ Levi,** and Rocardtf in France, among | jn the different vertical planes of the cylinders are 
ei : ; |set up; this subject has been fully dealt with by 

* Proce "RH “ » Kk ~ j | oar - “2 . 
, gow nye ; pods | ba Cee Lng reesei ‘| Professor Dalby.* ‘The value of this couple varies 
*roc. Royal Soc., 1926, “‘ On the Action of a Locomotive | 4. 41 4 . 4 fe yet 
Driving Wheel”; loc. cit., 1928, “ On the Stability of directly as the square of the speed, the weight of 
the unbalanced parts, the radius of the crank circle, 


Running of a Locomotive”; Proc.Inst.C.E., 1930, - iid 

“Running of Locomotives with Reference to their | the distance between the cylinders, and the obliquity 

Tendency to Derail.” of the connecting rod. This couple tends to oscillate 
+ Trans.A.S.M.E., 1935, “Safe Operation of High-| the engine about a vertical axis, the frequency being 


once per revolution of the wheels. Its action is 
resisted by the weight if the engine resting on the 
| journals, and by its inertia ; it is possible to calculate 


Speed Locomotives.”’ 
t Loc. cit., 1935. ‘* Lateral Oscillations of Rail Vehicles.”’ 
§ “ Traité de Stabilité du Matériel des Chemins de 
Fer.” Paris: Ch. Beranger, 1924. 


** Revue Générale des Chemins de Fer, February, 1935. 
| “* Etude relative au contact des Roues sur le Rail.” 

tt La Stabilité de route des Locomotives. 
man et Cie., 1935. 


* The Balancing of. Engines. London: Edward 
Arnold and Company, 1929; also, Report of the Bridge 
Stress Committee, 1928. 
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the actual value in inches of the amplitude of this | continually altering in value and direction on either 
oscillation at the bogie centre, since the value of | side of the engine. This is not the case, however, 
the initiating couple, the radius of gyration, and | if all the parts concerned are rigid. The forces and 
the length of the engine can be determined. Table IT, | reactions concerned are within the framework of 
herewith,* shows the order of the values which this | the engine; the force of the steam on the piston 
amplitude attains. reacts through the cylinder attachment to the 

There are no three-cylinder or four-cylinder XB | frame, and through the axle on to the same frame 
engines, but these figures have been prepared to| via the hornblock attachment. The variations in 
show what the effect would be, were these engines | pressure will cause stress in the axle and frame, but 
rebuilt with either three or four cylinders. This | will not produce a couple tending to slew the frame 
displacement depends on the moment of inertia of | in relation to the track. 
the engine, and is independent of speed. It will be} A nosing oscillation can only occur from this 
noted that the displacement at the bogie centres, | cause if the inequality in loads on either side of the 
due to this couple, is very small, being in all cases | driving axle produces a torque in the axle sufficient 
less than the usual side clearances between axle- | to twist it. There will obviously be such a torque, 
boxes and horns. This is true even in the case} but axles are designed with sufficient stiffness to 
where a very small proportion of the reciprocating | avoid twist of any appreciable value from this 
masses have been balanced. Moreover, the above | cause. Moreover, if there were a large amount of 
values ignore the effect of friction, which will tend | longitudinal play between the axleboxes and the 
to reduce the displacement still further. horns, it might be possible for the axle to get out 

As stated, the frequency is once per revolution. | of alignment and thus cause a similar oscillation ; 
The values in seconds, at 20 m.p.h., 45 m.p.h., and | but usually the amount of play at this point is 
60 m.p.h., respectively, are, for the XA class of | insufficient to allow such an effect to take place. 
engine, 0-53, 0-25, and 0-18; and for the XB| The effect of the uneven piston pressure on the two 
and XC classes, 0-66, 0-29 and 0-22. These values | sides of the engine is reflected in a linear shuttling 
are well below the observed natural nosing period | effect, giving variations in drawbar pull ; while the 
of the engines concerned, namely, 0-75 sec. to 1-0) visible oscillating effect, so often seen on outside- 
sec. at 60 m.p.h. These considerations show | cylinder engines when working hard at low speed, 
that there is little to choose between two-, three-| arises from the slide-bar reactions already dealt 
or four-cylinder engines so far as the nosing effect | with. The foregoing disturbing forces have no 
due to reciprocating parts is concerned ; moreover, | practical influence on the problem of hunting, a 
the percentage of the reciprocating parts balanced | fact which can be verified by observing the behaviour 
has no appreciable effect on the nosing tendency, | of engines on a stationary test plant. 
although there may be a slight possibility for this | demonstrations, by slinging engines from a crane, 
to build up when the nosing period is an odd multiple | were made in Germany by Nollau in 1848, and in 


TABLE II.--CALCULATED AMPLITUDE OF NOSING MOVEMENT. 
Weight of Distance Displacement 
Class of Engine No. of Cyla Unbalanced I for Engine Between C.G. Sprung Weight. on Each Side 
Recip. Parts and Bogle Pin of C.I 
Lb Ton-Ft Ft Tons. In. 
XA 2 209 3,616 13-2 49-6 0-024 
X¢ 2 291 7,775 15-1 75-8 0-020 
XB 2 281 6,542 14°6 69-6 0-022 
XB 3 253 6,750 14-6 72-0 0-020 
XB 4 238 6,750 14°6 72-0 0-007 
XB 2 570° 6,542 14°6 69-6 0-045 


* Only 33 per cent. balanced 


A multi-cylinder | France by Le Chatelier in 1849 and by Baudry in 
1890. 

There remains Group C, 

bances which immediately affect the engine as a 
vehicle on the track. In the early days of railways 
in all countries, sinusoidal deformations of the track 
have often observed after the passage of 
certain engines, and derailments have resulted from 
time to time. The engines concerned were not so 
heavy as modern ones, nor was the track so strong 
as it is to-day. In France, for example, certain 
engines which caused such distortion did not weigh 
'more than 40 tons, and ran at comparatively high 
speed on rails weighing 60 lb. per yard; the same 
kind of engine and track is used on branch lines 
to this day, generally at lower speeds. It is evident, 
| therefore, that, as this kind of track deformation is 
not new, it has not been brought about solely by 
the advent of heavy locomotives. It is rather due 
to the fact that certain engines, whatever their 
| weight, can develop flange forces of greater magni- 
tude than can be withstood by the particular track 
on which they run; in this connection, the heavier 
the engine the better the adhesion between sleepers 
and ballast and, consequently, the greater the force 
required to distort the track laterally. 

Records of derailments show that the actual cause 
is often unsatisfactorily established. In many cases 
the engine has been found to be in good order, and 
without any defects which appeared to contribute 
to the occurrence. With regard to the track, it is 
often possible to examine only the sections ahead of, 
and behind, the site of the accident, and here again 
nothing abnormal may be found. But on close 
examination, and with the knowledge gained from 
continued experience, it sometimes transpires that 
the engines concerned, although not heavy, were 
of a type known to have a tendency to cause trans- 
verse track deformation ; either they had no guiding 
wheels, or, where these existed, there was inetfective 
side control, usually in conjunction with a large 


of the natural engine period. 
engine, however, does produce a reduction in hammer 
blow, and greater evenness of turning moment. 

A rolling couple is set up by the variation in slide- 
bar pressure during a revolution. The pressure 
varies according to piston thrust, corrected for 
inertia and angularity of the connecting rod for | 
every portion of the stroke. To this is added, or 
subtracted, the effect of the further reaction due to 
the dynamic effect of the connecting rod itself, 
namely, the slide-bar hammer blow. At the same 
time, the resultant upward force at the front end 
of the engine causes a longitudinal galloping or 
pitching action, due to the pressure being accom- 
panied by an equal downward thrust on the crank 
axle. The arm of this couple is the length between 
the centre of the crosshead and the centre of the 
crank axle, a distance continually varying with the 
position of the crosshead. Both these forces have | 
to be resisted through the bearing springs; stiffer 
springs reduce the amplitude of movement in 
each case. The period of oscillation is twice per 
revolution, and the amplitude of movement increases | 
with the piston load, the distance between cylinders 
and the obliquity of the connecting rod. It will be 
less with stiffer bearing springs, and as the moment 
of inertia of the engine increases. It decreases as 
the speed increases, due to the reduction in mean- 
effective pressure in the cylinders, unless the slide- 
bar hammer blow increases at a greater rate. 
lhis effect influences the riding of the engine only 
at very low speeds. 

It is commonly thought that, in addition to the 
disturbing forces described above, there is another 
nosing couple, arising from the varying piston 
pressure, which acts on the axlebox guides and is | 


comprising the distur- 


been 


* The 
summary 
reference ; 
are not numbered. 


consecutive numbering of tables cited in this 
is our own, and is adopted for convenience of 

in the actual Report, the tabular statementa 
Ep., E. 
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overhang at front or rear. With modern engines, 
having guiding wheels, cases of sinusoidal deforma- 
tion of the track are rarer than in the early days, 
but none the less a certain number have occurred. 
In some cases, as already mentioned, the engines 
have been condemned or radically altered, but in 
others the conclusion was reached that excessive 
speed, or local weakness of the track, was the main 
contributory cause. 

Generally speaking, in the many different engine 
designs all over the world, designers have arrived 
at an arrangement, based on engineering instinct 
and experience, which has been quite satisfactory in 
practice. Due to trials made recently in several 
countries, it is now possible to visualise what is 
necessary to improve the running of engines on the 
track, and thus to avoid lateral deformations. To 
the best of our knowledge, however, the actual 
mechanical process by which track distortion occurs 
is not yet exactly known. Mathematical theory has 
been used to work out equations of motion, but 
these have been so complicated as to be insoluble. 
Moreover, to make calculation possible, it has been 
necessary to make numerous assumptions in order 


| to allow of integration and final solution ; but these 


assumptions, however carefully based, have had 
the effect of altering the interpretation of the 
problem, and therefore the results obtained have 
not, up to the present, been of great assistance. 

As an example of this, the Central Standards 


| Office had been attempting, before the arrival of 


Practical | 


the Committee, to gain some information on the 
critical speeds of hunting of the X-class Pacifics, 
based on the theoretical and mathematical research 
of certain investigators, to which reference has been 
made. In endeavouring, however, to apply the 
formule which have been worked out, differences 
were found in the assumptions made, principally 
affecting the way in which the lateral action of the 
wheel on the rail was treated, and the way in which 
the amount of effective side displacement was con- 
sidered. This variation in assumptions made a 
materia! difference in the critical speed obtained 
by the two methods, and indicated that practical 
results cannot yet be obtained by substituting 
values in a theoretical] formula. 

This is, of course, no discredit to mathematical 
investigators, but arises from the very nature of the 
problem, in which al] the main elements, locomotive 
frames, wheels, and the track itself, are not rigid, 
but elastic in varying degree. We do not propose, 
therefore, to give a definite explanation of so com- 
plicated a phenomenon as distortion of the track, 
but will try to consider the matter as logically as 
possible on the basis of experimental findings, 
checked by the recorded circumstances of various 
accidents and by our own observations in India. 

As, in the early days, most of the engines had no 
guiding wheels, deformation of the track obviously 
cannot be attributed to that feature. Even on 
engines with guiding wheels, trials made recently 
for assessing flange pressures have shown that 
generally it is the coupled wheels which bring 
about the highest reactions. It is evident that 
neither track nor engine can be perfect, but the 
better the one, the less perfect may be the other by 
a corresponding amount. If the total of the imper- 
fections of track plus engine exceeds a certain value, 
the sequence of events, depending on speed, the 
state of the rail, etc., is, first, an abnormal movement 
of the engine on the track, secondly, deformation of 
the track itself, and thereafter even derailment. 

if it were possible for the flanges of the wheels 
to remain in permanent contact with the rails, and 
if track, wheels and axle could be perfectly rigid, 
there would be no problem of lateral oscillation. 
As a practical necessity, however, some clearance, 
varying in different countries, is always left between 
flange and rail. Because of this clearance, the two 
wheels on an axle cannot make lateral contact with 
both rails simultaneously ; the movement of wheels 
and axle along the track takes the form of a series 
of successive contacts between flange and rail, and 
of rebounds from one side to the other at variable 
distances. If this movement occurred on a perfect 
track and was solely due to the coning of the tyres, 
the path followed by the wheels would bea sine curve, 
the length of wave remaining constant irrespective 
of speed, but depending upon the degree of coning 





419 


mines, in which case separate hoists are employed 
for the men. Pit-head structures and surface buildings 
are constructed with a view to permanence and are of 
steel, brick, or concrete. The shafts themselves are 
| circular or elliptical in cross section and are always 
built of non-combustible material, usually consisting 
of iron or steel in the upper portion, through water- 
bearing ground, and of concrete in the lower portion. 
The main haulage ways, in Continental mines, are 
generally level; they cut across the strata to strike 
the dipping coal beds and may be connected to higher 
or lower levels by short underground shafts and slopes. 
In collieries in Great Britain, where the beds dip less 
steeply and where, usually, only one bed is mined at a 
time, endless-rope haulage is employed. In Conti- 
nental mines, Liesel locomotives of approved types 
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RESISTANCE OF CONCRETE TO HIGH EXPLOSIVE. 














of the treads, the diameter of the wheels, and the | ground. 


by means of an electric shot-firer. 


| 


| have largely supplanted rope haulage in the main 
| levels. 


Pit-tub tracks, along the face workings, are 
now rarely used except in mines in the United Kingdom. 


| Conveyors of all types are used along t he coal face and 
| to transport coal away from it, and main conveyors, 


in the inclined gateways, discharge into pit tubs on 
the level haulage roads. 

The daily output of coal, per underground worker, 
is much lower in Europe than in American collieries. 
This is due to a number of factors, namely, the working 
of much thinner coal beds; the inability to employ 
coal cutters and large loading machines ; the frequent 


All the charges were fired simultaneously | moving of conveyors; the requirements in regard to 
The slabs were | back filling; the need for closely timbering the face 


gauge. ‘ 3 
In practice, however, the track is not perfect, 2 ft. by 2 ft. by 6 in. deep, and that on the left of the | and for providing strong permanent supports for road- 


and there are a number of causes which acting 
either singly or in combination, alter the form of 
the lateral movement. The principal causes are 
(a) irregularities in gauge or level of the track under 
load, which tend to direct the pair of wheels towards 
one rail or the other; (6) irregularities in wear of 
the tyres and rail, and therefore in the effect of 
the coning of the tyres; and (c) differences in the 
diameters of the wheels on the same axle. When 
the amplitude of the lateral oscillation, measured 
from the centre line of the track, exceeds the clear- 
ance between flange and rail under load, and each 
time that a flange strikes a rail and is deflected 
towards the other rail, a force is exerted. The 
magnitude of this force depends on the weight of 
the wheel-and-axle assembly, and on the transverse 


velocity with which the flange strikes the rail. This | 


velocity, for a given running speed, is related to the 
total amount of side movement of the wheels and 
axle, the movement being made up of the static 
clearance between flange and rail, plus any elastic 
deformation in wheel, axle, and rail. 


(To be continued.) 








THE RESISTANCE OF CONCRETE 
TO HIGH EXPLOSIVE. 


ABOUT six months ago* we gave an account of 
some tests that had been made by the British Granite 
and Whinstone Federation, 48, Frederick’s-place, Old 
Jewry, London, E.C.2, to ascertain the resistance of 
conerete to the action of high explosives. For this 
purpose, a concrete of greater strength and toughness 
than is necessary under normal conditions is required ; 
and there are also advantages in using an aggregate 
tougher, more angular in fracture, and of rougher 
texture than is customary. Further, it has been found 
that the concrete is improved by the addition of 
granite dust, which is chemically stable, coarsely 
crystalline, and relatively large compared with the 
cement particles. Microphotographs show that these 
angular particles key into the cement and that, by 
controlled grading, sand produced from crushed rock 
will effectively fill the interstices, so that the matrix 
performs its correct function of coating the particles 
and making them adhere. 

Further tests, which, like those previously described, 
were carried out by Mr. G. H. Hodgson, M.Inst.C.E., 
have now been made with whinstone as an aggregate 
in place of granite. These tests, the results of which 
are illustrated in the accompanying photograph, were 
made by placing a 4-oz. charge of blast Abelite and a 
detonator in a small carton and inserting them at the 
bottom of a hole 1} in. in diameter and 3} in. deep, 
which was cast in the centre of the slab. This hole 
was then stemmed with clay. In order that the maxi- 
mum force of the explosion should be borne by the 
concrete an empty Abelite box with the bottom removed 
was placed on the top of the slab and filled to the top 
with slightly damp ¥-in. whinstone and sand. Each 
slab was supported on four concrete bricks, placed 
one at each corner, thus lifting it 3 in. clear of the 





* See ENGINEERING, Vol. 147, page 386 (1939). 





illustration was made of one part of cement, 2} parts 
of pit sand, and 3} parts of }-in. to }-in. gravel. The 
water/cement ratio was 0-5, and the age nine weeks. 
The slab was reinforced with j-in. diameter rods bent 
in the form of a square. There were two rods in each 
slab, with a 1}-in. cover top and bottom, and on each 
side. The two other slabs were made in the same way, 
except that ¥-in. whinstone was substituted for the 
sand and }-in. to }-in. whinstone for the gravel. The 
water/cement ratio was 0-53, and the age nine weeks. 








COAL MINING IN EUROPE. 


It is stated in a bulletin on ‘‘ Coal Mining in Europe,” 
recently issued by the U.S. Bureau of Mines in Washing- 
ton, that the European bituminous-coal deposits are, 
in general, much more difficult to work than are similar 
deposits in the United States. The authors, Messrs. 
G. 8. Rice and I. Hartman, point out that the coal 
beds in Europe are thinner and the workings much 
deeper, some in Belgium reaching, in fact, a depth of 
4,000 ft. Moreover, in continental coal-fields, the 





beds are frequently inclined, folded and faulted, and, | 


owing to the pressure, the coal is friable. 
application of coal-cutting machines therefore, is, 
difficult or impossible except in the case of mines in the 
United Kingdom, and pneumatic picks are employed 
to break up the seams of friable coal. Little or no 
explosive is used in Continental mines and the close 


ways under the high roof-pressute of deep mines ; 
and the frequent necessity of driving cross workings 
and underground auxiliary shafts. The result is that 
the total number of all the men employed underground 
is five or six times that of the men actually producing 
coal at the face, in striking contrast to the situation 
in colleries in the United States, where between 60 per 
cent. and 70 per cent. of the underground employees 
are producing coal at the face. The daily wages of 
European miners are low compared with those of 
American miners ; they range, in fact, from one-fourth 
to one-half of those earned by colliers in the United 
States. Men in Europe, however, work approxi- 
mately 50 per cent. more days per annum than do those 
employed in the average American colliery, hence, the 
annual gross income of a European miner, including 
certain allowances and benefits, is not much below 
that of his confrére in the United States. Furthermore, 
housing conditions, pit-head baths, and changing 
facilities in Europe, are generally on a much higher 
scale than in the United States, where mining villages 
are often of a more or less temporary nature owing to 
the short life of the average colliery. 

The accident rates for underground workers,'sper 


The efficient | 1,000 men employed in all European countries, are 


| much lower than in the United States and this applies 


timbering necessary at the coal face renders impossible | 


the employment of large mobile loading machines of 


with still greater force in France and Belgium. This 
favourable position is due to more stringent statutory 
restrictions, to close inspection on matters relating 
to explosives, electric power and methods of lighting, 
but above all, and despite the fact that European 
roof strata are generally weaker, to the utilisation of 


the American type. Compared with those of the/| better roof supports. Moreover, as already stated, 
United States, the coal resources of many countries | Only about 20 per cent. of the men work at the face, 
in Europe are small, hence every effort is made to| the most dangerous place: in a mine, as compared 
extract as much of the coal as is economically possible. | with 60 per cent. or 70 per cent. in the United States. 
The working of seams down to 18 in. thick, in Belgium | In the first decade of the present century, explosions 


and France, is made commercially profitable by the 
simultaneous mining of a group of beds, which can be 


in American mines caused fatalities, the total number 
of which was second only to those due to falls of roof. 


reached from one set of shafts, and in certain Belgian | Thus, in 1907, upwards of 900 colliers were killed as a 
mines, as many as 10 or 12 beds are worked simul- | result of explosions in the United States. The annual 
taneously. The resources of the higher-grade coals | number of fatalities, however, is now relatively small, 
are somewhat limited in Europe; true anthracite | largely owing to researches conducted by the Bureau 


is found only in South Wales and a few localities in| of Mines, 


Germany. On the other hand, anthracitic coals, 
in which the volatile matter is low, and coking coals, 
are fairly widely distributed in Great Britain and 
Germany. 


which is officially co-operating with the lead- 
ing European mine-safety research stations. Not 
only have systematic investigations been conducted 


/on such matters as ventilation problems, explosives, 
| mining machinery, miners’ lamps, and stone dusting 


In Europe, some form of long-wall system, with | 


complete or partial packing or back filling, is the 
mining method most widely adopted. 
roof control and reduces the risk of subsidence of the 
upper beds and of the surface. At some French 
collieries, filling material is quarried on the surface 
and lowered into the mines. The stowing of sand and 
gravel by hydraulic methods is now practised exten- 
sively in Germany and to some extent in France and 
Belgium. Stowing by the pneumatic blowing of waste 
and crushed debris has recently been introduced into 
Germany, but, to lessen the risk of damage to buildings 


This facilitates | 


and other explosion-prevention methods, but increasing 
attention has been devoted to the supervision and 
education of the mining personnel. 








'BI-COLOUR BOILER WATER-GAUGE 


PROJECTOR. 


Tue difficulty of reading the level in the water gauge 
of a modern water-tube boiler is well known. Gener- 


‘ally, the gauge is at such a height as to render it 


on the surface, the hydraulic method of stowing with | 


sand and gravel has been found to be preferable. Two 
shafts, at least, are always provided, one of which is 
a downcast or intake-air shaft, while, for large mines, 


two or more ‘hoisting shafts, for serving the various | 
main levels, may be provided. The cages employed | gi 


impossible to pick up the water level from the firing 
and feed-control floor and the provision of ladders 


}and platforms for reaching it is, at the best, very 


unsatisfactory. The illustrations, Figs. 1 to 3, on page 
420, show a bi-colour water-gauge projector which 
ives a correct image, in contrasting colours, of the 


usually have two or three decks, each of which has | two portions of the gauge occupied by water and steam, 
room for two or three pit tubs. Recently, skip hoists, | respectively, this image being produced at a convenient 
as used in America, have been introduced in several | height above the firing floor. The projector is made 
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BOILER WATER-GAUGE PROJECTOR. 


CONSTRUCTED BY MESSRS. C. A. PARSONS AND COMPANY, LIMITED, NEWCASTLE-ON-TYNE. 





Fie. 1. 


PROJECTING 


by Messrs. C. A. 
Heaton Works, Newcastle-on-Tyne, 6, 
two distinct parts, Viz., the projecting apparatus shown 
in Fig. 1 and the floor pedestal shown in Fig. 2. While 
these views give a good general idea of the construction 
of the parts the principle of the projector is best | 
understood by reference to the diagram Fig. 3. The} 
projector is intended for use with the high-pressure 
window-type of gauge now commonly employed, and | 
the image shows as red in the steam space and as white | 
in the water space. 

As indicated in Fig. 3, the whole working length 
of the gauge is illuminated by an electric lamp, the | 
light rays being rendered parallel by a mirror behind 
the lamp. The two-colour image is produced by a 
suitable screen arrangement which, by employing | 
the difference in the refracting power of the full and 
empty portions of the tube, ensures that only white 
light passes through the water and red light through 
the steam at whatever position the water level may be. | 
The bi-colour beam, after passing through the gauge, 
is reflected vertically downwards by a plane mirror 
and enters an opening in the top of the floor pedestal, 
to pass then through a compound lens of double- 
convex and plano-concave construction. This lens 
reverses the beam in the sense that the red and white 
portions are transposed on a mirror near the bottom 
of the pedestal. A second mirror, situated just below 
the lens, directs the beam on to a screen behind a hooded 
opening in the front of the pedestal. The image is 
brilliant and correct and visible from a distance 
and through a considerable angle of vision. A com- | 
pletely full glass cannot be confused with a wholly | 
empty one since, in the first case, the whole image | 
would appear white and, in the second, would appear | 


Parsons and Company, Limited, ; 


and consists of | 
} 


18 


red. The light projector is seen to the right of Fig. 1, 
and the frame carrying the first mirror, to the left. 
This mirror is provided with screws for adjusting tes 
angle, the adjustment being necessary only when the 
floor pedestal is being installed. The pedestal, shown 
in Fig. 2, is a plain casing having the screen aperture 
at a convenient height for an average man at the front 
and an access door at the back. 


PREVENTION IN THE 
TUBE RAILWAYS. 

On page 389, ante, we gave some brief particulars 
of the precautions being taken by th» London Passenger 
Transport Board to safeguard the tube railways in 
case of air-raids. The main works consist of the provi- 
sion of sliding to isolate the under-Thames 
sections of the railways, but this work only represents | 
one item in a comprehensive programme of emergency 
works to protect both the Board's rail and road trans- 
port services. The total cost of the programme, much 
of which had already been completed before the out- 
break of war, will be about 1,000,0001., in itself some 
indication of the magnitude of the work that has been, 
and is being, done. 

The most difficult problem that has had to be faced, 
to which we have already referred, is that of protecting 
the underground railways from any possible risk of 
flooding, either from the River Thames or from sewers 
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(rou.c) “KNGINEERT? would resist a force of over 800 tons, which is several 


times greater than any possible pressure of water 
that might have to be borne. They can be closed 
within three minutes of the “ Instruction to Close’ 
being received. The gates on the Bakerloo line were 
closed during each of the three air-raid warnings which 
were received soon after the outbreak of war, and their 


or water mains, where they are in close proximity to | 
the stations. When the works at Waterloo, where the | 
tunnels of the Northern line go under the river, and | 
the work which has been done at one of the closed | 
stations, Kings Cross, in order to protect the railways | 
from the risk of tlooding from water mains and sewers, | operation was successfully accomplished well within 
are finished, all the stations and sections of line at/| this time limit. The time taken by the actual closing 
present closed will be reopened and travel on the|of a gate across the tunnel mouth is one minute by 
Underground will be as safe as in peace time. Mean-| power operation, and 44 minutes by hand operation. 
while, temporary works have been installed at all! When an air-raid warning (yellow warning) is received 
vulnerable points, and these ensure complete safety for | at the Traffic Controller’s office, the Traffic Controller, 
the public. | by means of special electric push-button switches, 
Electrically-operated floodgates which can be closed | immediately transmits an instruction to “‘ Close the 
across the tunnels have been installed at Waterloo and | Gates” to the operators of the gates, who have been 
Charing Cross stations on the Bakerloo Line, in order | specially trained and are on duty continuously. This 
to enable the sections of line between these stations | rings an alarm bell at each of the gates, and illuminates 
which run under the river to be isolated during an/| the word “ Close” on indicator panels in the operators’ 
air raid and so prevent any possible risk of flooding | control cabins. The operators acknowledge receipt 
as the result of damage to the under-river tunnels. | of the instruction to “ Close’ by themselves pushing 
Similar floodgates are now being installed at Waterloo | button switches in their cabins, which cause a sign 
and Strand stations on the Northern Line, which also | to be illuminated in the Traffic Controller’s office. In 
runs under the river between those stations. Each gate| the operators’ control cabins at the ends of the plat- 
is made of built-up steel of an overall thickness of | forms adjacent to the gates there are also provided 
13 in., and weighs just under 6 tons. When open, | illuminated diagrams of the section of railway line 
it is located against the headwall of the station platform | between the gates, which indicate to the operators the 
tunnel alongside the tunnel mouth. It is made to| presence of a train in the under-river section. As 
slide horizontally into position across the tunnel mouth | soon as the operators have satisfied themselves by 
within a framework of cast iron, and can be operated | means of the diagrams that all the trains have cleared 
either electrically or by hand. For its operation | the sections of line between the gates—the maximum 
electrically, which is controlled by a push-button, | time for a train to clear would be 2 minutes—the 
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| 

closing of the gates can be proceeded with. In order | occurs explosively or ballistically. An entirely different 
to prevent the possibility of a gate being closed while | set of physical phenomena accompany this type of 
there is still a train in the under-river sections of tunnel, | discharge. In the Kadenacy system these ballistic 
special interlocking devices are provided which would | phenomena are deliberately established, controlled and 
prevent the gates being closed in such circumstances. | utilised to effect the evacuation and re-charging of the 
The next step is to fill in the gaps in the gate sill, which | cylinder. 
provides spaces for the rails, so that a continuous | 2. Each explosive discharge wipes out the aftermath 
runway is provided across the tunnel mouth over which | of previous discharges. A Kadenacy engine will, 
the floodgates can slide into position. This is done by | therefore, carry through a single cycle of exhaust and 
the operators fitting special metal “sealing blocks ” | recharge. There is no question of establishing favour- 
with rubber linings into the gaps. All is then in| able resonances of the exhaust-pipe system, for which 
readiness to start the electric motors which operate | a timed series of impulses is essential. 
the gates. By a push of the button the motors start,| 3. The explosive or ballistic discharge takes place 
the gates begin to move and within one minute they | as a high-velocity mass flow of the cylinder contents 
are finally closed and the tunnel mouth completely | along the exhaust pipe. A truly ballistic discharge 
blocked. Illuminated indicators which show at all| forms a steep-fronted compression impulse travelling 
times whether the gates are open or closed are provided | at a velocity in excess of the velocity of sound in the 
in the Traffic Controller’s office, and are operated by| gas. Theory shows that this velocity increases with 
contacts on the gates. For opening the gates when the | increase of the initial pressure ratio across the valve. 
** All clear” is received the reverse process takes place.|The phenomena of ballistic discharge are complex. 
The gates were designed by Mr. W. T. Halcrow, | High-frequency waves and vibrations are generally 
M.Inst.C.E., consulting engineer, in conjunction with | superposed on the mass movement of the gas columns. 
London Transport Board engineers, and were con- | Their effect on engine performance is quite negligible, 
structed by Messrs. Glenfield and Kennedy, Limited. | and the results obtained by the Kadenacy system can 

As regards protective work at closed stations, | only be interpreted by concentrating attention on the 
following upon the September crisis a year ago, London | mass movements of the gas. Pressure-time records 
Transport Board engineers surveyed the whole of | show up these waves and vibrations very clearly and 
the underground stations to determine what construc- | great care must be taken in the interpretation of such 
tional alterations would be required to eliminate the | records. 
possibility of flooding from burst water mains and| 4. The sudden release of a mass of compressed gas 
sewers which run through or near the stations. As/|sets up a compression impulse travelling outwards 
a result of this survey, fifty stations were found to be |with a super-acoustic velocity. The compression 
in need of some protective measures. At thirty-one| impulse must be followed by a rarefaction. This 
of these the necessary work could be done without | proposition is quite general. Lord Rayleigh (Dynami- 
disturbing the traffic using the station and had already | cal Theory of Sound, Lamb. Paragraph 71), says, 
been completed. At the remaining nineteen stations, | “ a compressed or a rarefied wave cannot exist 
the engineers were faced with more complex problems, | alone.” Professor Lamb, (Theory of Sound, vol. 2, 
some of them of an entirely novel character, and it | paragraph 279) brings out the same point. Professor 
was found that the necessary work could not be done | Sir James B. Henderson, writing on the Kadenacy 
without the stations being closed entirely. King’s Cross | system, says, “‘ As soon as I became acquainted with 
tube station illustrates the type of problem that has | the Kadenacy invention, I recognised that he was 
had to be faced. Every one of the subway entrances making use of a well-known phenomenon in explosions, 





to the sub-surface ticket hall is threatened by the 
proximity of sewers and water mains. At one point, 
for instance, the floor of one of these subways is only 
6 in. above the roof of the Fleet sewer, one of the 
largest sewers in London. Two other subways pass 


alongside and over the St. Pancras sewer, which was | 


diverted at the time of the construction of the new 
underground ticket hall from a line which ran through 
the centre of the ticket-hall site. As the proximity 
of all these sewers and water mains presented a risk of 
flooding in the event of any of them suffering damage, 
the only immediately practicable method of protection 
was to block up the four passages leading from the 


circulating area at the foot of the main flight of escala- | 


tors to the Piccadilly and Northern lines by inserting 
bulkheads of solid concrete between 5 ft. and 6 ft. 
thick, shutting off completely the top station from the 
platforms and tunnels below. Two days before the 
outbreak of war, therefore, the station had to be closed 
to enable this work to be done. As it is not possible 
to strengthen sufficiently the surrounds of the subways 
and the mains and sewers which they conceal to prevent 
the station from being flooded should they be damaged 
during an air raid, the circulating area at the foot of 


the main escalators must remain a trap for any possible | 


inflow of water. Permanent works are now to be 
carried out which will provide the same security but 
enable the station to be opened to traffic again. This 
work will be completed by the end of December. 








LETTERS TO THE EDITOR. 


THE KADENACY SYSTEM OF 
SCAVENGING. 


To THE Epiror oF ENGINEERING. 


| namely, the implosion which immediately follows every 
explosion, due to the inertia of the explosive gases.” 
| There is no need to postulate any mechanism of pipes, 
etc., to account for the rarefaction which follows the 
| compression impulse. 
5. An opposed-piston two-cycle engine, incorporating 
| the Kadenacy inventions, has developed 142 Ib. per 
| square inch b.m.e.p., with natural aspiration from the 
| atmosphere, that is, without a blower. The measured 
| induced charge was about 1-5 cylinder volumes of 
which about 1-15 cylinder volumes were retained in 
| the cylinder. This result cannot be explained on any 
| steady-flow theory. 

The general principles outlined above represent a 
point of view from which the special properties of the 
| Kadenacy engines can be interpreted. If the claims 
| of the inventor, M. Kadenacy, and the actual results 
| achieved with a variety of converted engines are con- 
| sidered from this angle, the Kadenacy system is seen 

to be logical and consistent. 

| Yours faithfully, 
F. D. Smrra, D.Sc. 
Curfew House, 

Thames Street, 

Windsor, Berks. 

| October 3, 1939. 
| 








ERODER FOR INDIAN 
RIVERS. 


To THE Eprror or ENGINEERING. 
Smr,—We note with interest Mr. Herbert Chatley’s 
| letter on page 282 of your issue of September 8. We 
| should like to say with regard to his first conclusion 
| that while naturally the greater the distance is between 
| the jets and the material to be eroded the greater the 


_VANE-WHEEL 


hydraulic erosion can be, and is being, carried out at 





Srr,—A recent article in your columns by Dr. G. F. | distances of 20 ft. to 25 ft. from the jet orifice. 
Mucklow (see page 187, ante) may give some of your; The question of whether dredging by hydraulic 
readers an inadequate impression of the scope and erosion compares economically with any other method 
nature of the Kadenacy system. I hope you will give/is entirely dependent upon local conditions; for 
me space in your columns to set out very briefly the | instance, in still water it is useless, as any silt put into 
basic physical principles of the Kadenacy system as I| suspension will eventually be again deposited in 
see them. | approximately the same place. Given suitable condi- 

1, Every sudden change in a physical system is | tions, however, the system of hydraulic erosion can be 
followed by a transient or transition period before the | and is very successfully applied and when conditions 
steady state conditions are established. If the exhaust | are suitable for its application will generally prove much 
orifice of a two-cycle engine is opened relatively slowly, | more economical than other forms. 
the steady flow conditions are progressively established,| The erosion statistics given in the article on page 264 
and at any instant the flow of the gases through the of your issue of September 1 were obtained from 
valve and along the exhaust pipe can be calculated carefully observed workings. 
approximately by the conventional steady-flow theory. | Yours faithfully, 

The calculations are familiar to all engineers with | W. anv F. Witts, Lawirep. 
experience in the design of internal-combustion engines. A. WILLS, 
If the exhaust valve is opened very rapidly, the tran- Bridgwater, 

1939. 


sient effects predominate at first and the discharge September 22 
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THE LATE MR. J. V. DAVIES. 


Tue news of the death of Mr. John Vipond Davies, 
at Flushing, Long Island, U.S.A., on October 4, will 
be received with regret by many civil engineers in this 
country as well as in the United States. Mr. Davies, 
who will chiefly be remembered for his work in connec- 
tion with railway tunnels under the Hudson liver 
and other civil-engineering undertakings in the United 
States and elsewhere, was born at Swansea, South 
Wales, on October 13, 1862, and received his general 
education at the Wesleyan College, Taunton, Somerset. 
In 1880, he entered upon a pupilage of 5 years with 
Messrs. Parfitt and Jenkins, contracting engineers, 
Cardiff, and his first task, after completing his appren- 
ticeship, consisted in the preparation of plans for a fuel- 
briquetting plant. He then entered the Newport 
(Mon.) works of Messrs. The Uskside Engineering 
and Railway Company, as draughtsman in the colliery- 
engineering department. A few months later, however, 
he was appointed assistant engineer, and, later, chief 
assistant engineer in the works of Messrs. Blaenavon 
Coal and Iron Company, in which he was engaged on 
the design and construction of rolling mills, blast- 
furnaces, coke ovens, a Bessemer steel plant and other 
installations. Mr. Davies went to the United States 
in 1889, where he was first engaged in superintending 
the construction and operation of an anthracite- 
briquetting plant at Mahanoy City, Pennsylvania. 
In the following year Mr. Davies became assistant 
engineer to Mr. C. M. Jacobs, and was engaged on work 
connected with the design of tunnel systems in New 
York and the improvement of lands and properties 
for the Manhattan Beach and Rockaway Beach Im- 
provement Companies. In 1892, Mr. Jacobs made 
Mr. Davies his chief assistant engineer, and, in 
addition to work for various railways he was given 
the task of designing and constructing an 11-ft. dia- 
meter tunnel, under the East River at New York, for 
the East River Gas Company. 

In 1894, Mr. Davies entered into partnership with 
Mr. C. M. Jacobs and the firm of Messrs. Jacobs and 
Davies, consulting engineers, was 
founded. Mr. Davies spent the next five years on 
constructing pumping plant, etc., for the Montauk 
Water Company and other administrations. He then 
spent several years, as chief engineer of the West 
Virginia Railroad, building 60 miles of single track, 
four tunnels and 62 bridges. He also survey: and 
constructed the Kanawha and Pocahontas Railroad, 
which later became a portion of the Chesapeake and 
Ohio Railroad system. From 1904 until 1908 he was 
engaged on the Atlantic Avenue Improvement Scheme 
of the Long Island Railroad. This involved extensive 
alterations to the line passing through the City of 
Brooklyn in order to eliminate 90 street level crossings. 
At this period, he also acted as engineer for the con- 
tractors, Messrs. The O’ Rourke Engineering Contracting 
Company, of improvements at the terminus of the 
New York Central Railroad, at 42nd-street, New 
York. In the year 1902, he was appointed deputy chief 
engineer on the design and construction of the Hudson 
River tunnel system of the Hudson and Manhattan 
Railroad, at New York, and in 1909 he was made chief 
engineer. In collaboration with Mr. Jacobs, Mr. Davies 
was responsible for the design and excavation of 
four railway tunnels under the Hudson for the Hudson 
and Manhattan Railroad, and for the surveying of the 
tunnels under the Hudson and East Rivers for the 
Pennsylvania Railroad. He also designed and super- 
intended the construction of the tunnel under the 
Seine and across the Place de la Concorde of the Paris 
Metropolitan Railway. In addition to works in which 
he was actively engaged, he was consulted with regard 
to civil-engineering schemes in Mexico, and at New 
Orleans, San Francisco, and elsewhere. 

Mr. Davies became a member of the Institution of 
Civil Engineers on December 6, 1910, and was awarded 
a Telford Gold Medal some years later. He was also, 
for many years, a member of the American Society of 


Incorporated, 


| loss of energy becomes, at the same time effective | Civil Engineers, the American Institute of Mining 


Engineers, and the American Institution of Consulting 
Engineers. The American Society of Civil Engineers 
awarded him the Norman Gold Medal in 1913 and the 
Thomas Fitch Rowland Prize in 1917. 





CHINESE PURCHASES OF AMERICAN LORRIES.— 
According to a well-informed report, referred to in 
The Far Eastern Engineer, the Chinese Government has 
ordered 6,000 lorries in the United States. These will be 
used to transport freight along the new roads recently 
built in free China. 





LUMBER EXPORTS FROM BRITISH CoLUMBIA.—Of the 
682,677,396 ft. (board measure) of lumber exported from 
British Columbia during the first half of 1939, 423,274,398 
were consigned to Great Britain. Corresponding totals 
for the first six months of last year were 582,624,044 ft. 
and 368,938,079 ft., respectively. 
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LABOUR NOTES. 


Tue Ministry of Labour and National Service 
states that at September 11, the numbers of un- 
employed persons on the registers of employment 
exchanges in Great Britain were 1,052,218 wholly 
unemployed, 227,099 temporarily stopped, and 51,611 
normally in casual employment, making a total of 
1,330,928. This was 99,236 more than the number 
on the registers at August 14, but 467,690 fewer than 
at September 12, 1938. The total on September 11, 
comprised 826,811 men, 44,543 boys, 395,243 women, 
and 64,331 girls 


There were substantial decreases in the numbers 
unemployed in coal-mining, building and public works 
contracting, engineering, shipbuilding and repairing, 
the iron and steel industry, the pottery industry, 
boot and shoe manufacture, and local government 
service. On the other hand, the numbers unemployed 
increased in hotel and boarding-house service, enter- 
tainments and sport, the distributive trades, and the 
fishing, clothing, furniture, printing, motor-vehicle, 
and cotton industries. The number of females on 
the register was swollen by the addition of many 
evacuated women and of others offering their services. 


Between August 14 and September 11, the number 
of unemployed persons on the registers increased by 
5,402 in the London area, 16,695 in the Eastern area, 
7,143 in the South-Eastern area, 8,573 in the Southern 
area, 4,454 in the South-Western area, 551 in the North- 
Western area, 1,090 in the Northern area, and 1,893 in 
Scotland. They decreased by 8,518 in the Midlands, 
10,039 in the North Midlands, 6,401 in the North- 
Eastern area, and 1,607 in Wales. The divisional areas 
for which these figures are given are those constituted 
towards the end of August corresponding with the 
areas of the Regional Commissioners for the co-ordina- 
tion of measures of civil defence. 


The Ministry of Labour and National Service inti 
mates that while the principal statistics of unemploy- 
ment will continue to be compiled and published, 
it will not be possible for the present to give certain 
subsidiary figures such as the analysis according to 
duration of unemployment. The information required 
for compiling monthly estimates of the numbers of 
insured persons in employment is also not available 
and this series of figures will, therefore, be discontinued 
for the present. 


The estimated number of persons in employment in 
Northern Ireland on September 11 was 248,250, an 
increase of 22,750 compared with a year ago, although 
750 fewer than on August 11 this year. The small 
temporary decrease is mainly of a seasonal character 
because of the end of the holiday season and a slackening 
of some types of out-door work. The number of unem- 
ployed on September 11 was 64,622, showing an increase 
of 1,509 on August 11 of this year, but a decrease of 
17,335 since September of last year. The number of 
persons on the registers of the Belfast employment 
exchanges was 31,208, the lowest figure for over nine 
and a half years. 

A conference took place in London last week between 
the Minister of Labour and representatives of the 
British Employers’ Confederation and the Trades 
Union Congress General Council, on the subject of a 
proposal by the Minister of Labour that a national joint 
committee of employers «nd trade unions should be 
set up to advise him on war-time labour questions. 
The Minister's plan went no further than to suggest 
a national committee which would take a wide survey 
of industrial man-power problems and give the Minister 
the guidance of its opinion on all relevant matters. 
With that suggestion there was agreement; but it 
did not fulfil the full requirements of the Labour 
representatives. Under the General Council's plan, 
as has been mentioned in these notes, there would 
be a series of national indus*rial committees. The 
national advisory committee would act as a co-ordinator 
and also function in respect of all matters affecting 
industry generally. The industry committees would 
be informed by the Government of potential require- 
ments and be furnished with a list of priority orders. 
It would then be the duty of each committee to evolve 
the best system of utilising labour within the industry 
im order to secure the required output. Another duty 
of the industry committees would be the expediting 
of the settlement of questions concerning wages and 
other terms of employment. A further suggestion 
was that observance of negotiated wage agreements 
should be made compulsory throughout the industry 
concerned. It was stated at the close of the conference 
that it had been decided that a small number of repre- 
sentatives should meet at an early date “ with a view 
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to examining the scope to be covered by such a com- 
mittee as was proposed and its method of operation.” 


At a meeting held later in the day, the General 
Council of the Trades Union Congress chose the following 
members to serve on the joint committee :—Mr. W. 
Holmes (chairman of the General Council), Sir Walter 
Citrine (general secretary), Mr. J. Kaylor (Amalgamated 
Engineering Union), Mr. George Hicks, M.P. (building 


trade workers), Mr. G. W. Thomson (shipbuilding 
draughtsmen), Mr. Mark Hodgson (Boilermiakers’ 
Union), Mr. W. J. Farthing (Transport Workers’ 


Union), Mr. E. Edwards (Mineworkers’ Federation), 
Mr. C. Dukes (general and municipal workers), Mr. A. 
Conley (tailors and garment workers), Mr. J. Marchbank 
(National Union of Railwaymen), Mr. J. Brown (iron 
and steel workers), Mr. J. Hallsworth (distributive 
workers), and Mr. J. Bell (weavers). 


On the following day, a deputation from the Trades 
Union Congress was received by the Prime Minister, 
who was accompanied by the Minister of Labour and 
National Service and the Parliamentary Secretary of 
the Ministry of Supply. According to an official 
announcement issued at the close of the interview, 
the object of the deputation was to discuss “ the 
position of the trade union movement in relation to 
the defence programme and other emergency measures.” 
Continuing, the statement said that “ the deputation, 
which was led by Mr. W. Holmes and Sir Walter 
Citrine, while affirming the desire of the trade union 
movement to play its part in the national effort for 
the prosecution of the war, made representations 
with regard to the importance of ensuring that there 
should be both consultation and collaboration between 
the Government departments concerned and the 
movement. The Prime Minister, in reply, emphasised 
the desire of the Government that there should be the 
most complete understanding and co-operation possible 
between them and the movement, and he undertook 
that every endeavour should be made to meet the 
points raised by the deputation.” 


The Joint Board of the South Wales Siemen’s 
Steel Association has decided that the wages of steel- 
workers’ labourers shall be increased by 3s. 3d. a week, 
bringing their payment up to 2/. 12s. 6d. Locomotive 
drivers and shunters have been awarded an increase 
of ls. 10d a day in the form of bonuses. The increases 
are retrospective from the date of the outbreak of war. 


The scheme for the voluntary transference of dock 


labour, to meet requirements due to the diversion of | 


shipping and the congestion which the convoy system 
may otherwise cause in certain ports, now awaits the 
approval by the Treasury of the financial arrangements 
embodied in it. According to The Record, the journal 
of the Transport and General Workers’ Union, there 
will be local joint committees of dock employers and 
the union, and when, in any port, there is a call for 
extra labour, the application will be submitted first 
to the joint committee of that port. In the ports 
from which shipping may be diverted there will be 
a register of men willing to work elsewhere, and for 
some time the terms of the necessary arrangements 
have been under the consideration of Government 
departments, the employers, and representatives of the 
union. The resulting proposals provide for a guarantee 
of daily earnings, travelling vouchers from home and 
back, lodging and subsistence allowances, and payment 
for days spent in travelling. It is understood that men 
will not be transferred unless there is a prospect of 
employment, almost amounting to a certainty, and 
the local men are assured that they need not fear 
displacement because they will have preference of 
engagement. In the union's statement to its members, 
it is said that the problem has not yet become acute, 
but that the convoy system will probably create a 
demand for labour in certain ports in excess of the 
local supply. 

The Building Industries National Council announces 
that at a meeting under the chairmanship of the 
president, Mr. H. J. C. Johnston, it was decided to 
appoint a wartime committee of the building industries, 
comprising :—Mr. Howard Robertson and Mr. Sydney 
Tatchell, representing the architects group; Mr. I. 
Ernest Jones and Mr. G. H. Parker, representing the 
contractors group; Major V. Lefebvre, Lieutenant- 
Colonel C. W. D. Rowe, and Mr. C. Roland Woods, 
representing the materials group; Mr. R. Coppock 
and Mr. George Hicks, M.P., representing the operatives 
group; and Mr. J. M. Theobald, representing the sur- 
veyors group. The committee has been set up as a result 
of representations by the building industries to the effect 
that the restriction of civil building activity is becoming 
so general and rigorous that harm is likely to be done 
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to the national interest through a consequent unneces- 
sary increase in unemployment and reduction in 
revenue-producing activity. The task of the committee 
will be to collect and collate the data necessary to give 
a complete view of the situation from time to time 
and to frame whatever representations to the Govern- 
ment may be deemed necessary. 


The Supreme Court of Indiana, U.S.A., recently 
held that picketing which involves false statements or 
misrepresentations of facts concerning a controversy 
is unlawful. A union, in an effort to obtain a closed- 
shop contract with a dairy company, picketed a grocery 
and food store that handled the products of the dairy 
company. The pickets carried banners urging the 
public to buy only union dairy products and informing 
them that the store sold milk produced by an unfair 
dairy. The picketing was held to be unlawful by the 


| court because the banners carried misleading statements 


and had the effect of misrepresenting the facts, since all 
dairies in the community employed both union and 
non-union employees. The court, therefore, ruled 
that the store owner was entitled to a temporary 
injunction restraining the union from picketing the 
store, under the rule that “ picketing which involves 
false statements or misrepresentation of facts concern- 
ing the controversy is unlawful and will be enjoined.” 
It was also decided by the court that, since milk and 
dairy products were necessary to the public health, 
public policy would not permit picketing “for the 
purpose of coercing or inducing the community to 
refrain from using milk or dairy products.” 


Picketing by a Labour union to compel a corporation 
to employ union members instead of its stockholders 
has been held to be lawful by the New York Court of 
Appeals. The Court ruled also that the controversy 
as to whether the stockholders or the members of the 
union should be employed to perform the work of the 
corporation was a labour dispute within the meaning 
of the New York Anti-Injunction Act. It was pointed 
out that the status of the stockholders doing the work 
formerly done by members of the union was that of 
employees, for the purpose of determining the applica- 
bility of the anti-injunction act. In discussing the 
case, the court declared that there was no labour dispute 
where the owner of a business does all the work himself 
without employees, since in such a case there can be no 
controversy concerning terms or conditions of employ- 
ment. The court was of the opinion, however, that 
this rule was not applicable in this case, on the theory 
that the corporate entity might be ignored. The court 
further declared that 1t was not material to the case 
that the union might reject the stockholders as members 
by reason of the fact that they shared indirectly im the 
profits of the business and their interests therefore 
might not coincide with those of other workers. 


During the 1939 session of the Canadian Parliament, 
a sum of 500,000 dols. was voted for a Dominion- 
provincial programme for the rehabilitation of older 
unemployed workers. According to the weekly organ 
of the International Labour Office at Geneva, the 
Dominion Minister of Labour has recently concluded 
arrangements with five provinces (and tentative 
arrangements with two others) for the carrying out of 
such rehabilitation projects. Asin the case of the youth 
training agreements, the Dominion offers to contribute 
50 per cent. of the cost to the provinces of plans for the 
occupational readjustment of older workers. The 
selection of projects is the responsibility of the provinces, 
subject, however, to Dominion approval. The pro- 
gramme is worked out with consideration for the needs 
of each province. In British Columbia, forestry 
work is being provided for a special group. Alberta 
is giving training in making furniture and brushes 
and has devised a farm chore plan, designed especially 
for older workers at present on urban relief rolls. 
A similar farm chore plan is contemplated in Saskat- 
chewan and is in operation in Manitoba, in addition 
to a rustic-furniture training class. Ontario is consider- 
ing the placing of 100 families (the heads of which are 
older unemployed persons) on improved land, as an 
experiment. New Brunswick plans classes and 
instruction for older workers in agricultural subjects 
for improving farm technique. Hard-rock mining 
training is to be.given in a district in Nova Scotia 
where the coal mines have been shut down. 








THE INSTITUTE OF PETROLEUM.—We are informed 
that correspondence for the Institute of Petroleum should 
continue to be addressed to The Adelphi, London, W.C.2. 
Inquiries, however, can only be dealt with by post 
and the Institute’s library is temporarily closed. Meetings 
in London are suspended until further notice but the 
Journal will continue to be published monthly. 
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PHOTOGRAPHIC STUDY OF FLUID 
FLOW BETWEEN BANKS OF TUBES.* | 


By R. PENDENNIS WALLIS, Ph.D., M.Sc., Wh.Ex., | 
M.I.Mech.E. | 


| 

Ix 1900, Ahlborn first used powder sprinkled on the | 
surface of water to render visible its motions, and | 
since then the method has been used in the aero- 
dynamical laboratories of the Continent and is referred | 
to in standard text-books (Ahlborn, 1902-9).¢ In| 
itself, the discovery that fluid motions could thus be | 
seen may appear trivial, though this is far from the | 
truth, because it is not until a phenomenon has been | 
recorded and described that it becomes possible to | 
discuss in detail its causes. Ahlborn’s contribution | 
stands out from the dozen or so other methods in | 
that in its essentials it avoids the need for any specia- | 
lised equipment and gives results which can be | 
recorded directly in the form of photographs. His | 
actual experimental equipment was more compli- | 
cated than was necessary because his use of still | 
water and a moving model and camera necessitated | 
mechanical driving gear for the latter. This is avoided 
by making the water flow from end to end of the | 
tank and using a fixed model and camera. The | 
method is simple and easy to use provided care is 
taken with regard to certain apparently insignificant | 
details. 

The present work, which was carried out in the | 
Civil Engineering Department of Imperial College, | 
London, concerns nests of tubes, and the only equip- | 
ment necessary for this study is, as shown in Fig. 1, | 
a shallow tank and a sprinkler for distributing the 
aluminium dust, which is of the type used in the 
manufacture of paint. Certain refinements of the | 
apparatus are more clearly seen in Fig. 2. In order | 
to avoid unwanted disturbances, the water inlet | 
to the tank was equipped with a diffusing device d, | 
which conveniently took the form of a bag made of 
old sacking. The choice of this material for the 
diffuser was accidental, a piece of old hessian sacking 
being used temporarily at first. Later, this was 
replaced by new sacking, which was not so good ; 
neither was copper gauze, which was also tried. The 
glass plate g formed a convenient flat surface on 
which to place the model to be studied, while to 
minimise variations of speed at different depths of 
the stream the wooden fairing f was added to the 
upstream end of the plate. The water flows from the 
diffuser d around the fairing and along the upper 
surface of the glass plate towards the two adjustable 
overflow weirs w. These serve the dual purpose of 
maintaining the level of the water in the tank at a 
convenient height and forming a device for skimming 
off contaminating matter from the surface of the 
tank and allowing the spent aluminium dust to pass 
to waste. 

Photography.—For the production of good photo- 
graphs, the illumination should be uniform, and to| 
avoid fogging of the plates the lamps must be so 
placed that their images formed at 1 by the mirror- 
like water-surface lie outside the camera field. Two | 
1,000-watt gas-filled lamps were used, but these | 
gave more light than was necessary with fast plates, | 
namely, Agfa Isochrome 28 deg. Sch. or 18/10 deg. 
DIN. These were 9 cm. 12 cm., though, as a rule, 
only a small part near the centre of the plate was 
utilised, the photographs being subsequently printed 
in an enlarger ;* in some cases they were magnified 
twelve times. | 

The illuminated specks of aluminium dust, as they | 
lie on the water surface, appear as minute points of | 
light and are best seen against a dead-black back- 
ground. Black cloth serves the purpose admirably, 
provided it is protected by a layer of glass to keep 
it free from such aluminium dust as sinks to the 
bottom. Some reflections may come from the pro- 
tective glass, a disadvantage more than offset by the 
ease with which the glass can be cleaned in situ with 
a fine jet of water from the tube and nozzle t, without 
moving the model or even interrupting the flow. 
This care with regard to the background is necessary 
because the real exposure when photographing a point 
source of light in motion is quite independent of the 
length of time the camera shutter remains open. 
The shutter may be set for $ second, but a particle of 
aluminium 0-001 in. in diameter, even if moving at 
only 1 in. per second, has completely changed its location 
in 0-001 second, and so the real exposure is of this 
order of time, and the illumination and lens aperture 
must be arranged accordingly. The plate, however, 
is subject to fogging by any background light during 
the whole of the time the shutter is open, which in 




















* Paper presented to the Institution of Mechanical 
Engineers for written discussion before November 30, 
1939. 

t Ahlborn, F., Abhandlungen aus dem Gebiet der 
Naturwissenschafien, 1902, vol. 17, page 1. Jahrbuch 
Schiffbautechnischen Geselischaft, 1904, 1905, and 1909. 





the case quoted is five hundred times the real exposure. 
It may be asked why should the shutter be kept 
open longer than is necessary to record the position 
of the particle. An instantaneous view of the water 
surface would merely disclose a number of points of 
light scattered about like the stars in the sky at night : 
there would be nothing to disclose the direction in 
which each particle was moving, nor its speed. Fig. 3, 
on page 424, in which the flow is from the bottom to 
the top, illustrates this. The exposure, } sec., actually 
exceeds that which can be called instantaneous by a 
hundredfold or more. Nevertheless, it is seen that 
over most of the photograph the fluid appears quiescent. 
By increasing the length of the exposure each particle 
traces a line marking the direction of its motion and a 
photograph such as Fig. 4 is obtained. The exposure 
used was five times that of Fig. 3, and the illumination, 
aperture, and water speed were all essentially un- 
changed. The fogging noticeable over most of this 
photograph is due to deposits on the background 
and impurities in, the water, and shows that the 
exposure cannot be indefinitely lengthened in order 
to show longer paths. The effect of increasing still 























further the exposure fails, in that succeeding particles 
obliterate the paths traced by earlier ones. Thus, a 
general blurring of the photograph, as seen in Fig. 5, 
results, and all that remains is a light and shade 
effect which, perhaps, gives some indication of the 
average time of the several paths. 

In comparing Figs. 3 and 4 with Fig. 5, it will be 
noticed that the exposure in Fig. 3 was actually suffi- 
ciently long to show quite clearly the motion in the 
flow lanes where the speeds were high. Fig. 4 is over- 
e as far as these flow lanes are concerned, but is 
ideal for showing the motion of the ediies in the 
dead-water regions behind the tubes. In Fig. 5, 
even the slowest parts of the dead-water regions tend 
to become blurred. The results may be summarised 


by saying that the optimum camera shutter x ower is 
connec with the fluid speed by the fo lowing 
approximate relation :— 
d 
Exposure = gv 


where V is the fluid speed in that Sw of the field of 
greatest interest, and d is the width of the stream in 
the same region, ¢.g., the width of the dead waters— 
that is, in the present instance, the diameter of the 
tubes. 





To obtain a picture with streaks sufficiently clearly 
defined to give a good idea of local velocities the 
aluminium powder must be used sparingly. Quite a 
different appearance results from the more liberal 
use of the powder for, as Fig. 6 shows, the slower 
motions previously indistinct in Fig. 3, become clearly 
discernible, though at the sacrifice of the possibility 
of numerical measurements in the faster regions. 
Thus, to obtain a general picture of the motion rather 
than an analysis of its velocities, as much powder 
as possible is used, and the correctly exposed Fig. 4 
transforms into Fig. 7. Incidentally, with the larger 
quantities of aluminium dust and the resultant over- 
lapping of paths, the need for sufficient light from each 
individual particle to act upon the plate is not so 
important, and the illumination or the lens aperture 
may, with advantage, be reduced. 

Flow Conditions.—In the Ahlborn method, although, 
as the previous photographs show, the time of exposure 
can be a to suit a wide range of flow speeds, 
yet in practice there is little choice in the speed to be 
used. Every flow pattern which concerns a blem 
of some complexity must inherently involve flows of 
widely different s s in different parts of the pattern. 
There are limits both in the lower and upper direction 
to the speed which can be used conveniently. The 
lamps and also the open water surface, from which 
evaporation occurs, are both sources of differences of 
temperature in the fluid. The resulting thermal circu- 
lations cause motions the speed of which must be well 
exceeded by the flow to be studied. An example of 
such thermal effect is seen in Fig. 5, within the tubes 
themselves, where the water is entirely isolated from 
any externally applied pressure gradients, yet shows 
a radial flow on the water surface corresponding to a 
vertical thermal circulation up the metal wall and 
down the core. Another reason for avoiding low speeds 
is that the surface film upon the water has a very 
small, but by no means negligible, rigidity and unless the 
speeds are high enough the film may move with a 
velocity which differs somewhat from that of the 
fluid below. At the other end of the scale there is 
risk of creating large ripples on the water surface if the 
speed approaches 23 cm. per second, the minimum 
speed at which such disturbances travel (Gibson, 
1925).* However, before this speed is reached, another 
difficulty is encountered. At about 5 cm. per sec. 
the continuity of the — was sometimes broken 
by clear patches, possibly arising from minute drops 
of oil or possibly from upward vertical components 
of the motion becoming strong. The most instructive 
photographs were those in which the maximum speed 
was about 3 cm. per second. 

With regard to the size of the model, the tubes 
used were 4-2 cm. in diameter, but excellent flow 
patterns were observed with cylinders as small as 
4 cm. and others as large as 10 cm. The corresponding 
Reynolds numbers would range from 135 to 2,700, 
assuming a speed of 3 cm. per second is used and the 
kinematic viscosity of water is 0-011 sq. cm. per second. 
To be free from end effect at the bottom, the cylinders 
were made two diameters high and were all ofthe 
same height so that they could be submerged until the 
water was just level with all the tops. In this way 
the meniscus almost disappeared and the unwanted 
crescent-like images were reduced to a minimum. 

Flow Patterns.—The motions disclosed by such 
photographs have been compared with the pressure 
distributions in a three-dimensional model (Wallis 
and White, 1938)+ and have been shown to be correct 
in the main essentials. They are apparently reliable 
from a qualitative point of view and seem true also 
in many quantitative respects, which is rather sur- 
prising in view of the restriction which the free surface 
must have on any vertical component of the motion. 
A feature which stands out in the previous photo- 
graphs, all of which refer to parallel or rectangular 
arrangements of tube banks, is that the stream flows 
with continuous high speed in the flow lanes between 
the tubes and, as seen in Fig. 7, does not appreciably 
expand to fill the wider spaces between the rows of 
tubes. Although there is much intermixing between 
the main stream and the dead-water regions on either 
side of it, yet each main stream retains its identity 
through the whole nest. The dead-water regions 
themselves differ considerably, the first being relasively 
quiescent while the motions become more vigorous 
in subsequent rows. Although the eddy motions appear 
clear-cut, it must be remembered that the photographs 
show the motions only for a short interval of time and 
that in reality their configuration is changing from 
moment to moment. Generally speaking, the eddies 
form alternately on one side and the other at the back 
of each tube; they build up to a maximum size, 
which is governed by the space available, and then 





* Gibson, A. H., Hydraulics and Its Applications, 1925. 
Constable, London, 3rd ed., page 410. 

+ Wallis, R. Pendennis, and White, C. M., Enai- 
NEERING, vol. 146, page 605 (1938), ‘‘ Resistance to 
Flow Through Nests of Tubes.” 
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they gradually decay, although occasionally they are 
dragged into the main stream while they are still in 
vigorous motion. 

The Ahlborn method lends itself admirably to the 
study of different pitchings ; each tube was of sufficient 
weight to stand unsupported upon the glass sheet, 
so there was no difficulty in moving the tubes to 
arrange them in new formations. Eight spacings were 
examined ; their proportions were as in Fig. 8, opposite. 
With wider transverse spacing, the speed in the flow 
lanes becomes somewhat lower for the same free 
stream velocity. In consequence, as seen in Fig. 9, 
the speeds in the dead water become correspondingly 
reduced, for it appears that, for equal shapes of dead- 
water regions, the mean speeds within them are a con- 
stant fraction of those immediately outside. With 
regard to longitudinal pitching, Fig. 10, on page 426, 
shows a nest with « longitudinal pitch of 1-8 tube 
diameters compared with 2-6 diameters of the previous 
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photographs. The main feature which distinguishes 
this from the earlier ones is that within each dead- 
water region the ruling number of large eddies existing 
at any instant is two, whereas with the longer longi- 
tudinal pitch the usual number was three, with a 
possible maximum of four, as seen in Fig. 4. It 
must be borne in mind that in speaking of the number 
of eddies it is only those which are not in translation 
which appear as eddies in the photographs. To 
an observer moving with the flow the eddies seen 
in the photographs appear only as curved lines, while 
those eddies which are moving bodily downstream, 
and are not apparent in the photographs, would be 
seen by him as definite eddies. By further increasing 
the longitudinal pitch to 3-4 diameters, keeping all 
other factors constant, the flow shown in Fig. 11 was 
obtained. This differs in the extra disturbances in 
the main stream, which no longer confines itself so 
rigidly to a straight flow lane, but tends to meander 
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into the spaces behind the tubes from which, inci- 
dentally, the eddies appear to be more freely shed. 
With staggered formations in the particular case 
where the tubes are widely spaced transversely, the 
flow pattern is very closely akin, as Fig. 12 shows, 
to those already described. The dead-water region 
extends from the back of one tube downstream to 
the front of the corresponding tube in the next row 
but one. The tubes in the intermediate row constrict 
the dead water, which becomes like a dumb-bell in 
shape. The flow lanes are seen to be somewhat 
sinuous and are fairly clearly defined ; the photograph 
shows the field between the second and fourth rows. 
Farther downstream the flow was much more irregular 
and in places it was difficult to distinguish the flow 
lanes from the adjacent dead water. The effect of 
reducing the transverse pitch from 2-6 diameters 
to 1-5 diameters is seen in Fig. 13, where the waist 
of the dumb-bell is so compressed that all that is seen 
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of the dead water is an area of dog-kennel shape 
immediately behind each tube, though there is trailing 
from it a narrow band of high vorticity passing down 
the centre of the gap. The continuous shedding of low- 
energy fluid is essential to the maintenance of the 
difference of pressure on the front and rear of the tube, 
thus giving rise to the form drag which constitutes 
almost the whole of the resistance to flow. In Fig. 13 
it is very noticeable that to pass each tube the flow 
divides into two parts, each approximately half the 
transverse gap width. With this equilateral spacing 
the diagonal gaps are equal to the transverse gap, 
but each has to carry only half the stream, thus creating 
a correspondingly large region of dead water. It is 
possible by reducing the longitudinal pitch to make 
the diagonal gaps half the transverse ones; the 
appropriate arrangement was tested and gave rise 
to the flow pattern in Fig. 14. It will be seen that 
the arrangement has successfully eliminated almost 
all the dead-water, all that remains of it being a tiny 
triangle immediately behind each tube. A similar 
result can be achieved even with large longitudinal 
pitch by elongating the tube into an elliptical form, 
as in Fig. 15, in which the transverse pitch was 2-0 the 
minor axis and the longitudinal pitch 2-1 the minor 
axis, of the ellipse. Again, in this arrangement the 
diagonal gap areas have been made equal to the 
transverse ones. The only marked regions of dead 
water are those at the rear of the last row of tubes 
and in the side pockets where half tubes would be 
necessary to complete the pattern. 
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Regarded as a whole, the above photographs disclose 
the type of motion among nests of tubes and show 
how it can be controlled by varying their arrangement, 
pitch or shape. Photographs, such as Fig. 4, specially 
taken at a suitable speed and with a small amount 
of aluminium powder, disclose that the speeds of the 
eddies in the dead-water region often reach half that 
in the gap and are considerably greater than that in 
the original free stream. It is important to bear 
this in mind, particularly in connection with the 
application of the present work to heat-transfer 
problems, for otherwise the term dead water might 
misleadingly suggest that the part of the tube wall in 
contact with it transferred no heat. Actual experi- 
ments by Paltz and Starr (1931),* Klein (1934)t, and 
Small (1935)t have shown that in the case of a circular 
cylinder one of the most effective heat-transfer portions 
of the surface is that in contact with the dead-water 
region. It is paradoxical features such as the above 
which make the interpretation of observed flow patterns 
a matter requiring care and experience. 

onclusions.—The experimental work described in 
the present paper has shown that the Ahlborn method 
can be used for the study of flow in nests of tubes. 
The conditions suitable for obtaining useful photo- 
graphs are: (1) a black-cloth background covered 


* Paltz and Starr, Thesis, Massachusetts Inst. Tech., 
referred to in Trans. Am. Inst. Chemical Eng., 1931, 
vol. 26, page 118, “‘ The Mechanism of Heat Transmis- 
sion,” by T. B. Drew and W. P. Ryan. 

t Klein, V., Archiv fir Wdarmewirtschaft, 1934, vol. 15, 
page 150. 

+ Small, J., Phil. Mag., 1935, Ser. 7, vol. 19, page 251, 
“ The Average and Local Rates of Heat Transfer from the 
Surface of a Hot Cylinder in a Transverse Stream of 
Fluid,” 








with glass; (2) an illumination of about 400 lumens | 
per square foot for 18/10 deg. DIN. plates and a 
camera aperture of f.16 ; (3) the camera lens aperture 
to be varied inversely as the square root of the speed in 
that part of the flow of chief interest and no account 
to be taken of shutter speed ; (4) shutter speed to be 
d/8 V; (5) with a small amount of aluminium dust 
the photographs show specks and streaks of varying 
lengths, indicating local velocities, whereas more 
powder discloses the whole flow pattern readily to 
the inexperienced eye ; (6) the image on the plate to 
be of suitable size for printing in an enlarger, in order 
that part of the field can be picked out from distracting | 
surroundings : contact printing is quite impracticable. 

The water oe should not be greater than 5 cm. 
per second, or less than that due to possible thermal 
circulations. With parallel arrangements the main 
stream flows with continuous high speed in the flow 
lanes and retains a definite individuality as distinct 
from the eddying motion in the spaces behind the 
tubes. The result of increasing the transverse pitch 


is to reduce the velocity in the flow lane and, in \conse- | 


quence, the mean speed in the eddies. The number 
of eddies present in the dead-water regions is to some | 


extent determined by the longitudinal pitch; when | 


this equals 1-8 diameters two large eddies are usually 
present, whereas with a longitudinal pitch of 2-6 


diameters, three or even four eddies can be oa 


simultaneously. With longer longitudinal pitch the 
eddies are less rigidly held at the back of the tubes | 


The defect is responsible for a wastage of sheets, 
which may, in certain works, amount to 15 per cent. 
or more of the output during some weeks, while other 
works suffer very little from this trouble. The defect 
has been troublesome for many years, and with changed 
conditions of operation of certain mills, such as the 
substitution of gas for coal for the firing of reheating 
furnaces, the defect has manifested itself in an intensi- 
fied form. It was obvious in the initial stages of the 
investigation that a number of factors were involved 
which contributed to this defect, and these have given 
rise to a number of theories as to the cause. 

Section I.—Rolling Operations.—To obtain a clear 
understanding of the conditions under which the 
defect occurs, a brief review of the rolling operations 
involved in the production of tin-plate in South Wales 
is necessary. Five, or more, systems of rolling are in 
use, but only two to any extent. In all systems, the 
steel bar is delivered to the tin-plate works in lengths 
varying from 14 ft. to 17 ft., 8 in. to 12 in. wide, and 
of a definite thickness, denoted by the — in Ib, per 
linear foot, which may be 10 Ib. to 70 lb. The bars 
are cut up to definite lengths, depending on the width 
of the finished sheet, an allowance of j in, or } in. 
being given for shearing. 

Five-Part or Welsh System.—In the Five-Part 
system, these bars, called “iron,” are placed in the 
‘“ bar-iron’”’ furnace, commonly called the “ thick” 
furnace and heated for about 60 minutes to a tem- 


| perature of between 700 deg. and 800 deg. C. The 


bar is withdrawn and subjected to four, and sometimes 


and float more freely downstream. 
five, passes through the “ thick ” iron rolls, or ‘“* rough- 


ing rolls.” It is then returned to the furnace, when it 
is termed a “ingle.” This furnace may be a part 
of the bar-iron furnace, or a separate furnace for the 
purpose. After about 15 minutes heating the single 
is withdrawn, given two or three passes and rolled 
out to about twice its length. It is then doubled and 
returned to the furnace; the product is now called 
‘“‘ doubles.” Following a further period of heating, the 
doubles are rolled out, and again doubled so that the 
doubled end coincides with the two loose ends. This 
| end of the pack is then sheared in such a way that the 
| doubled portion is cut off, so that all the ends of the 
|sheet are free. The product is termed “ fours.” 
| These are again heated, rolled, doubled and sheared, 
and become “eights.” The eights are reheated, and 
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SSO SINS S S finally rolled to the required length, and consequently 
2Odias.x 1-8dias. 2-Odias.x 3:4 dias. the required thickness. The other systems differ 
(as in Fig. 10) (as in Fig.) from the one described in that a ‘‘ matching ” operation 

| is introduced. . 
SRAM SAA AMAAs888 | Three-Part and Four-Part Systems.—Either two 
| singles (three-part system) or two fours (four-part 
Ld CSO system) are placed one on the other and rolled out 
O52 co a > together. The rolled-out Peer — ey mnovaing 

—- fours, and then follow the procedure t descri 

C5052 CRBS 52 |in the five-part system to the eights stage, while in 
O O O SS. sD | the four-part system, the two matched fours, now 
O-=O a ae | consisting of eights, are rolled to the final length in 
O O O el ee the one operation, Other systems are in operation 
SSS bs | to a much lesser extent, in one of which only one pair 
ans “<p sty — | of rolls is used for the entire operation, and in another 
seats eS Skenemos* | three pairs of rolls working in tandem. In the last 


system, the first pair of “ roughing ”’ rolls, ‘‘ roughs ” 
| dome all the foun and rolls the singles. The inter- 
the transverse pitch is less than twice the longitudinal | mediate pair deals with all the doubles and two-thirds 
one ; with less transverse pitch the dead-water regions | Of the fours, while the finishing F wes deals with the 
are constricted and no longer extend from one tube | remainder of the fours and all the eights. In this 
to the tube directly behind it. In the extreme case | pa ir ee 3 the work has been concerned 
with close pitching the dead water a rs only as a| W! e five- system. 
ve’ ‘onal tela 5 prism attached to the back of| The rolls the ves will be dealt with first. They 
ea tube. Both for circular and elliptical tubes | are made of cast iron without, in the majority of cases, 
particular spacings were found in which the dead water the addition of any alloying element, with the exception 
was a minimum and the main stream flowed without | of, perhaps, a small percentage of molybdenum. The 
noticeable eddying. | roll surface is chilled to a depth of approximately 
# in. to 1} in., the lower figure preferable. The 
| hea of the roJls vary from 21 in. to about 30 in. in 
| diameter, and lengths from 26 in. to 30 in., or more. 
THE CAUSES OF *“* ROLL-MARKS’? jy practically oom the rolls are arranged in a 
ON TIN-PLATE.* 'train of two or more, usually four, pairs on each side 
' |of the prime mover, four pairs of rolls making two 
By Roossvarr Gairsirns, M.Sc. | units, each unit consisting of a roughing and finishing 
Tue type of defect referred to in this paper as “ roll | mill. All the bottom rolls are driven, the rolls in a 
mark,” is also known in the tin-plate trade under | train being connected by a wobbler, while the top 
another name, as “roll-pick-up.” The appearance rolls are practically never driven. The exception 
of the defect in the finished tin-plate is that of a band of | to this arrangement of the train is where the pairs of 
nom elongated depressions, each about 4 in. or more | rolls are in tandem, when the bottom roll of each pair 
ong, and ¥ in. deep, and extending, in many cases, | is directly coupled to a separate flywheel by means 
along the whole length of the sheet. The band may | of a box coupling. The speed differs slightly in diffe- 
cover the whole width of the sheet, but more often | rent mills, and is about 33 r.p.m. The bodies of the 
is restricted to a width of about 2 in. to 3 in., and is | rolls are “ dressed” to a certain contour, so that the 
often found in two bands, each at a distance of about | diameter at the centre is less than that at the ends ; 
a third of the width of the sheet from each side. These | the degree of concavity depending on a number of 
depressions are rough and irregular in outline, and do | factors which include (a) roll dimensions ; (b) character 
not “take ” the tin coating readily, and are therefore | of chill; (c) dimensions of sheets to be rolled; and 
sources of corrosion when the sheet is fabricated. | (d) working temperature of roll. 


Such motions also occur in staggered nests unless 














Apart from this, the appearance of the sheet is ruined. | 
* Paper prepared for presentation at the cancelled | 





Cardiff Autumn Meeting of the Iron and Steel Institute. 
Abridged. 


The temperature of the roll increases slightly from 
the ends towards the middle, and is of the order of 
350 deg. C.; under certain conditions this temperature 
may not be attained and in others may be exceeded 
by a margin of 26 deg. C. The temperature of the 
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rolls is increased owing to the heat absorbed from the remainder of the week, until it 
metal which is being worked and cwing to com pression 
and friction. Heat is lost by the usual means of | morning, when rolling is discontinued. Either artificial 
radiation, conduction and convection, but this natural | means, such as oil or gas burners, are employed at the 
dissipation can be accelerated or decreased by artificial | commencement of the week to heat up the rolls, or 
means such as (@) water sprays on the necks and | the rolls are allowed to heat up naturally by the heat 
wobblers ; (6) steam applied to the middle of the body | of compression and conduction from rolling the hot 
of the roll; or (c) gas- or oil-flame heating to cause | packs. Lf possible, these packs are narrow in width 
additional expansion of the roll. By these means the| and of heavy gauge, so as to impart as much heat 
concavity can be controlled to a limited extent. Despite | as possible to the middle of the rolls. Also, the packs 
this control the amount of concavity changes during | are narrow to minimise variation in substance across 
the week. At the beginning of the week, when the|the width. Some indication of the effects of the 
rolls are cold, the value is in the region of 0-009 in. | change in camber on the rolled material can be seen 
to 0-01 in., decreasing in value when the rolls beome | in the “tails” of the rolled pieces or packs. The 
warmed up, until on Monday evening very little or| packs rolled at the beginning of the week have * ears,” 
no concavity exists. This condition continues until | the size of which on subsequent packs gradually becomes 
about Wednesday morning. when the effect of wear | less as the concavity decreases, but they re-appear as 


becomes apparent and the concavity increases in! the camber increases during the remainder of the week. 


value during the 


















approaches a value of 0-023 in. or more on Saturday | ; 
|so that the amount of scale formed on the packs is 
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The furnaces are fired by coal, gas or oil. Control 
of the air is more accurate in an oil- or gas-fired furnace, 


less in these furnaces than that in coal-fired furnaces, 
although the atmospheric conditions in both types 
are kept as near reducing as possible. 

Section I/.—Experimental.—Investigation revealed 
the important fact that the defect of roll-marks did 
not manifest itself until some hours after the rolls had 
been in commission. This would occur on Monday 
evening if the rolling operations started with hot rolls 
on Monday morning. The trouble continued through- 
out Monday night and Tuesday, and eventually ceased 
on Tuesday night or Wednesday morning. For the 
remainder of the week conditions were normal. If, 
due to roll breakage, it was necessary to change a roll 
during the week, similar conditions prevailed, and the 
roll marks appeared on the sheets after an interval of 
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time, to disappear subsequently after a day or so. 
The type of steel rolled had a marked effect, in that 
basic steel was more prone to develop the defect than 
acid steel. Careful examination of the sheets rolled 
throughout the week revealed that, corresponding 
to the periods when roll-marks were prevalent, some 
of the sheets exhibited a rough appearance. Raised 
streaks of scale-covered metal were visible, which 
appeared to be attached to the underlying metal of the 
sheet. The dimensions of these streaks varied some- 
what, but were approximately 4 in. or more long, and 
up to 4 in. wide. At one end of many of the streaks 
was a slight depression. A metallographic examination 
of these streaks is referred to in Section III, below. 

It is the practice, when roll-marks become prevalent, 
to rub the surface of the roll with a grinding stone 
which is pressed against the roll-surface with the aid 
of a long handle, levered against a support. This is 
done in order to remove small projections which are 
attached to the surface of the rolis and which are 
continuously forming as the rolling operations proceed. 
These projections, if allowed to remain on the roll, 
would, of course, produce indentations or roll-marks 
on the sheets which subsequently pass between the 
rolls. It seemed reasonable to assume that the streaks 
formed the material from which the projections on the 
rolls were made. In order to find an explanation of the 
formation of these streaks, it was necessary to study 
carefully the rolling operation. As stated previously 
only the bottom roll is driven, and the top roll is 
therefore driven through the medium of the material 
between the two rolls. It was necessary, therefore, 
to have some information concerning the relative 
speeds of the top and bottom rolls under various 
conditions of working and idling. 

Determination of Relative Roll Speeds.—For this 
purpose, a piece of apparatus was set up, the funda- 
mentals of which are illustrated diagrammatically 
in Fig. 1, on this page. A series of 16 contact studs 
in the form of a circle was set in each of two pieces of 
hard asbestos. Over these contacts swept an arm, 
which was attached to a spindle to the other end of 
which was fixed a hard lead cone. The contacts were 
connected in series, in such a way that an electrical 
cireuit was completed when the rotating arm made 
contact with one of the studs. The electrical circuit 
consisted of an accumulator and an electromagnet. 
To the pole-piece of the electromagnet was attached 
an inked pen which recorded, each time the circuit was 
completed, on a strip of paper 1} in. wide, moved 
forward at a constant speed by means of a clockwork 
mechanism. The cone was pressed into the conical 
reeesses which are found in the ends of the rolls, and 
which are normally used for stoping the roll when 
being ground. A separate set of contacts and circuit 
were used for each roll, but both records were made 
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on the same strip of paper simultaneously. To obtain 
records of the inside pair of rolls of a train, a wheel 
supported in the pit beneath the rolls was rolled in 
contact with the bottom roll. Suitable electrical 
contacts in this wheel indicated its revolutions. The 
ends of the top roll were free, and the cone method 
of dressing the contact arm could be used. Records 
were made of the revolutions of the rolls when rolling 
the various stages of the packs from singles to eights, 
a mark being made on the paper to indicate the moment 
of entering and exit of the piece or pack in the rolls. 
Records were taken twice a day throughout a week 
on the same mill, and the same procedure adopted 
with other mills. 

Some interesting facts emerged from these tests. 
It was found, on examination of the charts, that the 
entry of the stock had only a slight, if any, effect in 
lowering the speed of the rolls. Dmring the passage 
of the piece through the rolls there was also little 
difference in the relative speeds of the top and bottom 
rolls; in some cases only was there a perceptibly lower 
speed of the top roll throughout the pass, The 
significant fact, in relation to the problem under 
investigation, was the behaviour of the two rolls 
after the piece had left the rolls. A record made 
on a Tuesday showed that there is an acceleration 
of both the rolls immediately the piece leaves the 
rolls. The effect is particularly apparent on the 
first pass of a stage of rolling. Immediately after 
this acceleration, the bottom roll slows down appre- 
ciably, and close observation during the operation 
sometimes revealed a complete momentary stoppage 
ofthe roll. A very short time later the top roll decreases 
in speed, while the bottom roll is now increasing in 
speed, but the bottom roll, almost immediately, suffers 
a slight retardation when the slower moving top roll 
comes in contact with it, followed by a regaining 
of speed to that of normal idling. 

The explanation of these changes in speed appears 
to be as follows: When the rolls are flat, or nearly 
so, and have no camber, such as occurs at a period 
corresponding to Tuesday, the deformation of the 
“piece ’’ in the roll is practically uniform across the 
greater part of its width. There is less tendency 
to form “ears,” which result from the pressure being 
somewhat greater at the sides than at the centre in a 
longitudinal direction of the rolls when there is a pro- 
nounced camber in the finishing rolls. Incidentally, 
this subject of pressure variation over the contact area 
between the roll and stock has been investigated in 
great detail by Lueg.* Now the shape of the end 
of the piece last leaving the roll has an important 
effect on the change of speed of the rolls, in that, if the 
piece leaves the rolls suddenly, as happens when 
the end is rounded and without ears, there is a pinch 
effect on the rolls and also a sudden release of stored-up 
ene’ in the drive, so that the rolls are caused to 
accelerate or spin slightly. The result is that the 
bottom roll over-runs the drive slightly, but due to 
friction of the bearings, etc., the speed soon falls, 
sometimes to zero, until the drive again takes up. In 
the meantime, the top roll, which has also spun slightly 
and also subsequently decreased in speed due to 
friction, comes in contact with the bottom roll, which 











* Stahl und Eisen, vol. 53, page 346 (1933). 





ON TINPLATE. 

















Fie. 6. Srcrion or STREAK IN DIRECTION OF 


Routine. xX 175. 


LINEAR IN REPRODUCTION.) 


is now accelerating. The top roll does not immediately 
take up the drive of the bottom roll, and relative 
motion takes place between the two rolls. In the 
rocess of coming in contact with the top roll, the 
ttom roll is momentarily slowed down somewhat. 

The release of energy of the drive is not so violent 
when the end of the piece has ears, because the energy 
used in deforming the piece decreases in value to a 
lower figure when the ears pass between the rolls, 
and the stored-up energy of the drive has time to expend 
itself to a large extent. Nor is the release of energy 
so violent when the energy required for deformation 
is less, as is the case during the second and third pass 
compared with the first pass of the same stage of 
rolling, and similarly during the rolling of singles 
compared with the greater energy required to roll 

ights. It must be emphasised that the result of the 
relative motion of the two rolls is that the roll surfaces 
are rubbed in contact with each other somewhat 
rapidly, which effect promotes oxidation of the sugfaces 
due to the heat developed. The import of this action 
will be discussed Jater under Section IV. 

Section III.—Metallographic Hxamination.—Since 
it appeared that the material which clung to the 
surface of the rolls and produced the depressions in 
the sheets was, undoubtedly, picked up from the 
sheets which had previously passed through the rolls, 
it was necessary closely to examine the streaks found 
on the sheets. Visual examination of the streaks 
under a binocular microscope revealed that the surface 
of the streaks was coated with scale and had a rough 
smeared appearance, as though the material had been 
plastic. Microsections were made of various areas 
in a number of the sheets, A transverse section 
through one of the raised streaks is shown in Fig. 3, 
on this page. From this it will be seen that a change 
in the structure of the material of the sheet is apparent 
near the streak and that the effect extends to the 
centre of the sheet. Some sections showed a small 
cavity at the base of the streak, where the streak had 
started to break away from the parent material of the 
sheet. 

By mounting a piece of a sheet, about 1 in, square, 
on a block of steel, it was possible to rub down the 
surface of the sheet. By further grinding and polishi 
a section of the sheet could be obtained in a peaaiiel 
plane. A very significant difference was seen in the 
structure of the streak and the general structure of the 
sheet. The grains composing the sheet itself were 
comparatively large and elongated, whilst the grains 
in the streaks were much smaller, and equi-axed. A 
section at right angles to the plane of the surface of 
the sheet, and in the direction of the streak, is shown 
in Fig. 6, in which these small equi-axed grains are 
seen more clearly. This dissimilarity of the grain 
size is, in the author’s opinion, of vital significance. 

The surfaces of various rolls were examined by taking 
a section at an exceedingly small angle to the surface. 
It could be detected that the pearlite and, in particular, 
the ferrite in the pearlite, had undergone wear and been 
oxidised in preference to the cementite. The confusing 
effect of the damaged surface of the rolls makes it 
impossible to obtain a satisfactory photograph. 

Section IV.—Discussion and Conclusions,—The 
recrystallisation of the metal composing the streaks 
points to one thing, namely, that the temperature 
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of these streaks must have exceeded the recrystallisation 
temperature of the material and, judging from the | 
relatively small size and equi-axed shape of their 
crystals relative to those of the sheet, must have done 
so to a considerable degree. The cause of this rise 
in temperature must be sought from a consideration 
of the rolling operations and the form of deformation 
of the sheet. It is obvious that, in the passage of the 
stock through the rolls, the volume of material which 
enters the rolls must be practically equal to that which 
leaves them. It has been suggested, and evidence 
has been given for the assertion by Caswell* and others, | 
that there is a simultaneous slipping back of the stock 
over the face of the rolls at the entry of the stock 
into the rolls and a forward slip on its exit from the | 
rolls. In an area confined to the middle zone it is 
probable that no slip occurs, as was shown by Osborne 
Reynolds in his experiments on rolling friction. 
According to Caswell the velocity V, of the stock 
at the exit is given by the equation : 
wr (T cos 0 + t) 
 2e ; 
is the angular velocity of the rolls in radians 
per second, 
r is the radius of the rolls in inches, 
T is the thickness in inches of the stock before 
the pass, 
t is the thickness in inches of the stock after the 
pass, and 
@ is the angle of the “ bite”’ in radians. 


Vo 


where «u 


In a more convenient form the equation for the 
velocity at exit is given by the following : 


. © om on -_ 60 . 
Vo qt T) +¢(1 D)} jo *t- per minute, 
where D is the diameter of the roll. 

The slip at exit has a value V, r 

The slip, which occurs after the “no slip" section 
or zone of the * bite,” takes place in the same direction 
as the movement of the stock and accelerates the 
movement produced by compression in the earlier 
parts of the “ bite.”” Therefore the flow which occurs 
after the “ no-slip "’ section has a character of extrusion 
as well as compression, so that the operation of rolling 
has been described as a process of compression and 
extrusion. Now the slip on the roll face, either before 
or after the no-slip section, is produced by forces 
which can overcome, to some extent, the frictional 
resistance on the roll face, and the actual speeds and 
slip of the stock, after a pass, will be largely controlled | 
by the frictional resistance. If there is considerable 
friction, it is conceivable that roll-face slip will not 
ocoeur under certain conditions, and then the constant- 
volume flow between the rolls can only be maintained 
by the occurrence of internal slip in the material itself. 

It may be mentioned here that the size of the rolls 
has an influence on the amount of slip, for the slip | 
at exit is slightly greater with larger rolls than with 
small ones, because the zone of contact is greater 
for a large roll, and therefore the friction zone is larger. 
With all sizes of roll, as the stock admitted to the rolls 
decreases in thickness, the friction zone at entry exerts 
a greater effect on the internal mass of the material. 
With thick stock, a constraint of the roll friction 
on the material exerts its influence to a certain depth, 
and the zone of the material out of this sphere of 
influence is able to accommodate itself by internal slip 
to the stresses imposed. When, however, the stock | 
is thin, the roll friction may be able to constrain the 
material to the full cross-section, and there will be 
less relative movement between the different parts 
of the stock, which will result in a greater tendency 
for uniform movement of the mass to occur towards 
the exit of the pass. It is therefore probable that | 
& greater amount of slip over the roll face will occur 
with thinner material than with thick, because the 
energy stored up in the constrained friction zones is 
greater and fs released after passing through the zone 
of no slip. 

In the foregoing remarks it has been presumed that 
the surface of the roll has been of uniform character, 
and the coefficient of friction constant at every point 
on the surface. The structure of the surface of the 
rolis in practice, however, is duplex at least, if the 
two constituents cementite anc pearlite only are 
considered. These two constituents are different 
in hardness and probably oxidise or scale at different 
rates. At the commencement of the week, when 
rolling operations begin, the surface will be compara- 
tively uniform in character. When, however, after a 
short. time of working, the relative slip between the 
two rolls increases in extent, as explained in Section IT, 
the rate of wear and local scaling will be intensified, 
aided by the fact that the surfaces of the top and 
bottom roll make closer contact with each other over 
their length, as the rolls lose their camber on heating 
up. Local heating, by relative motion, can be quite 
intense, as has been demonstrated in contributions to 


* See The Engineer, vol. 144, page 232, ef seg. (1930). 
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the Proceedings of the Royal Society by Bowden and his | 


collaborators, who found that when two metallic 
bodies are moved relatively to each other, although the 
mass of metal may remain cool, high temperatures 
of the order of 1,000 deg. C. may be developed locally 
at the surface of points of contact. The factors which 
control the temperature attained are principally the 
load, speed, and the coefficient of friction, thermal 
conductivity and softening or melting points of the 
metals rubbing together, while the relative hardness 
has little effect. 

Considering now the effect of the varying character 
of the roll surface on the deformation of the sheets, 
it can be seen that, if at a particular local small area, 
or areas, on the surface of the roll, the coefficient of 
friction is lower than that of the surroundings, owing 
to a layer of scale or to a smoother area on the roll 
surface, the tendency for slipping at exit will be in- 
creased. The tendency for extrusion will be facilitated 
and the material of the sheet at this point will move 
relatively rapidly in relation to the roll-face speed 
and the quantity V, — wr increases to a higher value. 
This rapid extrusion of a small particle of the material 
may develop heat locally, sufficient to raise the tem- 
so much so, in fact, that a 
“tacky ” stage of the material may be reached, which 
may be sufficient to cause the streak formed to adhere 
to the surface of the roll, and to be torn from the sheet. 
The comparatively rapid cooling of the streak by 


| conduction from the high temperature when slipping 


ceases wil] facilitate the adhesion. The fact that the 
streak is elongated in the direction of rolling lends 
support to the theory that the direction of slip is in 
this direction. It must not be forgotten that the 
sheets from which particles have been torn out will 
exhibit the appearance of roll marks on their surfaces. 

If, for any reason, the amount of deformation of the 
sheet is relatively greater at a particular part, the 
tendency for greater slip to occur is intensified over 
this area, because the material has to accommodate 
itself to allow the greater volume of material to pass 
through the rolls, with a corresponding increase in 
internal slip and stored-up strain in this zone. This 
tendency for greater slip on exit from the rolls will 
be manifested by a greater tendency for streaks to 
form if the surface of the roll is conducive to such a 
result. The increase in amount of deformation can be 
caused by the sheets being thicker in one part than 
another, due to the form of deformation which has 
previously taken place in the roughing roll. An 
instance of this is seen when the steel guides, which 
support the “iron” when it enters the rolls, have 
worn the roughing rolls to a slight extent where they 
bear on the surface of the rolls. The singles subse- 
| quently rolled in the finishing rolls are somewhat 
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thicker at those areas corresponding to the hollowness 
in the roughing rolls. The frequency of the incidence 
of roll-marks at the one-third widths of the sheets can, 
possibly, be largely ascribed to this cause. 

It is also conceivable that if the camber on the rolls is 
not uniform, and there is less “ hollowness,” or, in 
other words, more “ pinch,”’ at one particular area 
of the roll, the deformation of the pack will be greater 
at this part than at others and may be sufficient to give 
rise to local shipping to such an extent as to cause streaks 
to be produced. It will be realised that the softer the 
steel the more readily will it be extruded, and thie would 
appear to account for the greater tendency of basic 
steel (which is comparatively soft compared with 
acid steel) to suffer from roll-marks. If the layer of 
seale on a sheet is thick, the lubricating effect of this 
scale at the temperature of working is sufficient to 
blanket the differences in friction coefficients of the 
surface of the roll. This would explain why packs 
heated in a gas-fired furnace are more subject to roll- 
marks, since the thickness of scale formed on such 
packs is much less than that produced when a coal-fired 
furnace is employed. 

In considering the possible ways of alleviating the 
trouble, it would seem that if the top rolls were driven 
the trouble would disappear. A somewhat more 
complicated drive is then necessary, but there are 
indications that this method is being adopted. A 
closer texture of the rolls is another step which might 
mitigate the trouble. This would involve the use of 
alloy additions, such as nickel, to refine the structure. 
It is essential that care be taken to ensure that the 
amount of deformation in the finishing rolls is uniform 
over the greater part of the width of the pack by paying 
close attention to the form of deformation taking 
place in the roughing as well as in the finishing rolls. 








AUTOMATICALLY-CONTROLLED 
BACK-PRESSURE ENGINE 
GENERATING SET. 


In certain industries where a considerable amount of 
live steam is required for process work as well as a 
proportion for power, it is a not uncommon practice 
nowadays to make the steam do both duties, #.e., to 
utilise the engine exhaust for the process work. This 
generally involves the employment of a higher exhaust 
pressure than normal: hence the commonly-used term 
of back-pressure engine. An installation, which we 
believe is the first of its kind in this country, employing 
a back-pressure engine, is shown in the accompanying 
illustration. It has been supplied by Messrs. Ashworth 
and Parker, Limited, Riverside orks, Bury, for 
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THERMOSTATS. 


MESSRS. THE BRITISH THERMOSTAT COMPANY, LIMITED, SUNBURY-ON-THAMES. 








Fie. 1. THermMostat Wire Mercury Switcu. 


Messrs. Golden Valley Ochre and Oxide Company 
(Yate), Limited, Yate near Bristol to the specification 
of Mr. George T. Champion A.M.I.Mech.E., consulting 
engineer, Bristol. As will be seen, the set comprises 
a two-cylinder enclosed-type vertical steam engine with 
direct drive to an alternator. The engine develops 
40 brake horse-power and works at a pressure of 
120 lb. per square inch without superheat. It exhausts 
against a back-pressure of 15 lb. per square inch, this 
pressure being set up in the apparatus used for the 
process work of the factory. The 26-kW alternator 
generates three-phase current at 400 volts, 50 cycles, 
and runs in parallel with the grid system. 

In some cases a pass-out engine is used for power 
and the whole of the exhaust steam can be absorbed 
for process work, the power load and the process steam 
being virtually constant so that no great difficulties 
arise and an economical installation results. It is 
rare, however, that such conditions obtain and more 
often than not it is far from easy to strike a satis- 
factory balance between the two demands, some steam 
having generally to be blown to waste at times. A 
compound or triple-expansion condensing engine some- 
times affords a more controllable and less wasteful 
system, but condensing water is not always obtainable, 
as is the case in the installation now described. The 
problem to be solved was the automatic regulation of 
the set so that the amount of steam exhausted for 
process work was in exact proportion to the demand, 
which is markedly fluctuating. At the same time, 
it was necessary that the power output should not 
suffer from heavy demands for process steam. The 
solution consisted of working the generator in parallel 
with the grid and in fitting a special steam regulating 
gear to the engine. This gear, visible in the back- 
ground of the illustration, is actuated solely by the 
pressure in the process main and is therefore inde- 
pendent of any outside supply of pressure water or 
oil. 

Should the demand for process steam increase, there 
is a drop in pressure in the mains supplying this steam 
and even though this drop be slight, the regulator will 
respond and admit more steam to the engine, thus 
increasing the output. At the same time, the power 
output is not increased beyond requirements, since the 
generator being in parallel with the grid, less is taken 
from the grid. Conversely, a rise in the pressure of 
the process steam results in the engine developing less 
power, and the balance to make up the works’ require- 
ments is supplied by the grid. The operation is 
entirely automatic and although the load undergoes 
instant variation to meet the fluctuation in the process 
steam demand the engine speed is maintained at a 
satisfactorily steady rate and there are no difficulties 
with respect to the synchronisation of the alternator 
with the grid supply. It is stated, moreover, that there 
is no sign of hunting and the pressure in the process 
main is kept within very close limits. The main 
switchboard for the set was supplied by Messrs. Veritys, 
Limited, Aston, Birmingham. The steam consumption 
on test was 38-5 lb. of steam per brake horse-power per 











Fig. A 





























hour, a substantial reduction on the guaranteed figure 
of 42 lb. The engine is arranged to work entirely 
without cylinder lubrication, so that the exhaust steam, 
being thus uncontaminated with oil, is perfectly clean 
and can be used for water heating by direct contact. 








DUCT AND IMMERSION THERMO- 
STATS. 


Some recent products of Messrs. The British Thermo- 
stat Company, Limited, Windmill-road, Sunbury-on- 
Thames, Middlesex, illustrate how few are the applica- 
tions of refrigeration and heating which do not lend 
themselves to automatic control, many diverse types of 
thermostatic and other instruments being available for 
this — The two instruments illustrated in Figs. 
1 to 3, above, may be taken as typical examples. That 
shown in Figs. 1 and 2 is a thermostat for controlling 
the temperature of the air in the ducts of heating and 
air-conditioning installations, for controlling tempera- 
ture in rooms, cold chambers and drying ovens, and for 
use as immersion thermostats in vessels containing 
liquids. It will be recognised from Fig. 1 that the 
thermostat is provided with a phial and capillary 
tube, and from the section, Fig. 2, that it operates 
on the vapour-pressure principle and has a tilting 
mercury-tube switch. The phial is in. in diameter 
by 6} in., and can be supplied with four different types 
of attachment to suit the installation concerned. 
The capillary tube, of a normal length of 5 ft., can be 
supplied in any length up to a total of 20 ft. i 

The pressure differences in the phial set up by 
differences in temperature are transmitted to the 
chamber a, causing the bellows in this chamber to 
expand or contract. Movement of the bellows is 
opposed by a helical spring, the degree of compression 
of which is regulated by the knurled knob 6, provided 
with a locking-pin. As the movement of the bellows 
spindle is communicated to the mercury switch c by 
the lever d, and the switch controls the heating element, 
it will be clear that the degree of rotation of the knob 
determines the temperature at which the instrument 
is set to indicate, this indication being made by the 
pointer seen to the left of Fig. 2, and moving over a 
scale under the lens at the left of Fig. 1. The instru- 
ment is made in seven sizes with. scale ranges varying 
between 30 deg. F. and 60 deg. F. in the first instrument 
of the series and from 240 deg. F. to 310 deg. F. in the 
last one. The minimum differential varies from 4 deg. 
to 12 deg. over the whole range, but can be adjusted 
if required, this adjustment being effected by turning 
the milled knob e, so that the position of, and pressure 
on, the fulcrum of lever d is altered. The switch is a 
non-oxidising mercury tube rated to break 15 amperes 
alternating current or direct current at 250 volts, or 
10 amperes alternating current or 5 amperes direct 
current at 440 volts. The electrical connections are 
made at the terminals f, through. a standard bushing 
in the bottom of the casing. This instrument is known 
as model K5. 

The thermostat shown in Fig. 3 is of a simpler type, 
and is known as model Y.M.I. As regards the bellows 











| 
Fig. 3. THermostat WitH Contact SwItcu. 


but it will be realised that the switch assembly is 
different. It has open silver contacts and magnetically- 
assisted snap action, and is rated to break 10 amperes 
alternating current or 5 amperes direct-current, non- 
inductive load, at 250 volts. For heavier loads or 
on 440-volt circuits, the instrument should be employed 
for emergency relay circuits only. It is made in three 
sizes, the total temperature range being from 30 deg. F. 
to 90 deg. F. The minimum differential is 4 deg. F., 
but can be varied. The cover is not in place in Fig. 3, 
but the circular temperature scale is visible through a 
window in front of it. Both instruments, when used as 
air-duct thermostats, may be arranged to switch electric 
heaters, motorised valves controlling the flow of hot 
water or steam to coils, cooling units, or damper motors. 
They can be used as room thermostats in refrigeration 
and cold-storage planis, drying cabinets and similar 
applications in which it is desirable to fit the switch 
mechanism outside the space to be controlled or at 
some distance from the sensitive element. The same 
facility for remote control applies to the application 
of the thermostats to the control of heated vessels 
and industrial processes. 

In central-heating systems using hot-water boilers, 
the immersion thermostat is of great utility as a safety 
device. In central-heating systems or industrial 
processing plant employing steam at pressures of over, 
say, 50 lb. per square inch, the thermostat naturally 
gives place to a pressure-actuated control instrument. 
The British Thermostat Company haverecently brought 
out such an instrument, known as the Model FZ 
automatic pressure control and consisting of a Bourdon- 
tube movement actuating a mercury tube switch 
through a system of links. It is, at present, available 
in three ranges, each of 100 Ib., the lowest operating 
pressure being 50 lb. per square inch and the highest 
being 250 Ib. per square inch. The working differential 
can be adjusted between the limits of 5 lb. per square 
inch and 15 Ib. per square inch. The mercury switch 
is of non-oxidising material and is rated to control 
currents up to 5 amperes alternating current or 3 
amperes direct current at pressures up to 250 volts. 
On higher voltages or for heavier loads, the instrument 
must be used in conjunction with a relay or contactor. 
It is suitable for controlling combustion conditions in 
various ways, such as by switching stoker motors, fans, 
motorised damper units, magnetic gas or oil-fuel valves, 
etc. The casing is circular with a }-in. gas con- 
nection at the bottom for the pressure supply. It 
thus resembles an ordinary pressure gauge, save that 
there is a bushing for the electrical conduit at the side 
and the cover is of brass with a window exposing a small 
dial. The cover can be locked to prevent unauthorised 





adjustment, it is much the same as in the larger model, 





interference with the setting. 
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“ENGINEERING” ILLUSTRATED 
PATENT RECORD. 


ABSTRACTS OF SPECIFICATIONS RECENTLY 
PUBLISHED UNDER THE ACTS OF 1907 TO 1939. 


The number of views given in the Specification 2 
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The outer casing which encloses the stator end connections 
is divided by the inner casing 5 into two parts, the outer 
part forming an intake chamber 9 in which the end 
connections in the outermost plane are located. The 
inner part is further subdivided by a baffle, the subdivi- 


engagement with the pinions on each plunger-control 
sleeve. The collars 19 are of a diameter which provides 
a comparatively small clearance between their edges. 
Three spring locking plungers 18 are arranged one bet ween 
each of thep airs of pump plungers, each with its upper 
end bearing underneath the two collars 10 of ite two 
associated plungers. The spring locking plungers slide 





is stated in each case; where none is 
Specification ie not 


a vertically in a guide block secured to the cylinder 

Ww here Se Becca ee ke wg block and each is urged upwards by a spring. A spring 

one of S be citeneedl ad 9 the Patent locking pin 23 at right angles to each plunger 18 normally 
e Branch, P Southampton ye bears against its side, but when the locking plunger 
et. -lane, London , price ls. each. 





reaches the end of its upward niovement, the locking 
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may, at any time within two months from the 
advertisement 


of the of the acceptance of a Complete 

Specification, | notice alt the Patent Office of 

—. to the grant of a Patent on any of the 
mentioned in the Acts 


ELECTRICAL APPARATUS. 
609,171. Welding System. 
Limited, of Cowley, and A. E. Berriman, of Oxford. 
(2 Figs.) April 1, 1938.—-The invention is an automatic 
interlock between the compressed-air operated welding 
dies and the welding-current circuit breaker. The 
welding gun A carries the usual dies 3 and 4, die 3 being 
movable by air pressure. The dies are connected with / 
the output side of a transformer 7 the primary of which 
is connected with the mains through a circuit breaker 10. a 
The circuit -breaker operating coil 11 is controlled by an 
udjustable timing switch 12 which automatically deter 
mines the period during which the welding circuit remains 
closed. In the handle of the gun is a passage in which a 
vaive plunger 14 slider, which controls the admission 
of compressed air to the cylinder of the gun. A by-pass 
leads to a compressed-air operated relay 21 for operating 
the timing switch 12. <A trigger 23 is mounted on the 
handle of the gun to operate the plunger. This admits 
compressed air to the cylinder and moves the dies to 
engage with the work. At the same time, air is led by 
the by-pass to the relay 21 to throw in the timing switch 
12 which excites the coil 11 to close the circuit breaker 
10 An electromagnet 24 is mounted on the handle of 
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sions each accommodating the end connections in one 
plane. The inner casing 5 is made of insulating board. 
The direction of the air flow is shown by the arrows. 
( decepted July 14, 1939.) 


SD 


pin 23 passes under a shoulder on the plunger and 
prevents it returning under the action of the pump- 
plunger return spring. An external knob is provided 
for withdrawing the locking pin to release its respective 
— As adjacent pump plungers can never reach 
the ends of theic delivery strokes together during normal 
operation, each locking plunger will always be prevented 
from moving as far as its locking position until a pump 
plunger seizes.—( Accepted July 13, 1939.) 





HYDRAULIC MACHINERY. 


610,351. Trailer Fire Pump. Coventry Climax Engines, | 
Limited, of Coventry, and B. A. Christie of Coventry. 
(2 Figs.) November 30, 1937.—The invention is a 
portable motor-driven pump for fire-fighting, which is 
normally towed on a trailer. The supporting framework | 
12 of a motor-driven pump is formed of tubular members 
and slides between guides 13, 13a on the chassis of the 
trailer. The chassis longitudinals are cross-braced at 
the rear by a supporting tray 14. When the pump is in 
position on the trailer a pair of wheels 15 carried at one 
end of the framework 12 rests on the tray. When the 


MACHINE AND OTHER TOOLS, SHAFTING, 
ETC. 


509,173. Automatic Lathe. B.S.A. Tools, Limited, of 
Birmingham, and W. Ogilvie, of Birmingham. (6 Figs.) 
April 2, 1938.— The lathe is of the type in which a work 
piece such as a nut is cut from bar stock ac one station 
and transferred to a second station for further machining. 
A transfer arm 1 carries a peg to engage with the bore 
in the partly-formed nut '5 cut from the bar stock 4 at 
the first station. The transfer arm can also registcr 
with the second station, which consists of a chuck 6 
mounted in a hollow shaft driven trom the main spindle 
ofthe machine. Within the hollow shaft is a countersink 
tool 14 carried on a rod 13 the outer end of which passes 
througb a bracket 15 on a reciprocating slide bar. Near the 
front end of the slide bar is a bracket 20 carrying a non- 
rotatable screw tap 21. The tap has a curved stem 
over which the work pieces pass after being threaded. 
The end of the stem of the tap 21 enters a horizontal 
guide tube mounted in a bracket 25 which slides on the 
end of the slide bar. A spring between the brackets 





trailer has gone as far as it can be taken, a catch is 
released and the pump pulled back, the guides 13a 
forming temporary stops for the wheels, and then 
lifted off the chassis by the handles 18 and wheeled 
wherever necessary. By the use of inclined members 12a 
at the front of the frame 12 the pump can be unloaded 
single-handed, the members 12a helping to support the 
apparatus until the wheels reach the ground. Wearing 
atrips 20 are provided at the edge of the tray 14 
where the members 12a rub when the pump is being slid 
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the gun so that the trigger 23 engages its poles when in 


off.—( Accepted July 31, 1939.) 
the depressed position. The magnet 24 is permanently in - ; 
excited by direct current and does not influence the INTERNAL-COMBUSTION ENGINES. a 5 Set s 
trigger 23 when the latter is away from the handle, AW I ta a 
but only holds it in the depressed position. The trigger, 509,501. Fuel-Injection Pump. Ruston and Hornsby — ea 


Limited, of Lincoln, and R. Onions, of Lincoln. 
January 13, 1938. 
cylinder 


is released by a momentary interruption of the circuit 
of the electromagnet by a switch 27 which is tripped 


(4 Figs.) 
The invention is applicable to multi- 








by the bar of the circuit breaker 10 as the latter opens 
the cireuit on completion of the period for which the 
time switch 12 has been set. Thus both the period of 
flow of the welding current and the period during which 
the dies are in engagement with the work are under the 
control of the time switch 12 and it is ensured that the 
dies engage the work before the weiding current begins 
to flow and remain there until the current ceases. (4e- 
cepted July 12, 1939.) 


509,359. Motor-Cooling System. Metropolitan-Vickers 
Electrical Company, Limited, of London, and E. Barlow, of 
Sale. (3 Figs.) April 19, 1938.—-The invention is a cooling 
system for electric motors or generators the stator end 
connections of which have a large overhang, for example, 
turbo-generators. The system is particularly applicable 
to enclosed machines with internal self-cooling arrange- 
ments, 1 and 2 are the stator and rotor, respectively, 
of an electric motor, the rotor being provided with a fan 4. 


compression-ignition engines in which the 
cylinders are supplied with fuel oil by separate pump 
plungers. Should a fuel-pump plunger seize, it is always 
held fast at the end of the delivery stroke no matter at 
what part of the stroke it seizes initially, since its operat- 
ing cam thrusts it into that position positively. This 
action of the cam, and also the functioning of adjacent 
fuel pumps of multi-cylinder engines out of phase, is made 
use of in the invention in order automatically to cut 
out all of the plungers so soon as any one plunger has | 
seized. The four pump plungers are mounted in a single 
block and make their delivery strokes under the action 
of cams and their return etrokes under the action of 
springs. Each of these return springs bears at one end 
against a fixed collar'at the upper end of the pump-control 
sleeve which surrounds the barrel of each plunger. At 
the opposite end, the spring fits against a collar 10 
mounted on the lower end of the plunger. 


20 and 25 permits the screw tap to have 
tudinal movement relative to the slide bar. 
tion is as follows : 
is bored and countersunk on its outer face at the first 
station. 
nut and is rocked to the next station opposite to the 
chuck 6. 
|}moved towards it, 


a slight longi- 
The opera- 
A hexagonal nut cut from the bar 4 


The transfer arm 1 picks up the partly formed 


The chuck is opened, the transfer arm is 


and the jaws grip the nut. The 


transfer arm is moved away and the slide bar brings the 
countersink 14 into contact with the 
nut. The slide bar is then moved in the opposite direction, 
retracting the countersink and simultaneously bringing 
the tap 21 into the bore in the nut. 
| tap has passed through the nut the chuck 6 is opened, 
| and the nut is moved on to the stem of the tap, pushing 
| along the previously finished nuts, which thus constitute 
A single rack | | the lateral and the longitudinal support for the tap.— 


rear face of the 


When the screw 


bar connected with the engine governor is in permanent | | ( Accepted July 12, 1939.) 
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THE ALBERT CANAL, BELGIUM. | fall to Antwerp taking place from here. At 
é | Wyneghem, the ground level is sufficiently low 
(Continued from page 377.) to permit the water level of the canal being fixed 
|at that of the docks at Antwerp. 
/ As shown in Fig. 9, the difference in water level 
Tue construction of the canal involved the con- | of 56 m. is covered by six locks, the distribution 
nection of the River Meuse, at a point where it lies | of the fall being determined by the previously- 
at a level 60 m. above sea datum, with the Antwerp | existing level of the Hasselt-Turnhout canal. Five 
docks, where the level is 4 m. above datum. The | of the locks have a fall of 10 m. and the other has a 
waterway is 129 km. long and is navigable by craft | fall of 5-70 m. As far as possible, the falls were 
of 2,000 tons. After a detailed geological investiga- | made equal throughout so as to balance out the feed 
tion of the area through which the canal would have water supply among the different sections. The 
to pass, the route which is shown on the maps) canal sections were also made as long as possible 
given in Figs. 3 and 4, on page 377, ante, was | in order to minimise the fall of water level owing to 
selected. The longitudinal section of the canal, | frequent locking. Difficulties introduced by the 
given in Fig. 9, on this page, should be studied in| ground formation made it necessary to introduce 


GENERAL PARTICULARS OF THE CANAL. 





conjunction with these maps. 


short sections between Genk and Hasselt, and in 
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are those agreed upon by the Dutch-Belgian 
Commission for the canalised Meuse. They cover 
craft having a tonnage of 2,200 to 2,600, and have 
been adopted in Holland for the canalised Maas 
and the Juliana canal. In view of a possible future 
linking up of the Belgian waterways with the 
Dutch ones, in the neighbourhood of Maastricht, 
the adoption of the Dutch standard seemed advisable. 
As the Belgian waterways link up with the French 
system in the south and the west and in the north 
with the Rhine system on which the Dutch river 
shipping principally depends, it is clear that the 
Albert Canal will be frequented by a great diversity 
of craft. Particulars are given of the more common 
types which will use the canal in Table IT, page 432. 
A cross-section of the canal, with the various types 
of craft mentioned in Table II shown on the same 


The canal leaves the River Meuse at Monsin | these cases, in order to minimise the fall of level | scale, is given in Fig. 10. 


Island, at a point where a barrage keeps the river! due to locking, the cross-section of the canal was ' 





All the barges listed in Table II can navigate the 






















































































































































= w 
a> € 
eg; ®& 9 5 a 
w ¥ 4 w 
=u 35 z 3 
te i D 2 > - — 
= lo =H Es 
«gees : , 
ag ab 4-00 — aS kg Se = | 
EE § | 
->{,<----8-8Km. >< --- 23-9Km.-- - ----- ete i at +> 
O-9/ 
Km.128-7 — 10 100 90 80 10 H 
! 
. 3 
wa i 
= MONSIN MEUSE 
w — —=_ = 
my r—— ————— = —— —— = 
a | | 50 
Lid 
40 
i pong 
ee fee 
| | | | $e 
et) ¢! z| ow | 
g' 3 = trek Coegees 
5 ball 
<< 427-2Km.— - ----------- “F)<-4-6Kim<4-2Km>+<- ~-~------------- --~39-4 Km---------- - --- rheky 
; 60 50 40 a 30 20 wo 8 6 4 2 oKm. 
er “ENGINEERING” 
Fig.10. Albert Canal fully loaded at maximum speed, so 
: —_ — ———— that the journey Liége- Antwerp can be accomplished 
SS —j 5 |4]/3 \2\1 - = ne by a self-propelled fast vessel in about twelve hours. 
a “— —* a The large 2,000-ton Rhine barge will not be a 
ee TABLE 1.—Particulars of the Canal Sections. 

; } Water | Length 
level at 60 m. above datum. As a result of this,, increased. Tarticulars of the various sections are Section. Fall in | Level 8, of 
the upper reach of the canal is permanently fixed | given in ‘iable 1. cami wm. eg sg 
at 60 m. To prevent an undue rise of level at| Views showing characteristic parts of various| = ————Cs—SCS : 
flood times in the river, a lock and a flood gate} reaches of the canal are given in Figs. 11 to 20, ,..., whe fever Mewes to Ue tock 
have been provided in the canal inlet at Monsin|on page 432, and Plate XVI. The first of the} atMonsin.. .. |...) — 60 2-0 
Island. Normally this lock is open and is closed | illustrations on the Plate, Fig. 13, shows the canal Monsle Lock ne on ad 7 7 
only during a few days in the year. This water | near Wandre, which lies some 6 km. north of Liége, | From Monsin Lock to Genk — 60 30-4 
level corresponds with that of the River Geer at|and Figs. 14 and 15 are views at Haccourt, which | $00‘ Lock Fe | Se 
Canne, where it enters Holland, and also with the | is situated in the same district. The next four illus- | piepenbeek Lock i 10-10}; — — 
lower level of the Kempen plateau near Genk. | trations, Figs. 16 to 19, also show portions of the | from Diepenbeek to Hasselt wet eS 
As a result, the coal harbour at Genk, situated at a| upper reach of the canal, which lies 60 m. above | From Hasselt to Quaedmechelen _|| — 29-70 | 27-2 
distance of 39-4 km. from the entrance to the canal, | sea level. Figs. 16 and 19 are views at Vroenhoven, | egy edd a alte wt eel whe 
is reached without locks. From Genk to Hasselt | and Figs. 17 and 18 illustrate characteristic parts|OolenLock ..  .... 10-00 | — — 
there is a fall of 30 m. in a stretch of 10 km. This} of the deep cutting at Lanaye. Three views of * wna Ney oo Wyneghem oh 9-70 | 23-9 
large difference in level was imposed by the circum- | the lowest reach are given in Figs. 11, 12 and 20. | From Wyneghem to Antwerp _ 4:00} 0-8 
stance that part of the Hasselt-Turnhout canal,/The last of these shows the Porte de Breda at | , (Strassburg dock) 

: . . : m the Strassburg dock to the 

which has a water level of 30 m., was incorporated | Antwerp, and Figs. 11 and 12 are two views of| Lefebvre dock .. .. ..| — 4-00} 0-9 
in the Albert Canal between Hasselt and Quaed-/|the Bassin de Strasbourg at the same port. Totals PP —li20-6 
mechelen. Between Quaedmechelen and Heren-| The cross section of the canal has been chosen of i 
thals the natural ground level slightly exceeds | adequate dimensions to admit Rhine barges 1C0 m.| ~~ . 

the 30 m. contour line, but falls down to below! long, of 12 m. breadth, and with a draught of | frequent visitor. Mancuvring on the Meuse sat 
20 m. in the valley of the Great Nethe River. At| 2-80 m., and an overall height of the unloaded | Li¢ge would be difficult on account of the great 
the canal lock at Oolen, 3 km. from Herenthals, the | barge above the water level of 6m. These dimen- | length, while the overall height above water level 
ground level is about 10 m. above the sea, a gradual | sions do not represent a certain type of vessel but | when empty is too great for some of the existing 
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bridges. The towing of lighters with cargo totalling 
several thousands of tons will, however, be quite 
practicable, Rapid passages may be made through 
the canal by boats fitted with internal-combustion 
engines of from 150 h.p. to 600 h.p. Such boats 
vary in length between 45 m, and 80 m., and have 
a breadth of from 7 m. to 10 m., with a draught of 
from 2-50 m. to 2:80 m. The load capacity varies 
from 400 tons to 1,300 tons. 

It will be clear from what has been said, that the 
Albert Canal is not a sea canal. To make it suitable 


TABLE II.— Types of Craft Using the Albert Canal. 
Overall Draught Load 
Py pe Dimensions in in 
in Metres Metres Tons 
! French normal barge 50 = 5-08 1-0 275 
! ow uM 
>. OF i) 
Sambre spits“ 17 1-80 jn) 
Kempenaar 1) 6 1-00 450 
a) 600 
‘ Rhine barge Dortmund 
Eeme (1D-K-K) 67 a-20 2-10 ROO 
> 50) 1,000 
; Khine barge Khein- 
Herne (R-H-K) 80 50 2°50 1,350 


for sea-going vessels would have meant increasing 
the depth to 6-50 m. and constructing higher or 
movable bridges. The extra capital would not 
have been justified as the transhipment of goods 
at the sea port into river craft, of which the working 
costs are much lower than those of a sea-going vessel, 
is more economical than direct delivery by sea-going 
vessel to distant inland ports. The dimensions 
of the Albert Canal are such, however, that small 
sea-going craft similar to those that ply on the 
Rhine, can be In this way, a 
regular service could be established between Liége 
und the ports on the North Sea and on the Baltic. 
The cross-section is such that two 2,000-ton Rhine 
barges can another, leaving sufficient 
clearance between the vessels and the sides of the 
eanal. As ships, when passing, have a tendency 
to assume an oblique position, the clearance of 
3 m. which is allowed is not excessive. 

In order that the tractive effort should not be too 
great, the ratio between the area of the wet cross- 
section of the canal and the cross-section of the 
barge must be as high as possible. It is generally 
considered that this figure should not be less than 
5. for speeds of 5 km. to 6 km. per hour to he 
economically The actual minimum 
cross-section adopted has a water depth of 5 m. 
at the centre and 4-70 m. at the sides of the main 


accommodated. 


pass one 


possible. 


channel, At a width of 30 m. the depth is still 
2-50 m. The total water cross-section amounts 
to 151 sq. m. These dimensions leave a ratio 
between the cross-sections of the canal and of 


2,000-ton barges of 4-5 and a ratio of 6-4 for barges 
of 1,350 tons. The 2,000-ton barges will have to 
slow down slightly when passing, but the smaller 
boats can pass one another at full speed. As, in 
order to determine the economic towing speed 
limit for barges of 1,350 tons, it was necessary t 
ascertain the erosive effect of waves on the sides 
and the bed of the canal, model tests were accor- 
dingly conducted by Professor Bogaert, who came 
to the conclusion that with a tractive effort of 
1 kg. per ton for a fully-loaded 1,350-ton barge, 
the speed would be 7 km. per hour, The minimum 
section of the canal is amply sufficient to allow 
barges of 1,350 tons to be towed at this speed. 

At the head of each canal section there is a group 
of three locks, two being large twin locks and 
the other a small lock. The large locks, 136 m. 
long by 16 m. wide, will be uti ised by Rhine barges, 
as also by trains of towed lighters. ‘The small lock, 
55m. by 7-50 m., will be used by the smaller craft, 
such as the French barges, the Kempena:r, etc. 
rhe large locks have been dimensioned to handle 
with ease the 2,000-ton barges, measuring 100 m. 
long and 12 m. wide, with a draught of 2-80 m. 
These boats can be locked through together with 
their tug, of which the overall measurements are 
usually not more than 26 m. by 5 m. It has been 
calculated that the capacity of the canal locks on 
continuous night and day service, at the rate of 
one locking in and out per hour, amounts to 
66 million tons perannum. This compares favour. 
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ably with the most intense Rhine traffic at Emmerich 
on the German-Dutch frontier. 

The length of the Albert Canal from Monsin Lock 
to the entrance of the Strassburg Dock at Antwerp 
is 126-7 km. It is not, however, possible to utilise 
this length in calculating the total time required 
for the passage of a barge through the canal, owing 
to the delay caused by locking. This delay may be 
expressed in the form of an equivalent length of 
canal, Taking the delay at half an hour for each | 
lock and allowing a tug speed of 6 km. per hour, | 
we arrive at an equivalent canal length of 3 km. | 
for each lock. For the six locks, a canal length of | 
18 km. will have to be added to the actual length, 
bringing the virtual length of the canal up to 145 km. | 
The duration of one trip will be 24 hours and 
10 minutes, which corresponds to a two days’ journey 
in summer and a three days’ journey in winter. 
A self-propelled vessel can easily maintain a speed 
of 9 km. per hour owing to the large section of the | 
canal which allows the overhauling and passing | 
of one ship by one travelling faster. Utilising the 
small lock, the delay for locking will only be 20 | 
minutes, so that the journey will not take more | 
than 16 hours and 7 minutes or from one to one | 
and a half days, according to the season. For | 
rapid sailing craft the journey can easily be done 
in one day, utilising the night hours. This is 
possible as the locks are electrically lighted. 

These figures illustrate the great improvements in 


navigation times which have resulted from the | of 6 km. 


construction of the Albert Canal. In the old water- 


BASSIN DE StrasspourG, ANTWERP, SHOWING BascULE BRIDGE. 


- 
ways a tug could not exceed a speed of 4 km. per 
hour, and each towed vessel had to be detached and 
locked separately. For a tow of 4 lighters with a 


tug a delay of 100 minutes was necessary at each 


TABLE LII.—-Navigation Times for Old and New Canal 
Routes. 
Old 
Canals Albert 
Liége- Canal 
Antwerp 
1. Length in km 155 126-7 
2. Number of locks 23 6 
3. Average speed of vessel in km. per 
hour 
For a tow of four lighters 4 6 
For a self-propelled vessel i) 9 
4. Delay in minutes for locking in and 
out 
For a tow of four lighters 100 20 
For a self-propelled vessel 30 20 
Length of canal equivalent to one 
locking 
For a tow of four lighters 6-7 3 
For a self-propelled vessel ° ; 
6. Virtual length in km. :— 
For a tow of four lighters 308 145 
For a self-propelled vessel 212 145 
7. Time taken in hours for the journey 
For a tow of four lighters 77 24 
For a self-propelled vessel . 42-5 16 
8. Days taken for one journey : 
For a tow of four lighters 6 to 10 2to3 
For a self-propelled vessel 4to 6 lto1-5 


lock, corresponding to an equivalent canal length 
The virtual length of the old canal route 


was 308 km., representing 77 navigation hours, 

















or from 6 to 10 days, according to the time of the 
year. This calculation is, moreover, optimistic, as, 
in reality, on account of unforeseen stoppages, the | 
trip frequently took 16 days. For self-propelled | 
vessels, the length of the trip was 424 hours, or from | 
34 to 5 days, according to the season. These com- 
parative figures are given in Table III, opposite. 

The Meuse is an international river and is used 
as a navigable waterway in France, Belgium and | 
Holland. As a consequence, it is subject to the 
treaty of Vienna, which obliges the States con- 
cerned to take the necessary measures to maintain 
efficient navigation. The withdrawal of such 
quantities of water as would endanger navigation 
for the State or States lying downstream, is pro- | 
hibited. As a result, in cases of shortage of water, 
artificial means, such as storage or pumping, have 
to be resorted to. Fortunately, the volume of 
water in the River Meuse is so great that the 
quantity required for the supply to the Albert Canal 
in no way endangers Dutch shipping interests. | 
The river has a discharge of water varying in normal 
years between 2,000 cub. m. and 40 cub. m. per 
second ; in exceptionally rainy periods this maxi- 
mum quantity attains 3,000 cub. m., and during 
times of drought it falls to 30 cub. m. The amount | 
extracted for the Albert Canal is, roughly, 5 cub. m., | 
leaving even under the worst conditions a volume of | 
25 cub. m. to pass to the Maas (Meuse) on Dutch | 
territory. The requirements of the Maas barely | 
reach 16 cub. m. | 

Up till the very end, the Netherlands Government | 
has been consistent in its antagonistic attitude | 
towards the waterway linking up the Meuse with | 
the Scheldt. Not being able to appeal to the Vienna | 
treaty, they contested the right of Belgium to| 
withdraw water from the Meuse for feeding the 
Albert Canal on the strength of a treaty of 1863, 
in which Belgium and Holland had agreed to regulate 
in a stable and definite manner the methods of 
withdrawing water from the River Meuse for the 
purpose of feeding waterways. The Netherlands 
Government summoned Belgium before the Per- 
manent Court of International Justice at The 
Hague, but the Court, consisting of fourteen judges, 
passed judgment with thirteen members to one 
against the Netherlands Government. This repre- 
sented the end of the Dutch opposition to the 
Li¢ége-Antwerp waterway, which had been carried | 
on since the year 1517. 

The magnitude of the works carried out in the 
construction of the canal is illustrated by the fact 
that the total earth excavated amounted to)! 
58,300,000 cub. m., and the earth filling reached the | 
figure of 17,100,000 cub. m., so that the total 
excavated material amounted to 85,400,000 cub. m., 
representing abouf 128 million metric tons. The 
corresponding figure for the Panama Canal was 
199,400,000 cub. m. For the locks of the Albert 
Canal, more than 3,000 cub. m. of stonework were 
used. The quantity of cement was 481,000 metric 
tons. For the bridges and the locks, 25,000 tons 
and 40,000 tons of steel, respectively, were used. 
It is estimated that during the whole period of the 
contract 12,840 hands were employed on the canal. 

The financing of the building of the Albert Canal 
nas been carried out by means of a loan, utilising 
the war indemnity paid by Germany during the 
years 1929 to 1932, in accordance with the Young 
plan. From the 2,000 million francs which the 
canal has cost, the sum of 460 million francs which 
the Belgian State would have had to pay out as 
dole to the work-people who found employment 
on the canal had they remained unemployed, 
may be deducted, so that the actual cost may be 
put down at 1,540 million francs. In view of the 
devaluation of the franc during the period the canal 
was being built, it is difficult to obtain a clear 
idea of the intrinsic costs. The estimated cost 
in the year 1931 amounted to from 1,840 million 
to 2,000 million francs. 

Considering the Albert Canal from a purely | 
economic point of view, it will be seen that the 
financial returns will more than cover the capital 
costs. Reference has already been made in general 
terms to the important reduction in freight costs 
between the Meuse and the Scheldt, which will | 
be realised as soon as the canal is in full operation. 
This will stimulate industry as a whole, since | 


| account of the shorter mileage of the new route 


| owing to the improved conditions on the existing | 


| financial outlay on the Albert Canal. 
|in any case, to be put in hand to improve the 


| made on land bought and resold by the State, the 
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transport costs will be favourably influenced, 
resulting, in turn, in an increase in the traffic of 
the ports of Antwerp and Ghent. The Kempen | 
coalfield will be able to extend its economic delivery 
area, while the Kempen district itself will become | 
an important industrial centre. The industrial 


| district of Liége will receive a new lease of life, | 


in view of the cheap Kempen coal which will be | 
brought within a few hours’ sailing distance from 
its numerous factories, while the export trade 
of Liége will be facilitated, as it will be able to| 
ship its goods via a short and cheap route to the sea. | 

It is not easy to express these advantages in | 
concrete figures. Detailed shipping records have, | 
however, been kept since 1925, from which it appears | 
that the freight costs per ton, which in that year | 
were 1-82 gold francs, fell to 0-88 gold franc in | 
1935, a reduction of 0-94 gold franc per ton. As | 
the canal distance between Liége and Antwerp is 
155 km., the freight reduction per ton-kilometre 
works out to 0-00607 gold franc. This saving 
calculated over a total annual traffic of 600 million 
ton-km., works out to 36 million gold francs. This 
reduction of freight costs has created a new traffic, 
estimated at 300 million ton-km., for which a 
saving of 9 million gold francs may be estimated, | 
so that the total saving in freight costs for the | 
goods shipped from Liége to Antwerp, and vice 
versa, since 1935, may be put down at 45 million 
gold francs per annum. 

These results represent only a part of those that 
will be obtained as soon as the whole canal is in full 
operation. Taking into account that at the present 
moment the canal length from Liége to Antwerp 
amounts to 155 km., or allowing for the 23 locks, 
virtually to 308 km., and that the virtual length 
of the Albert Canal will only be 145 km., so that 
the duration of a journey will be reduced from 
6 days to 2 days, it is evident that large financial 
savings will result. Another saving will be obtained 
by the more efficient loading of the Kempenaars, 
the typical barges in use on the Kempen canals, 
of which the draught has been limited to 1-90 m., 
so that the load could not exceed 450 metric tons. 
Under the new conditions the cargo load may | 
be increased to 600 tons without appreciably 
increasing the operation costs. The same considera- 
tions apply to other types of barges used. The 
towing costs will also decrease appreciably on 


and the smaller tractive effort necessary to tow 
the vessels through the larger canal section. Taking 
into account that the operation costs have already 





been reduced to 0-00568 france per ton-kilometre 


| waterways, it seems probable that a further reduc- | 


tion of 33 per cent. will be attained. This, figured | 
on an annual estimated shipping of 900 million 
ton-km., brings the annual saving up to 65 million 
francs. 

This result will, in itself, more than justify the 
Taking into 
consideration the supplementary works that had, 


military defences of the country, as also the profits 


capital expenditure which should be debited to the 
canal amounts to 1,300 million francs, which, 
allowing depreciation and 4-5 per cent. interest, 
represents an annual capital charge of 58-5 million 
francs. This is the sum that must be deducted 
from the estimated saving of 65 millions to arrive 
at the annual profit of the canal. It is clear then | 
that, from a purely financial standpoint, the Albert | 
Canal is a sound commercial undertaking even | 
when the indirect economical advantages accruing | 
from an increased future traffic on the Belgian | 
Meuse and its navigable affluents extending to the 
west of Belgium, is not taken into account. 
(To be continued.) 











AMERICAN TECHNICAL Booxs.—In response to inquiries 
regarding American technical books, Messrs. McGraw- 
Hill Publishing Company, Limited, Aldwych House, 
Aldwych, London, W.C.2, advise us that they oi 





| carrying ample stocks of their publications in London. | 


Little difficulty in effecting replacements is anticipated, | 
as special arrangements have been made to meet war-time 
conditions. 
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(Continued from page 300.) 


Puysics DEPARTMENT. 


Heat. International-Temperature Scale. Tem- 


| perature of Liquid Steel.—That important function 
of the Laboratory which comprises the realisation 
|and maintenance of physical standards is well 


illustrated by the work carried out by the Physics 
Department upon the International Temperature 
Scale, which was adopted by general agreement in 
the year 1927. Briefly, this work may be said 
to embrace the improvement in the means and 
technique adopted for making temperature measure- 
ments relative to the scale, and in devising better 
and more accurate instruments for those measure- 
ments. For some years past the attention of the 
Department has mainly been directed to the upper 
temperature range, above the “ gold point,’’ viz., 
1,063 deg. C., throughout which individual tem- 
peratures are based on Wien’s radiation law, the 
approved instrument for sub-standard determina- 
tions being the optical pyrometer. While any 
temperature above 1,063 deg. C. is thus completely 
defined, it is useful to determine with great accuracy 
certain fixed points throughout this range, repre- 
sented by the freezing temperatures of pure elements 
such as platinum (1,773 deg. C.), rhodium (about 
1,965 deg. C.), and iridium (about 2,450 deg. C.). 
Such fixed-point determinations serve not only to 
indicate the degree of reproducibility of the Inter- 
national Scale and the relative merits of alternative 
forms of experimental procedure, but also to 
provide secondary, well-established standards which 
may serve in individual cases as more convenient 
bases of temperature comparison than a primary 
calibration based on the gold point. For instance, 
the scale of colour temperature is fixed by means 
of incandescent electric lamps calibrated against 
black-body radiators at the freezing points of 
elements, such as platinum, rhodium and iridium, 
having well-defined characteristic temperatures, 

Recent improvements in this class of technique 
at the Laboratory relate mainly to the development 
of an almost perfect black-body radiator, consisting 
essentially of a tube of thoria inserted into a small 
ingot of the metal under investigation. The ingot 
is heated inductively by high-frequency alternating 
current, on the same principle as the inductive 
metallurgical furnace, this method offering the great 
advantage of such close control over the electric 
supply as to allow the metal to be taken slowly 
through its melting or freezing point. The tempera- 
ture of the metal is determined by a precise form of 
optical pyrometer sighting into the thoria tube 
through an appropriate auxiliary optical system. 
During the past year a series of observations have 
been conducted by these means upon the freezing 
point of rhodium, leading to a provisional value 
for this metal of 1,965 +3 deg. C. It is note- 
worthy that this result is indistinguishable from 
the only previous determination, which was made 
some short time ago by the National Bureau of 
Standards. 

However valuable the optical pyrometer may be, 
there are conditions under which more accurate 
measurements of high temperature may be made 
by means of thermocouples. One such application 
occurs in the determination of the temperature of 
liquid steel, for which a method suitable for routine 
use in metallurgical works practice has now been 
developed by the Laboratory on behalf of a joint 
committee of the Iron and Steel Institute and the 
British Iron and Steel Federation. The need for 
this investigation arises from the very credible 
opinion among steelmakers that the quality of the 
product depends significantly upon the temperature 
of the steel in the furnace before it is poured. 
Hitherto, at any rate in this country, routine 
temperature measurement has generally been 
attempted only by sighting through an optical 
pyrometer the launder stream of steel in the pouring 
from the furnace to the ladle, or the stream between 


the ladle and the mould. In either case, such 


measurements are too late for any control to be 


exercised over the melt, and they may be as much 
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as 150 deg. C. in error below the true temperature, leads, as a rule, to a reduction of conductivity. 
owing to the low emissivity of the metal surface. |The temperature coefficient of conductivity is 
To obviate both these disadvantages, the method remarkable, over the range up to 300 deg. C., 
developed by the Physics Department, in collabora- | in that it is negative for steels of high conductivity, 
tion with a prominent Sheffield firm, employs a zero for steels of medium conductivity, and posi- 
platinum thermocouple and a “ quick immersion" tive for low-conductivity steels. Measurements of 
technique to prevent the couple being melted. | specific heat for a group of eight carbon steels, 
The arrangement, in its final form for routine use | ranging in carbon content from 0-06 per cent. up 
in steelworks, incorporates a steel pipe, 10 ft. to to 1-2 per cent., have given values which progress 
12 ft. long, clamped to a standard charging fork | steadily from about 0-116 at 50 deg. C. to 0-18 at 
which can be picked up by the furnace charger | 580 deg. C. At higher temperatures, over a band 
and inserted into the furnace. To the “ insertion ’ | of about 50 deg. C., in the magnetic transformation 
end of this pipe is attached at right angles a short | region, the specific heats of the higher-carbon steels 
length, 18 in., of similar pipe. All these metal | increase markedly. 
parts are encased in a 1}-in. layer of light-weight Measurements of thermal and electrical conduc- 
diatomite brick whieh serves as a refractory, heat- tivity are also being carried out on a number of 
insulating, protection. The thermocouple is pro- | other metals, including magnesium and aluminium | 
tected by a sheath of silica wedged, by a packing | and their alloys, and on amorphous materials like | 
of asbestos wool, into an orifice at the projecting | carbon and graphite. For such materials at high | 
end of the 18-in. pipe. A thin sheath of steel over temperatures above 800 deg. C., the experimental | 
the silica sheath affords some further temporary | method adopted consists of electrically-heating a | 
protection, serving to protect the silica from contact | rod or tube of the test substance to a steady tem- | 
with the slag during the actual insertion of the | perature in an evacuated enclosure and deriving 
thermometer into the molten steel. , the thermal conductivity from the energy dissipated | 
The procedure for making a measurement of steel | in the central length of the specimen, in canjunction | 
temperature consists in inserting the fork horizon- | with the radial temperature gradient. This prin- 
tally into the furnace so that the silica-sheathed| ciple has given such successful and consistent | 
thermocouple is over the centre of the bath, and | results that it has recently been used to extend to 
then, by inclining the fork, to dip the sheath until | temperatures in the region of 1,000 deg. C. some | 
it is fully immersed well below the slag and the | earlier, longitudinal heat-flow, experiments on | 
surface of the steel. The time of immersion required | Armco iron. Here the specimen takes the ener] 
to obtain a reading depends on the detailed assembly | of a thick-walled tube, having internal and external | 
of the thermocouple and its mounting, and upon | diameters of 1 cm. and 6 cm., respectively. An| 
the response time of the electrical instrument used | interesting feature of the results obtained is a/| 
as a temperature indicator. At most, this period | steady decrease of thermal conductivity as the | 
is of the order of 10 seconds to 15 seconds, and it | temperature rises to the magnetic-transformation | 
can be reduced to as little as 4 seconds. During | region, where conductivity is a minimum. 
immersion the thin steel sheath around the silica) A striking advance in the technique of measuring | 
melts and exposes the silica, so that the thermo-| the thermal properties, especially the conductivity, | 
couple attains the correct temperature, the latter | of refractory materials has been achieved by the | 
being evidenced by a steady equilibrium reading | development of apparatus whereby such studies 
on the indicator. On withdrawal, the silica sheath | can be successfully carried out at conumtens| 


| false ceiling of wall-board, } in. thick, covered on 





is found to have protected the couple which can be 
immersed repeatedly before serious contamination 
affects its accuracy. The silica sheath itself, and 
occasionally the end block of diatomite insulation, 
must be replaced, but this repair can be cheaply 
effected in no more than a few minutes, when the 
apparatus is ready for another immersion. 

Although the couple and its sheath are rapidly 
withdrawn from the liquid steel, the metal parts, 
insulated by diatomite, which are inserted into the 
furnace enclosure are exposed to very high tem- 
peratures for some 20 seconds to 30 seconds, and 
parte exposed to both molten steel and slag are, 
with advantage, made of a specially resistant 
grade of this refractory which withstands the 
conditions for eight or ten immersions. So effective, 
however, is the heat insulation as a whole that 
no important rise of temperature takes place 
within the inner steel pipe, and it is therefore 


possible for the compensating leads of the thermo- | 
junction to extend safely as far forward as the right- study of the latent heats of fusion of organic com- from tests in which the protective properties of 
angle bend, where union with the couple is made. pounds commonly used as refrigerants. The| barium concrete and other structural substances 
Laboratory tests with this apparatus, at steel | problem here is “essentially that of calorimetry | have been systematically compared with lead. The 


}as high as 1,500 deg. C. The sample to be tested 
takes the form of a circular disc, 8 in. in diameter 
|and 1-5 in. thick, which forms the top of a muffle 
furnace. Upon ite upper face is laid a thick disc, 3 in. 
in diameter, of alloy steel, of which the thermal con- 
ductivity is precisely known from separate experi- 
ments. A 6-in. external diameter annular ring 
of the same alloy serves as a guard ring by having | 
its outer edge thermally insulated and ensures | 
|normal heat flow in the central portions of the 
| refractory and alloy-steel discs. In this region 
| of the alloy-steel disc measurements of temperature 
| gradient are made, and from these, and a knowledge 
of ita conductivity, the thermal conductivity of the 
| refractory material is deduced. 
| As usual in the Physics Department, an important 
| proportion of the thermal research has been devoted | 
| to problems submitted by the Engineering Committee | 
|of the Food Investigation Board. Prominent | 
among recent work of this sort has been a systematic | 








temperatures up to 1,690 deg. C., have given results | at unusually low temperatures for which interesting | 
in satisfactory agreement with an optical pyrometer |experimental procedure has been developed with 
used under black- body conditions. The apparatus | successful results. A specimen of the compound 
is now in regular use at one steelworks in the | under examination is sealed in a metal envelope, 
Sheffield district and is being tried at several other | cooled to the requisite low temperature in an enclo- 





works. 

Thermal Properties of Metals, Insulating Materials 
and Refrigerants.—Another aspect of the metallurgy 
of steel is exemplified by a study, on behalf of the 
Alloy Steels Research Commitee, of the thermal 
constants of a range of carbon and alloy steels. 
The results so far achieved are showing that carbon 
steels exhibit, in general, a fairly regular thermal 
expansion up to about 700 deg. C., at which tem- 
perature a contraction of about 1 part in 1,000 
begins and persists over a temperature range of 
100 deg. C. in the magnetic transformation region. 
Thereafter, with further heating, these steels 
resume their regular expansion which continues 
up to 1,000 deg. C. at a greater rate than at the 
lower temperatures below 700 deg. C. As regards 
thermal conductivity, the experiments have led to 
the general conclusion that this property is higher 
as the purity of the iron increases, Alloying thus 


sure surrounded by liquid nitrogen, and maintained | 
at a steady temperature by means of an electric 
heating coil. The time occupied in then trans- 
ferring the sample to a calorimeter is obviously of 
great importance if heat gain during this operation 
is to be minimised. A mechanical device has 
therefore been invented which accomplishes this 
transfer in less than a second, the complete appa- 
ratus—cooling enclosure and calorimeter—being 
enclosed within a chamber containing dried air 
to avoid condensation of frost deposit on the speci- 
men during the transfer. The calorimeter, which 
contains oil, is furnished with a reciprocating stirrer, 
a cage to receive the specimen of refrigerant, and an 
electrical heater by means of which its thermal 
capacity is readily determined by separate experi- 
ment. The calorimeter proper is surrounded by 
an oil jacket of large thermal capacity to minimise 
external heat transfer errors. The experimental 





method consists in making measurements of total 
heat from initial temperatures both below and 
above the freezing point of the refrigerant, the 
latent heat of fusion being determined by extra- 
polating each total-heat graph to the freezing point 
and measuring the difference between the total-heat 
values at that temperature. 

Among miscellaneous heat problems of interest to 
engineers may be mentioned a series of experiments, 
which have been carried out on behalf of the British 
Electrical and Allied Industries Research Associa- 
tion, to obtain data from which can be computed 
the rise of temperature of overhead electrica] trans- 
mission lines when exposed to solar radiation. 
The work, of which details are the property of the 
Association, has consisted in the determination of 
solar-radiation absorption coefficients for various 
stranded conductors of aluminium and copper. 
Another practical problem, submitted to the 
Laboratory by the Receiver for the Metropolitan 
Police District, concerns the improvement of com- 
fort conditions, as regards temperature, in police 
telephone boxes. Studies have been made of 
alternative forms of thermal insulation and artificial 
heating, and, as the outcome a comparatively 
simple modification, has been found to afford 
appreciable benefit. It consists in the addition of a 


both faces with insulating aluminium foil. The 
combination serves not only to isolate the top 
space in the telephone box but also to act as a screen 
against the absorption of radiant heat from direct 
sunlight. The effect of the modification is to lower 
the internal temperature of the box by about 
6 deg. F. on a hot summer’s day and materially 
to reduce the chilling due to a cold night. 
Radiology. Measurements of Intensity and Pro- 
tection. X-Ray Analysis of Zine Oxidation and 
Lead.—The extending uses of X-rays, radium and 
high-speed electrons in therapeutic and engineering 
applications are reflected in the work carried on 
by the radiological division of the Physics Depart- 
ment. In both these fields, the fundamental type 
of research for which the Laboratory is especially 
equipped has an evidently important bearing on 
the accuracy, security and diversity of radiological 
practice. Under the first of these heads the Labora- 
tory’s principal concern at present is with the 
realisation of the réntgen as the standard of quantity 
of radiation and hence with the practical calibration 
of dosage meters designed for use in medical treat- 
ment. Recent research in the Physics Department 
has also, most usefully, established that the réntgen 
unit can be used for the measurement of the gamma 
radiation from radium as well as for X-rays. The 
general outcome, thus, is an increased degree of 
standardisation in medical work and a consequent 
improvement in the reproduction of techniques 
which experiment has shown to be satisfactory. 
With regard to the protection of radiological 
workers, some highly interesting and valuable 
experimental results have recently been obtained 


experimental method adopted comprised two adja- 
cent rooms, one containing the X-ray tube, the 
other the measuring apparatus. The wal] common 
to both rooms consisted of an 18-in. thickness of 
carefully grouted brickwork surfaced with a sheet 
of solid lead 1 in. thick. A circular hole rather less 
than 6 in. diameter was left in this wall, and over it 
were placed the alternative samples of protective 
material under test, their relative merits being 
based on the measurements of intensity of the 
radiation transmitted through them. In addition 
to X-rays, radium gamma rays were also used, the 
source in this case being 180 milligrammes of 
radium contained in a large block of lead having a 
small tapering hole through which the gamma rays 
emerged. For these tests the absorbing material 
under test was placed over the mouth of the tapering 
hole. The materials compared with lead included 
normal concrete of ballast, sand and Portland 
cement; concretes or plasters mixed from coarse 
and fine barytes along with cement ; barytes-sand- 
cement plasters; ordinary building bricks; coke- 
breeze blocks ; and mild-steel sheets. 

A noteworthy general characteristic of all the 
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materials tested, in relation to their protective value | protective values against gamma rays are very | Department has collaborated. Another research 
considerably greater than those against X-radiation. | of interest to engineers has been concerned with 


against X-rays, is that the lead equivalent increases 
with the exciting voltage until it reaches a maximum 
at 100 kV. As voltage increases further the protec- 
tive value decreases to a minimum at about 180 kV 
and thereafter again increases continuously up to 
the | mit of 400 kV attained during the experi- 
ments. ‘These characteristics are exemplified, for 
various thicknesses of a straight 2:2:1 concrete 
of specific gravity 2-2, by Fig. 10, which is repro- 
duced from a published account of the work.* 
Since all the materials studied have exhibited this 
curious variation of protective value with X-ray 
voltage, their relative merits must be compared on 
the basis of a common voltage although the general 
order of merit is not greatly affected by the voltage 
within the range covered by the experiments. For 
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the common voltage of 400,000 the relative merits of 
seven different materials are compared in Fig. 11 over 
the range of thickness up to 30 cm., the protective 
value being shown by the equivalent thickness of 
solid lead. In this diagram curve a relates to iron 
(mild-steel sheets); curve 6b to barium concrete, 
(coarse barytes, fine barytes, cement) (sp. gr. 3-2) ; 
curve ¢ to barium concrete (coarse barytes, sand, 
cement) (sp. gr. 2-7); curve d to concrete (ballast 
sand, cement) (sp. gr. 2-2); curve e to Daneshill 
brick ; curve f to yellow stock brick ; and curve g 
to coke-breeze brick. Fig. 12 gives the corresponding 
protective values against the gamma radiation 
from radium, and it will be noted that although 
there are minor differences between the relative 
properties of the different materials, their main 
order of merit is the same as for X-rays. It is 
noteworthy, however, that the lead equivalent 





* “ The X-Ray and Gamma-Ray Protective Values of 
Building Materials,” Brit. Jour. of Radiology, vol. xi, 
No. 130 (1938), 








A final conclusion of much interest and practical 
value is depicted graphically by Fig. 13, which | 
demonstrates that the lead equivalents of all the | 
tested materials, against gamma radiation, are | 
closely related to the weight per unit area of various 
materials all having the same thickness. Since 
the curves of Fig. 12 all exhibit a practically linear | 
relation between thickness and lead equivalent, it 
follows that, in respect of protection against gamma 
rays, the building materials tested obey a so-called 
““mass-law ” analogous to that which holds for 
the acoustic insulation offered by homogeneous 
panels. In other words, the protection afforded is 
closely proportional to the amount of matter 
present in a screen of uniform thickness, regardless 
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the atmospheric oxidation of zinc. For this purpose 
both X-ray and electron-diffraction methods have 
been used in order to determine the nature of the 
corrosion film just below the surface, and actually 
at the surface in process of formation. In particular, 
the diffraction method has proved of assistance in 
the interpretation of results obtained by the Chemi- 
cal Research Laboratory during experiments made 
to measure the time rate at which the weight of 
zine increased during corrosion. Generally, the 
investigation so far completed has revealed a con- 
siderable difference in the nature of the oxide film 
according to the temperature at which it is produced. 
Below about 200 deg. C. most of the oxide tends to 
be amorphous, whereas at higher temperatures a 
crystalline oxide is formed immediately. Detailed 
examinations of the early stages of oxidation at 
various temperatures have revealed that the layers 
first formed have a marked preferential orientation 
and that this effect is more pronounced when the 
underlying metallic zinc contains large crystals, 
such as can be produced by suitable annealing 
treatment. 

Also worth mention is an X-ray examination of 
lead, made at the request of the British Non-ferrous 
Metals Research Association, to study the charac- 
teristics of the recovery of lead from cold work. 
The scope of this investigation has covered the 
structural changes in lead produced by small 
amounts of cold working, and the reaction of cold- 
worked lead to subsequent heat treatment. In the 
field of physiological research, X-ray studies of 
tooth structure have been continued with the specific 
objective of precisely determining the nature of the 
inorganic constituent of tooth enamel. The con- 
clusion now reached is that the main constituent 
is hydroxyapatite, in which a small proportion of 
the calcium atoms is replaced by magnesium. 

Not without interest, finally, is a reference to 
the work carried out by the Physics Department in 
connection with testing the radioactive properties 
of the radium used for therapeutic purposes, and 
with the repair, storage and issue to the various 
National Radium Centres of radium containers, 
needles and tubes. The total quantity of radium 
thus tested during a period of twelve months exceeds 
22 grammes, nearly half of which is controlled by 
the Radium Beam Therapy Board. Other tests 
have included the measurement of the radium 
content of low-radioactivity substances, such as 
natural and artificial mineral waters, radioactive 
packs and other medicated preparations. The 
investigation of such feebly radioactive materials 
differs considerably from that of powerful sources, 
and special apparatus has, accordingly, had to be 
devised. The activity of the feeble emanation is 
compared with that from a known quantity of 
radium by means of ionisation measurements in 
which the electrical conductivity, imparted by the 
two emanations to air, is observed. The method 
has proved to be very successful, and so sensitive 





| that radium in a sample of material can be detected 


even if it is present only to the extent of one ten- 
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of the screening substance. Protective values for | 
X-rays generated at voltages higher than 400 kV, | 
and for gamma rays, have been deduced at the| 
Laboratory from available data ; and in view of the 
satisfactory agreement obtained between such | 
values predicted and experimentally measured for | 
X-rays at lower voltages, between 200 kV and_| 
400 kV, as well as for gamma rays, it appears that | 
the lead equivalent of a building material can now | 
be calculated with sufficient accuracy for most | 
practical applications of protective technique. 
Along with the foregoing work, which has a 
particular value for the medical profession, the} 
use of X-ray diffraction methods in the study of | 
industrial materials has been actively pursued and | 
extended under the auspices of a Committee con- | 
cerned specifically with the applications of X-ray | 
technology in industrial research. In this connec. | 
tion, reference has already been made, under the 
account of the work of the Engineering Department, | 
to the studies of the structural changes associated | 


with the fatigue of metals, in which the Physios| tion at Dundee on Thursday, August 31, 1939. 


thousand-millionth of a gramme. 
(T'o be continued) 








THE FLOW OF LIQUIDS THROUGH 
BEDS OF GRANULAR SOLIDS.* 


By Witt1am H. Warp, B.Sc., A.C.G.I, 


Tue practical applications of this subject lie in such 
fields as irrigation, drainage, water supply, seepage 
around dams, oil production, and in the ceramic and 
chemical industries. Until quite recently the design 
of earth dams, dykes, and underground water-supply 
schemes was based almost exclusively on empirical 
knowledge. With the development of modern soil 
mechanics and the understanding of seepage flow a 
far more scientific approach is being made tothe design 
of these earth-water structures. Taking a granular 
medium as an “ ideal” earth, Fig. 1, page 436, shows 
a typical tortuous streamline of the flow of water 
through granular media. Glass beads were used for 


| gravel in this apparatus to facilitate the illumination 








* Paper read before Section G of the British Associa- 
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, of the porous medium, and is called the coefficient of , 


permeability (usually denoted by k; see Appendix 
equation (1)). The two terms porosity and permeability 
are often confused by engineers. Porosity, which is | 
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FLOW OF LIQUIDS THROUGH BEDS OF GRANULAR SOLIDS. 
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vertical cast-iron cylinder suitably packed with sand 
or grayel, through which a controllable upward stream 
of water flows. Pressure tappings are taken at two 
sections about its centre and quantities of water 


of the coloured liquid stream, the type of motion being | ® Measure of the fluid content of the porous medium, | measured by timing and weighing. Using this appar- 


the same in both cases. 
in beds of large grain diameter is shown conclusively. 

Consider now the seepage of water through an earth 
dam or a similar structure. The paths followed by 
each microscopic streamline through the completely 
interconnected framework of pores forming the body 
of the dam will be tortuous and chaotic exactly as in 
Fig. 1. However, regarding the flow macroscopically 
across the width of the dam, the general grid of stream- 
lines will be continuous smooth curves. The general 
theory of seepage flow is based on this macroscopic 
conception of the flow averaged over a great number of 
individual pores. Fig. 2 gives several line diagrams 
of common seepage-flow problems, together with the 
streamlines and equipotential lines. The failure of 
earth structures due to excessive seepage, commonly 
called “‘ piping,” is caused by the buoyancy produced 
by large fluid velocities. These large velocities usually 
oceur at the discharge faces of dams. In Fig. 2 (a) the 
exit velocity has been reduced by placing a layer of 
large heavy stones on the discharge face. This layer, 
owing to its larger porosity, reduces the exit velocity, 
und by using a suitable size and thickness for this 
layer the structure can be stabilised. Fig. 2 (e) shows 
another method of eliminating piping, 1.e., by using a 
coarse filter. 

The labyrinth of passages and the complicated 
geometric structure of the porous medium makes the 
direct application of the Navier-Stokes equations 
impossible, Since, in general, however, we are not 
interested in the detail flow as applied to the unit 
pores, these analytical difficulties are not of such 
great consequence. Darcy,* in 1856, being interested 
in sand filters, resorted to an experimental study of 
the problem, which led to the fundamental law of the 
flow of fluids through porous media, referred to now 
as Darcy's Law. The law stated that the rate of flow 
Q of water through the filter bed was directly propor- 
tional to the area A of the sand and to the difference A 
between the fluid heads at the inlet and outlet faces 
of the bed, and inversely proportional to the thickness 
L of the bed, or : 


Q« -- 


This law or its more generalised form (see Appendix I) 


(1) 


is in effect a statistical result giving the empirical | 


equivalent of the Navier-Stokes equations applied 
macroscopically to a large number of minute pores. 
The proportionality constant associated with equation 


(1) is a function of the shape, size, porosity and structure | (1932), Leningrad. Phil. Mag., vol. 21, pages 881, 904 


* Darcy, H., 
Diton, Paris, 


1856. 


total volume. Permeability, k, is a measure of the | 


| ease, or difficulty, with which a fluid travels through a : 
| porous medium under the influence of some driving problems in hydrodynamics, a simple expression can 





Les Fontaines publiques de la Ville de| page 204 (1933). 


| : ‘ ; 
equation can be solved only in a few simple cases of 


force. More formally, the permeability of a porous | 
medium is the volume of fluid of unit viscosity passing | 
through a unit cross-section of the medium in unit | 
time under the action of unit pressure gradient. 

The analogy between Darcy’s Law and the Poiseuille | 
Law for flow in pipes should be noted, but the nearest ! 
approach to an analytical justification of Darcy’s Law | 
utilising the Navier-Stokes equations applies only to | 
the extremely simple case of the laminar motion of | 
fluid between and parallel to the generators of a network 
of parallel circular tubes.* Darcy's Law is only valid 
when the flow is laminar. Recent work has been 
directed towards the range of validity of this law. | 
As fluid velocities are increased and the inertia forces | 
become important, there develops a gradual transition | 
region merging finally into the fully square law; 
that is, with the pressure gradient proportional to the 
square of the fluid velocity. 

The general differential equation for the flow of water 
through homogeneous porous media is readily deduced | 
from the generalised form of Darcy’s Law and the | 
equation of continuity. This is given in Appendix I, | 
together with the common boundary conditions which | 
have to be satisfied. Even so, the general differential 





seepage flow, and model or graphical methods have to 
be used.t 

Gravity-flow systems, such as Figs. 2 (b, d, e, f), are 
characterised by a free-water surface existing in the 
porous media and by a seepage surface (where the 
liquid flows freely into the air) at the discharge face. 
In such cases neither the shape nor position of the 
free surface nor the height of the seepage surface is 
known initially. Hence the boundary conditions can 
only be satisfied by using a transformation,t which 
is cumbersome. Before, however, any seepage problem 
can be solved the properties and configuration of the 
soil at the site must be investigated and its permea- 
bility determined. 

The permeability apparatus, Fig. 3, consists of a 
Zeits., 


* Emersleben, vol. 


(1925). 


0., Phys. 26, page 601 


t Muskat, M., The Flow of Homogeneous Fluids through | 


Porous Media, New York, 1937, and references. 
+ Davison, B., Mem. l’Inst. Hydr., vol. 6, page 121 


(1936). Nemenyi, P., Wasserbauliche Sirémungalehre, 








Mech., vol. 14, page 129 (1934). 
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. o - | *' . 
The existence of laminar flow | i8 defined as the ratio of volume of void space to the | atus, permeability tests were carried out on several 


unigranular sands and gravels from 0-8 mm. to 7 mm. 
diameter (see Table I). As is customary with most 


TABLE I. 


Equivalent Spherical 


Sand or > : 
Gravel. — teats 
a 0-080 0 396 
b 0-116 0-426 
fe 0-168 0-462 
\d 0-168 0-460 
e 0-312 0-398 
f 0-477 0-362 
fo ! 0-626 0-356 
\a | 0-626 0-369 


be deduced from the theory of dimensions giving the 
pressure gradient as a function of the friction coefficient 
Cy and the Reynolds number R. Results obtained 
from the' above apparatus are plotted on this basis in 
Fig. 4, opposite. These curves can all be represented 
by the general equation : 

C, R = constant iii (2) 
where n varies from 1 to 2, and for laminar flow 
equals 1. The Darcy Law region is the horizontal 
portion and is given in “reduced values” by the 
equation 

Cy =, 1,400 (3) 
and holds up to a “ reduced” Reynolds No. _ 10. 
The long smooth transition curve, where the inertia 
forces are rapidly becoming important, can be repre- 

sented approximately by the equation 

Cy. Ry. = 52 Ry” (4) 
The “ bulk values” attempt to take no account of 
the varying porosity among the different sands and 
gravels and exhibit a considerable degree of scattering. 
The lower curve was obtained by Bakhmeteff and 
Feodoroff.* experimenting in a similar manner with 
rounded lead shot. By introducing a porosity term 
they grouped together their results into this mean 
curve. The “reduced value” curve for sands and 
gravels is plotted by utilising this same porosity term 


land using the ‘“ equivalent spherical diameter” to 


specify the particle size. This “ equivalent spherical 
diameter” is measured by counting and weighing 
large number of particles and then calculating the 
diameter, assuming each particle to be spherical. 


* Bakhmeteff, B. A., and Feodoroff, N. V., Journal 
of Applied Mechanics, September, 1937, and June, 1938. 
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This method of specifying particle size gives consistent | 
results and is easily carried out on particles down to | 
The equations used in plotting | 


0-5 mm. diameter. 
the above curves are deduced in Appendix II. 
shows the variation of total energy among 


Fig. 5 
the 


particles across a horizontal section obtained during | 
one of the above tests ; that is, it shows the microscopic | 


variation of energy in contrast to the average macro- 


scopic energy distribution on which Darcy’s Law is | 


founded. 

It would be very useful practically to be able to 
predict accurately the coefficient of permeability and 
the friction coefficient-Reynolds number curve from 
an analysis of the geometric structure of the porous 
medium. However, as individual samples may not 
be representative, it is far easier to perform a series 
of tests similar to the above on samples taken at 
suitable points over the proposed dam or well site. 
Inertial flow must occur in the immediate neighbour- 
hood of wells situated in coarse gravel beds, which are 
being rapidly pumped. Then the Darcy Law is invalid 
and also the differential equation (6), but the above 
equation (4) can be used in certain simple problems. 


Thus having investigated the properties of the soil | 
at the proposed site and either analytically, graphically | 


or experimentally obtained the streamlines and equi- 
potential lines throughout the earth structure, the 
necessary pressure and velocity distributions can be 
estimated. The stability of the proposed design may 
then be studied and altered accordingly.* 


When a free-water surface exists within the porous 


medium, as in all gravity-flow systems, a saturated 
capillary layer is formed above the main body of the 
liquid. 
being approximately equal to the capillary rise in the 
medium. A vertical stand-pipe lowered into the 
medium of a gravity-flow system will first show a rise 
of water when the main body of the liquid is reached. 
The height of this layer in fine-grained sands can 
therefore be considerable, and as a flow actually takes 
place along the layer, the quantity thus conveyed will 
be relatively large. The potential theory takes no 
account of the capillary layer, although it distorts the 
streamlines near a free surface. However, model 
methods can be used, if care is taken with the relative 
size of model to grain diameter. 
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Further, from the theory of dimensions it can be 








shown that 

dp 

pdx’ 

where d is a characteristic length, a function of the 

grain or pore size, and yz the viscosity. 
Grouping the constant and d* together as k, for then 

k is a function of the structure of the porous medium 

only, then 


v = const. 


_ kdp 
~ pax 
k is the coefficient of permeability. 
Consider now the general three-dimensional flow. 
\ssuming the resultant fluid velocity can be resolved 
| into its three components parallel to the co-ordinate 
axes, then Darcy’s Law may be written (assuming k 
is the same in all directions) : 


° - @) 








, _ _kdép 

™ abe 

ae mi . (1a) 
ucy 

ae bap] 


pti poz 
Equation (la), however, is not complete, as no body | 
forces are included. Assuming gravity is the only | 


body force and the y-axis is vertical, then the y-equation 





| 
rn 


becomes 


k (3? ‘ 9) | 


Y= -— — dy 


General Differential Equation for the Flow of Fluids | the + corresponding to the upward or downward | 


through Homogeneous Porous Media.—From the Darcy’s 
Law equation (1) we can write, 


dlp 


c 
t const. 
d 





* Terzaghi, K., Erdbaumechanik, 1925. 


| direction of +y 


p is the fluid density. 
| This is Darcy’s Law in its more generalised form. 
Introducing the potential function @ as 





=" wergy. . . (2) | 
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GRANULAR SOLIDS. 
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so that 
7 e@®D 
yo =$2) 
Y)=— é® (3) 
oy 
a@ 
v, _- > 
dz 
or vectorially, 
ju —9@ (4) 


For incompressible liquids the equation of continuity 
holds : 


i ks OL TS (5) 
Ox oy Oz 
Hence from equations (3), (4) and 5): 
FPO #0 @® 
= tag tae =VOHVP=O0 (6) 
Ox oy 0 2? 
Boundary Conditions.—(1) Impermeable boundary : 
a@ . 
5 =(), where n is normal to the boundary. 
n 


(2) Constant potential surface (i.e., submerged liquid 


faces) : 
@ = const. 


(3) Free surface—a streamline and a_ constant- 
pressure surface : 
a® kpg , 
~— =Oand @ -y=C, 
on 


where y is the vertical axis. 

(4) Seepage surface, where the liquid enters a region 
free of both liquid and porous medium, is a constant- 
pressure surface, but not a streamline : 


Dm — 


AprEnvix IT. 

General Resistance Equations.—The porosity a of 
natural granular medium ranges mostly between 0-35 
volume of voids 
total volume ~ 
mation, experimental data obtained on samples with 
varying porosities may be “reduced” to a unified 
basis by introducing a characteristic velocity vp, and 
a length characteristicd,.* Considering rectilinear flow, 
if A, is the total cross-sectional area, then from 
dimensional considerations the average aggregate voids 

cross-section is 


and 0-5, where « As an approxi- 


Ay = Ay: a. (7) 
and hence the characteristic velocity will be 
e 
Up = = . . (8) 
al 


velocity reckoned on the total 


where vy is the ‘ bulk ” 


* Bakhmeteff, B.A., and Feodoroff, N.V., loc. cit. 









































» Ay. Similar] the length factor characterising 
the vic i 
ta ° e ‘ v 
| th valent spherical diameter Thus 
’ Re number is 
; d R; 
R : . (10) 
7 
} 
ré 
a7) | 
R 
il pv is the coefficient of kinematic viscosity. 
\gain, from dimensional considerations an equation 
be d ved for the pressure gra lient in terms of 
t} bull value 
ip mn n 
— const. a 7 p (11) 
dz 
Her using a general resistance formula of the type : 
lp " 
. Co, (12) 
d " <4 » 
Il the resistance coefficient Cp becomes 
. const ‘ 
ly — (13) 
an 
Rs 
minar flow (Darey’s Law) 7 1, then, 
: Ch 
Cy R (14) 
“b 
fr sare-law re tance n » and then 
Cy const. (15) 
\ set of equations ex ictly similar to (12), (13), (14), 
ind (15) obviously holds for the ** reduced ”’ charac- 
tics (denoted by suflix p 
Hence from equations (8), (9), (10) and (12), 
( Cy: a (16) 
le the constant and in equation (14) are 
‘ d 
( ¥ (17 


NOTES ON NEW BOOKS. 


he Taff Vale Railway. By D. S. Barrie. Sideup, 
Kent The Oakwood Press Price 28, 6d. net.] 

(ux confused tangle of valleys that constitutes the 

trial district of South Wales presented many 

robl in transport to those who first sought to 

exploit ita 1 eral wealth; but the inducement to 

vide adequate outlets for the coal and iron was 


ufficient to justify engineering works on a considerablk 


cale, and therefore the district was the scene of several 
undertaki i some n } ide quite early in the 
Nineteenth Century. The first public railway in the 
region was the Taff Valk withorised in 1836 and 
opened in 1840, which continued to operate as an 
individual system from the latter date until it was 
baor be by the Great Western Railway in 1922 in 
iccordance with the general scheme of nalgamation 
put into force in that year The original line was laid 
t by L. K. Brunel, but it w built to the narrow 
vung the itset, a mixed-gauge junction with the 
uth Wak Railway being provided in 1854 at 
Card The inland terminus was at Merthyr Tydfil. 
various branches were added, carrying the line 
into more remote corners of the mountainous district 
that it served. The system was laid out at an oppor- 
t time and met a definite need, with the result 
that it eventually developed the heaviest mineral 
traffi nd the greatest financial prosperity, of any 
in the British Isles. Mr. Barrie is a railway historian 
ot jud ment and experience, and tells his story well, 
with an economy of words that makes the most of 
his store of facts. The book is small—only 35 pages 
but, with the aid of a key diagram of the system and 
ialf-tone illustrations of the principal officers and 
piceal locomotives, it succeeds in providing a satis- 
factory epitome of the history of a line which still 
POSREASCS onsidera ble interest to the iilway enthusiast 
he Oil Engine Ma By D. 8S. D. WitttaMs and 
J. Mrn.ar Suit London; Tempie Press, Limited. 
Price 5e. net.) 
rue application ot the iirless-injection engine to 
lustry nd road transport has now become so 
ve that there must be many persons desiring 


make themselves familiar with the latest develop- 





ment While numerous books have been published 
‘ meet the need of trained engineers dealing with 
these engines, the man with a limited technical 
wledeg has had to rely hitherto on hand books, 
hasto $8 Tqnit Engines for Road Vehicles 
nd Ou Br for Road, Rail and Air Transport, both 


ENGINEERING. 


published by Messrs. Temple Press, Limited. Although 
excellent in their way, these handbooks are somewhat 
limited in scope, and there has been rather a gap 
between them and books dealing with airless-injection 
engines mainly from the standpoint of design. This gap 
has now been filled by The Ou Engine Manual, which 
covers the design and applications of the engine in 
all the more important fields, with the exception of 
marine work. Marine engines have been omitted, 
as that subject is covered by the publishers’ Motor 
p Refe Book. After a chapter devoted to the 
evolution of the oil engine, working principles, starting 
systems, pressure charging, lubrication, and mainten 
ince are dealt with. These are followed by sections 
devoted especially to the industrial oil engine and to 
transport oil engines, and the book concludes with a 
series of appendices dealing with standards, costs, and 
so on. The book includes, in essence, all the material 
contained in the two manuals already referred to, but 
newer ground is broken in the section devoted to 
industrial oil engines. The engines dealt with are 
mainly the products of British manufacturers, only 


NS} rence 


those foreign types being included which differ con- 
siderably from British products, and have estab- 
lished themselves in their own countries. The 


section includes chapters entitled British horizontal 
engires, British vertical engines, power station layout, 
and tractors and transportable units, and it is, there- 
fore, somewhat surprising to find descriptions of the 
Sterling swashplate engine and the Sulzer opposed- 
piston engine in the first of these chapters, and the 
Brown-Boveri gas turbine and the Gotaverken Diesel- 
pneumatic engine in the second. We would suggest 
that these foreign engines should have a chapter to 
themselves. The manual contains a number of useful 
tables and is amply illustrated. 


STANLEY, 
Pub- 


Surveying for the Drawing Office. 
\.M.Inst.C.E. Epsom: The 


By L. C. 
Draughtsman 


lishing Company, Limited. [Price 3s. net. 
THE average mechanical draughtsman is somewhat 
apt to refer to the work of the surveyor in such 


slighting terms as “ merely squinting through a tele- 
and it would do such a man good to study 


scope,” 


this admirable little book. Although the author no 
doubt has the civil engineer in mind in the entitling 
of his work, it may be taken as incontrovertible that 
+ number of mechanical engineering draughtsmen 
would tind a knowledge of the technique of sur- 
veying of real value, as instances are not unknown, 
particularly abroad, where a man trained as a mech- 
anical engineer may have to make himself familiar 
with a troublesome site, in the absence of a civil 
engineer. The book under notice gives just the sort 


of instruction that a beginner needs and we commend 
its lucidity and, within its compass, its complete 
The cde scriptions of the transit theodolite and 
the dumpy level and the methods of using them are 
ind the little bits of advice occurring 
show that the author has a practical 
The above comments 


very well done, 
here and ther 
acquaintance with his subject. 


do not mean that the civil-engineering draughtsman 
can assume the book to cover ground with which 
he is already familiar. On the contrary, even if his 
job is only to translate the surveyors’ figures into 
plans and sections, it is possible that he may derive 


benefit from a more complete understanding of the 
manner in which those figures were obtained in the 
field. The book is bound in the now familiar grey 
paper cover adopted by The Association of Engin- 


eering and Shipbuilding Draughtsmen, a cover which 
connotes, for the 
sound and reliable contents. 


most of publications concerned, 


Mr. A. T. J 


Longmans, Green 


Revised by 
London : 


net 


Ripper’s Hea , 
Kersey, M 
und ( 
Tue re 


wt Engines 
I Mech.E. 

Price jes 
standard text-book is in as difficult 
& position as its The be charged 
with ‘tinkering ”’ with the original text, the 
other with mere captiousness if he does his plain duty 
out slips and omissions. With regard to this 
said that the developments in engin- 
the book appeared as Ripper’s 
1890's have certainly warranted all 
while Mr. Kersey has retained, as 
r as possible, thos parts of the book that remain 
This is to the good, since Professor Ripper 
had the gift of being able to present his facts in a manner 
which smoothed away a student’s difficulties, the term 
‘student’ being here specifically used, as the work 
does not claim to be anything more than an elementary 
text-book. As such, it survive 
and we can unhesitatingly commend it in its enlarged 


ompany 
viser ot a 
reviewer. one may 


needless 


In pointing 
work, it may be 
eering pr wctice since 
Steam, in the late 
the additions made, 
fa 


valid. 


has well deserved to 


torm B it, we should like to see it still better. Ong 
or two slips are to be found, thus, in describing the 
De Laval turbine, it is stated that rhe shaft is made 


flexible, so as to allow the shaft to rotate about its 


OcT. 20, 1939. 
This is not clear, and it would seem 
that the second “ shaft ” in this sentence should read 
‘““wheel.”” The succeeding sentence “ The shaft will 
thus be slightly eccentric at full speed,” is also a little 
confusing ; probably some readers may imagine that 
the shaft has “ whip,” which not the An 
omission that might well be rectified, is that, although 
the mechanism of combustion is most clearly and pains- 
takingly explained, there is no reference in the section 
on boiler firing to the part played nowadays by the 
CO, and CO recorder. The sketch of Darling’s calori- 
meter might fittingly be balanced by one showing the 
well-tried Orsat CO, instrument or one of its many 
modifications and alternatives. The chapters on the 
internal-combustion engine are exactly suited to the 
object and scope of the book and the illustrations of 
this section are plentiful and, for the most part, selected 
with discrimination. One or two of the illustrations 
surviving from the original book appear a little out of 
date to-day, but seeing that its object was, and is, 
to explain principles rather than to provide examples of 
design, no real objection can be taken to this. Exercises 
are given for each chapter, with answers to those 
admitting numerical solution. The index might 
expanded with advantage. 


centre of gravity.” 


’ 


1s Case. 


be 


Properties and Strength of Materials. By J. A. 
Cormack, B.Sec., and E. R. Anprew, G.1I.Mech.E. 
London: Macmillan and Company, Limited. | Price 
Se. 6d.) 

Tuts elementary text-book is intended for students of 

engineering who are preparing to take the examinations 

of the professional bodies connected with the science. 

The mathematics employed throughout the text has 

been reduced to a minimum, prominence being given 

to direct and practical applications. A feature of the 
volume is the large number of questions reproduced 
from the examination papers of the various institutions. 

Two preliminary chapters are devoted to loads and 

stresses, and to discussions of tension and compression, 

after which the text proceeds to define mechanical 
properties and to examine the behaviour under load 

of the commoner engineering materials. In chapter XI 

a determination is made of the magnitude of the loads 

which can be applied to columns and struts of various 

lengths and cross sections without exceeding the safe 
limits of stress and of lateral deflection. The main 
assumptions on which the theory of the column formule 
is based well stated, and Rankine’s formula is 
developed in the conventional style. Rankine’s 
formula is not exactly representative of the results 
obtained under practical conditions, the results gener- 
ally agreeing to within 5 per cent. to 10 per cent. only, 
depending on the magnitude of the factors involved. 

For this reason, approximate empirical formule for 

the safe working load are frequently used in practical 

designing. Most column formule give the critical 
load, and in order to determine the safe working load 

a suitable factor of safety must, therefore, be employed. 

The authors tabulate the values of a number of such 

factors which may be used in the absence of more 

specific instructions. In referring to concrete 
tures it is emphasised that practical design in rein- 
forced concrete must normally conform to standard 
codes of local building regulations. The volume 
concludes with a logical discussion of the Launhardt- 

Weyrauch formula, a section devoted illustrated 

descriptions of testing machines, and an appendix 

which should be a useful aid in preparing for examina- 
tions. 


are 


struc- 


to 


MATTHEWS, 
and Tech- 
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Boiler Feed Water 
B.Sc. London : 
nical Publications. 
net. 

Tue treatment of the feed water used in steam generation 

is a subject that has been studied extensively during 

recent years and many advances have been recorded, 
particularly in installations where super-steam 
sures are involved. Water treatment is of practical 

importance and the bringing of feed water to a 

desirable state of purity before use is a valuable 

contribution to fuel economy. In this volume, the 
author deals with the practical aspects of the subject 
and discusses the outstanding operating problems. 

Advantage has been taken in the publication of the 

second edition to extend much of the subject-matter 

of the earlier edition and also to incorporate the results 
of recent investigations. In dealing with boiler corro- 
sion problems, an examination is made of the complex 
nature of corrosion as exemplified in “ pitting,” and 
the role played by the composition of the feed water 
in maintaining plates and tubes free from corrosion. 
The various theories of corrosion surveyed, but 
none of these offers a rational explanation of the 
problem of localised attack, a phenomenon which is 
of a highly complex character. The introduction of 
hydrogen-ion control in boiler feed-water technique 
is a comparatively recent development, its importance 
being first pointed out in 1921, Although corrosive 


Treatment. By F. J. 
Hutchinson’s Scientific 
Second edition. | Price 


pres 


are 
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action between boiler water and the metal heating 
surface is largely chemical action between the salts 
and dissolved gases and the metal, such corrosive 
attack may be largely accelerated by electrolytic 
action. 
recently received attention, and the author shows that 
electrical treatments for the prevention of scale forma- 


to prevent adherence of scale to heating surfaces by 


This volume is a useful contribution to the study of 
the practical aspects of boiler feed-water problems. 


<n | 


Elementary Mechanics with Hydrostatics. By D. 
HumpuRey, B.Sc., and Dr. E. A. Baacotrr. London : 
Longmans, Green and Company. [Price 8s.] 

A CLEAR understanding of the fundamental principles | 

of mechanics is essential for all students embarking | 

on an engineering course of study, and it is an advan- | 
tage that, in the initial stages, the subject should be | 
presented on an experimental and observational basis. | 

The authors of this volume have had a long experience 

of teaching mechanics and in the text emphasise the 

practical applications of the subject, indicating the 
close points of contact between theory and practice. 

Numerous worked examples are included, and through- 

out the book attention is drawn to the necessity | 

of applying principles when studying problems in 
mechanics. The volume is divided into two main | 
sections, dealing, respectively, with mechanics and 
hydrostatics, which are arranged in the conventional 
style, the section on mechanics being developed from 

a study of forces, the principle of moments, and falling 

bodies, leading up to Newton’s Laws of Motion. The 

section dealing with hydrostatics is particularly well 
arranged and logically developed, Boyle’s Law and 

Archimedes’ principle are given clearly, and the short 

section devoted to submarines and balloons well illus- 

trates the practical applications of hydrostatic prin- | 
ciples to under-water and aerial conditions. 








HYDRAULIC VARIABLE-SPEED 
GEAR. 


THE need for a simple, compact and reliable system 
of speed regulation capable of giving an infinite varia- | 
tion of speed between a predetermined minimum and | 
maximum has led to the development of a number of | 
alternative designs. Several of these have now been | 
in use for a sufficient length of time and in sufficient | 
numbers for the design to be standardised in convenient 
form for incorporation as an integral part of the 
machine on which it is to be used, or, alternatively, 
such designs can usually be applied to the drive of an 
existing machine with no more inconvenience than 
would be caused by the application of an electric motor. 
One of the main lines which the development of speed 
regulation has taken on the Continent has been the 
employment of two rotary-vane pumps in series, the 
first of which acts as a pump with a variable discharge, 
while the second serves as a driving motor on the 
output shaft. This method, in addition to giving an 
infinite speed variation, also serves to shut off the 
drive entirely, or to reverse the direction of rotation. 

Figs. 1 to 5, page 444, show the “ Sturm ” variable 
oil drive, manufactured by Messrs. Gebriider Bohringer 
G.m.b.H., of Géppingen. This is an example of the 
extremely compact type of unit made possible by 
incorporating two rotary elements alongside each other 
in one housing, an arrangement which lends itself 
equally well either to belt or electric-motor drive. 

The driving shaft a is shown on the left in Fig. 1, 
the pump rotor 6 being pinned to this shaft. The 
enlarged centre portion of the pump rotor is shown in 
section in Fig. 2, and it will be noticed that it is in 
the form of a ring containing six radial ports c. There | 
is a blade slot between each pair of ports, as shown in 
Fig. 2. The rotor is carried in ball bearings d, Fig. 1, 
mounted in a packing ring e at the outer end, and in 
the centre piece f at the inner. The packing ring e is 
mounted in the main casing g, while the centre piece 
fis carried in another packing ring A, which is, in turn, 
again mounted in the main casing g. The blades are | 
embraced by a housing made up of two side rings 4, 
and a centre ring j, these three parts being bolted 
together and being free to rotate with the rotor on 
the ball races /, thus reducing frictional losses to a 





minimum. These ball races are mounted in a yoke l| 
surrounding the housing, and shown in Fig. 2. This | 
voke is carried in transverse guides, and can be| 


moved across the casing, carrying the housing with it, 
by a nut and screw mechanism operated by the hand | 
lever shown on the right in Fig. 2, and also to the 
left in Fig. It will be evident that this motion | 
varies the eccentricity of the housing with respect to 
the rotor, and thus varies the pump delivery. 


5. 








Electrical methods of water treatment have | 


tion usually operate on physical principles, attempting | 


changing the condition of the scale-forming matter, | 
thereby repelling the scale particles from the metal. | 


| in Fig. 4. 


| capacity of the upper motor compartments. 


|in either direction, the weight of the complete unit 
|empty would be about 1,200 lb., and the approximate 
overall dimensions of the body, excluding the operating 


Augvst 25, page 241, we described a new form of flexible 
tubing made of synthetic rubber and having the armour- 
ing independent of the tube itself. 
as the 
available for presszres up to 200 lb. per square inch only. 
We learn from the 
Limited, 35, 
tubing can now be obtained, in bores of § in. and } in., | ¢ 
The | to withstand pressures up to 1,500 Ib. per sq. in., and | from the Director, British Cast Lron Research Associa- 
motor side of the unit is identical with the pump side | that other sizes will shortly be procurable. 
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except that the eccentricity is varied by means of a 
handwheel instead of a hand lever. 

Turning now to the action of the reduction gear as 
a whole, it will be observed from Figs. 1, 2 and 4 that 
there are two horizontal passages in the centre piece f, 
and in the position of the various elements shown in 
the figures, the pump is drawing oil along the upper 
passage, and the ports in the upper half of the rotor, 
into the compartments embraced between the pump 
blades in this upper half, since these compartments 
are increasing in volume. From the compartments 
shown in the lower half of the pump in Fig. 2, which 


| are decreasing in volume, the oil will be delivered to 


the lower of the two horizontal passages, as indicated 
in Fig. 1, and from thence it will be delivered into the 
lower half of the space between the rotor and housing 
of the motor. Since to effect this delivery, the spaces 
between the motor blades in this half must increase 
in volume, the rotor at this end will be driven round 
in the opposite direction to the pump. The spaces 
in the upper half at the motor end will be decreasing 
in volume, and thus delivering oil to the upper hori- 
zontal passage, from which it passes back to the 
pump. Up to the present, the pump, motor and con- 
necting passages have been regarded as a closed 
circuit, but it will be observed from Fig. 4 that each 
of the horizontal passages in the centre piece is pro- 
vided with a vertical branch. Each branch has a 
suction valve and a by-pass valve at the bottom, 
communicating with the sump. With the unit oper- 
ating in the manner described, all four valves normally 
remain closed. Should the motor be stalled by over- 
loading, the pump will no longer be able to deliver 
to the motor via the lower passage, but damage to 
the unit is then prevented by the diversion of the oil 
down the vertical passage shown to the right in Fig. 4, 


and thence through the by-pass valve into the sump. | 
In the same circumstances, the motor ceases to deliver | 


oil to the upper horizontal passage, and the pump will 
commence to draw its supply from the sump via the 
suction valve and vertical passage shown on the left 


Assuming the unit is functioning normally with the 
pump delivering a constant output, the effect of 
varying the eccentricity of the motor by turning the 
control handwheel will be to reduce or increase the 
If the 
capacity is reduced, the speed of the motor must 
increase to pass the same quantity of oil, and vice 
versa, so that the handwheel is, in effect, a speed 
controller. 

It will be evident that varying the eccentricity of 
the pump also varies the speed of the output shaft, 
since the quantity of oil delivered to the pump per 
revolution will thus be increased or decreased, so that 
the ability to vary the eccentricity of both elements 
doubles the speed range for a given size of unit. It 
will also be clear that the whole unit forms a reversible 
system, since either the pump or the motor will rotate 
in the opposite direction after the rotors have been 
traversed past the neutral position. The second by-pass 
and suction valves shown in Fig. 4 come into operation 
if the output shaft be stalled when running in reverse. 
To carry off the heat generated in the pump and motor, 
a fan, shown on the left in Fig. 1, is mounted on the 
driving shaft, and directs a stream of air through 
passages in the main casing. 

This type of oil drive enables output speeds to be 
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THE GRADING OF BRITISH 
PIG IRONS. 


Tue Pig-Iron Sub-Committee of the British Cast-Lron 
Research Association, which Sub-Committee includes 
representatives of the British Iron and Steel Federation, 
the Central Pig Iron Producers’ Association, and the 
Cylinder Refined Iron Association, has issued a publica- 

| tion bearing the title, Pig-Iron Grading Scheme. As 
its name implies, this scheme provides a series of grades 
into which the various types of British pig and refined 
irons can be arranged on a basis of chemical compo- 
sition, and its object is to indicate to users of these 
materials what compositions are normally available, 
and to give the limits of composition of each grade. 
The list demonstrates the variety of pig irons normally 
available in the United Kingdom. For grading 
purposes, the irons are divided into two main groups, 
namely, blast-furnace irons and refined irons. The 
first group is sub-divided into four sections, namely, 
hot blast (designated H, excluding hematite and 
including Scotch) ; hematite (designated A, for acid) ; 
basic (designated B), and cold-blast (designated C). 
| The refined irons of the second main group consist of 
| materials which have been subjected to a remelting 
or refining process subsequent to the blast-furnace. 
Two types are normally made, both to requirements, 
namely, a hematite type for use in the manufacture of 
malleable cast iron, often white or mottled in fracture, 
and a phosphoric type for the manufacture of grey-iron 
castings. The former is designated “ refined malleable ”’ 
or RM, and the latter, “ refined cylinder” or RC. 
Pig irons containing upwards of 5 per cent. of silicon 
are regarded as ferro-alloys, and ferro-alloys are 





excluded from the scheme. 

In the publication, the grading of blast-furnace irons 
is determined primarily with respect to phosphorus 
and silicon contents and secondarily with respect to 
sulphur and manganese contents. Total-carbon con 
tent is not given for blast-furnace irons, because it 
depends partly on the other elements present in the 
material and partly on the size and type of the furnac: 
employed. Hot-blast pig irons are available in 48 
compositions with respect to phosphorus and silicon. 
These are listed in a table as Hl to H48, and further 
grades, indicating sulphur and manganese, are lettered 
a,b and c. Thus, the first grade is Hla, containing 
0-10-0-25 per cent. of phosphorus ; 0 -50—1-0 per cent. 
of silicon; up to 0-60 per cent. of manganese ; and 
0-15-0-20 per cent. of sulphur. ‘The last grade is 
H48c, containing over 1-5 per cent. of phosphorus ; 
4-0-5-0 per cent. of silicon; over 1-2 per cent. of 
manganese; and up to 0-04 per cent. of sulphur. 
Similarly, hematite pig irons are available in three 
compositions (Al, A2, and A3), with respect to phos- 
phorus and silicon, and grades indicating manganese 
and sulphur are lettered a, 6, c, etc. The percentage 
composition of the first grade, Ala, is as follows: 
Phosphorus, up to 0-03 ; silicon, 1-0-1-5; manganese, 
up to 0-6; and sulphur, 0:06-0:10. That of the last 
grade quoted, namely, A3f, is: Phosphorus, 0 -05-0- 10 ; 
silicon, 1-0-1-5; manganese, over 1-2; and sulphur, 
0-04-0-06. Basic pig irons are available in 15 compo- 
sitions (Bl to B15), the phosphorus ranging from 0-25 
0-5 per cent. in Bl, to over 1-5 per cent. in B15, and 
the silicon from 0-5-1-0 per cent. in Bl, to 1°5-2-0 
per cent. in B15. The manganese is indicated as being 
over 1-2 per cent. in all cases, while the sulphur per 





varied infinitely between minimum and maximum 
while under load, and the one unit will therefore 
replace a gearbox, friction clutches, and _ brakes. 
All the moving parts are automatically lubricated 
by the driving oil employed. The drive has so far | 
found its main field of employment in sizes from 
about 3 h.p. to 30 h.p. for the stepless variation | 
of speeds at constant horse-power. Taking as a 
typical example a unit of some 124 h.p. maximum 
capacity, with an input speed of 1,500 r.p.m. and 
output speed variable from 0 r.p.m. to 1,180 r.p.m. 


lever or handwheel, would be 3 ft. by 1 ft. 9 in. by 
1 ft. 8 in. The design of the drive lends itself to use | 
with an electric motor either of the flanged or foot type, | 


and push-button control can in such cases be applied | 
for the simultaneous control of the pump and motor. 








SUKEZFLEX FLEXIBLE TUBING.—In our issue of 


This tubing, known 


‘“* Surefiex ” flexible tube, was, at that date, 
Messrs. Clarovan, 
E.C.4, that the 


manufacturers, 


Cannon:street, London, 


| 





| comprises the four ranges of, up to 2-5 per cent. ; 


centage ranges from 0-06-0-10 in Bl to 0:04-0-06 
in B15. Cold-blast pig irons are available in 5 grades 
with respect to silicon. The first, Cl, contains 0-:2-0°5 
of this element and the last, C5, 2-0-2°5 per cent. 
All contain 0-3-0-6 per cent. of phosphorus and they 
can be supplied with any manganese content from 
0-4 per cent. to 1+1 per cent., and with 0-2-0-04 pe 
cent. of sulphur, according to requirements. 

Refined malleable pig irons can be supplied to any 
required combination of elements within a fairly wide 
percentage range of phosphorus, silicon, sulphur, 
manganese, and total carbon. The latter, for example, 

2-5- 
2-8 per cent.; 2-8-3-0 per cent.; and 3-0-3-2 per 
cent. The arrangements for the grading of the refined 
cylinder pig irons are somewhat similar but the ranges 
of composition given for the various elements are wider. 

The compilers of the scheme point out that, normally, 


| pig irons can be supplied either to the composition 


required within the limits of any grade described in the 


| publication, or to the fracture required by users, 


They emphasise, however, that the specification of 


| both the fracture and the composition necessitates 


special manufacture or selection and may involve an 
increased price. l'urthermore, the use of machine-cast 
pig iron, the fracture of which differs from that of sand- 
cast pig, is increasing. This process affects fracture 
without in any way affecting the suitability of the pig 
for purposes for which the composition is satisfactory. 

The publication is available, price 28. 6d., post free, 


tion, 21-23, St. Paul’s-square, Birmingham, 3. 
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2. Discuarce Enp or Bricut-ANNEALING FURNACE. 


ELECTRIC-FURNACE INSTALLATION | cold-rolled strip and for the normalising and descaling 


FOR BRIGHT ANNEALING. 


Tue works of Messrs. Arthur Lee and Sons, Limited, 
Sheffield, a firm which was inaugurated over 70 years 
ago, have recently been equipped with modern plant for 
the manufacture of bright bars and wires of diameters 
from 3 in. down to hair thickness and flat wire and 
strip from ,, in. to 30 in. wide. Among the most 
recent extensions is a mill at the Meadow Hall works 
of the firm where, in addition to hot rolling-mill plant, 
electric furnaces have been installed for the heat 
treatment (principally bright annealing) of cold- and 
hot-rolled steel strip. These furnaces comprise a 
large unit of the continuous-roller hearth type and four 
vertical cylindrical units of the Grunewald type, all of 
which were supplied by Messrs. The General Electric 
Company, Limited, Magnet House, Kingsway, London, 
W.C.2, and were manufactured at that company’s 
Fraser and Chalmers Engineering Works, Erith. 

The continuous-roller hearth furnace, illustrations 
of which are given in Figs. 1 and 2, has been in regular 
and satisfactory operation for over twelve months. 
It is designed for the continuous bright annealing of 





of hot-rolled strip in lengths. It is suitable for operation 
at temperatures up to 1,000 deg. C., and its normal 
output is 15 ewt. per hour. The whole equipment 
is constructed of steel plate and structural steel. 
The internal width and overall length of the furnace 
are 2 ft. and 114 ft., respectively, the latter including 
the charging and discharging tables, heating chamber, 
entrance and exit vestibules, and cooling chambers. 
It is designed for use with an atmosphere of hydrogen 
and nitrogen, these gases being generated from cracked 
and burnt ammonia in the regenerative plant, which is 
visible on the left of Fig. 3. This was constructed by 
Messrs. Imperial Chemical Industries, Limited. The 
furnace is gas-tight jointed throughout and is so 
designed that the end losses in the vestibules are 
reduced to a minimum. The heating elements are 
arranged in the roof and in the hearth of the heating 
chamber, which is also effectively insulated to mini- 
mise heat loss. The elements, which are made from 
high-grade nickel-chrome strip wound in sinuous 
form, are arranged in three independently-controlled 
zones, which are connected to the low-tension side 
of the transformers. The high-tension sides of these 





transformers are supplied with three-phase current 
at a pressure of 6-6 kV and a frequency of 50 
cycles. Each heating zone is provided with auto- 
matic temperature-control gear, the equipment com- 
prising three Cambridge direct deflectional-type regu- 
lators with push-button control switches, red and green 
pilot lamps and time switch, all of which are mounted 
on the front of a cubicle fixed to the floor. The tempera- 
ture-control instruments give a clear indication of the 
temperature and are capable of being pre-set to suit 
particular requirements. 

A roller hearth is provided throughout the whole 
length of the furnace and can be driven over a range 
of speeds with a ratio of 12 to 1, so that the same 
output is obtained with different thicknesses of strip. 
It is also divided into sections, each of which is con- 
nected by a fixed reduction-gear unit to a main line 
shaft running underneath the furnace. The line 
shaft is driven by a 7}-b.p. squirrel-cage motor through 
variable-speed reduction gearing. The rollers in those 
parts of the furnace which are subjected to heat are 
made of special nickel-chrome alloy. Elsewhere, they 
are of mild steel. The roller bearings and the chain 
are provided with automatic lubrication throughout 








Oct. 20, 1939. ENGINEER ING. 


441 
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Fig. 3. REGENERATIVE Gas PRODUCER. 








Fie. 4. CHARGING GRUNEWALD FURNACE. 


; annealing of steel. Each of the four furnaces has an 
| electrical rating of 85 kW and, as is usual when the 
| Grunewald process is employed, the pots are effec- 
pump, which is driven from the main-line shaft. The | tively sealed and arrangements are made for obtaining 
cooling sections are divided up into units, each of which | an extremely precise control of temperature. Further, 
has a separate water supply. This enables the amount | the charge is suspended from the underside of the pot 
of cooling water passing through the chambers to be| cover and is not supported by the envelope. The 
adjusted to the requirements of the particular section. | latter can, therefore, be made of thin heat-resisting 
The switchgear is of robust construction and the con- | alloy of comparatively low thermal capacity, so that a 
tactors are enclosed in a steel-plate case, access to| high overall thermal efficiency is obtained. Each 
which is obtained through doors in the front. | pot is sealed by a rubber ring which is cooled from the 

The batch-type annealing plant, which forms the | outside by a trickle of water. The automatic tempera- 
other section of the equipment at these works, com- | ture-control gear enables any desired temperature, 


The lubricating points are fed by gravity from a tank 
situated well above the furnace, and the oil on its 
return is delivered to the feed tank by a small rotary 





prises four General Electric vertical cylindrical Grune- | within wide limits, to be steadily maintained. The 
wald electric furnaces, with automatic temperature | whole of this equipment is carried on a polished 
control gear and a number of bright-annealing pots. 
One of these furnaces is illustrated in Fig. 4 and|type controller, which 
is interesting from the fact that it was the first | couple on the furnace, 
installation of its kind in Great Britain for the bright! a switch and fuses for the control circuit. 





is worked from a thermo- 
as well as pilot lamps and 


panel and comprises a Cambridge direct deflectional.- | 


Incor- ' 


porated in the controller is the necessary mechanism 
| for tilting the small mercury switch which makes and 
| breaks the contactor coil circuit. There is also a time 
switch, so that the furnace can be switched on or off 
at a pre-determined time. Further, there is an indicat- 
ing pyrometer which is operated from a thermocouple 
in the middle of the charge in the pot. The switchgear 
consists of a pedestal-mounted oil switch and an air- 
break contactor, the latter being mounted in the 
steel cubicle mentioned above. The contactor cuts 
in and out a portion of the load just before the set 
temperature is reached, thus avoiding overheating. 

The determining factor in the installation of these 
furnaces was the quality of the work produced and 
we are informed that in this respect their installation 
has been fully justified. Moreover, they have proved 
economical in operation, considered on a combined time 
and fuel basis. Each pot takes a charge of about 
30 cwt., the time of treatment being 6 hours, compared 
with 24 hours with the standard method. 











WAR LEGISLATION, AND PATENTS 
AND TRADE MARKS. 


CERTAIN emergency measures have been taken by 
the Government, in connection with patents, designs 
and trade marks, under the Trading with the Enemy 
Act (1939), the Defence Regulations (1939), and the 
Patents, Designs, Copyright and Trade Marks (Emer- 
gency) Act (1939). Attention is drawn to these 
measures, and succinct explanations of them given, 
in a memorandum issued by the Chartered Institute of 
Patent Agents, Staple Inn Buildings, London, W.C.1. 
The memorandum states that the prohibitions of the 
Trading with the Enemy Act (1939) are subject to 
certain exceptions. By virtue of a general licence, 
issued by the Board of Trade, persons in this country 
are permitted to send money through neutrals to enemy 
countries to pay for obtaining and maintaining patents 
and registrations of designs and trade marks in those 
countries on behalf of any person who is not an enemy. 
Similarly, patents and registrations of designs and 
trade marks may be taken out, or renewed, here and 
in allied and neutral countries, on behalf of an enemy. 
It is necessary, however, that the payments involved 
should be received in advance but any such payment 
may be made by a person who has an interest in or 
under the patent, design or trade mark. 

The memorandum further states that, under the 
Defence Regulations (1939), the Patent Office may 
prohibit or restrict the publication of the subject 
matter of a British patent or design application in the 
interests of the Defence of the Realm. The Comp- 
troller may submit to the defence authorities the specifi- 
cation of a pending application and this may result 
in the specification not being published in the ordinary 
way. A permit must be obtained before filing an 
application for a patent or registered design in any 
foreign country, and it is advisable to obtain such a 
permit in the case of every application to be sent 
overseas, even within the British Empire. Before 
issuing a permit the Patent Office may deem it necessary 
to submit the specification to the defence authorities, 
and it is therefore desirable for the persons interested 
to give their previous authority for this to be done. 

Lastly, a brief summary of the main clauses of the 
Patents, Designs, Copyright and Trade Marks (Emer- 
gency) Act, 1939, is given in the memorandum. It 
is stated, in the first place, that existing licences under 
enemy-owned British patents and designs are not 
invalidated, but the licensee may apply to the Comp- 
troller for the revocation or variation of the licence. 
Secondly, any person desirous of exercising enemy- 
owned patent or design rights may apply for a compul- 
sory licence. The Comptroller may grant this on such 
| terms as he thinks expedient and he will direct how 
|royalty or other payments are to be dealt with. 
| In the third place, enemy trade-mark rights may be 
| suspended to the limited extent of allowing a British 
trader to refer to an enemy trade mark, in appropriate 
circumstances, for the purpose of establishing his 
;own brand of the article or substance corresponding 
to that known under the enemy trade mark. In the 
| fourth place, the Comptroller may hold up the actual 
| grant of the patent or registration to an enemy and he 
| may refuse or suspend an application if he considers 
|it desirable in the public interest so to do. All such 
| patents or registrations which may be granted will be 
subject to any enactment, for the time being in force, 
| relating to enemy property. Finally, the Comptroller 
may, having regard to war circumstances, extend any 
of the time limits which are prescribed by the Patents 
and Designs Act and the Trade Marks Act. 











. 


ASBESTOS PRODUCTION IN QUEBEC.—During the first 
| eight months of this year, 208,765 tons of asbestos were 
| produced in Quebec, compared with 180,334 tons in 
January-August, 1938. 
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BRITISH STANDARD 
SPECIFICATIONS. 


{mone the specifications issued by the British 
Standards Institution, the following may be of interest 
to our readers. Copies are obtainable from the Publi- 
cations Department of the Institution, 28, Victoria- 
street, London, S.W.1, and, unless otherwise stated, 
the price is 28, net, or 2s, 2d. post free. 

Perforated Film for Recording Purposes.—A speci- 
fication, designated No. 865-1939 and dealing with 
70-mm. perforated film for recording purposes, has 
recently been issued. This gives details regarding the 
general arrangement and dimensional requirements of 
wide photographic film suitable for use with oscillo- 
graphs and other similar recording apparatus. The 
increasing use of film of approximately double the 
standard 35-mm. width had rendered standardisation 
very desirable, and it is hoped that the new specification 
will meet this need. 

T'ungsten-Filament Electric Lamps.—A second revision 
of specification No. 555 for tungsten-filament electric 
lamps, other than general-service lamps, has recently 
been issued. The specification, which was last revised 
in May, 1935, deals with gas-filled train-lighting lamps, 
omnibus lamps, navigation lamps, road-traffic control 
electric-light signal lamps, and double-capped tubular 
lamps. The present revision has been prepared in 
order to bring the specification on to the same basis 
as the revised specification, No. 161, for tungsten- 
filament general-service electric lamps, which was 
published in 1937. The schedule for series burning 
traction lamps, however, have been omitted and issued 
as & separate specification (No. 567), with the text 
from the original specification, namely, No. 555-1935. 


Voltaye Operated Circuit’ Breakers.—A specification 
for voltage-operated air-break earth-leakage circuit 
breakers, for use on domestic, farm and factory pre- 
mises, up to medium voltage and 200 amperes, has 
been issued. The specification, which is designated 
No, 842—1939, has been prepared at the request of 
the Wiring Regulations Committee of the Institution 
of Electrical Engineers. [t is divided into two parts, 
Part | covering the earth-leakage features, and Part II 
the general features, consisting, substantially, of an 
extract from the appropriate clauses of the British 
Standard Specification for air-break circuit breakers. 
The specification covers rating, sizes and marking, 
certain features of design and construction, performance, 
ind routine and type tests, 


Vetal Containers for Food Products.—The confusion 
resulting from the multiplicity of sizes of cans used for 
packing food led to the appointment, in 1936, by the 
Chemical Engineering Industry Committee of a repre- 
sentative committee under the chairmanship of Sir 
Edgar Jones, K.B.E., to consider the preparation of 
standards for the sizes of metal containers for food 
products. The schedule provides for a standard series 
of can sizes for jams, fruits, vegetables, soups, fish, 
milk, and meat and meat products. It is confined to 
open-top and “ stud-hole” cylindrical cans and to 
rectangular and oval “ drawn” cans used in the fish 
canning industry. The specification relates to the 
cans for the home and export trade used by British 
packers in the United Kingdom. The question has 
been taken up actively by the standardising bodies in 
other parts of the British Empire, and it is hoped 
shortly to arrange an Imperial Conference with a view 
to the unification of the sizes of cans throughout the 
British Commonwealth of Nations. 


Table of Hardness Scales.—A “‘ Table of Approximate 
Comparison of Hardness Scales "’ has been issued to 
satisfy a need for a means of comparing the units of 
hardness of one system with those of another. As is 
well known, the most widely-employed methods of 
measuring hardness constitute the Brinell, diamond. 
pyramid and Rockwell tests. The particular method 
employed is largely governed by individual preference, 
but cases are increasing where the same material is 
tested in different works or laboratories by these three 
methods. There has been, in consequence, a general 
demand for some means of correlating Brinell and 
diamond-pyramid results with the A, B, and C scales 
of the Rockwell tests. Investigations show that there 
can be no general theoretical relationships between these 
scales, and empirical formule devised from experi- 
ments, only hold closely for materials of approximately 
similar composition and in a given condition. It is 
accordingly emphasised that the table (No. 860-1939) 
is at best a general approximation. It should be 
employed merely to give an indication of the order of 
the relationship between the three systems of hardness 
readings, and must not be regarded as a standard for 
the conversion of hardness -values, given on one scale 
in any British Standard Specification, to those of 
another scale. The diamond-pyramid scale has been 
taken as the basis of reference and the most probable 
comparative values adopted from published experi- 
mental results. 


ENGINEERING. 


ENGINEERING TRAINING AND 
EDUCATION. 


Imperial College of Science and Technology.—The 
Secretary of the Imperial College of Science and Tech- 
nology, South Kensington, London, 8.W.7, informs 
us that the College reopened on Tuesday, October 17, 
for second- and third-year and post-graduate students 
in engineering, mathematics and physics; third- and 
fourth-year and post-graduate students in chemical 
engineering, geology and oil technology ; and second- 
year students in mining, mining geology and oil 
technology. In addition, the Chemistry Department 
will open on October 24 for second- and third-year 
and post-graduate students, and it is hoped that the 
post-graduate course in aeronautics may be reopened 
at an early date. The third- and fourth-year mining 
and mining-geology students are at Camborne, Corn- 
wall, and the third and four-year students in metallurgy 
at Swansea. It has not been found possible to con- 
tinue the first-year work leading to the intermediate 
B.Sc., and B.Sc. (Eng.) examinations. 





BOOKS RECEIVED. 


The Pennsylvania State College. Engineering Experiment 
Station. Bulletin No. 48. A Laboratory Method for 
Evaluating the Influence of Lubricating Oils on Carbon 
Deposition in Internal-Combustion Engines. By H. A. 
EVERETT and G. H. KELLER. Pennsylvania, U.S.A. : 
Engineering Experiment Station, The Pennsylvania 
State College. [Price 50 cents.) 

Home Office. How Accidents Happen. Descriptions of 
Certain Industrial Accidents Notified to H.M. Inspectors 
of Factories. Vol. XXIV. 1st September, 1939. London : 
H.M. Stationery Office. [Price 3d. net.) 

Tables for Converting Rectangular to Polar Co-Ordinates 
By Dr. J. C. P. Mrtxer. London: Scientific Comput- 

Bedford-square, W.C.1. 


ing Service Limited, 23, 
{Price 2s.] 

Canada. Department of Mines and Resources. Mines 
and Geology Branch. Bureau of Mines. No. 792. 


Investigations in Ore Dressing and Metallurgy. January 
to June, 1938. Ottawa: Bureau of Mines and Resources. 
[Price 50 cents.] 

Practical Shop Mathematics. Vol. I. 
J. H. WoLre and Dr. E. R. PHEewps. 
London: McGraw-Hill Publishing 
{Price 138. 9d.) 

Lubricants and Lubrication. 


Advanced. By 
Revised edition. 
Company, Ltd. 


By Proressor J. I. CLOWER. 


London: McGraw-Hill Publishing Company, Ltd. 
{Price 33s.] 

Farm Shop Practice. By Proressor M. M. JONES. 
London: McGraw-Hill Publishing Company, Ltd. 


[Price 17s. 6d.) 

Civil Protection. The Application of the Civil Defence 
ict and Other Government Requirements for Air Raid 
Shelters, etc. By Dipr.-Ine. F. J. SAMUELY and C. W, 


HAMANN. 45 The Avenue, Cheam, Surrey: The 
Architectural Press. [Price 8s. 6d. net.) 

Index to the Transactions of the Institution of Naval 
Architects. Vols. XLVII to LXXX. 1905-1938. 


London: Offices of the Institution; Henry Sotheran 
Ltd [Price 10s. 6d. net.) 
The Disposal of Sewage. A 
Engineers, Sanitary Inspectors 
T. H. P. VEAL. Second edition 
Chapman and Hall Ltd. [Price 10s. 6d. net.) 

Die-Castings. A Manual for the User, Buyer and Designer. 
By Dr. ARTHUR STREET. London: Emmott and Co. 
Ltd. [Price 4s. 6d. net.) 

The University, Sheffield. Department of Glass Technology. 
E-rperimental Researches Reports. Vol. XXI. 


Teaxt-Book for the Use of 
Students. By 
London : 


and 
revised. 


and 





1938. Sheffield: Department of Glass Technology, 
University of Sheffield. [Price 7s. 6d.) 

Instructions in Engineering Design. Vol. Il. Lattice 
Girder Bridge. By Prorrssor H. P. PHitpor. London : 
Longmans, Green and Co. Price 108. 6d.) 

First ARTESIAN WELL.—It is stated in a recent 
bulletin issued by Messrs. LeGrand, Sutcliff and Gell, 


Limited, Southall, Middlesex, that the name “ Artesian ’ 
is derived from a well believed to be the first of its kind 
in Europe. This was sunk in the old French province of 
Artois about the year 1126, and the water tapped over- 
flowed the ground, thus the term Artoisien or 
Artesian, was first applied to overflowing wells. 


above 


Messrs. CALLENDER'S CABLE AND CONSTRUCTION 
COMPANY, LIMITED.—-We are advised by Messrs. Callen- 
der’s Cable and Construction Company, Limited, that 
they are making only such changes in their organisation 
as are essential to meet wartime conditions, and that 
their cable, cable-accessories, and engineering equipment 
factories will be kept in full production as far as possible. 
The head offices remain at Hamilton House, Victoria- 
embankment, London, E.C.4. 


OcT. 20, 1939. 


PERSONAL. 


UNDER the Order in Council dated February 6, 1928, 


the Lord President of the Council has appointed Sm 
Joserpu Barcrorr, C.B.E., F.R.S., Sm HarRowp B. 
HARTLEY, C.B.E., F.R.S., and Sik FRANK E. SMITH, 


G.B.E., K.C.B., F.R.S., to be members of the Advisory 


| Council to the Committee of the Privy Council for Scienti- 


fic and Industrial Research. LORD CADMAN OF SILVER- 
DALE, G.C.M.G., and Str JAMES JEANS, O.M., F.R.S., 
have retired from the Council on completion of their 
terms of office. 


Dr. J. H. Paterson, F.1.C., has resigned his position 
as managing director of Messrs. Murex Welding Processes, 
Limited, and has joined Messrs. Arc Manufacturing 
Company, Limited, Actare Works, Goldhawk-road, 
London, W.12, as managing director. The board of this 
company has been increased and now consists of MR. 
A. C. WickMaN, Mr. C. D. Gay, Mr. A. H. JARRARD, 
and Mr. L. M. NEUMANN, in addition to Dr. Paterson. 


Mr. 8. B. WiLson, director and secretary of Messrs. 
Glenfield and Kennedy, Limited, Kilmarnock, has 
recently been awarded ihe firm’s Gold Medal in recogni- 
tion of his completion of 50 years’ continuous service 
with the company. This, t'e 46th medal to be awarded 
to members of the firm, was p-csented at a complimentary 
dinner held on October 5. 

As a result of amendments in the constitution of the 
board of Messrs. The Phosphor Brouze Company, Limited, 
Birch-road, Witton, Birmingham, 6, Mr. E. J. Harpy 
has been appointed chairman and Mr. J. L. Harpy 
and Mr. W. SMITHSON, joint managing directors,* the 
latter also holding the position of sales manager. The 
other directors are Mr. G. T. Hysiop, who is also produc- 
tion manager and sole purchasing agent, Mr E. H. 
Powls, Mr. W. E. SPARROW, and Mr. F. R. WIx. 

Dr. A. H. R. FEDDEN, M.B.E., D.Sc., the President 
of the Royal Aeronautical Society for 1938-39, com- 
menced his second term of office as President on October 1. 








CONTRACT. 


Messrs. EDGAR ALLEN AND COMPANY, LIMITED, 
Imperial Steel Works, Sheffield, 9, have recently supplied 
a rotary-kiln lime plant to Messrs. Anglo-Iranian Oil 
Company, Limited, for their refinery at Abadan, South 
Iran. The plant has been installed for the purpose of 
producing milk of lime for the oil refining and also lime 
for building purposes. The raw material consists of 
sea shells, which are deposited in large quantities on the 
shore of the Persian+Gulf. These are brought to the 
works in barges, calcined in the rotary kiln and then 
hydrated. The hydrate is freed from impurities by 
passing it through an air separator. The plant is designed 
to produce milk of lime of 10 per cent. concentration. 








TENDERS. 


WeE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, particulars 
of the undermentioned tenders, the closing dates of 
which are stated. Details may be obtained on applica- 
tion to the Department at the above address, quoting 
the reference numbers given. 

Steam-Driven Travelling Crane, 20-ton, self-propelling, 
South African Railways and Harbours, 
November 20. (T. 27,778/39.) 


swing-jib. 
Johannesburg ; 

Oil Engine and Alternator. With reference to the call 
for tenders by the Hinchinbrook Shire Council, Ingham, 
Queensland, for a crude-oil engine and alternator, noted 
on page 384, ante, we now learn that the closing date has 
extended from November 6 to November 29. 
418/39.) 


been 
(T. 27 








TEMPORARY WAR-TIME 
ADDRESSES. 


WE give below a list of temporary offices occupied by 
firms and institutions during the period of hostilities. 


THE INSTITUTE OF PETROLEUM, c/o Department of 
Oil Engineering and Refining, The University, Edg- 
baston, Birmingham, 15. Telephone: Selly Oak 1181. 


The Institute’s library at The Adelphi, London, W.C.2, 
is not available for consultation. 

Tae BRITISH RUBBER PUBLICITY ASSOCIATION has 
opened a branch office at 1, Albert Mansions, Lansdowne- 
road, Croydon, Surrey, to which address all communica- 
tions should be sent. 

The temporary office of the ROYAL SOCIETY OF ARTS, 
c/o Mr. Basil Ionides, Buxted Park, Sussex, has now 
been connected with the telephone exchange ; the number 
is Buxted 354. 
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SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


NOTES FROM 


Vaintaining Export Trade.—On behalf of local manu- 
facturers, Sheffield Chamber of Commerce has made 
urgent representations to the President of the Board of 
Trade on certain aspects of export trade. It felt 
that war-time systems of control and priorities should 
be adjusted so as to give export trade a place in national 
planning second only to defence and home requirements. 
\n urgent request has been advanced that the whole 
range of possible exports be re-examined, and that the 
widest freedom be granted for the export of all articles 
that are not essential for defence or home supply. The 
Chamber contends: ‘“‘ Every possible effort should 
now be made not only to retain our foreign customers 
but also to step in wherever the enemy has had to step 
out.”’ 

Tron and Steel.—No noticeable change is to be recorded 
in conditions governing the bulk steel industry. Furnaces 
are operating at maximum capacity, and so far as can 
be ascertained are receiving regularly ample supplies of 
raw materials. Control of pig iron and scrap is operating 
smoothly. Future requirements of billets, bars, and 
sheets are likely to be even heavier. An active markct 
prevails in bright-drawn steel and cold-rolled strip. 
There is also a sustained run on high-speed tool steels 
and high-grade alloy steels. Makers of heavy engineering 
plant and machinery have impressive order books, though 
delivery is attended by many difficulties. More orders 
have been received from collieries for coal-raising machi- 
nery and underground equipment, and the success of 
mechanical mining is responsible for additional contracts 
for steel arches and supporting materials. Transport 
engineers report increased activity, notably in manganese- 
steel points and crossings. The manufacture of trench- 
digging and reinforcing plant is a progressive feature. 
Agricultural engineers are more active, with a resultant 
increase in the demand for malleable and grey-iron cast- 
ings. There is also a better inquiry for rake steel, turnip- 
cutter knives, beater plates, horse-shoe blades, and other 
products for the agricultural industry. 

South Yorkshire Coal Trade.—-Despite rationing 
restrictions, there is greater activity in house-coal sales 
owing to the advent of colder weather ; output is mort- 
gaged for some weeks ahead. Industrial fuel moves 
smoothly under current contracts against which increased 
deliveries are being made. The textile trades have 
enlarged their requirements of steam-raising fuels. 
There is also a stronger call for slacks by gas and elec- 
More forward buying is reported in 
Despite restrictions, export trade 


is 


tricity concerns. 
central-heating coke. 
is firmer. 








NOTES FROM THE SOUTH-WEST. 


CARDIFF, Wednesday. 


The Welsh Coal Trade.—Ditticulty continued to be 
experienced by customers generally in arranging new 
business, particularly for the early loading positions, 


on the Welsh steam-coal market last week. Demand on 
foreign account was, however, actively maintained, but 
the number of orders that could be arranged was held 
in check by the lack of supplies. Collieries as a rule 
held sufficiently well filled stem lists to ensure the 
uaintenance of present conditions for a long time 
ahead and the general tone remained very firm. Opera- 
tions in the French trade were again on very brisk lines 
and the volume of inquiries circulating showed no signs 
of diminishing. The French National Railways, who 
vere recently inviting offers for the supply of about 
00,000 tons, and who were reported to have placed a 
substantial part of the business with local shippers, 
have not, it was authoritatively learned, made any 
purchases. Instead, it was understood, they had decided 
to accelerate the rate of delivery under their existing 
contract, which was signed only a few months ago and 
which was also for 500,000 tons. They had taken this 
step because of the pressure now being experienced by 
producers for supplies which resulted in insufficient 


j 


offers being received by the railways in respect of the | 


classes of coal which they required. When shipments 
under the present contract were completed, it was 
stated, the railways would again invite offers. There 
Was a good interest apparent on the market from Italy 
and a fair business was passing, but as yet there was no 


sign of the usual inquiry for a large quantity for the 
Italian State Railways’ requirements over the coming 


twelve months. An agreement of the greatest importance 
was provisionally reached during the week between the 
South Wales Miners’ Federation and the Coalowners’ 
\ssociation over the question of non-unionism in the 
coalfield. In the past, this issue has led to a large number 
of long and severe strikes, and the present agreement 
was designed to climinate such stoppages in the future. 
Details of the new arrangement will be placed before 
members of the Federation at a delegate conference to 
be called shortly. Best large descriptions continued 
to attract much attention, but supplies were 


short. ' 
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Dry large sorts were in fair request. The strongest | 
section of the market remained the duff coals, stems tor | 
which were almost completely unobtainable for a long 
time to come. Sized sorts were also well placed with | 
orders. Steady conditions ruled for smalls. Cokes were 
busy, while patent fuel continued to display activity. 

The Iron and Steel Trade.—-Very busy conditions ruled 
in the South Wales and Monmouthshire iron and steel 
and allied industries last week. Works in the district 
remained fully engaged and order books were well filled 
for time ahead, while new business was conse- 
quently difficult to arrange. 


some 








NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

General Situation.—Production of iron and steel is 
near the full capacity of the plant in operation, and as 
material for supplying war needs still absorbs the bulk 
of the output, the margin of tonnage available for civil 
requirements remains very limited. Makers of most 
commodities continue slightly to increase supplies for 
the usual industrial purposes, but delays in delivery are 
inevitable. Freer issue of distribution permits, however, 
would doubtless result in an expansion of general 
commercial trade. 


The Cleveland Iron Trade.—The removal of the 33} per 
cent. import duty on foreign pig iron may lead to a 
resumption of buying, to some extent, of overseas pro- 
ducts, though Continental foundry iron cannot now be 
purchased for delivery here at lower prices than those 
of local makes. Output of Cleveland pig is still sus- 
pended. Producers have stocks sufficient to meet their 
contract obligations and to leave a moderate tonnage for 
sale. Under such conditions, they do not propose to 
change over furnaces running on steel-making iron to 
the regular production of ordinary Cleveland pig, parti- 
cularly as consumers of foundry qualities are taking large 
and increasing supplies from other producing areas. 


| Fixed minimum prices of Cleveland pig remain at the 


equivalent of No. 3 description at 99s., delivered within 
the Tees-side zone. 

Hematite.—-The consumption of hematite 
pig is steadily rising and the recent slightly enlarged 
make by plant being put on full blast is unable to meet 
the expanding demand. Tonnage accumulations at the 
blast-furnaces are heavy, but are steadily decreasing, 
and acceleration of the rate of production appears likely. 
The strong statistical situation, however, promises to 
satisfy requirements for a considerable time. Buyers 
are taking full delivery against contracts, many of which 
are approaching completion. Business is expected to be 
active in the very near future. Some forward sales have 
been made at prices ruling at the time of supply. 
Transactions, to an increasing extent, are direct from 
maker to user, but merchants retain many customers of 
long standing and are handling moderate tonnages. 
Stabilised quotations remain at the level of No. I grade 
of hematite at 115s. 6d., delivered to North of England 
customers. 


Kast-Coast 


Basic Tron.—There is no marketable basic iron, the 
heavy demands of makers own stcelworks absorbing the 
large output as it is produced. 

Foreign Ore.—While the state of the freight market 
is hampering the foreign-ore trade, consumers have stocks 
to draw upon and imports are on as good a scale as can 
be expected under existing conditions ; 
however, is regarded as assured. 


3last-Furnace Coke.—Durham blast-furnace coke con- 
tinues in ample supply and consumers have little occasion 
to buy. Sellers have good contracts made and are not 
pressing business. 

Manufactured Iron and Steel.—Producers of semi- 
finished and finished iron and steel are fully employed. 
Semis from overseas are still extensively used by re- 


improvement, | a 
| per ton, both for home delivery. 








| 





| 
| 


rollers, though they are receiving increasing supplies of | 


local products. 
material, the distribution of which continues to be excep- | 
tionally heavy. Manufacturers of constructional steel 
are clearing their output as it becomes available; pro- 
ducers of shipbuilding requisites have a lot of work on 
hand and sheet makers have orders to execute that assure 
full activity of plant well into next year. The principal 


market quotations for the home trade stand at :— 
Common iron bars, 12/1. 5s.; steel bars, 111.; soft steel 
billets, 71. 7s. 6d.; hard steel billets, 8/. 10s.; steel 


ship, bridge and tank plates, 101. 10s. 6d.; steel ship 
rivets, 141.; iron ship rivets, 151.; steel constructional 
rivets, 151. 58.; steel boiler plates, 111. 8s.; steel angles, 
101. 88.; steel joists, 101. 88.; fish plates, 13/. 10s. ; 
black sheets, No. 24 gauge, 14/. 15s.; and galvanised 
corrugated sheets, No. 24 gauge, 171. 5s. 

Scrap.—Buyers of iron and steel scrap are anxious to 
place orders at control prices, and deliveries are on a 
somewhat improved scale. 


There is an unabated demand for finished | 





NOTICES OF MEETINGS. 


INSTITUTION OF ELECTRICAL ENGINEERS.— North 
Midland Centre: Saturday, October 21, p-m., The 
Hotel Metropole, Leeds. Chairman’s Inaugural Address, 
by Mr. W. Dundas. North-Eastern Centre: Monday, 
October 23, 6.15 p.m., Newe House, Pilgrim-street, 
Newcastle-upon-Tyne. Chairman's Inaugural Address, by 
Mr. H. G. A. Stedman. South Midland Students’ Section : 
Monday, October 23, 7 p.m., The James Watt Memorial 
Institute, Great Charles-street, Birmingham. Chairman’s 
Inaugural Address, ‘* Distribution Systems,” by Mr. H. J. 
Sheppard. 

NORTH-EAST COAST INSTITUTION OF ENGINEERS AND 
SHIPBUILDERS.—Friday, October 27, 5.30 p.m., The 
Mining Institute, Newcastle-upon-Tyne. ‘“ Rolling of 
Ships Under Way: The Decrement of Roll Due to Hull 
and Bilge Keels,” by Dr. G. S. Baker. 

NORTH OF ENGLAND INSTITUTE OF MINING AND 
MECHANICAL ENGINEERS.—Saturday, October 21, 2.30 
p.m., Neville Hall, Newcastle-upon-Tyne. General 
Meeting. (i) “ First Report of the North of England 
Safety in Mines Research Committee of an Investigation 
into the Causes of Accidents Due to Haulage: Derail- 
ments in Horse Haulage Operations.”’ (ii) “‘ The Use of 
Microspores in the Correlation of Coal Seams. Part II. 
The Trencherbone Seam, Lancashire, and the Busty 
Seams, Durham,”’ by Dr. Arthur Raistrick. 


” 








NOTES FROM THE NORTH. 


GLasGcow, Wednesday. 

Scottish Steel T'rade.—Great activity is still general in 
the Scottish stecl trade, and makers have a very large 
volume of work on hand, with priority business accounting 
for the major portion of the current output. At a time 
like this, it is only natural that Government orders 
should come before everything else, but deliveries are 
still being made for other general purposes. The require- 
ments of the munition factories and the shipyards are 
exceedingly heavy and producers are having to meet an 
ever-pressing demand. There a great amount of 
structural work being carried out for the Government 
at. present and as constructional engineers are so busy 
the demand for the necessary steel is heavy. The export 
trade is not being neglected, although it is of smaller 
proportions than the normal. Inquiries for a large 
volume of material have been received in the market from 
overseas buyers. Prices are meanwhile unchanged and 
are as follows :—Boiler plates, 11/. 8s. per ton; ship 
plates, 10/7. 10s. 6d. per ton; sections, LOL. 8s. per ton ; 
medium plates, 12/. 2s. 6d. per ton; black steel sheets, 
No. 24 gauge, 141. 15s. per ton; and galvanised corru- 
gated sheets, No. 24 gauge, 17/1. 5s. per ton, all delivered 
at. Glasgow stations. 


Malleable-Iron Trade.—The malleable-iron 
the West of Scotland are beginning to benefit from the 
heavy demands on the steel trade and more business is 
now coming in. Order books have been filling up and 
employment is very much better than of late. The re- 
rollers of steel bars are extremely busy and all plant is 
working at high pressure. Good stocks of raw materials 
are held and as further supplies are arriving with fair 
regularity a steady run is assured. The following are the 
current market quotations :—Crown bars, 121. per 
ton for home delivery or export; re-rolled steel 
117. 15s. per ton for home delivery, and 11/, per ton for 
export ; No. 3 bars, 12/. per ton, and No, 4 bars, 127. 5s. 


is 





makers in 


58. 


bars, 


Scottish Pig-Iron Trade.—Active conditions rule in the 
Scottish pig-iron trade and makers are having to meet 
a continuous demand from the steel trade. The present 
production of pig-iron is being readily taken up as buyers 
are numerous. Foundry iron still moves slowly, but the 
general demand shows signs of improvement. To-day’s 
prices are as follows :--Hematite, 51. 15s. 6d. per ton, 
and basic iron, 4/. 12s. 6d. per ton, both delivered at the 
steel works; foundry iron, No. 1, 51. 38. per ton, and 
No. 3, 51. 0s. 6d. per ton, both on trucks at makers’ yards. 








THE RATIONING OF ELectTricity.—The Electricity 
Commissioners understand that the Mines Department 
are advised that electricity supplied to controlled pre- 
mises for charging batteries for use on road vehicles is 
not subject to rationing. 


THE ASSOCIATION OF SUPERVISING ELECTRICAL 
ENGINEERS.—The Executive Council of the Association 
of Supervising Electrical Engineers has decided to 
suspend for the time being the programme of meetings 
arranged for the London winter session. Moreover, 
the date for the receipt of papers for the W. EK. Highfield 
Shield competition has been postponed from October 10 
to December 11. 





444 ENGINEERING. OCT. 20, 1939. 


HYDRAULIC VARIABLE-SPEED GEAR. 
MESSRS. GEBRUDER BOHRINGER, G.a.s.H., GOPPINGEN. 


(For Description, see Page 439.) 


Fig.2. SECTIONAA 
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POLISHED TUBULAR HANDRAIL 
STANDARDS. 
AN engineering detail, the method of manufacture of 
which has survived from very early days, is the polished 
tandards for handrails, to be met with in almost every 





engine room either at sea or on land, These, as is 
well known have hitherto been torged and have a 
ball at the top and one about half-way down through 
which the top and lower rails pass, the bottom being 
finished with a suitable flange for attachment The 
forging has to be turned all over and the whole of the 
operations involved are costly out of all proportion 
to the importance of the part. Now, however, Messrs. 
W. Martin Winn, Limited, Station Works, Darlaston, 
South Staffordshire, have developed a method of 
making the standards from bright solid-drawn tube 
which, while retaining the attractive appearance of the 
old solid-forged standard, is much lighter and just as 
strong. 

Che method of manufacture, which, we understand, 
has been patented, is, briefly, as follows \ bright 
solid-drawn steel tube, 1 yy in. bore by 1] in. in external 
liameter and of the desired length, is given a tapered 
form such that the top of the standard is 14) in. in 


external diametet rhis tapered tube is then expanded 
internally at a point 18 in. from the small end to form a 
ball-shaped swelling 2} in. in diameter The small end 


is then forged into a hemispherical cup, to the periphery 

ot which is welded a“ mild steel cup-shaped pressing 

to complete the ball-end, which is 24 in. in diameter. 

Drilling of the two hollow balls thus tormed accommo 

dates the handrails and, finally, a mild-steel foot is 

welded to the large end of the tube, this foot being 

either in the form of a flange, or of a palm, or as required 

lhe tinal process is the polishing of the whole standard 

to a burnished finish and its coating with a rust-proof 

compound for transit. The weight of a complete ’ 
standard of normal handrail height thus manufactured - 
is just over 12 Ib., a considerable saving over normal 

forged standards in this respect being ensured. i 
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Offices for Publication and Advertisements, 
35 & 36, Bedford Street, Strand, London, W.C.2. 

We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and other publications bearing some- 
what similar titles. 

TELEGRAPHIC “ ENGINEERING,” LESQUARE 

ADDRESS LONDON. 

TELEPHONE NuMBER—TEMPLE BAR 3663 (2 lines). 





SUBSCRIPTIONS, HOME AND FOREIGN. 


““ ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post free, 


at the following rates, for twelve months (or for six | 


or three months, pro rata), payable in advance : 


For the United Kingdom £35 O 
For Canada— 
Thin paper copies £2 18 6 
Thick paper copies £33 0 
For all other places abroad— 
Thin paper copies £3 3 0 
Thick paper copies #3 76 


Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
communicate the fact to the Publisher, together with 
the agent’s name and address. 





When foreign subscriptions are sent by Post Office | 


Orders, advice should be sent to the Publisher. 


ADVERTISEMENT RATES. 
The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shillings for the first four lines, 
or under, and one shilling per line up to one inch, 
The line averages six words. When an advertise- 
ment measures an inch or more the charge is 12s. per 
inch. Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained 
on application. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns, of 2} in. in width. 
Serial advertisemeats will be inserted with all practic- 
able regularity, but cannot be guaranteed. 


TIME FOR RECEIPT OF ADVERTISEMENTS. 


Classified advertisements intended for insertion 
in the current week’s issue must be delivered not 
later than first post on Wednesday. Alterations 
to standing advertisements must be received 
at least 10 days previous to the day of Publica- 
tion. Passed proofs must be in our hands by 
Saturday morning, otherwise they will be 
taken as correct. The proprietors will not hold 
themselves responsible for blocks left in their 
possession for more than two years. 


All accounts are payable to * ENGINEERING,” Ltd. 
Cheques should be crossed “‘ The National Provincial 
Bank, Limited, Charing Cross Branch.’ Post Office 
Orders should be 
Strand, W.C.2. 


TEMPORARY ADDRESS. 





For the duration of hostilities 
the Editorial and Publishing 
business of this Journal is 
being conducted from 18 and 
20, Compton Road, Hayes, 
Middlesex. The Telephone 
of the _ Editorial 
Department is Hayes 1730 
and that of the Publishing 


Department, Hayes 1723. 
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FRIDAY, OCTOBER 20, 1939. deal. It is pertinent to point out, however, that 
e = the conditions obtaining in the shipping industry 

|at the present time are very different from those 


} 

} 

| which, presumably, influenced the selection of a 
} 

| 
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THE MINISTRY OF SHIPPING. Sir Joseph Maclay’s appointment, in 1916, was 
THE decision of His Majesty’s Government, | that of Shipping Controller ; and control, at that 

| announced in the House of Commons on Septem- | #me, was what British shipping urgently needed. 
| ber 13. to set up a Ministry of Shipping, charged | Not only was it suffering severely by enemy action, 
| with the duty of co-ordinating the activities of the | but the available tonnage had been very seriously 
|many departments and extra-departmental organi- depleted by the wholesale requisitioning, and not 
| sations concerned in the war-time operation of the always justifiable employment, of ships by the 
| British mercantile marine, was neither unexpected | fighting Services. The sinking of serviceable cargo 
‘nor unwelcome. In some quarters, indeed, the | Steamers to block harbour entrances or to form 
| opinion had been held that such a Ministry would breakwaters, the prolonged use of others as floating 
be a very desirable adjunct even in time of peace, | Sres, and the many metamorphoses of the Aqui- 

more especially in view of the national character of | @nia are sufficient examples of an official short- 

much of the competition that British shipping has | sightedness which removed, or, at best, immobilised, 

had to face in recent years, and in practically all | ™@ny thousands of tons of merchant shipping which 

parts of the world, within as well as outside of the | ™ight have been more profitably employed. More- 

British Empire. From the fact that the most serious | VT, the number of individual shipowners, especially 

foreign competitors were only enabled to continue | of tramp tonnage, between whom there was little 

in business by their receipt of generous subsidies | "0 co-ordination of policy or effort, was very 
from their respective governments, these pro- | much greater in 1916 than at the present time. 
tagonists argued, it was obvious that a national| A fully operative Ministry cannot be created in a 


shipowner as the former Minister. 


| system of subsidies to British merchant shipping | matter of a few days, and, in fact, some months 


was immediately necessary ; and from this argu- | Passed before the new department was properly 
ment it was but a short step to a plea for a more equipped with administrative staff, and the full 
intensive Government interest in the operation of | S°°pe of its and their duties and powers could be 
the shipping to be subsidised, with a representative | laid down ; but the control had to begin forthwith, 
of Cabinet rank to ensure that a service so vita] | @2nd by the appointment of an experienced shipowner 
to the existence of the nation received due attention | for the post of Minister, this essential was satisfied. 
in the framing of national policy. | ‘The position in 1939 is materially different. Not 

As is well known, the desired subsidies, though | only was the framework of the revived Ministry 
on a rather half-hearted scale, were eventually | already substantially erected, as previously men- 
forthcoming ; but the Government preferred, rather | tioned, but it has to exercise its functions upon an 
than to interfere directly in the management of industry which, during recent years, has become 
what must be, at any time, a highly complex | habituated to co-operation and which, partly as a 
industry, to make it a condition that the industry | result of economic stress and partly in the course 


itself should institute a measure of internal re- | of continued rationalisation, now consists of fewer 


organisation, to eliminate wasteful competition | separate and distinct entities. In short, a great 
between British vessels engaged in the same trade ' part of the necessary machinery of control was in 
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existence and operative ; and the appointment of 
Sir F. Vernon Thomson, chairman of the Union- 
Castle Line, as Controller of Commercial Shipping. 
should he sufficient that the 
co-ordinated action, so strongly impressed upon the 
industry by force of circumstances during the years 
of depression, will be turned to good account in the 
lo adopt a mechanical parallel 
from the world, in the former Ministry 
the direct drive in this, far as 
merchant shipping is concerned, it is on the third 
The difference is one of internal arrange- 
ment, of principle; in which belief we are 
strengthened by understanding, with good reason, 
that, in fact, the arrangement is already functioning 


guarantee 


present emergency 

motor-car 
was on top ; 80 
speed 


not 


with commendable efliciency. 

In certain points of detail, no doubt, there may 
be grounds for questioning, and perhaps for eventual 
modification For example, the inclusion and 
virtual in the new Ministry of the 
former Mercantile Marine Department of the Board 
of Trade, it administrative 
vdvantages, possesses also the disadvantage that 
this widely respected branch of the Civil Service 
may in danger of losing its distinctive 
identity. Officially, the Mercantile Marine Depart 
ment has no jurisdiction outside of home waters, 
but in practice its influence far exceeds the bounds 
ol 
veying organisation, it occupies a unique position, 


subme ryence 


while may possess 


be somne 


its actual authority As an examining and sur 
and its regulations are quoted, and have been used 
the world over. Although the 
Department is not a trading concern, such “ good- 
will”’ is valuable, and it is to be hoped that, in 
such public references to its work as may be neces- 


as a model for others, 


sary, it will be cited under a title that will be a 
reminder and not a disguise. 
That this point will not escape attention is 


ensured to a great extent by the selection of Sir 
Julian Foley, C.B., who has been Under-Secretary 
in charge of the Mercantile Marine Department since 
1920, to Secretary to the Ministry: an 
appointment which will give general satisfaction. 
It will be recalled that Sir Julian was Director of 
Military Sea in the former Ministry. 
\nother appointment which links the new organisa 
tion with its predecessor is that of Sir Cyril Hurcomb, 
K.C.B., as Director-General. In the earlier Ministry, 
Sir Cyril was Deputy-Director, and then Director 
of His subsequent experi- 
ence, for ten years, as Permanent Secretary to the 
Ministry of Transport, should establish at the outset 
other of transport which 
prove a asset. ‘Transport by 
existence of this 


new 


Transport 


Commercial Services. 


liaison with forms is 


certain to 
sea is so much mor 


a 
valuable 
vital to the 
country than to any other that it is eminently 
satisfactory to that the painful lessons 
of the previous have taken well to 
heart, and that the precautions against a repetition 
of the perilous state of our overseas communications 
in 1917 have been taken in good time. 


observe 


war been 80 


ROAD AND RAIL TRANSPORT 
PROBLEMS. 
fue present time, when all forms of transport 


have been so severely disorganised, may hardly 
seem a fitting one to discuss peace-time transport 


problems It might at first sight seem unfortunate, 


theretore, that Mr r. E. Thomas selected some 
modern road and rail transport problems to form 
the basis of his presidential address, entitled 


before The Institute of 
Transport, on October 9 last. The explanation, as 
mentioned at the end of his address, lay in the fact 
that it was of necessity prepared before the outbreak 
of war: It is, however, hardly necessary to condole 
with Mr. Thomas, as the aptness of his subject may 
In 


a 


Tributaries of Transport, 


be greater than would appear on the surface. 

normal it difficult to take 
detached view of questions which affect our daily 
and this has applied to transport questions 


times, is somewhat 
ives, 
with particular force in recent years, since contro- 
versy in this field. To-day, however, 
some of the problems which have been temporarily 
shelved, but which will again have to be faced at 
the end of the war, can be discussed in an atmosphere 
of comparative detachment. 


has been rift 


habit of 


ENGINEERING. 


The early part of Mr. Thomas’ address was taken 
up with the relationship between staff and employer, 
and although it may be said that the public has no 
direct concern with this relationship, it undoubtedly 
has a marked effect on the service given. There 
have been grounds for justifiable criticism in the 
past of the attitude of minor officials towards the 
public, particularly the employees of the larger 
transport concerns, and no profound knowledge of 
human nature is necessary to appreciate that a 
discontented official is likely to be a discourteous one. 
This aspect of the subject is outside our scope, but 
it may be suggested that, apart from the removal of 
such legitimate grievances as they may have, em- 
ployees can, with advantage, be educated in their 
attitude to the public, a fact that has not escaped 
the attention of at least one of the leading railway 
companies. A further cause of justifiable annoy- 
ance to the travelling public which might easily 
be mitigated is the difficulty of obtaining informa- 
tion when a service is disorganised. To take only 
one example, it should not difficult to take 
some steps to satisfy the natural desire of a regular 
passenger to know why his actual service was 
interrupted, and to give him some indication as to 
when it was likely to be restored. The public, 
in fact, might with advantage be taken into the 
confidence of the transport executive to a greater 
extent than has been usual in the past. They would 
be interested to know, for example, how ‘buses 
acquire such habits of sociability that they are reluc- 
tant to travel alone, and to learn that it is really 
for their ultimate benefit that a particular vehicle 
persists in crawling. These are mere questions of 
detail, and the broader issue may, perhaps, best be 
expressed in the that the transport 
authorities should pay more than lip service to the 
hypothesis that they are the servants of the public 
rather than the masters. 

\ fundamental issue that has to be faced in the 
future, by both road and rail interests, is the relation- 
ship that shall exist between them. While it 
admitted by both sides that wasteful competition 
should be eliminated, there has natural 
tendency in the past for each side to argue that the 
elimination should effected at the of 
the other. A more helpful spirit was, however, 
shown in the reaction of the road interests to the 


be 


suggestion 


Is 


been a 


be expense 


! 


‘square deal” claim put forward by the railways, | 


this reaction forming hopeful augury for the 
future. The entire elimination of competition 
would certainly be detrimental to the public interest, 
but it may be hoped that the country has seen the 
last of road coaches running, say, from London to 
Glasgow, and the carriage of heavy goods by road, 
where it is obvious, given equal conditions, that 
they could be carried more favourably by rail. 
The real difficulty in balancing the rival claims of 
road and rail transport lies in the handling of shorter 


a 


distance traffic, whether of goods or passengers. 
Considered purely from the point of view of the 
public, road transport appears attractive in this 


connection in that it offers the possibility of door-to- 
door delivery. So far as the handling of goods 
this usually economy in 
time, and it is difficult to see how this advantage 
can be offset by the railway companies. Even 
when full advantage is taken of the container system, 
more handling is necessary than if the goods are 
transported entirely by road, and it is hardly to be 


concerned, connotes 


Is 


expected that the present tendency to carry the | 


bulk of this traffic by road can be materially altered. 
The carriage of short-distance passenger traffic is, 
however, in a somewhat different category, and in 
an ideal national system, it is possible that more 
of this traffic would be handled by the railways. 
The governing factor, so far as the passenger is 
concerned, is generally the time taken by the whole 
journey from door to door, though other factors 
involved are the trequency of the service and the 
elimination of walking as much as possible. In any 
distance beyond a very few miles, the railways 
possess the inherent advantage that they are much 
less subject to traffic delays, and a secondary 
advantage is that variation in carrying capacity 
to meet hourly load changes can be effected with 
much less difficulty than is the case with a road 
service. Contrary to the usual assumption, it may, 
in fact, be claimed that railway passenger transport 
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over short distances is basically more flexible than 
road transport, since the railways have complete 
control over their own track, while the expansion 
and contraction of road services is contingent on 
interference with the interests of other road users, 
and, not infrequently, the impossibility of getting 
a quart into a pint pot. It must be confessed that, 
up to the present, the railways hardly appear to 
have appreciated the advantage they possess in this 
respect. With the exception of that associated 
with the larger cities, and particularly with London. 
the majority of local rail passenger traffic is handled 
by suburban steam trains of a type which has not 
altered appreciably in the past thirty years. Un- 
doubtedly, the best way to secure the required 
flexibility, and thus to offer facilities comparable 
with those afforded by road transport, is electrifica- 
tion, but as there are many local services in this 
country where this could not be justified, an alter- 
native has to be looked for. This alternative 
already available in the railcar, and it is probable that 
in a balanced system of national transport, this type 
of vehicle would occupy a more prominent position. 

The other major issue touched on by Mr. Thomas 
is one that concerns road transport alone, but is of 
vital importance to the future of that industry, 
namely, the need for traffic planning. In this Mr. 
Thomas includes road planning, and thus introduces 
an issue over which many gallons of ink have already 
been spilt. In the ultimate, any solution of the 
road problem in this country must represent a com- 
promise between the ideal plan on the one hand, 
and the taxpayer’s pocket on the other. There is 
little unanimity of opinion at the present time, 
however, as to what constitutes the ideal plan, and 
the period which must elapse before any further 
extensive road works can he undertaken appears 
to offer a good opportunity to reach some measure 
of agreement on this important question. What 
seems to be required is something in the nature of 
a Bressey report to cover the whole country, to 
form a focus for discussion. The plans already put 
forward, and they are not a few, have, in general, 
been sponsored by bodies having special road 
interests, and apart from the fact that the views 
of the taxpayer receive scant consideration, differ 
so much among themselves as to be mutually destruc- 
tive. There is no sort of agreement, for example, 
as to whether special motor roads, from which 
all other types of traffic are excluded, are desirable 
for this country or not, and such guiding principles 
as this should be definitely formulated before large- 
scale road planning is resumed. While the Bressey 
report itself has been received with remarkably little 
criticism as regards its general recommendations 
for the layout of new roads and the improvement 
of existing roads in the area embraced by the plan, 
it is in danger of being shelved due to the fact that 
means for providing for the cost of the schemes 
visualised were not included in the terms of refer- 
ence, and it may be suggested that a more realistic 
attitude should be adopted in any future plan put 
forward to cover the whole country. One of the 
difficulties which will have to be met if a national 
plan is to be drawn up is the drift in population from 
one part of the country to another, and much fore 
sight will be required in this respect. Two broad 
tendencies of this sort have been in evidence for a 
number of years, a general drift from the country 
to the towns, and a specific drift towards the London 
area. If these tendencies continue, urban road 
planning will assume ever-increasing importance 
in the national scheme, and great care will have 
to be taken that the growth of towns is controlled 
in such a way that road developments are not 
stifled by throttling at the key points the entrances 
and exits to the towns themselves. 


Is 








THE LATE PROFESSOR SIR WILLIAM 
POPE, F.R.S. 


As this issue was being prepared for press, we 
heard with regret of the death of Sir William Pope, 
F.R.S., Professor of Chemistry in Cambridge Uni 
versity. Sir William, who was in his 70th year, died 
at Cambridge on Tuesday, October 17. We hope 
to give some particulars of his life and work in out 
next issue. 
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London on October 26, will be circulated to all| trenches in the Royal Parks and private squares 


NOTES. 
Tue Loss or H.M.S. “ Royan OaK.” 

THE sinking of the battleship Royal Oak, with the 
loss of some 800 lives, must be admitted to be the 
most severe blow that the German Navy has struck 
at the British Fleet in the present war, although 
the German broadcast announcers have sought to 
make it merely one of a whole series of alleged 
similar successes. The particulars given to the 
House of Commons on October 17 by the First Lord 
of the Admiralty, showing that the Royal Oak was 
sunk at about 1.30 a.m. on October 14, as the result 
of repeated torpedo attack by a submarine which 
was actually inside Scapa Flow, are, indeed, “ very 
disturbing,” to quote the comment of Mr. A. V. 
Alexander, M.P.; and it is to be hoped that the 
candour, which has marked the Admiralty state- 
ments of naval losses, can be extended to afford 
some further explanation of the circumstances ,when 
the board of inquiry has sifted the available evidence. 
In any event, public opinion in this country will not 
hesitate to endorse Mr. Churchill’s description of the 
feat as ‘‘a remarkable exploit of professional skill 
and daring.’ Nevertheless, the disclosures thus far 
made give rise to many questions, the answers to 
which will be awaited’ with interest and some 
concern, although it may be that some of them may 
have to remain in suspense until after the war, for a 
complete reconciliation of the discrepancies between 
the Admiralty account, and the German report | 
attributed to the commanding officer of the sub- | 
It may be observed that the notes, in | 


marine. 
Jane’s Fighting Ships, appended to the description 
of the Royal Sovereign class, to which the Royal Oak 
helonged, comment that ‘“ Internal protection is 
very good, and with protective bulges, defence 
against underwater attack is very strong”; but in 
warship design there is no such thing as absolute 
protection, and in this instance, as in that of the 
(‘ourageous, the enemy appears to have been skilful 
enough and lucky enough to use his weapon to the 
maximum advantage. The Royal Oak was an old 
ship, as the age of warships is reckoned, and the 
bulges were not part of her original design. It may 
he supposed that, over a considerable part of their 
length, forward and aft, they amounted to little 
more than a fairing of the full bulge, amidship, 
with the lines of the entrance and run, and could 
not be expected to withstand successive explosions. 
There appears no reason to suggest, therefore, that 
the principle of bulge-protection materially 
discredited by the loss of two ships thus fitted. 
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THE WorkK oF THE INSTITUTION OF ELECTRICAL 
ENGINEERS. 

We are glad to be able to announce that the 
Council of the Institution of Electrical Engineers 
has decided that as many as possible of the activities 
of that body shall be carried on during the period 
of the war. Until November 18, the library wil! b> 
open from 9.30 a.m. to 5 p.m. on week-days and 
from 9.30 a.m. to 12.30 p.m. on Saturdays. After 
that date, the hours of opening will be 9 a.m. to 
4.30 p.m. on week-days and 9 a.m. to 12 noon on 
Saturdays. Though the Council have felt it advis- 
able to cancel all meetings which were to have been 
held in London during the first half of the session 
for the reading and discussion of papers and the 
local centres and sub-centres, except in one or two | 
instances, have also had temporarily to suspend 
their programmes, two formal meetings for the 
publication of a list of and the election of candidates, 
respectively, will be held at the Institution at 
12.30 p.m. on Thursday, October 26, and on 
Thursday, November 16. These will be open to 
Corporate Members only. As an alternative to 
meetings, a complete list of the papers that were 
to have been read will be issued to members at 
the end of October, and they will be informed 
that copies of these communications can be obtained 
from the secretary. Written comments on any 
papers will be welcomed with a view to publication 
in the Journal in the form of discussions. These 
comments will appear with the paper and the 
author’s reply. By this means it is hoped to con- 
tinue to provide material for the Journal on the 
same lines as hitherto. Copies of the Presidential 
Address, which was to have been delivered by 
Mr. Johnston Wright at the opening meeting in| 


ING. 


ENGINEERS 


members. The foregoing arrangements will apply 
in respect of all papers that were to have been | 
read at ordinary meetings in London and at meetings 
of the Wireless, Meter and Instrument and Trans- 
mission Sections. The programme of informal 
meetings and the meeting of the London Students’ 
Section, as well as all social functions for senior 
members, have also been suspended. As already 
announced, the Associate Membership examination | 
arranged for next month will be held, and as it is 
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will give shelter to an equal number. Some 70,000 
persons can, in addition, find refuge in the vaults 
in the pavements, while another 55,000 can be 
accommodated in the basements of 500 buildings 
of good construction. Nevertheless, additional 
space is still required either by day only or during 


| the day and evening, or both by day and night. ‘To 


essential that the interchange of ideas and technical | 
information should be maintained, the Council hope | 


that members will continue to submit either full- 
length papers or summarised accounts of work 
which has been done. Towards the end of the year, 
the policy outlined above will be reviewed and if it 


is at all possible the Council hope to arrange at least | 


a skeleton programme of meetings during the second 
half of the session. 


THE REQUISITIONING OF EXCAVATING PLANT. 


One of the problems which has been rightly 
concerning the Ministry of Health for some years 
is the provision of adequate and pure supplies of 
water throughout the country. Though this policy, 


on the implementing of which a great deal of money | 


has already been spent, was primarily directed to the 
improvement of conditions in rural districts, water 


towns, and that this has been appreciated is evi- 
denced by the extensive schemes which have been 


Board and the Manchester Corporation. 
work, it might also be argued, is as essential in 
war as in peace. 
it might be more essential. It, therefore, comes as a 
shock to learn that the Metropolitan Water Board, 
which was constructing reservoirs at Chingford, 
Staines and Walton on the outskirts of London, have 
been informed by the Minister of Supply that it 
was his intention to exercise his compulsory powers 


| with a view to utilising on other work of national 


importance a considerable portion of the excavation 
plant being used, unless he was made aware of 
sufficient reasons why the work should go on. 
Naturally the Board made the strongest possible 
representations to the Ministry about the imperative 
need for completing both the Chingford and Staines 


|is not by any means less necessary in our growing | 


meet these demands the Council is constructing 
further trenches and surface shelters as well 
appointing further basements in suitable business 
and other premises. These shelters, both existing 
and prospective, will be divided into three classes : 
those which will remain open from 8 a.m, to 7 p.m. 
so as to meet demands when people are coming to 
or going from business; those which will remain 
open until 11 p.m. to meet the needs of the theatre 
population, and those which will remain open 
all night. The same premises may be both a 
day shelter and an evening shelter, or a day shelter 
and a night shelter. An appeal has been made to 
occupiers to undertake the heavier obligations thus 
imposed on them, and though no compensation is 
payable by the Government the burden is to be 
alleviated to some extent by the provision of 
emergency lighting and by a grant towards a 
watchman’s wages, either up to 11 p.m. or all night. 


as 


[RONFOUNDERS’ NATIONAL COMMITTEE. 


A meeting of representatives of the National 
Tronfounding Employers’ Federation, the Midland 


| Tronfounders’ Association, the Institute of British 


| undertaken, notably by the Metropolitan Water | 
Such | 


Foundrymen, the British Ironfounders’ Association, 
and the British Cast Iron Research Association, 


|and of members of prominent firms engaged in 


Indeed, under certain conditions, | 


reservoirs at an early date, and added that if an| 


|order had nevertheless to be issued it should be | 


confined to Staines and the work at Chingford, | 


which was described as vital, should be allowed to 


| proceed. These representations have, we learn, not 


been successful, for the Minister has replied that 
in view of the emergency of the work for the Govern- 
ment it is essential that the excavating plant in 
question should be given up immediately. 
course quite possible to imagine work more urgent 
under present conditions than even the construction 


It is of | 


of a vital reservoir for a capital city, and to that | 


extent the Government are justified in their action. 
It is to be hoped, however, that the work for which 


this plant is required is really urgent, and that the | 


course adopted has not been taken until other | 


sources of supply have been tried. 
Pusiic Atr-Ratp SHELTERS IN WESTMINSTER. 


Westminster is for many reasons a part of London 
where the provision of adequate shelter for those 
who may require protection during an air-raid is 
imperative. The City Council is, therefore, seeking 
to provide such shelter both for those of the night 
population who are entitled to it under the Govern- 
ment scheme and for the whole of the day popula- 
tion in so far as that duty is not imposed on owners 
of commercial buildings and occupiers of factories. 
In carrying out this work, the dispersal of the 
population during air-raids in as many buildings as 
possible and the limitation of the distance that the 


ironfounding, was held at York on September 15. 
The object of the meeting was to ascertain whether 
it would be possible to form a war-time organisation 
which would enable the industry to speak with one 
voice, irrespective of any sectional interests, and 
would, in addition, be a channel through which the 
Government [ron and Steel Control organisation 
could speak to the industry as a whole. In the 
course of the meeting, it was pointed out that there 
are in existence some 2,500 foundries in this country 
and that the industry is served by a number of 
associations of various types. Hence, as it was 
considered practically impossible for the Control 
organisation to make contact with the industry, it 
was agreed to constitute a central body, termed the 
Ironfounders’ National Committee, for this purpose. 
The members present unanimously agreed that, as 
representatives of the cast-iron industry of Great 
Britain, they would pool their technical and manu- 
facturing resources for the purpose of assisting 
H.M. Government to obtain its requirements for 
defence purposes. Further unanimous resolutions 
provided that Mr. V. Jobson (Messrs. Qualcast, 
Limited) be appointed chairman, and that the 
latter and Mr. P. H. Wilson (Messrs. The Stanton 
[ronworks Company, Limited), Mr. J. K. N. Davis 
(Messrs. Radiation, Limited), and Mr. G. W. Allott 
(Messrs. Newton, Chambers and Company, Limited), 
with a representative of the heavy industry, to be 
added later, form an executive committee. It was 
also unanimously agreed that Mr. J. G. Pearce be 
appointed honorary secretary. Since the meeting, 
Mr. Francis Ley (Messrs. Ley’s Malleable Castings 


Company, Limited) has been co-opted to the 
executive committee. It is particularly emphasised 
that the lIronfounders’ National Committee is 


entirely an emergency organisation, that it does 
not intend to deal with questions outside those 


|relating to castings, and that it is entirely non- 


sectional. We understand that the executive 


| committee has met the Controller of [ron and Steel, 


public would have to walk to a shelter have been | 


taken as criteria, while need for encouraging the 
public to do business in Westminster without 
imposing too great a burden on individual occupiers | 


or running the risk of panic have not been forgotten. | 


To achieve these objects, the Council has so far 
provided accommodation for about 15,000 persons 
in their homes by means of Anderson and concrete 


who, it is stated, would be willing to regard the 
Ironfounders’ National Committee as representing 
and acting for the industry as a whole, on the 
understanding that it should function regardless of 
individual interests. A circular letter, signed by 
Mr. Jobson, giving an account of the activities of 
the Committee to date, has been dispatched to 
2,000 foundries in the United Kingdom. These, and 
other foundries who may not have received the 
letter, are invited to reply, expressing sympathy 
with the Committee’s aims, to Mr. Jobson, c/o The 
Secretary’s Office, 21, St. Paul’s-square, Bir- 


shelters or strutting basements, while eight sets of! mingham, 3. 
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THE REPORT OF THE PACIFIC 
LOCOMOTIVE COMMITTEE. 


(Continued from page 419 
We continue below the transcript, slightly 
ibridged, of Chapter ILI of the Report of the 
Pacific Locomotive Committee, dealing with Ihe 


Disturbing Force in a Locomotive 


We will now consider several wheels and axles 
on which is mounted a locomotive trame without 
carrying wheels, viz., an engine such as the 0-6-0 
type. Lateral oscillations arising from the passage 
of the individual wheels and axles along the track 
will be imparted to the chassis through the wheel- 
boss face, axlebox flanges and horn guides. The 


movement, however, which is pursued 
axle, will 


sinusoidal 
by an independent pair of wheels on an 


no longer be simple when it forms part ofa complete 


ebicle. When an engine chassis, from whatever 
ause, is taking up a position at an angle with the 
entre line of the track, there are a number of forces 


iting simultaneously at the tread of the 
nsidering the effect of these forces, it is important 
thet adhesion between wheel and rail 
exists not only in the forward direction of movement, 
but also trans 3 the rail head. 

First, there is the lateral 


from 


wheels ° 


in ce 
to remember 
versely acros 
arising possibly 
track the 
to depart from its central position on the 
track, Secondly, the traction 
due to the steam acting in the cylinders, which is 
impelling the engine in a forward direction. More 
the are mounted 
connected by 


force, 


ome irregularity, which causes 
engine 


there is force, 


when several axles, which 
the 
coupling rods to one another, the wheels are 
pelled to turn at the same angular velocity, in spite 


of difference These be due not 


over, 


under sume frame, are rigidly 


com 


in diameter may 


only to variations in the turning of the different 
tyres, but to the eect of coning of the tyres when 
the distances of the flanges from the corresponding 
rails are not equal As the result of these differences 
in diameter, further tangential forces are set up 
t the points of contact of the different wheels on 
the rail; and these, when acting in opposite direc 
tions on two wheels of the same axle, will form a 
couple which will act in two different ways. It will 
tend to produce torsion in the axle, and also to 
pivot the axle about a vertical axis. The arm of 


this couple is a function of the gauge of the track 
nd, under equal factors of adhesion (vertical loading 
ind coefh ouple 


ient of friction), the moment of the 


will increase with the width of gauge 

The forces mentioned above can be resolved, 
ind the direction of the resultant will vary in 
relation to the longitudinal axis of the engine, 
weording to the relative direction of the original 
forces The value of the resultant is dependent 
m the factor of adhesion. Transverse slipping 
of the wheel across the rail will take place when 
the resultant force at the wheel tread exceeds the 
limit of adhesion. We are mainly concerned 
with the transverse component of this resultant 
foree, and, for a given value of the resultant, it will 
ittain a maximum value when the force due to 
traction in a longitudinal direction is low—as, for 


when working with carly cut-off, or when 
This « 


omotives is 


example, 
onsideration indicates why hunting 
often observed on the level 
gradients, when the tractive effort is 
the other hand, elastic deformation 
members which are subject to transverse 
has the effe 
delaying the rate of increase of the force at the tread 
of the wheel, and, in consequence, of delaying the 
instant at which slipping will occur in the direction 
of the resultant force. 


oasting. 
of lo 
and 


more 
down 
small On 
of all the 
reactions between track and ‘engine 


Certain recent theories introduce the idea of 
elastic deformation of the actual metal of wheel 
und rail at the point of contact, to explain the 


possibility of relative movements of small amplitude 
of the rail, without actual slipping 
taking place. “Creep,” or “ pseudo-glisseme nt,""* 
are names given to this conception, and the coeffi 


wheel on the 


cient of friction under such conditions will be 
high. This is important, because it allows the 
* “ Etude relative au contact des roues sur le rail.” 


Revue Generale des Chemina de Fer, February, 1935. 
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possibility of high tangential forces at the point 
of contact between wheel and rail. 

We will now consider what tendencies are pro- 
duced by these forces on the passage of the engine 
along a straight track. Still assuming that it 
has no guiding wheels, let us consider it deflected 
obliquely towards the left-hand rail. The left-hand 
leading wheel then exerts a flange force on that rail, 
the reaction to which tends to return the engine 
to its central position; but the tangential forces 
at the points of contact of all the wheels, other than 
the left leading wheel, oppose any change of direc- 
tion of the engine and tend to make it continue to 
run obliquely towards the left-hand rail, so long 
as slipping of the wheel treads towards the right 
does not occur. In these circumstances of increasing 
pressure, the left-hand rail deflects outwards and the 
left-hand and its axle also deflect. 


leading wheel 


Since the reaction between wheel and tyre is at 
rail level, namely, at a point below the centre of 
gravity of the engine, a rolling movement of the 
sprung weight is then started towards the left, 


which has the effect of partially unloading the right- 
hand side of the engine. Thus, on the one hand, 
the tangential forces at the points of contact of the 
remaining wheels increase as the lateral reaction 
the left-hand leading wheel and the rail 
increases ; on the other hand, the vertical load on 
the right-hand wheels diminishes, as a result of the 
rolling. The limit of adhesion is thus attained, 
and the right-hand wheels suddenly slip laterally, 
thus destroying the state of equilibrium between 
the different The sensitivity to rolling of 
a particular engine design will affect the degree to 
which the above sequence of events can occur, but 
it appears that some degree of unloading of the 
wheels can take place on the side opposite to that 
on which a leading flange is striking the rail. The 
rolling action on a curve is more complicated, and 
weight may even be relieved from the wheel on 
which the reaction from the flange is taking place. 

Under these conditions, there is a flange force on 


between 


I< rces, 


the left-hand leading wheel acting at the leadiag 
end of the engine, and all the elastic members 


under deflection (rails, wheels, and axle) unite in 
turning the front of the engine towards the right- 
hand rail. 
the right-hand wheels takes when these 
wheels are partially unloaded due to rolling, the 
resistance to transverse displacement is reduced ; 
the engine goes beyond its position of equilibrium, 
so that after having pivoted about its vertical axis, 
ind at the instant when lateral slipping stops, the 
engine tends to make to the left-hand rail an angle 
f return greater than the angle of approach. In 
continuing its lateral movement and striking the 
right-hand rail, the same phenomenon is produced 
it the instant of contact as is outlined above; for 
the same running speed there is an inherent tendency 
for the characteristics to be enlarged, as the trans- 
verse velocity of impact increases with the angle 
of incidence of the with the track. This 
ilso tends to increase at each rebound, for 


place 


chassis 
ingle 
the reasons given. 

Three different results may follow the foregoing 
tendency. Firstly, if the track is strong enough 
laterally not to undergo any measurable deforma- 
tion, permanent ; if the engine is very 
rigid in its frame, and if the 
clearances between wheel and rail are tight, then 
the initial deflection at the left-hand rail is reduced. 
The various members are able to resist the forces 
arising from the tendency to increased transverse 
velocity in the second half of the first oscillation. 
The angle of incidence of the chassis in relation to 
the track is, therefore, prevented from increasing, 
and can be retained at a small value, in which the 
‘ecreepage ’’ effect between wheel and rail, with 
its very high resistance to lateral slipping, is the 
predominant factor; in consequence, the oscilla- 
tions of the engine are self-damped and its passage 
along the track returns to normal, until the next 
track irregularity is encountered. 

Secondly, if the track undergoes material elastic 
deformation in the form of rail tilting or side 
displacement as a whole, and, in addition, if the 
frame and wheels of the engine are relatively 
flexible, the effective clearance between flange and 
rail is increased by the sum of the resulting deflec- 


‘ lasti« or 


wheels and axles ; 


Since, however, the lateral slipping of 


OcT. 20, 1939. 
tions. This total amount of side movement affects 
the angularity of the engine to the track, and, 
therefore, governs the transverse velocity with 
which the leading-wheel flange strikes the rail ; this 
velocity, in turn, determines the magnitude of the 
reactions at the rail, in conjunction with the moment 
of inertia of the engine about a vertical axis, assumed 
to pass through its centre of gravity. These reactions 
at the rail, commonly known as flange forces, can 
only attain very high values when the mass carried 
by the wheel is great, and when the transverse 
velocity with which the flange is running towards 
the rail is sufficiently high. These two elements are 
inter-dependent ; for a given engine and for track 
of given gauge, the predominating features in the 
production of high flange forces are clearance 
between flanges and rail, and elastic deformation of 
engine parts and of track. 

Lateral track flexibility, therefore, tends to 
induce oscillation to build up, and the engine pro- 
ceeds along what is, in effect, a sinusoidally deformed 
track ; so long as this deformation remains within 
the elastic limit of the track material, no residual 
deformation can be seen after the passage of the 
engine. Oscillation will build up if nothing inter- 
venes to damp it or if, in the case of such inter- 
vention, the forces coming into action are not 
sufficient in relation to the kinetic energy of the 
engine. If the lateral weakness of the track exists 
only over a short distance, and if the engine can 
reach a more resistant portion of track before a 
serious degree of oscillation has built up, the first- 
mentioned of the three conditions will predominate. 
On the other hand, if weakness of the track con- 
tinues, side displacement and, in consequence, flange 
forces, increase at each successive contact between 
wheel and rail. 

The case has then to be considered when, thirdly, 
the flange forces increase to such an extent that 
the spreading of rails (whether by tilting or by 
bodily displacement on sleepers) is no longer elastic, 
but becomes permanent, attaining values higher 
than in the second « Derailment of the 
wheels can then occur, generally commencing with the 
leading coupled axle. In these circumstances, the 
wheels may fall between the rails; alternatively, 
instead of individual rails becoming displaced, the 
track as a whole may become distorted if its lateral 
resistance on the ballast is insufficient. In this case 
also, derailment can occur, the track as a whole 
assuming a sinusoidal form. If the rail does not 
fracture, and if the rolling action is out of phase 
with the nosing of the main frame, the leading 
coupled wheel, which is exerting high flange pres- 
sure, can become unloaded, and the flange may, 
therefore, ride on the rail head. For this to happen, 
the vertical load on the wheel has to be reduced to 
approximately half the flange pressure for a normal 
tyre profile ; but worn flanges can ride up with a 
smaller reduction in vertical loading. 


ase, above 


The above represents the sequence of events set 
out in its simplest terms, and taking extreme cases ; 
but it is possible for every degree of intermediate 
condition also to exist. In practice, track deforma- 
tions do not always result in derailments, but a very 
important aspect of the problem is that material 
disturbances can be set up in the engine by elastic 
deformation of the track, which is not readily visi- 
ble after the passage of the engine. This is because 
even considerable lateral and vertical deformations 
of the permanent way, in certain conditions of con- 
struction and maintenance, can remain purely 
elastic, so that, after the passage of the engine, 
the rails regain their former alignment and position ; 
thus, it might well be disputed whether any track 
defect was present to account for an oscillation 
experienced on the engine. It seems likely that 
some degree of spreading of the gauge precedes the 
sinusoidal disturbance of track as a whole, but if it 
has been purely elastic, no evidence is readily 
available afterwards. 

This important initial condition to 
deformation and derailment, namely, the extent 
of elastic spreading of gauge, can easily be verified 
by applving a jack between the heads of the two 
rails; it will be found that a considerable force 
will have to be applied, causing an appreciable 
spreading, before any permanent distortion is left 
after the jack is removed. It is possible, therefore, 


permanent 
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for an engine to bring about equally large track | 
deformations and to leave no trace afterwards, 
although the deformations have been sufficient to | 
promote severe lateral reactions. 

Elastic spreading of the gauge may be caused 
by one or more of the following :—{a) vertical play 
under spike or screw heads ; (b) lateral play, due to | 
looseness of fastenings ; (c) rotation of the bull- or | 
double-headed rail about its support ; (d) flexing of | 
the flat-footed rail about its base, if lateral stiffness 
is insufficient ; (e) bending of the sleeper, if it is of | 
the rigid type, or spreading and/or tilting of the | 
pots or plates, if it is of the semi-rigid type with a | 
tie bar ; (f) insufficient number of sleepers to compen- | 
sate for relative lightness of rail, and/or weakness of 
formation ; (g) absence or looseness of keys on | 








| ° ° 
|ment while the distance between 


sake of good riding, than are such matters as side 
clearance and length of wheelbase. Flexibility 
of the springs, for instance, is severely limited in all 
cases by other considerations of design. The 
extreme range of spring deflection which is attain- 
able in ordinary designs is from 0-15 in. to 0-35 in. 
per ton, in the case of coupled wheels. Further, 
when power requirements have been met, the cross- 
section of the engine is capable of but little adjust- 
axlebox centre 
lines is governed by the gauge of the permanent 
way. Practical tests show that there is little 
possibility of purely rolling oscillations building up, 
because of the damping effect of the laminated 
bearing springs. Therefore, while the significance 
of the foregoing factors must be borne in mind, we 
must turn to other considerations in engine design 


bull- or double-headed rails, and of wedges on steel- | 
trough sleepers with flat-footed rails. In this | for factors which can be of use in the control of 
connection, we would emphasise that the term | hunting. In so far as rolling is a contributory 
“track defect” is relative. Most of the defects | factor, vertical deflection of the track is one of the 
outlined above can start even a well-designed engine | decisive elements and, in this connection, stiffness 
hunting if they are sufficiently pronounced ; but, | of rail joints and packing of sleepers assume impor- 
even within normally-accepted standards of track|tance. Staggered joints may also have some 
maintenance, they are sufficient to start an engine influence. 
hunting if it is badly designed as a vehicle and ina| What we have said for a locomotive without guid- 
bad condition of maintenance. Speed, also, is of the | ing wheels is equally true for an engine having such 
essence of the problem. The higher the speed, the | wheels if, for certain reasons, these do not effec- 
smaller is the range of permissible imperfection in | tively perform their functions. If the main frame 
either track or engine ; on the other hand, the effect | of a Pacific locomotive is free to move transversely 
of undue oscillation can always be brought within | in relation to the bogie and hind truck, and if the 
the range of safety by a sufficient reduction in | cross slides offer no resistance (as, for example, if 
speed. | they were fitted with roller bearings), the guiding 
The fact that track and engine parts deflect | of the engine on the track would be performed solely 
elastically suggests the possibility of resonance | by the coupled wheels, the wheelbase of which is 
between the nosing oscillations of the engine and the generally short on a 4-6-2. The overhang, front 
natural period of the track, or engine frame, consi- and rear, will be considerable from the point of 
| view of nosing, and in these circumstances the 
suggested as a contributing factor in the building-up engine can assume an excessive angularity with the 
of oscillation. The ascertained period of nosing | track. There would, therefore, be undesirably 
of an X-class Pacific, taken from numerous high- | !2rge flange forces at the leading coupled wheels, even 
speed tests, lies between 0-75 second and 1 second. | @t relatively low speeds, A Pacific under these 
Although no tests have been made of the natural | conditions would run less satisfactorily even than 
period of track, considered as a spring, it is obvious, | an 0-6-0 type, because the latter is not, in practice, 
provided with so large an overhang. 


in view of its lateral stiffness, that its period must 
be very much less than 0-75 second. A resonance | The above represents an extreme case, but it 
effect, therefore, seems to be unlikely. In practice, | shows how necessary it is to provide certain charac- 
the relationship between engine and track is not so | teristics to decrease, so far as possible, flange forces 
simple as outlined above, and, in fact, it is highly | ®t the leading coupled wheels. The ideal value to 
complex ; experimental verification, therefore, is | be aimed at for these forces is zero, when the engine 
of the first importance. Lateral deformation of the | 8 Twnning on straight track. On curves, this cannot 
track under load represents only one of the elements | be attained, but the lowest possible value must be 
giving rise to high flange forces. The moment of | S0ught. To achieve the best results, and to relieve 
inertia of the locomotive about a vertical axis | the leading coupled wheels as much as possible 
through its centre of gravity represents another. | of any guiding function, it is not sufficient only to 
Without guiding wheels, a light short engine would | Provide a bogie ; the bogie must have the greatest 
be expected to produce only small flange forces, permissible centering force in relation to the weight 
but a heavy engine with a large overhang fore and | it carries. Engineers have sometimes been reluctant 
|to take this course, feeling that any flange force 
| taken off the coupled wheels in this manner was 


dered as a form of spring ; such resonance has been 





aft would produce large flange forces. 





It has been stated that, when a wheel flange 
strikes the rail, unloading of the opposite wheel due 


simply added to the bogie wheels, thus transferring 
the possibility of derailment to those wheels. Such, 


| 








lines in the worst condition, that it is possible to 
apply a side pressure equal to 40 per cent. of the ver- 
tical load without risk of track displacement. This 
proportion, of course, must be verified for repre- 
sentative conditions in each country, having regard 
to varying natural features and standards of con- 
struction. In India, it should be possible to adopt 
40 per cent., because the conditions of track appear 
to be no worse than those under which Blondel, by 
means of deliberate preparation, obtained his limiting 
figure. Reverting to the simple illustration above, 
it follows that, with a vertical load of 20 tons on 
the bogie wheels, it is possible to have a centering 
force of 5 tons to 6 tons, which should decrease 
the coupled-wheel flange forces by 12 tons to 15 
tons; in effect, this would practically suppress 
them on the straight. It is evident that lateral 
pressure of 2} tons to 3 tons on each bogie wheel 
would not have the same effect on the track as a 
pressure of 12 tons to 15 tons on the leading coupled 
wheels. The best that can be done on the engine 
has been clearly shown to be the reduction of coupled- 
wheel flange forces, which can be achieved by in- 
creasing, so far as is practicable, the side control 
on the bogie, having regard to the characteristics 
of the hind truck. This, in essence, is the most 
important practical measure which can be taken 
in engine design, to reduce the reactions on the 
track. 

The above considerations have been largely 
theoretical, but in practice a number of factors 
enter into the problem, which tend to detract from 
the parts played by the bogie and hind truck in 
guiding the engine. There is, for instance, side 
play of all kinds, which delays the instant when the 
centering action of the bogie and hind truck begins 
to take effect after a side displacement of the engine. 
The different factors can be described as (1) side 
play of bogie pivot pin in the bogie centre casting ; 
(2) flexing of the engine main frame between the 
bogie pivot and the leading coupled axle ; (3) side 
play of the axleboxes in the horns of the bogie and 
hind truck; (4) side play of the bearings on the 
journals of bogie and hind truck; (5) clearance 
between flange and rail in the case of the bogie 
and hind truck; (6) working of bogie control- 
springs in opposition, at the beginning of their stroke, 
owing to bad fitting or wrong design ; (7) breakage 
or loss of strength of control springs ; and (8) flexing 
of bogie frames. If the total of all these displace- 
ments and deflections is considerable, the guiding 
of the engine, whatever the amount of spring control, 
will be practically provided by the coupled wheels, 
for all angular displacements of the main frame 
which do not entirely absorb the side clearances. 
This is the very condition which should be avoided, 
if possible, and it is at this point, therefore, that 
the maintenance of the engine assumes importance. 
If, in addition, the initial spring control is too weak, 
an additional displacement will occur, which will 
be greater as the displacement-load curve of the 


to rolling of the sprung mass of the locomotive is : 4 ; . os , 

however, is not the case, and it can be shown that | control springs is flatter; this factor will have to 
| it is possible to decrease, to a considerable degree, | be added to all the others before effective control 
the reactions on the leading coupled wheels, by|of the engine by the bogie begins. It will be 


also an element which influences the building-up 
of transverse oscillation. The characteristics of | 
the bearing springs are important. The more 
flexible the springs, the less the amount of unloading 
of the wheels ; very stiff springs may even cause 
derailment before material deformation of the 
track takes place. Also, just as the longitudinal 
moment of inertia of the engine has its influence 
on the flange force, when one of the leading coupled 
wheels strikes the rail, so the transverse moment of 
inertia, the height of the centre of gravity, and 
spring stiffness, have effects on the amount of weight 
which is transferred from one wheel to another on 
the same axle, as the engine rolls. For springs of a | 
given stiffness, this value will be affected by varia- 
tion in the cross-section of the engine, and particu- 
larly as weight is disposed at a distance on either 
side of the centre line. Side-tank engines are thus 
more prone to rolling than tender engines. 

The engine rolls on a base which is represented 
by the distance between the transverse centre lines 
of the axleboxes. The greater this distance, the less 
will be the periodic time of rolling, and a broad- 
gauge engine should, other things being equal, be 
somewhat less prone to rolling than a narrow-gauge 
engine. These features concerned in rolling are 
important, but they have this is common, that 
they are much less amenable to control for the 


|as a whole would decrease the flange pressure on 


increasing to a small extent the flange pressure | 


on each of the two bogie wheels. For example, 
in the case of an XB engine, the distance from the 


|leading coupled wheel to the centre of gravity 


is 5-83 ft., and from bogie centre to centre of gravity, 
14-58 ft. Assuming that the guiding reactions 
have the effect of deflecting the engine round a verti- 
cal axis passing through its centre of gravity, | 


| the transverse force to be applied to the engine to 


obtain a given rotation is inversely proportional 
to the distance of the point of application from the | 
axis of rotation. By increasing the lateral reaction 
on each bogie wheel by one ton, it is possible to 
relieve the leading coupled-wheel flange pressure 
by about 5 tons. An actual increase, therefore, in 
the centering force of 4 tons applied to the bogie 


the leading coupled wheels by about 10 tons. This 
states the problem in the simplest terms, but, in 
practice, the values are affected by friction and 
other considerations. 

From trials made in France, and for the special 
features of French track, Blondel* has found, by 





means of special tests with rolling loads on main 








* Revue Générale des Chemins de Fer, December, 1932. 


realised, therefore, that while bogie clearances have 
an important bearing on all engines, their effect is 
increased on engines with weak spring control. 

Although, at first sight, remote from the problem 
of hunting, the weather, as affecting the state of 
rail surface, can become a factor of some importance. 
It has been shown already, how the limits of adhesion 
affect the way in which an engine, striking one rail 
obliquely, will be deflected towards the other, 
depending on the circumstances in which lateral 
slipping can occur. Trials have been made in 
France in which, in a certain type of electric loco- 
motive, hunting was proved to be due to a defect in 
design, which made itself felt when lack of rigidity 
and insufficient packing of the track were present. 
In other words, it was a border-line case. Even 
after these factors had been traced and evaluated, 
the inconsistency in the behaviour of the engine was 
not accounted for, in that it would hunt over a given 
piece of track on one occasion and not on another. 
At the time, no explanation could be found for this, 
and it was only later, when testing a different type 
of locomotive, that the state of the rail was found 
to be a determining factor. 

Under greasy rail conditions, lateral slipping is 
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produced for relatively low flange forces, and the 
effect of the elements which make for the building-up 
of oscillation is reduced. On the other hand, under 
when in other 
worst, adhesion 





respects the 
track condition is at mav be 
extraordinarily good, should the rail be dry. When 
the rail has been well washed by heavy rain and 
then dried by the heat, a light coating of oxide 

un rapidly form, particularly under conditions of 
low traffic r the adhesion 
and, consequently, increase the tendency to hunt. 
The 
be altered, but its effect on the 
of nots 


monsoon conditions, 


its 


density, which will increase 
weather is obviously a condition which cannot 
variability of results 
is worthy 


(T'o be continued.) 


LETTER TO THE EDITOR. 


THE PROTECTIVE ACTION OF 
LUBRICANTS FOR WIRE ROPES. 
To 
Referring to the letter Bonomi,’ 
which appeared in your issue of September 8 on the 
above subject, I should like to point out that during 
the manufacture of a wire rope the are treated 
1 thick lubricant with the object of preventing 
this lubricant slowly works out 
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Sir signed 


wires 


with 


crushing of the wires ; 
of the rope in service 


It has been found that, if the rope 18 lubricated in 


service with a thin lubricant which can penctrate 
between the wires, the resulting mixture works out 
of the rope more easily An example of a rope which 


had deteriorated in this way is to be found on page 287 
of yor For this reason a thick 
lubricant is used, and it is doubtful if such a lubricant 

the at all. The external lubricant, 
has nothing to do with crushing, which takes 


ir issue of September 8. 


pene trates 
therefore, 
place inside the 

Che function of the external lubricant is to seal up 
the rope and protect it from rain (particularly on the 
pulley), shaft-water, and the hot moist atmosphere of 
an upeast shaft; when a rope is subjected to any of 


rope 


these influences it requires an external lubricant to 
protect it The ideal lubricant, therefore, should 
udhere to the rope and protect it against corrosion 
in spite of the rubbing action of the pulley, and the 


experiments described in my article published in your 
issue of August 11 were designed to test the protective 
action of thick lubricants in the presence of wear and 
fatigue when the film of lubricants was continuously 
being broken down. 
With respect to the 
be noted that a 0 -064-in 


size of the 
diameter, 110 tons 


tpparatus, it is to 
to 120 tons 


per square inch steel wire, when tested in the apparatus, 
failed in about nine hours, thus indicating that the 
conditions of the experiment were much more severe 


than those which prevail in a wire rope during service. 
l'o state, therefore, that the conclusions were misleading 
be« 


because crushing takes place inside the rope, or Luse 
the apparatus used was small, is quit unjustified 
Yours faithfully, 
J. EB. O. Mays 
Luton, Beds 
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THE LATE DR. J. H. T. TUDSBERY. 

Pu secretaries of great technical institutions occupy 
unlike those of the principal permanent 
Government departments. The titular 
and go at comparatively short intervals 


positions not 
officials in 


heads come 


und may vary greatly in type, training and tempera 
ment vet it is all-important that the main activities 
over which they preside, and the purposes and prin- 
iples for which the society or department exists, 
should be pursued with a fitting continuity. The 


of seeing that this continuity is main 
very largely upon the secretary, and 
raniser and manager, 


responsibility 
tained devolves 
calls for the qualification of an on 
is well as those more clerical abilities implied in the 
title of the offi Such qualifications were possessed 
in a marked degree Dr. J. H. T. Tudsbery, honorary 
of the Institution of Civil Engineers, whose 
regret to record, took place at Emsworth, 
tlam pshire, on October 10. He was 80 years of age, 
ind had been honorary secretary 1922, when, 
ifter 26 years’ service as secretary, he was succeeded 
in that oftice by the late Dr. H. H. Jeffcott. 


by 
secretary 


death, we 


since 


John Henry Tudsbery Turner (he assumed the 
surname of Tudsbery by Royal Licence in 1894) was 
born at Storeton, near Birkenhead, in 1859, and 

ceived his general education at Birkenhead School. 


Thence he proceeded to Glasgow Unive rsity, where he 
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graduated in science, and from which he subsequently 
received the degree of D.Sc. He was articled to Dr. 
G. F. Deacon, and, after obtaining practical engineering 
experience at Steelworks, was appointed an 
assistant engineer in 1881, on the construction of the 
Liverpool Corporation water works at Lake Vyrnwy. 
Four years later he entered the service of the Imperial 
Japanese Government, and during the next two years 
was engaged in a variety of civil engineering work in 
Japan, including the construction of water works for 
the supply of the city of Yokohama. In 1887, he 
returned to Live rpool and established himself there in 
which he carried on until 1892. 


Barrow 


a consulving practice, 


During this period, he made, in 1888, the first 
engineering survey of the Mersey estuary. He also 
icted as honorary secretary of the Liverpool Engin- 


eering Society from 1887 to 1891, relinquishing this 
office in 1892, on his appointment as assistant secretary, 
under the late Mr. James Forrest, to the Institution of 
Civil Engineers. In the same year, he was transferred 
to the grade of Member in the Institution, having been 
Associate-Member since 1885. In 1896, as previously 
mentioned, he succeeded Mr. Forrest 

Tudsbery’s appointment as secretary coincided with 
of the late Sir John Wolfe Sarry, 


an 
is secretary 


the presidency 
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Take Late Dr. J. H. 


F.R.S., who took as one of the principal topics of his 
presidential the advisability of establishing 
examination standards in technical proficiency, as well 
as in general education, among those seeking to enter 


adadre SS, 


the engineering profession. The question had been 
raised before by Sir John Fowler, who dealt with it 
at some length in his presidential address in 1865 ; 
und it had been expl red, as a result, by a special 
committee, the report of which was prepared by 
Dr. W. Pole, F.R.S., and was published by the Insti- 
tution in 1870 under the title, “The Education and 


Status of Civil Engineers in the United Kingdom and 
in Foreign Countries.’ Apart, however, from the 
certification by Corporate Members that their pupils 
had achieved satisfactory competence, and the require- 
ment that candidates for the Studentship of the 
Institution should produce evidence of having passed 
a certain examination standard in general education, 
no action had been taken on the 1870 report, and it 
was not until Sir John Wolfe Barry revived interest 
in the matter that steps were taken to ensure a definite 
technical standard, by examinations held under the 
wgis of the Institution itself. 

Into this work Tudsbery entered with characteristic 
vigour and enthusiasm, and during the 26 years of 
his active secretaryship he was intimately concerned 
with a number of alterations in the system of qualifying 
examinations, which was first brought into use in 1897. 
Not all of these successive modifications were implicit 
in the original scheme ; 
in the training of engineers led to several subsequent 
conferences and inquiries, notably those held in 1903, 
L911 and 1914, all of which assisted to keep the syllabus 
on the high professional plane envisaged by its sponsors. 
In 1910, the Institution formulated a of 
professional ethics for the guidance of members in their 
relations with the public and with each other. In all 
of these endeavours to improve the professional status 
of the engineer, Dr. Tudsbery’s interest was deeply 
would be difficult, indeed, to assess the 


as the general interest aroused 


code 


also, 


engaged ; it 
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extent to which these several reforms were influenced 
by his own urgent belief in their desirability. 

His many professional and secretarial activities, 
however, did not involve the complete exclusion of 
other interests. In collaboration with Mr. A. W. 
Brightmore, he produced a text-book on the “ Principles 
of Waterworks Engineering”; and, between 1883 and 
1898, he contributed four papers to the Liverpool 
Engineering Society, of which he was an honorary 
member. He was also an honorary member of the 
Institution of Royal Engineers, and of the Koninklijk 
Instituut van Ingenieurs. A rigid disciplinarian, who 
exacted an almost military obedience from those under 
his control, Dr. Tudsbery was, nevertheless, held in 
genuine respect by all who had dealings with him as 
one who was ready at all times to take full responsibility 
for every detail of the manifold actions and decisions 
under his control. He will certainly be remembered 
as a worthy successor to Charles Manby and James 
Forrest, the two former secretaries whose periods of 
office, together with his own, virtually spanned th« 
first century of the Institution’s history. 








THE LATE MR. B. IRVING. 


We note with regret the death of Mr. Benjamin 
Irving, which occurred suddenly on October 6. Mr. 
Irving, who connected with the locomotive- 
building industry throughout his career, was born at 
Glasgow on December 24, 1876. He received his general 
education at Hutchinson Grammar School, Glasgow, 
and, in 1893, entered upon a seven-years’ apprentice- 
ship with Messrs. Dubs and Company, Glasgow. He 
spent over two years in the fitting shop and five years 
in the drawing office, meanwhile continuing his engin 
eering education at the Glasgow and West of Scotland 
Technical College. In 1900, Mr. Irving was appointed 
leading draughtsman in the works of Messrs. Sharp, 
Stewart and Company, Limited, Glasgow, and after 
occupying this position for four years, entered the 
works, at Kilmarnock, of Messrs. Andrew Barclay 
Sons and Company, Limited, in 1904, as chief loco 
motive draughtsman, and continued in this capacity 
for ten years, when he was made chief locomotive and 
generai engineering draughtsman. In 1919, Mr. Irving 
left Messrs. Barclay to become commercial manager of 
the locomotive department of Messrs. Sir W. G. 
Armstrong, Whitworth and Company, Limited, London. 
Two years later he was appointed general manager of 
the locomotive department of Messrs. Armstrong, 
Whitworth, at Newcastle-upon-Tyne. 

In 1922, Mr. Irving was promoted to the position 
of works director and general manager of the locomotive, 
shell and internal-combustion engine department of 
Messrs. Armstrong, Whitworth, at Newcastle. He 
continued to occupy this appointment until the works 
were taken over by the Government in the course of 
the organisation of the rearmament programme. Mr. 
Irving then returned to Messrs. Andrew Barclay, Sons 
and Company, Limited, in a capacity similar to that 
he had occupied at Newcastle, and was subsequently 
made chairman of the board of directors. At the 
time of his death, Mr. Irving was also a director of 
Messrs. The Standard Pulverised Fuel Company, 
Limited, London, and of Messrs. Worthington-Simpson, 
Limited, Newark-on-Trent. He was elected an associate 
member of the Institution of Mechanical Engineers on 
June 19, 1919, and transferred to the 
member on October 19, 1923. He was chairman of the 
North Eastern Branch of the Institution in 1932, and, 
by virtue of that office, was a member of the Council 
of the Institution for that year. He was subsequently 
elected a member of the Council in February, 1935, and 
retired in February, 1938. : 


was 


was class of 








WorK ON DARTFORD TUNNEL.—It is announced that 
work on the tunnel under the Thames between Dartford 
and Purfleet has been stopped by the Minister of Trans- 
port, owing to the war. The pilot tunnel was completed 
a@ year ago and since then work has been proceeding 
on the preparation of the shafts on each bank from 
which the main excavation was to take place. 


FUEL RATIONING OF GooDs AND PUBLIC-SERVIC! 
VEHICLES.—-The Ministry of Transport, Metropole 
Buildings, Northumberland-avenue, London, W.C.2, 


announces that, as from to-day, October 20, fuel-ration 
coupons will be issued to operators of goods and public- 
service fortnightly instead of on a 
weekly In future, applications for 
supplementary rations, so far as they can be estimated in 
advance, should be made fortnightly, to the appropriate 
Sub-District on the Wednesday before 
basic-ration day. Operators of public-service 
vehicles should also submit any necessary applications for 
supplementary issues in advance to the Regional Trans- 
made, 


vehicles on a basis, 


basis, as at present. 


Manager, each 


issue 


port Commissioners, so that these issues may be 


as far as practicable, at the same time as the basic ration. 
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1839-1903. 


On October 25, at Cornell University, Ithaca, New 
York, the centenary of the birth of Robert Henry 
Thurston will be celebrated at a Convocation in the 
Bailey Hall. Dr. E. E. Day, the president of the 
University, will preside and addresses will be given by 
Dr. W. F. Durand, who was a colleague of Thurston 
for thirteen years at Cornell; Dr. J. P. Adams, of 
Brown University, where Thurston took his degree ; 
Dr. H. N. Davis, a past-president of the American 
Society of Mechanical Engineers, and others. Invita- 
tions have been sent to many institutions, and the object 
of the gathering is not only to recall the great work 
done by Thurston, but also to discuss ways in which 
engineering may meet the crucial challenge of a rapidly- 
changing world. Thurston’s connection with the 
Sibley College of Mechanical Engineering, Cornell 
University, extended over the years 1885 to 1903. 
When he took charge, the total attendances in all 
classes was about 60, with seven instructors; at his 
death, on his 64th birthday, October 25, 1903, those 
figures were, respectively, 960 and 43. There have been 
many famous professors of engineering, such as 
Rankine, Kennedy, Unwin and Zeuner, but none whose 
influence was more widely felt than was Thurston’s. 

Robert Henry Thurston was born at Providence, 
Rhode Island, being the son of Robert L. Thurston, 
one of the pioneer steam engineers of the United States. 
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Henry THURSTON. 


ROBERT 


At the age of 1, he entered Brown University, and 
graduated in 1859. For two years he served with his 
father’s firm, but on the outbreak of the Civil War, 
in 1861, he joined the Engineer Corps of the Navy. 
He saw much service afloat, and the close of the war 
found him an assistant engineer in the big monitor 
Dictator, fitted with machinery of Ericsson’s design. 
In December, 1865, he was appointed an assistant 
professor of natural and experimental philosophy, 
at the Naval Academy, Annapolis. Five years later, 
he was invited by Dr. Henry Morton (1836-1902) 
to become professor of mechanical engineering in the 
newly-founded Stevens Institute of Technology, 
Hoboken. It was here that he made his mark as a 
pioneer in technical education. He devoted much time 
to the testing of steam engines and of materials, and 
founded the first mechanical engineering laboratory 
in the country. He was still serving at the Stevens 
Institute when the American Society of Mechanical 
Engineers was founded in 1880, and of this he became 
the first president. 

The success of Thurston’s work at Hoboken led 
the trustees of Cornell University, in 1885, to invite 
him to undertake the task of organising and developing 
a college of mechanical engineering on the foundation 
provided by Sibley College, which had been inaugurated 
at about the same time as the Stevens Institute, but 
had developed on less distinctly engineering lines. To 
this task Thurston brought his enthusiasm, his great 
force of character and his experience at Annapolis 
and Hoboken. With wide and far-reaching views; 
he propounded the ideal of a system of schools, rather 
than a single school, in which the fundamental principles 
of industries should be taught, as well as those relating 
to engineering. A man of sympathetic tendencies and 
optimistic outlook, he was an inspiring leader, and his 











greatest contribution to the advancement of engineering 


science was, perhaps, the enthusiasm which he aroused 
in the hundreds of students who attended his courses. 
Although chiefly memorable as a great teacher, 
Thurston also contributed largely to engineering 
literature, publishing over 300 papers and some twenty 
separate works. Among the latter was his well-known 
History of the Growth of the Steam Engine, published in 
1878. To mark the present occasion, a reprint of this 
book is to be published through the Cornell University 
Press. The volume will have a preface and supple- 
mentary chapter by Director W. N. Barnard, of the 
Sibley School of Mechanical Engineering. The cen- 
tenary celebration will also be marked by the unveiling 
at the Convocation, on October 25, of Thurston’s 
portrait. For the photograph of the portrait repro- 
duced on this page we are indebted to Mr. R. F. Howes, 
assistant to the Dean, Cornell College of Engineering. 








INDEX BASES FOR MACHINE TOOLS. 


In such operations as milling small parts on a mass- 
production basis, the idle machine time caused by 
removing a finished part and putting in a fresh one 
may be important. If, however, two or more parts can 
be mounted on a base which can be swivelled in a 
horizontal plane so that a fresh part can be swung 
into the position occupied by a finished part imme- 
diately the operation has been completed, idle time is 
reduced to a negligible amount. The finished part 
can then be replaced by a fresh one ready for the cycle 
to be repeated. The two prime requisites of such an 


indexing base are, that the swivelling operation should | 
place the successive parts in precisely the same position | 


and that the locking device must be rigid. The index 
base illustrated in the accompanying Figs. 1 to 4 
has two positions ; that is, it swivels through an angle 
of 180 deg., thus allowing two parts to be dealt with 


at a time, though bases are made which swivel through | 


only 60 deg., so that six parts may be handled. Though 
the principle adopted is the same in all the bases, the 
plain two-part base is the simplest to illustrate. The 
base is made by Messrs. Sundstrand Machine Tool 
Company, Rockford, Illinois, U.S.A., whose British 
agents are Messrs. Gaston E. Marbaix, Limited, 
Humglas House, Carlisle-place, London, 8.W.1. 

Fig. 1, on this page, is a side elevation of the base 


| which has a rectangular top with Tee slots for the | 


attachment of the parts or of the fixtures holding them. 


| The base itself is held down, by cramps or other means 


|together by dovetailed end pieces, that at the left | 


not shown, to the table of the milling machine, etc. 
The swivelling top is indicated at a and the part 
attached to the table at b, the one swivelling on the 
other round the pinc. The part } contains the locking 


and indexing mechanism which, as shown in Figs. 2 | 


and 3, is protected by a cover plate, removed, for the 
sake of clearness, in the view looking at the underside 
of the base of Fig. 4. The two parts are clamped 


being fixed but that at the right being capable of a 
certain amount of horizontal traverse. The longitu- 
dinal section, Fig. 2, shows the parts of the base 
rigidly clamped together by the dovetails, while 
Fig. 3 shows it freed by the withdrawal of the right- 
hand dovetail and the contact surfaces parted by 


appearing at the left of it. The operator cannot, 
then, lock the base at all unless the aligning bolt is 
accurately central. An additional clamping effect is 
provided by the bolt e. This passes through a slot 
in the pin c, the bottom of the slot being spanned by a 
small roller. As shown in Fig. 2, the underside of the 
| bolt is in contact with the roller and so holds down 
the pin. When, however, the bolt is moved to the open 
position a recess in it comes into line with the roller and 


Fig. 1. 
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| permits the pin to move upwards, along with the 
top of the base, under the action of the helical springs. 
The pin works in a sleeve of hardened steel and the 
actual contact points of a and b are along strips of 
similar steel seen at hh in Fig. 1. 

This type of index base is at present made in six 
sizes, the dimensions of the top ranging from 12 in. 
by 24 in. to 20 in. by 30 in. For six positions the base 
|is generally made circular and with this degree of 
indexing it is sometimes worth while to make the 
indexing movements automatically-operated, either 
pneumatically or hydraulically. 








AIR-CONDITIONED TRAINS IN THE UNITED STATES.— 
| According to a statement issued recently by the Associa- 
|tion of American Railroads, there were 11,351 air- 
conditioned passenger coaches in service on United States 
| Railwayson July 1. Of this total, 6,327 coaches belonged 
| to the main-line railway companies and 5,024 to the 


small helical springs underneath the bottom race | Pullman Car Company. The statement adds that practi- 


of a ball bearing round the pivot. 
clearance shown in this view is considerably exaggerated 
as only a very slight upward movement is sufficient 
to enable the top to be easily turned by hand even 
when in the loaded condition. The swivelling move- 
ment is possible from the fact that, as will be clear 
from Fig. 4, the dovetail surfaces are portions of a 
circle struck from the centre of the pivot. 

The indexing and locking mechanism is actuated 
by the single lever seen at the bottom left-hand corner 
of Fig. 4. The lever boss is provided with a toothed 
quadrant meshing with a rack cut on a rod d. Move- 
ment of the lever, therefore, causes cross traverse 
of the rod, which is slotted, as shown in Figs. 2 and 3, 
to take the knee joint of a toggle at the end of a sliding 
bolt e. This joint is shown straightened out in Figs. 
2and4. At the right hand of the bolt is another toggle 
gear operating the bolts f, which pull in the right-hand 
dovetail to lock the base. The chain-dotted lines 


in Fig. 4 show the condition when the base is unlocked, | 


the bolts f being pushed out. It will be realised that 
the effect of the double toggle and the tapered dovetails 
is that a very rigid clamping action is provided; so 
strong, indeed, that the top of the base cannot be 
swivelled by any side thrust of a tool such as a milling 
cutter. This clamping action does not, however, 
provide an indexing movement, which movement, 
in the 180-deg. base, must ensure that both positions 
of the top always lie on the centre line. The indexing 
is provided by a bolt g attached to the bolt toggles. 
This bolt slides into a slot in either end of the top 
of the base, which slot is provided with a hardened-steel 
lining, shown at the right of Figs. 2 and 3, but not 


The amount of | cally all through passenger trains, in all parts of the 


country, are now air-conditioned. 

| ‘TRIALS OF THE Mororsuip “ Korea.’’—The trial trip of 
the single-screw cargo motorship Korea, built by Messrs. 
; The Nakskov Shipyard, Limited, Nakskov, Denmark, 
| for Messrs. The Bast Asiatic Company, Limited, Copen- 
| hagen, was carried out on September 27. The vessel is 
|a sister ship of the M.S. Kina, and has a length of 
| 506 ft. 10 in., a beam of 65 ft., a depth to the upper 
| deck of 41 ft. 9 in., and a carrying capacity of 12,300 tons. 
| Her propelling machinery consists of a two-stroke, eight- 
|eylinder Burmeister and Wain Diesel engine. The 
| vessel] is intended for the owners’ regular service to 
| China and Japan. Her construction was commenced in 
| November, 1938, and her launch took place on July 18, 
| 1939. After the trial, the ship was taken over by her owners. 





CoAL IMPORTS INTO ITaLy.—Italy has been hard hit 
by the suspension of coal exports from Germany. It is 
pointed out in a recent issue of The Shipping World that 
before the war Italy was importing coal from Germany 
at the rate of 6 million tons per annum, that her annual 
| imports from Great Britain totalled between 2} million 

and 3 million tons, and that she received supplies 
aggregating 3 million tons per annum from Poland, 

Belgium and other sources. At present, Italy is relying 

more than ever on Great Britain, and efforts are being 
made to increasa, imports from this country. LEarly 
this year, Italy concluded a trade pact with Russia, 
under which special provision was made for the importa- 
| tion of large quantities of coal, but transport difficulties 
have rendered the pact ineffeotive. 
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LABOUR NOTES. 

In September, the home branch membership of the 
Amalgamated Engineering Union increased from 
354,744 to 359,778 and the Colonial branch membership 
from 36,129 to 36,247. The number of members in 
receipt of sick benefit decreased from 3,422 to 3,377 
and the number in receipt of superannuation benefit 
from 14,232 to 14,188. The number in receipt of 
donation benefit decreased from 1,544 to 1,401, and 
the total number of unemployed members from 5,186 
to 4,668. 


The texts of the various agreements relating to 
war-time working conditions, recently negotiated by 
the Engineering and Allied Employers’ National 
Federation and the Amalgamated Engineering Union, 
are given in the the Amalgamated 
Engineering Union’s Journal. The first 
on August 28 and related to a “ temporary relaxation 
of existing customs as to employment of skilled men 
members of the A.E.U. to provide for peace time emer- 
gency conditions.” It was mutually agreed, it stated, 
(1) That “in order to supplement skilled man power 
in the industry, where it can be shown that skilled men 
are not available and production is prejudiced, it is 
agreed that an alternative class of worker may be 
employed on jobs hitherto done by such skilled men 
under reservations to be mutually agreed. (2) Supple- 
mentary to this, semi-skilled labour may be utilised 
for the purpose of working with skilled men, or under 
their direction, or performing such duties as may 
supplement the work of the skilled men. (3) In the 
case of machining, the employer shall be allowed to 
put men of a semi-skilled character on to machines 
previously operated by skilled men under reservations 
previously referred to. (4) These reservations shall 
include that a register of standard type shall be kept 
if changes made under this agreement and an under- 
taking given by the company that as, and when, 
skilled labour becomes available, restoration to the 
pre-war practice shall be made.” 


October issue of 
was signed 


Clause 5 prescribes the procedure for operating the 
agreement as follows: ‘“(a) An application for a 
change of practice shall be referred to a local joint 
committee representative of the local Employers’ 
Association and local representatives of the A.E.U., 
whose agreement shall be subject to confirmation by 
the executive (b) Failing agreement by the 
local joint committee, or confirmation by either execu- 
tive, the matter shall be referred for consideration by 
the executive bodies, t.¢., representatives of the Federa- 
tion and the executive council of the A.E.U. (c) 
Changes made under this agreement shall be registered 
by the employer on a standard form and a copy of 
such registration supplied to the work or workers 
affected and to the local representative of the union 
and the executive council of the A.E.U.” 


bodies. 


After the outbreak of war—on September 11, to 
be exact—there was another conference between 
representatives of the Federation and the Union, 
at which the following agreemgnt was signed :—* It is | 
accepted by the parties thereto that the agreement dated 
August 28, 1939, relating to relaxation of established 
in respect of skilled men, members of the | 
\.E.U., shall be taken as applying to war-time condi- 
tions, and for the period thereof. It being the spirit 
und intention of the said agreement that steps shall 
be taken when found necessary to ensure that production 
not restricted. The parties undertake to review | 
the operation of the agreement at necessary intervals 
for the purpose of ensuring that the intention of the 
agreement is fulfilled. It is further agreed that the 
utmost expedition should be employed by all parties 
in dealing with applications made. In connection 
therewith, under Clause 6 (a) of the main agreement, 
it shall be understood that if any local Joint Committee | 
approve a change, such change may be put into opera. | 
tion subject to confirmation by the executive bodies 
at a later date.” 


custom 


is 


The executive council of the A nalgamated Engineer- 
ing Union has also agreed to a temporary relaxation 
of existing customs in non-federated firms during the | 
war, provided such firms sign an agreement on similar | 
lines to that reached with the Employers’ Federation. | 
Instructions have been issued to the branches, with 
respect to the organisation and enrolment of men who | 
enter the industry under the agreement covering relaxa- | 
tion of existing customs, as to the employment of skilled | 


men. 


At a meeting in York last week, representatives of 
the Shipbuilding Employers’ Federation and repre- | 
sentatives of the Confederation of Shipbuilding and 
Engineering Trades considered proposals which have | 
been made for the speeding up and extension of produc- | 
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tion in British shipyards. It was stated that the 
discussions were very full and frank and that although 
no concrete decision was reached, a considerable 
advance was made towards agreement to co-operate. 
The parties are again to meet—this time at Carlisle— 
on November 2, and, in the interval, the executives 
of the affiliated unions are to be consulted on several 
of the points raised. The Amalgamated Engineering 
Union is not a unit of the Confederation. 


Under a provisional agreement to which the Engineer- 
ing and Allied Employers’ National Federation, the 
Transport and General Workers’ Union, and the 
National Union of General and Municipal Workers’ 
Union, are parties, women workers in the engineering 
industry will, it is reported, receive increases of pay. 
The agreement stipulates that from the current pay 
week increases of 1s. a week shall be given to all females 
between the ages of 14 and 17, and increases of 2s. a 
week to women 18 years and over. The additions are 
to be to the bonus in both cases. The basic rate for 
adults will be increased to ll. a week and the bonus 
will be 12s., making the total 32s. The younger group 
will be dealt with on a proportionate basis. 


The Industrial Court has issued its award in an 
interesting case affecting maintenance men in steel 
works. The reference was by the Scottish Iron and 
Steel Trades Joint Committee, and the claim that 
craftsmen, when employed at a height of 30 ft. or over 
from the ground level, should be paid a penny an hour 
Evidence was submitted to the Court ‘in regard 
to the remuneration of maintenance men in other 
industries. In particular, attention was directed to 
agreements in operation in the engineering trade in the 
West of Scotland providing for an allowance of a penny 
an hour to men working on repairs of certain works at 
over 30 ft. above ground and to the minimum rates 
payable to millwrights and skilled fitters engaged on 
maintenance work on their employers’ plant, viz., 
a penny per hour above the district basis time rate for 
skilled fitters. 


more. 


In its award, the Court states that it is satisfied 


that in the case of the men covered by the reference, | 


work at a height of 30 ft. or over forms part of their 
ordinary and customary duties as maintenance men. 
It is also “ satisfied that, provided the rates paid 
to the men concerned are not less than a penny an 
hour above the recognised district basis time rate for 
new work in their particular occupation, e.g., engineers, 
electricians, blacksmiths, boilermakers, no extra rate 
shall be payable for work done by them at a height 
of 30 ft. or more, unless in the case of a particular 
job, the work is of any exceptionally dangerous charac- 
ter, in which case it shall be considered on its merits 
with a view to an extra payment being made.” The 
Court awarded accordingly. 


Unions with members employed in the building trades 
have negotiated through the National Joint Council 
for the industry an agreement regarding time lost 
through air raids. When the workers are prevented 
by air raids or air-raid warnings from working during 
the normal daily hours as prescribed by the agreement, 
the employer shall, as far as possible, provide facilities to 
enable the workers to make up the time so lost. Extra 
time worked before or after the normal starting or 
finishing time for the purpose of making up time 
lost, is to be paid for at overtime rates. If it should 
prove Atlend? : s to work the total normal number of 
hours in any full working week, the employer is to pay 
for 50 per cent. of the lost time; under this clause, 
the maximum actual payment would be four hours’ 
pay. Other clauses in the agreement protect the worker 
against being penalised for lateness or absence due to 
air raids or air-raid warnings. 


By an Order of the German Minister of Labour issued 


,on September 4, a change has been made in the addi- 


tional allowances payable in certain circumstances to 


| persons who are engaged on compulsory labour service 


on work of national importance. Previously, such 
allowances were based on the principle that a worker 
on compulsory service should not receive less than he 
had been receiving in his previous employment. Under 
the new Order, if a worker on compulsory service has 
to live away from his family he is entitled to receive a 
separation allowance not exceeding 19 marks per week 
in addition to his wages. An additional allowance 
may be paid if the worker has incurred obligations 
which are reasonable in relation to his previous economic 
situation and which he is unable, in consequence of 
his compulsory service, to fulfil either wholly or partly, 


Industrial and Labour Information states that the 
Council of Ministers for the Defence of the Reich issued 


an Order on September 1 concerning restrictions on 
change of employment, and the Minister of Labour 
issued a further Order on September 6 containing 
detailed provisions for its application. In virtue of the 
first order, the consent of an employment office is 
required whenever labour is engaged by an employer, 
except in agriculture. By the second order, mining 
and domestic service, in houses in which children under 
14 years of age are living, were added to the exceptions, 
unless the person to be engaged was last employed 
in agriculture, in which case the consent of the employ- 
ment office is required. 


Similarly, anyone who wishes to terminate a contract 
of employment or apprenticeship requires the consent 
of an employment office, unless the parties agree to 
terminate the contract, or the work of the undertaking is 
suspended, or the worker is engaged as a probationer or 
substitute and the contract comes to an end within 
one month, or the worker renders only occasional 
services or receives very little pay and is consequently 
not covered by the sickness insurance system. In all 
these cases a worker who leaves his employment must 
immediately register at the employment office. Regu- 
lations have been issued concerning the engagement 
of labour in the “ freed area of West Prussia.” Labour 
can be engaged only through the employment offices, 
and, in virtue of an order of the president of the regional 
employment office in Dantzig, it is forbidden to engage 
labour in the area for employment in the former Free 
City of Dantzig. Employment offices are to be 
established in a number of places in the area. 


The Swedish Ministry of Justice has drafted a Bill 
under which persons mobilised or called up for excep- 
tional defence service may not lose their employment. 
The Bill also contains a number of provisions concerning 
the relations between persons liable for military service 
and their employers. The proposals take the form of a 
memorandum and of a Bill to prohibit the dismissal 
of persons liable for military service. The Act will 
take the place of one passed in 1914, which prohibits the 
dismissal of such persons in case of a period of military 
service not exceeding sixty days. The prohibition is 
extended in the new Bill to cover all military service. 


As regards the ordinary first period of military 
service, the Bill contains a reservation to the effect 
that the employer is entitled to dismiss an employee 
liable for military service if it were agreed on conclusion 
of the contract of employment that the engagement 
would terminate when such service began. The same 
will apply if it may reasonably be considered that, 
had the employee not been called up, the engagement 
would have terminated before conclusion of the military 
service. If the employee is called up for exceptional 
defence service or is mobilised, the employer may not, 
under the new Bill, dismiss him for this reason unless 
the military service may reasonably be considered as 
lasting so long that before its termination the engage- 
ment would have been concluded. The regulations 
with regard to military service will also apply, under 
the Bill, to statutory air-raid precautions service and, 
in general, to work which any person is required by 
law to perform for the community. The new Act would 
come into force immediately. Both the memorandum 
and the Bil] have been submitted to various authorities 
and associations for opinion. 








THE INSTITUTION OF CHEMICAL ENGINEERS.—For the 
present the Council of the Institution of Chemical 
Engineers has decided to suspend its regular meetings 
and to delegate the management of the affairs of the 
Institution to an emergency committee. This committee 
comprises the President, honorary treasurer, the joint 
honorary secretaries, the honorary registrar and the 
chairmen of the nomination, publication and education 
committees. 


THe Junior INSTITUTION OF ENGINEERS.—The 
Council of the Junior Institution of Engineers has made 
a number of awards in respect of papers and lectures 
given during the 1938-39 session. These comprise the 
Institution Gold Medal to Mr. H. J. N. Riddle, for his 
paper, “‘ Thermionic Valves”; the Institution Silver 
Medal to Mr. R. Lowe, for his paper, “ Alloy Irons in 
Engineering”; the Vickers Gold Medal and Prize to 
Mr. D. Taylor, for his paper, “‘ Steel and the Engineer ” ; 
the Tookey Award to Mr. Rex Wailes, forhis paper, 
““Woad Mills”; the Past Secretary Dunn Medal to 
Mr. K. W. Willans, for his “ lecturette,” “‘ The Possi- 
bility of Solid-Fuel-Fired Marine Steam Units for Powers 
up to 150 b.h.p.”; the Midland Local Section Silver 
Medal to Mr. H. S. Walter, for his paper, “‘ The Develop- 
ment of Pottery Firing”; and the Sheffield Local 
Section Silver Medal to Mr. W. R. Gutteridge, for his 
paper, ‘“‘ The Abrasive Wheel and Modern Grinding.” 
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| THe usefulness of a material for manipulative pro- 
cesses such as deep-drawing, in which severe plastic 
deformation is involved, depends primarily on the 
range of plastic flow to which it can safely be subjected. 
This depends in turn on: (1) the impressed conditions 
necessary for the inception of plastic strain in the 
material ; (2) the stress-strain characteristics for the 
material in the plastic range; and (3) the cohesive 
properties of the material which resist rupture. The 
so-called conditions of elastic breakdown have been 
the subject of much study and controversy. Several 
theories still have their champions, but modern opinion 
seems generally to regard maximum stress as the 
criterion of breakdown for brittle materials and shear- 
strain energy (or shear stress on the octahedral planes, 
to which this is implicitly related) for ductile materials. 
That there should be any conflict between theories for 
brittle and theories for ductile materials indicates a 
confusion of ideas as between conditions necessary to 
produce plastic strain and conditions necessary to 
produce rupture. In brittle materials the conditions 
of rupture commonly intervene before those of plastic 
flow; in ductile materials plastic flow occurs long 
before the conditions of rupture are reached. Since 
plastic strain is of primary interest in the present paper, 
shear-strain energy will be regarded provisionally as a 
working criterion of its inception. 

The relationships between stress and strain in the 
plastic region are, of course, closely bound up with the 
property of strain-hardening. They have been the 
subject of experimental study within a limited field 
and of certain speculative theories concerned primarily 
with strain-hardening. Under compound stress systems 
little is known of the stress-strain relationships, but 
the load-extension diagram in simple tension and the 
torque-twist diagram in simple torsion are familiar 
characteristics the true significance of which is seldom 
studied. There is a common belief that “‘ flow curves ” 
connecting principal shear stress and strain are similar 





“a |in form under tensile, compressive and shear condi- 
ie Sou | | tions of stress, based on a certain amount of experi- 
ky Ohl mental evidence over a limited range. 
i a Conditions of Rupture.—The extent to which plastic 
IY Lee flow can continue to take place is limited by the 
den S| | conditions of ultimate rupture of the material. As 

oy already pointed out, these conditions are fundamentally 


| distinct from those of elastic breakdown. They have 
| been less studied than the latter, no doubt because 
| elastic failure is a more imminent and scarcely less 
| objectionable eventuality in the eyes of the engineering 
| designer. Since it was mainly an inquiry into the 
| conditions of rupture which prompted the experiments 
| reported in this paper, it is desirable to summarise and 
| discuss the established facts relating to rupture. In 


es iba hoa Gok Taw | 
rg Role se ae ane 


—— oe |@ brittle material like cast-iron, there are, by common 
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THE production of moulds of deep and complicated 
shape for the plastic industry, as is well known, is 
usually effected by a die-sinking machine employing 
a high-speed rotating cutter traversed either to a 
marked-out contour or from a pattern or former. 
There are, however, a number of small parts, of simple 
contour and comparatively shallow, the moulds for 
which can be produced more rapidly by indenting them 
in a hydraulic press. The accompanying illustration 
shows a 500-ton press designed for this purpose by 
Messrs. T. H. and J. Daniels, Limited, Lightpill Iron 
Works, Stroud, Gloucestershire, and distributed for 
the firm by Messrs. Alfred Herbert, Limited, Coventry. 
The process consists of making a master hob to the 
shape of the finished article in a special toughened 
steel. The hob is pressed cold into highly-polished 
blanks made from “ Ubas” or other suitable ductile 
mild steel. The moulds or impressions so formed are 
then case-hardened and re-polished. At first sight it 
would appear that, since a master hob has to be cut, it 
would be simpler to cut the mould at once, but when 
it is realised that a number of moulds can be made at 
high speed from a single hob, this objection disappears. 
Much of this simple and small plastic work is produced 
in quantity from multiple-impression moulds, so that 
by using a master hob any number of identical single 
moulds can be produced, and the moulds can be assem- 
bled in a bolster or chase suitable for the platen of the 
moulding machine. It must not be supposed that the 
moulds are used exclusively for the production of 
articles made of either thermo-setting or thermo-plastic 
materials, as multi-impression moulds are frequently 
used in finishing tablets of drugs, etc., the tablets being 
first roughly shaped in a pre-forming press, so that the 
exact quantity of material to fill the finishing mould 
is provided in a form which is convenient to handle. - 


acceptance, two distinct criteria of rupture, tensile 
stress and shear stress. If the normal stress across any 
surface exceeds a certain tensile value rupture occurs 


| The construction of the press will be clear from eal 
along that surface; if the tangential stress on any 


illustration. 


| cylinder with a moving table at the bottom and a fixed 
table at the top. Both tables are removable, have 
| tee-slots for attachment of the hob and blanks, and a 
large hardened-steel anvil plate let into the centre. 
The moving table is provided with guides as shown. 
The ram is 16 in. in diameter by 12 in. stroke, and the 





A single steel casting carries the wor] 


surface exceeds another certain value rupture occurs 
along that surface. Since the limiting shear stress for 
cast iron is roughly twice the limiting tensile stress, 
failure under tensile loading or under torsion occurs 
by tension across the appropriate principal tensile 








tables are 13 in. square. The working pressure is | surfaces, while under compressive loading rupture 
2} tons per square inch. The travel is regulated by | occurs by shear along surfaces of greatest effective 
the control gear seen to the right, and in operation shear stress. 
the depth of the impression is determined by a dial In a ductile material it is the general opinion that 
micrometer gauge reading in thousandths of an inch. | rupture occurs by shear. In a tensile test the familiar 
Though not shown in the illustration, this gauge is | cup-and-cone fracture bears clear evidence of sliding 
attached to the frame on the same side as the hydraulic | at the instant of rupture, and in torsion the surface of 
pressure gauge with its plunger in contact with the | rupture is a transverse plane of maximum shear stress. 
moving table. It will be noticed that the “ daylight ” | But it is a proved fact that the process of rupture at 
of the press is provided with balanced sliding doors | the neck of a ductile bar in tension always commences 
of thick plate. This is in order to protect the operator | inside the material across what is substantially a plane 
should the hob split as the actual surface pressure is of maximum tensile stress, and that shear sliding on 
often very high, #.e., of the order of 100 tons per | the cup-and-cone surfaces continues to a measurable 
square inch. It may be pointed out that the cylindrica] | extent after fracture has been initiated. Under 
object seen on the bottom table is not part of the press, | ordinary conditions of fatigue, where plastic strain is 
but simply a blank placed on the anvil insert, The | insignificant, it is perhaps natural to expect that the 
press illustrated is the smallest of the series available, | conditions of ultimate fracture should be more similar 
there being four other sizes, ranging in capacity from | in type to those of elastic breakdown, but it is signi- 
1,000 tons to 3,000 tons. The largest press has a/ficant that failure appears to develop either along 
ram 36 in. in diameter by 15 in. stroke, and the tables | surfaces of maximum tensile or along surfaces of 
are 24 in. square. The working pressure is 3 tons per | maximum shear stress according to circumstances. In 
square inch. | alternating bending or direct stress fracture develops 
across a plane of principal tensile stress, while in 
| alternating torsion failure develops on either or both 
PUBLIC WorKs, ROADS AND TRaNsPORT ConoRess | sete of planes of complementary maximum shear stress. 
AND EXHIBITION.—On account of the war, the tenth| It would therefore appear that the rupture of a 
Public Works, Roads and Transport Congress and | — . 
Exhibition, which was to have been held at the Royal| * Paper prepared for presentation at the cancelled 
Agricultural Hall, Islington, London, N.1, in November, | Cardiff Autumn Meeting of the Iron and Steel Institute. 
will not now take place. ' Abridged. 
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ductile material like mild steel might be determined by 
alternative criteria similar to those for brittle materials 
and occur either when the normal stress reaches a 
certain limit or when the shear stress reaches another 
limit. But this hypothesis cannot be complete in 
itself, for it does not explain two facts well established 
for mild steel: (1) under static torsion rupture always 
occurs across a transverse plane and not along a 
longitudinal plane through the axis, although these 
sets of planes are subject to equal shear stress. Under 
torsional fatigue conditions this preference does not 
appear to exist ; (2) the shear stress at which rupture 
occurs in static torsion (about 25 tons per square inch) 
is considerably less than that (upwards of 30 tons per 
square inch), which is withstood successfully under 
static tension, even though this latter is combined with 
an equal tensile stress. Under torsional fatigue, on the 
other hand, the limiting shear stress is somewhat 
greater than the corresponding shear stress under 
direct or bending fatigue. Since the principal respect 
in which fatigue breakdown differs from static break- 
down ie in the absence of any considerable degree of 
plastic flow, it seems reasonable to suspect that the 
differences in type of fracture between static and 
fatigue conditions are due in some way to the effects 
of plastic strain. 


Scheme of Experimental Work.—For the purposes 


of exploratory investigation of the plastic behaviour | 


of a material under different systems of stress and 
of the effect of plastic distortion on its mechanical 
strength, the two most convenient and elementary 
systems of stress are simple tension and simple 
shear. It has already been pointed ont that under 
neither of these systems do planes remain in similar 
geometrical relationship during continued strain, but 
since all plastic strain is distortional in character, 
the simplification which such a relationship would 
orovide is unattainable by any system of stressing. 
The direct relationship between stress and strain and 
the circumstances of rupture in simple tension and 
simple torsion are well known, so that the influence of 
plastic strain under one system on subsequent plastic 
strain and resistance to rupture under continued appli- 
cation of the same system can also be regarded as 
known. But the influence of plastic strain of one type 
on the behaviour of material under subsequent stressing 
of another type does not appear to have been studied. 
The effect of severe over-strain in torsion on the beha- 
viour of a material in tension is a simple case in point 
which must necessarily conform to any satisfactory 
general theory. For this reason a scheme of experi- 
mental work was undertaken in order to ascertain the 
effects of severe torsional overstrain on the tensile 
properties of mild steel. 

The form of specimens for this work was determined 
by the importance of following the stress and strain 
conditions under tensile test beyond the point of 
maximum load and right up to the point of rupture. 
Since as much as 80 per cent. of the local plastic strain 
occurs during the necking period, which commences 
at the point of maximum load, measurements during 
this period are of special importance in obtaining stress- 
strain characteristics, and since the strain is then 
essentially local it can only be computed from measure- 
ments of cross-section. Specimens of tubular section, 
although they would provide more uniformly strained 
material under torsion, are impracticable 
measurements of cross-section have to be made during 
necking and at fracture. Moreover, it is difficult to 
maintain axial truth of a tube under severe torsional 
overstrain. For these reasons test-pieces of solid 
circular section were chosen for this particular inquiry ; 
reliable and accurate experimental measurements could 
then be made and the effects of non-uniform shear-stress 
distribution could be allowed for with sufficient accuracy 
tor most purposes. 

The test procedure was simple. A number of mild- 
steel bars of 1 in. square section were turned down to 
0-75 in. in diameter over a sufficient length to permit 
measurements on a 5-in. gauge length. The ends were 
left square for convenience of gripping in torsion. The 
bars were next twisted through various angles within 
the plastic range up to the point of imminent fracture. 
They were then turned down to « parallel diameter of 
0-6 in. over the gauge length of 5 n., in order to ensure 
axial truth, and were finally subjected to an ordinary 
tensile test in a machine with autographic attachment. 
As a basis for comparison certain bars were tested to 
destruction in torsion and others in direct tension 
without previous twisting. Two separate series of bars 
were tested, obtained from quite different sources, the 
second series of tests being intended as a confirmation 
and extension of the first. The bars were all in the 
fully annealed condition at the commencement of the 
tests and their analyses are given in Table I. 

Flow Curves for Tension and Torsion.—A certain 
amount of useful information regarding the more 
fundamental stress-strain characteristics was derived 
from the tests in simple tension and simple torsion. 
As already pointed out, it is not possible to obtain 
the true relationship between stress and strain under 


where , 
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tension from measurements or autographic records of 


load and extension. For this purpose it is necessary 


to make successive measurements of the diameter of | 


the bar during test, these measurements being made at 
any section up to the point of incipient necking and 


TABLE I.—Analyses of Test Bars. 





Series I Series II. 

Per cent Per cent. 
Carbon 0-06 0-20 
Manganese 0-32 0-660 
Silicon Trace 0-17 
Sulphur 0-066 0-026 
Phosphorus 0-055 | 0-019 


at the neck section subsequently. Moreover, during 
the period of necking it is necessary to release the load 
sufficiently to keep the beam of the testing machine in 
balance. 

If P is the load supported when the measured 


Fig. 3. TENSILE STRESS-STRAIN DIAGRAMS __ 
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Fig.4. TORSIONAL SHEAR CHARACTERISTIC 
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diameter is d, then the true stress is, of course, 


P ‘ia ;, 
— and the corresponding principal strain, based 


9= = 
" dt 
4 
d.? — d? 
on the assumption of constant density, is oe. 


where d, is the initial diameter of the test-bar. A true 
tensile stress-strain curve obtained in this way on 
0-60 in. diameter mild-steel bar is shown in Fig. 3, on 
this page, together with the corresponding conventional 
“ stress-strain diagram for purposes of comparison, 
The position of the point of incipient necking, indicated 
as P, sufficiently emphasises the importance of the 
range between neck formation and rupture in an 
investigation of plastic flow. 

The torque-twist ourve for the same material (dia- 


meter 0-75 in., gauge length 5 in.), shown in Fig. 4, | 
was obtained by conventional methods. From this) 


curve it is possible to derive a curve showing the 
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relationship between shear stress and shear strain 
under simple shear conditions. On the assumption 
that the angle of twist is the same at all radii it can 
be shown that the shear stress at the surface (radius R) 
| of a solid circular bar which twists through an angle @ 
under a twisting moment T is :— 
- (sT+ fa 


* = 3aR? ao)’ 


| while the corresponding principal shear strain is, of 


, where L is the gauge length over 


L 
| which the twist is measured. Since the formula for 


course, tan ¢ = 


of the torque- 


d 
dé 
| twist diagram, it is necessary to make careful experi- 
| mental measurements of torque and twist, and owing 
| to the rapid changes in slope in the region of initial 
yield the results are not considered reliable, except for 
descriptive purposes, in this range. With this reser- 
vation a simple graphical method of derivation can be 
| applied and the shear stress-strain characteristics 
| obtained in this way is shown superimposed on the 
torque-twist curve in Fig. 4.* 

The true stress-strain curves for tension and torsion 
ate of course not comparable in their original form. 
But since the plastic elongation of a tensile bar is the 
result of plastic shear strain and is due to the shear- 
stress system associated with the axial] tension, it is 
possible to derive from the true tensile stress-strain 
curve the corresponding relationship between principal 
shear stress and principal shear strain. The principal 
shear strains corresponding to a linear strain 

_ (at = a) 
P a 


the shear stress involves the slope 





are given by :— 


tan d = $ {(1 + e)? — (1+ e)*}, 


and the principal shear stresses are, of course, = $ Pp. 
The shear relationship obtained in this way under 
tensile conditions invites direct comparison with the 
shear stress-strain relationship obtained under torsion 
and such a comparison is made in Fig. 5. 
Without pursuing this comparison into greater detail 
than is justified, it is clear that although the two curves 
lie together in a general way, they reveal certain 
systematic differences. Since similar differences have 
been shown by tests on another mild steel from which 
torsion specimens were bored out to tubular form, the 
results are considered as representative. The most 
significant points of difference are :—The principal 
shear stresses at initial yield are not the same. Accord- 
ing to the shear-strain energy hypothesis of elastic 
breakdown the yield stress in simple shear should 
exceed the semi-yield stress in tension in the ratio Vi. 
Actually the ratio appears to be greater, but since Small 
departures in linearity of the torque-twist curve would 
affect the figure for shear stress at torsional yield to a 
considerable extent no great significance is attached 
to the discrepancy. During the earlier stages of plastic 
strain the torsion system of stress produces less strain 
| than the tension system. Under more severe plastic 
| strain the tension system produces a greater rate of 
strain-hardening than the torsion system. Under the 
| tension system the material is capable of withstanding 
more strain and higher shear stress and of absorbing 
| more strain energy per unit volume before ultimate 
| rupture. 
Measurements of hardness taken on the surface of 
| torsion and tension bars at various stages of overstrain 
will be found plotted in Fig. 5. In the case of the 
torsion bar these measurements correspond to the 
surface for which the stress-strain curve is computed 
and should therefore be representative. In the case 
| of the tensile bar it is known that hardness varies 
across the section of the neck to an increasing extent 
as necking proceeds so that the representative hardness 
will probably be somewhat lower than that measured. 
Tension after Torsion.—The principal test data 
relating to the tensile properties after torsional over- 
strain are detailed in Tables II and III. This fact was 
revealed during certain later tests in which continuous 
micrometer measurements were made at the neck 
right up to fracture. It was found that after fracture 
had commenced (internally), as proved by the sudden 
drop of the beam of the testing machine, @ certain 
amount of drawing continued in the unbroken outer 
annular ring and the diameter at the neck after com- 
plete separation was measurably less than that when 
the fracture commenced. For the same reason, the 
percentage reduction in area and percentage elongation 
are also slightly high, though the errors are quite 
insignificant for present purposes. In order to interpret 
the results, particularly with regard to any evidences 
* A direct comparison between a shear stress-strain 
curve derived in this way and one obtained from a speci- 
men carefully bored out to tubular form showed an 
entirely satisfactory agreement. But since these tests 
were not made on the particular mild steels referred to 
in the paper the results are not plotted. 
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of anisotropic behaviour, it is well to picture the 
behaviour under successive torsion and tension of a 
(possibly hypothetical) isotropic material having stress- 
strain-hardness characteristics similar to those of the 
metal under test. In forming this picture it is to be 
remembered that the true tensile stress-strain relation- 
ship follows a constantly rising curve on which the 
“maximum load,” which corresponds to incipient 
necking, has no special significance per se, but merely 
marks the point at which the material begins to 
attenuate at a greater rate than its specific resistance 
to strain increases—in other words, where its length 
begins to increase more rapidly than its strength. At 
this point the hardness number of the metal is about 
182, and as the material in the neck continues to 
stretch its hardness increases with the tensile stress 
until it reaches a value of about 230 and the stress 
attains about 60 tons per square inch, when final 
rupture occurs. 

If the material is subjected to torsional shear instead 
of tension its passage through the point of hardness 182 
is without incident and occurs, as will be seen in 
Fig. 5, at a comparatively early stage of torsional 
strain. At points beyond this the material will be in 
a condition generally similar to that in the neck of a 
partially necked tensile bar, with some reservation due 
to the fact that the hardness is not uniform across the 
section in either case. If the material, after submission 
to torsional shear to a hardness less than 182, is esub- 
jected to a tensile test, it would, if isotropic, be expected 
to behave in the same way as a specimen of the same 
material which had been initially overstrained in 
tension to such a load, less than the maximum, as 
would produce the same hardness number. In this 
case the general extension would be reduced, the true 
stress at incipient necking unaltered and the reduction 
of area during the process of necking unaffected. If 
the same material were subjected to torsional shear to 
a hardness greater than 182, then it should behave in 
a subsequent tensile test similarly to a portion from 
the neck of a tensile specimen of the same material 
which had been initially overstrained until partially 
necked (to the requisite hardness). In this case there 
would be no general extension, the actual stress at 
incipient necking would be raised and the reduction 
of area during necking would be less pronounced, 
because strain corresponding to a certain degree of 
necking had already occurred in the initial twisting. 
The general form of the fracture would be similar in 
all cases. 


examination h, = 134. Hence h = 27 + # hz, where 
hy is the surface hardness, measured for present 
purposes on the surface of the turned tensile specimen 
(0-6 in. in diameter). 

When this effective hardness has been ascertained, 
reference to Figs. 5 and 3 shows the corresponding 
proportional elongation e, for a tensile bar and there- 
fore the point from which the autographic diagram for 
the twisted bar should commence. It is now ye 
to remember that the barinitially overstrained, althoug 
actually machined identical in dimensions with an 
unstrained bar, is not effectively identical with it for 
purposes of strain measurement, for, if its actual 
diameter when inserted in the tensile machine is D 
and its length L, then, since it had already been sub- 
jected to an effective strain ¢9, it really corresponds to a 
partly pulled bar of which the initial diameter was 


D (1 +.,)*. For true geometrical similarity (ratio D 


for unstrained specimens) the length of the unstrained 
bar should therefore have been L (1 + e,)*. If an 
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Typical autographic diagrams obtained from 0 -60-in. 
diameter tensile bars with various degrees of initial 
torsional overstrain are shown in Fig. 9, on this page. 
In order to ascertain to what extent they are in agree- 
ment with the speculations just evolved, the auto- 
graphic diagrams can be converted with advantage 
into a more comparable form. For this purpose it is 
first necessary to ascertain the appropriate initial 
linear strain corresponding to the preliminary torsional 
treatment, e.g., by correlation of hardness numbers, | 
and it is then necessary to correct the elongation values ' 


TABLE II.—RESULTS OF TORSION-TENSION TESTS. 
Gauge length, 5 in. Torsion bar, 0-75 in. in diameter. Tensile bar, 0-60 in. in diameter. 


Initial Twist. Tensile Test. 
| Nominal Stress. | 
Mark. - Vickers eT ae Reduc- Exten- 
Angle. Torque. i Diamond | tion of sion on 
Degrees. Ton-in. bana Pyramid At Max. | At | _ Area. 5 in. 
= Hardness. Load. Fracture. | Per cent. Per cent. 
Tons per Tons per | | 
| sq. in. | 8. in. | 
u : —EEE : — = — —_ 
} ! ' | | 
Al - 105 6 {| )0= 8-32 | C52] 8 | s7-2 
A2 74 1-185 || 0-092 | nin | 28-45 16-2 | 70-6 31-0 
A3 91-5 1-35 || = O-114 134 | 25-32 17-3 67-6 | 28-4 
All 136 1-59 || 0-164 | 149 29-12 | 196 66-2 15-2 
A4 189 1-59 «|| o-229 | 151 | 25-88 17:3 68-65 | 15-2 
Ag 270 1:86 | 0-330 | 177 30-65 19:7 | 65:4 | 11°6 
A5 365 1-845 || 0-447 | 159 30-2 17-8 66-15 10-4 
A7 560 1-98 | 0-680 | 173 34- 20-0 | 68-35 8-8 
AGX 720 2-124 || 0-880 191 86-42 | 21-2 | 61-95 | 8-0 
AG 721 2-1 0-871 18 | 36-8 | 20-6 62-1 8-4 
Als 921 2-22 «| 0-964 217 | 37-9 | 21-8 59-7 7:8 
48 1,080 2-228 || 1-302 198 | 39-75 25-6 | 10-44 3-0 
410X 1,530 2-61 | 1-335 22 | 49-55 | 49-5 8-97 3 on 2 In. 
| ; 





Equivalent Load 


: Z 
Proportional Elongation ~ itera” 


(7082.8) Ni if 


unstrained bar of diameter D (1+ ¢,)* and length 
L (1 + ¢&)* had been pulled it can be shown that the 
total extension would have been :— 
Z=y tL (1+ en) {(1 + eg)t — (1 + e9) *} 
—L{(1 +e)! — 1}, 
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to conform to the laws of geometrical similarity. Since | 
the degree of overstrain varies across the section of a | 
solid bar in torsion an effective mean value for the | 
hardness must be found for correlation with the tensile | 
test. Since the shear strain at any point is propor- | 
tional to its distance from the axis and since the hard- | 
ness follows an approximately parabolic law in relation 
to shear strain the mean hardness across a section 
overstrained in torsion may be estimated as :— 


R rR 
A2ardr 2 
‘-| Sp (hy + crh) rdr 
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- # hr +2 ho, 
with an obvious notation. For the mild steel under 


where 
== actual measured total extension to rupture 
on bar of length L. 
én = proportional extension to incipient necking, 
determinable from parallel diameter (d) of 
broken specimens :— 











d *_it% 
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Hence the equivalent proportional elongation to be 
plotted on the composite autographic diagram is} 
sonslinntigs while the equivalent “ load ”’ referred to 
L (1 + ¢)# 


an unstrained bar of diameter D is P (1 + e), where 
P is the actual load applied. 

When this procedure is adopted with the autographic 
diagrams of which Fig. 9 is representative, the modified 
diagrams are found to compare with the original 
unstrained autographic curve as shown in Fig. 10. 
Having regard to the speculative character of some of 
the assumptions made, the general conformity is not 
unsatisfactory, but there is a systematic tendency 
towards low yield stresses and a considerable spread 
in the unstable region where the load falls after necking. 
Since yield in tension can only occur when all fibres 
have reached their individual yield stress and since 
the mean hardness value is professedly representative 
in this respect the low yield strength after torsional 
overstrain cannot be ascribed to soft metal at the core 
or any similar non-uniformity. Moreover, if the 
average shear stress across the section under the pre- 
liminary torsional overstrain (estimated by a similar 
method to the mean hardness) is compared with the 
shear stress at subsequent yield in tension, it is found 
that, provided the torsional overstrain is carried well 
beyond the yield point, the ratio of the semi-yield stress 
to the preliminary torsional shear stress is less than 
that predicted by the shear-strain energy theory of 
elastic breakdown by roughly 10 per cent. 

It is more likely, therefore, that the discrepancy is 
attributable to the effect of the internal-stress system 
residual after the removal of the torsional overstrain. 
This system would, of course, give rise to higher average 
stresses in the tensile bar than those due to the tensile 
load and would therefore lead to an early yield. If 
the torsional stress due to overstrain is assumed 
uniform, it can be shown that due to internal stress the 
yield point in tension will be lowered by 7 per cent. or 
more. After subsequent overstrain in tension this 
effect would gradually become masked, and the auto- 
graphic curves should they tend to converge, which 
in fact they do in the region of maximum load. 

Conditions of Rupture.—The true stress when neckin, 
commences varies very much in accordance wit 
expectation. For those bars in which the torsional 
overstrain gave a surface hardness not exceeding 182, 
i.e., a smaller overstrain than that corresponding to 
incipient necking in a tensile specimen, the stress at 
incipient necking is unaltered. On the other hand, 
bars overstrained in torsion beyond this point corre- 
spond to material in a partially necked tensile specimen 
and therefore neck at a higher stress corresponding to 
that in the partially formed neck of the tensile bar. 
Also in accordance with expectations the true ultimate 
stress at rupture is practically the same (about 63 tons 
per square inch) whether the bar has been previously 
overstrained or not, provided the overstrain does not 
exceed a certain value. But overstrain beyond this 
point, which corresponds to a surface shear strain of 
about 1-0 on the tensile specimen, produces a marked 
and progressive diminution in the rupture stress. 

In a tensile bar which necks and breaks with a cup- 
and-cone fracture in the usual way, the fracture com- 
mences on a transverse plane subject to tensile but 
no shearing stress. Hence it may be said that fracture 
occurs by tension and (on the testimony of data showing 
the actual stress at the moment of rupture, based on 
the actual breaking load and the sectional area across 
the broken neck) at a tensile stress of about 63 tons 
per square inch. Since no diminution in this stress is 
produced by previous torsional overstrain up to the 
critical point (of unity surface shear strain) it seems 
clear that the strength of the transverse planes against 
tensile stress is unaffected by the severe shear stress 
and overstrain to which they were continuously subject 
under torsion and which had demonstrably reduced 
their shear strength. Since fracture in the neck of a 
previously unstrained tensile bar does not initiate by 
shear, the shear resistance of the material in the neck 
along surfaces of principal shear stress must under 
these conditions exceed 4 x 63 tons per square inch. 
Preliminary torsional strain progressively reduces the 
shear strength of the material, albeit to a different 
extent in different planes, until, when this overstrain 
corresponds to an external shear of about unity, the 
shear strength along the 45 deg. helical ‘“ planes” 
becomes less than 4 x 63 tons per square inch so 
that rupture occurs by shear on these “ planes” 
instead of tension on transverse planes; it occurs at 
a diminished stress and at a relatively early stage in 
the necking process. The sudden change in breaking 
stress at the critical degree of initial overstrain does 
not therefore connote any fundamental discontinuity 
but arises from the intersection of the falling ‘* shear 
strength ” curve with the constant ‘ tensile strength ” 
line. The sudden change in attenuation is of course 
consequential. 

4 rue Stress-Strain Curves.—The rather considerable 
spread of the adjusted autographic curves in Fig. 10 
beyond the point of maximum load opens the question 
as to whether the inherent stress-strain characteristics 
of the material were changed by torsional overstrain. 
On this point the autographic curves themselves are 
not strong evidence, for they were adjusted by the 








456 


help of hardness as a correlating parameter, and this 
method cannot be better than approximate ; for hard- 
ness measurements are themselves subject to acci- 
dental and personal errors, casual differences in hard- 
ness occur even between similarly disposed points on a 
single overstrained specimen, and systematic changes 
in hardness are relatively small over the wide region 
on the autographic diagram corresponding to maximum 
load. In order to obtain a more reliable correlation 
and more precise information regarding the tensile 
stress-strain characteristics of bars subjected to initial 
torsional overstrain, a few supplementary tests were 
carried out with metal I], in which diameter measure- 
ments were made throughout the tensile test following 
various degrees of torsional overstrain, and true stress- 
strain curves were deduced. 

Torsion Following Tensile Overstrain.—Although it 
is not easy to obtain such complete particulars of the 
stress-strain relationships involved as in the case of 
tension following torsion, certain useful data regarding 
the conditions of rupture can be obtained from torsion 
tests on bars previously overstrained in tension. Since 
the planes which carry the principal shear under 
torsion, and particularly the transverse planes, were 
substantially free from shear strain under the pre- 
liminary tensile action, it is to be expected, according 
to the hypothesis under investigation, that the shear 
strength of these planes would not have been impaired 
by this action. At the same time, the tensile process 
would induce a general strain hardening, particularly | 
in the neck of a partially necked specimen, and this 
would naturally increase the resistance of the material 
to strain in torsion. It would therefore be anticipated 


itt. 


Gauge length, 5 in 


TABLE RESULTS OF TORSTION- 


7.6 
ia 


Torsion bar, 0 


Initial Twist 


| square inch. 


in. In diameter 


ENGINEERING. 


| Effect of Reversed Torsion.—It was thought that 
| further light might be thrown on the effects of shear 
strain on resistance to rupture if tensile tests were 
| made on material which had been distorted and subse- 
| quently restored to its (statistically) undistorted form. 
A number of supplementary bars of metal II were, 
therefore, first twisted through different angles as 
| before and then twisted back again through the same 
| angle before being subjected to a tensile test. It was 
found that the bars survived the return twist up to 
a point well beyond the critical stage. Bars twisted 
excessively failed in torsion during the return twist, 
| but short tensile specimens were prepared from the 
| broken bars and tested in the same way. It was 
jot th that return shear does not continue the effect 





of the initial shear. Indeed, up to the critical point 
the effect of return shear is apparently negligible, but 
| beyond the critical point the conditions are funda- 
mentally changed. As might be expected, the stress 
at incipient necking in the re-twisted bars agrees 
closely with that in the single-twisted bare and the 
general extension is negligible, but in the re-twisted 
bars the reduction of area is restored to its full value 
of 60 per cent., the form of fracture is a perfect cup- 
and-cone and the true tensile stress at rupture is 
restored to the normal range of 60 tons to 64 tons per 
It is clear from these tests that severe 
reversed torsion, even up to the point of torsional 
fracture, does not impair the resistance of the material 
to tensile stress and that those helical surfaces which 
are left by the return twist at angles of about 45 deg. 
to the axis are capable of withstanding a shear stress 
of over 30 tons per square inch 


TENSION TESTS. SECOND SERIES. 


Tensile bar, 0-60 in. in diameter. 


rensile Test 


Nominal Stress 





Mark 0 Vickers Reduc- Exten- 
Angle Torque _—\ | Diamond tion of sion on 
Degree Ton-in — | Pyramid At Max At Area 5 in 
Tan ¢@ ; > 
Hardnes: Load Fracture Per cent Per cent 
Tons per Tons per 
sq. in 8q. in 
TPA NU - 0 26-9 18-2 70-6 32 
rP2 29 1-06 0-030 26-9 18-4 71-2 28-8 
rps 86 1-41 0-090 27-5 18-2 70-5 28-4 
rPii 129 1-65 0-135 27-4 18-7 69-5 24-8 
TPP! 183 1-386 0-192 29-2 19-2 68-6 23-0 
rps 185 1-8 0-104 28-1 17-8 71 24°58 
TP4h 215 i-s 0-225 29-4 19-3 70 17-6 
TPS 290 1-95 0-304 31-0 19-3 69 13-2 
TPs 392 °3 0-410 b3°5 20-6 67 11-2 
TP7 557 2-22 0-584 5-4 22-0 6 s-0 
TPR. 600 2-33 0-623 37-6 22-45 63 9-3 
TPs 756 2-31 0-792 7-8 22-8 65 8-0 
TPIOA 850 2-43 0-890 40-3 24-3 61-5 8-0 
TPIS 932 2-49 0-975 40-5 24-6 60-6 6-4 
T'Pl4 ud 2°46 1-04 41-2 27-6 53 6-0 
TP9A 1,103 2-66 1-16 41-4 27-5 3 6-6 
TPP3ER 1,160 2-49 1-20 40-7 25-3 28 5:4 
TP 1,206 2-55 1-26 42-2 25 36 5-6 
TP 1 1,458 2-55 1-62 Broke in torsion 


that under torsion the stress would rise more rapidly 
in relation to torsional strain and that the bar would 
rupture under a higher shear stress, but at the same | 
time with less shear strain on the conical surfaces than 
an unstretched bar. 

In order to examine this hypothesis a few tests were 
made (on a different mild steel from those used in the | 
main series of tests, the supply of which had been | 
exhausted) in which bars were pulled in tension to 
different stages of neck formation and then subjected | 
to a torsion test. Failure unde- torsion always occurred 
in the neck, of course, and inspection of longitudinal | 
lines scribed on the bars showed that the whole of the 
permanent twist was confined to the necked section. 
rhe true tensile strength of the material was 55 tons 
per square inch, signifying a shear strength under tean- 
sional conditions of not less than 5 tons per square 
inch. The strength in torsion was 22-0 tons 
per square inch, accompanied by an external shear | 
strain tan ¢ = 2-26. A bar of initial diameter 0-75 in. 
drawn in tension to a neck 0-5 in. in ‘di meter gave a| 
shear strength of 25-5 tons per square inch with an 
approximate shear of 1-75, and a similar bar necked 
to 0-45 in. in diameter gave a shear strength of 26-6 
tons per square inch with an approximate shear of 1-6. | 

The steady increase in the torsional shear strength | 
as tensional necking proceeds is an interesting confirma- 
tion of the directional weakening effect of shear strain | 
and of the hypothesis advanced above. The fact that | 
considerable torsional strain can occur even after a| 
reduction of area of 64 per cent. in tension is also a 
remarkable demonstration of the increase in the 
plastic range which can be secured by a process of | 
distortion which distributes the shear strain over a 
larger number of planes, and so distributes the slip 
between a larger number of crystallites with differently 
oriented glide-planes. ’ 


7 
=! 


shear 


These facts appear to admit of three possible explana- 
tions. In the first place, the reversal of the direction 
of shear strain may in some measure effect a repair of 
the damage caused by the initial strain. This involves 
jan entirely conception which does not easily 
conform to any current theory of strain and for which 
there is no collateral evidence. Secondly, an internal 
stress system due to differential strains produced by 
the initial twist may have been relieved by the removal 
of these strains in the return twist. The existence of 


new 


such a system of internal stress is almost certain in 
) 


view of the non-uniform straining inherent in the 


| torsion of a bar, since the centre fibres are distorted 


only slightly and will tend to restrain any tendency 
of the outer fibres to shrink or expand. Measurements 
showed that the bars increased in length under totsion, 
reaching an axial strain of over 2 per cent. before 
rupture. Hence initial twist would tend to put the 
outer fibres into axial compression and the centre 
fibres into tension. But although internal stress will 
no doubt modify the conditions of rupture in a brittle 
material and the conditions of elastic breakdown in a 
ductile material, it is hardly likely to affect materially 
the conditions of ultimate rupture in this latter case, 
since any initial internal stresses must become com- 
pletely masked by subsequent plastic strain. 


| third place, the material in its initial condition may 


not be isotropic but have planes of weakness in the 
axial direction. A bar consisting of a bundle of wires, 
for instance, would clearly be weak in tension after 
twisting, but would have its strength restored if the 
wires were straightened by twisting back again. Any 
rolled bar is naturally predisposed to this tendency in 
some degree and it is noteworthy that the weakening 
| was more marked in metal I than in metal II, which 
was of “ pedigree stock’ and remarkably free from 
non-metallic inclusions. 
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Without more systematic examination of the condi- 
tions of rupture following reversal of plastic strain, 
it would be speculative to adopt any one explanation 
of the results under discussion. These, it must be 
pointed out, were obtained from supplementary tests 
in the present series and left no material from the same 
stock with which the matter could be further explored. 
It is felt, however, that such exploration should be 
fruitful, and systematic work on another stock is being 
undertaken. In the meantime, the available evidence 
is placed on record for discussion. 

Conclusions.—It is felt that the results described in 
the paper justify the following conclusions in relation 
to rolled mild-steel bars of good commercial quality in 
the fully-annealed condition :— 

(a) The inception of plastic flow is affected by the 
internal stress distribution as well as the general 
“scalar” condition of the material as measured, for 
example, by its hardness number. 

(6) The relationship between shear stress and shear 
strain in the plastic region is not independent of the 
system of applied stress. 

(c) The plastic stress-strain relationship under tensile 
conditions, although affected in its earlier stages by 
previous strain-history, becomes independent of this as 
straining proceeds. 

(d) Rupture may be caused by tensile stress, by 
shear stress, or possibly by a combination of tension 
and shear. 

(e) Resistance to rupture by shear stress is modified 
directionally by overstrain. No positive evidence is 
furnished regarding the effect of overstrain on resistance 
to rupture by tensile stress, but there are indications 
that any such effect is small. 

(f) Neither strain energy nor hardness is a controlling 
factor in regard to rupture, nor does either of these 
quantities define the resistance of the material to 
plastic strain in the general sense. 

(g) The reversal of torsional strain has certain 
remedial effects on the apparent shear strength under 
tensile conditions, due possibly to the masking of 
directional properties. 








RAPID-ASSEMBLY CLAMPING 
DEVICES. 


ALTHouGH at a time like the present the rapid 
assembly of light structures with tubular members 
may be of great importance, there are many purposes 
in ordinary everyday life in which such structures 
must be erected at as an economical rate as possible. 
An example lies in the pedestrian guard railings now 
so often met with in busy cities. We illustrate, in 
Figs 1 and 2 below, two examples of a fastening 





Fig. 1 
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|known as Ke-Klamps, manufactured by Messrs. 
The Geo. H. Gascoigne Company, Limited, 111-117, 
Chatham-street, Reading, which fastening enables 





In the | 


lengths of ordinary gas or steam piping or other tubes 
to be firmly erected in any skeleton structure required 
without screwing. The particular Ke-Klamp illustrated 
in Fig. 1 isnot perhaps indicative of the simpler patterns 
but shows one of those used in the guard railings 
referred to above. It is, therefore, of a particular 
type but, at the same time, it illustrates the general 
principles of the fastening. The Ke-Klamp is 4 
sleeve of black-heart malleable cast iron which is 4 
sliding fit on standard tubing, and is provided with 


| cup-ended grub screws of case-hardened steel for clamp- 


ing the tubing. The term “ sleeve " is used somewhat 
loosely here as actually the clamps are in the form of 
knees or bends, tee-pieces or more complex shapes 
enabling as many as four tubes lying in different planes 
to be coupled together. } ; 
An example of a clamp for three tubes lying in 
planes at right angles is:shown in Fig. 2. The centre 
hole may be supposed to embrace a vertical member, 
that on the right a longitudinal member and that on 
the left a transverse member. It will be noticed 
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that the tubes bear in the sleeves for the full length | 
of the sleeve and the grub screws are situated at the | 
centre. 
cup, bite deeply into the pipe and will withstand a 
pull, axial to the pipe, of 24 tons. The screws are 
tightened by a simple bent lever engaging with an 
hexagonal socket in the screw. Unskilled labour 
only is needed. The screws are indicated in place in 
Fig. 1. The pipe ends of this clamp do not fit closely 
all along the sleeve, the reason being that this parti- 
cular clamp is arranged so that the pipes can be angled 
as required ; in a horizontal plane to follow a gentle 
curve or in a vertical plane to follow sloping ground. 
The clamp is for the top member of a railing and, in 
consequence, the vertical stanchions do not go through 
it. Instead, stops and guides are formed in the inside 
of the clamps to ensure square fitting. Obviously, as 
there is free room at the end of the pipes, a rail might 
get displaced longitudinally. This possibility is 
prevented by a rivet in one tube, to act as a stop, as 
shown at the right hand of Fig. 1. The middle and 
lower members of the railing have four-way clamps, 
i.e., the vertical stanchions pass right through them. 
The ends of the fence are finished with right-angle bend 
clamps for the top member and with Tee-clamps for 
the middle and lower members. The normal Tee-clamp 
is not unlike the centre and left-hand parts of the clamp 
shown in Fig. 2. 

\ great variety of types of Ke-Klamps is available ; 
thus, one type has two holes for horizontal pipes, one 
hole for a vertical pipe and one set at an angle for 
cross bracing. Other types provide swivels, hinges, 
and so forth, there being in all some 400 types and 
sizes, suitable for pipes } in., 1 in., 1} in., and 1} in., 
nominal inside diameter. The clamps can be supplied 
cither black or galvanised, the latter for use when 
the whole structure of galvanised material. It 
« claimed that the use of the grub screws does not 
disturb the galvanising of tubes as does their screwing, 
and that there are, therefore, no points at which rusting 
can start. Tubes can be ordered from the tube mer- 
chants to lengths which may have a margin of error 
of in. Typical structures in which Ke-Klamps may 
be conveniently used are racks for machine parts, cattle 
pens, work benches, platforms and the like. 
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THE FUEL LUNCHEON CLUB.—At a recent meeting 
of the Committee of the Fuel Luncheon Club it was 
unanimously decided that every effort should be made 
to carry on the Club’s activities during the present 
crisis on the same lines as hitherto. Consequently, the 
session will commence on Thursday, October 26, when 
Lt.-Colonel W. A. Bristow, the incoming President, 
will deliver his Presidential address at the Connaught 
Rooms, Great Queen-street, Kingsway, London, W.C.2. 
On Thursday, November 16, Mr. W. A. Tookey will 
give an address on “The Development of Modern 
Engines for Liquid and Gaseous Fuels,” and on Thursday, 
December 14, Professor A. C. G. Egerton will speak 
on “ Possible Fuels.” The dates of other monthly meetings 
will be announced in due course. Particulars regarding 
membership can be obtained from the secretary, Fuel 
Luncheon Club, 30, Bramham-gardens, London, S8.W.5. 
(Telephone No., Frobisher 3649.) 
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These screws, terminating in a sharp-edged | 
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10-KW. GENERATING SET WITH 
AIRLESS-INJECTION ENGINE. 


THE generating set illustrated on this page has 
been recently introduced by Messrs. Gleniffer Engines, 
Limited, Anniesland, Glasgow, W.3. The engine 
employed, which is a two-cylinder 24-brake horse- 
power model, is direct coupled on a bedplate to a 
10-kW Sunderland Forge generator, as shown. It is 
actually capable of giving a generator output of about 
15 kW, and is suitable for shipboard use. The engine 
has a cylinder bore of 4} in. and a piston streke of 
6 in., and develops its rated power at 1,000 r.p.m. 
The lower half of the crankcase is of cast iron, suitably 
ribbed, and the main supporting arms of the engine 
are cast integrally, thus forming a bedplate for the 
whole engine. This bedplate also carries the main 
bearings, which are secured by keeps held down by 
the main bearing bolts. A bearing is fitted between 
each successive cylinder. The main bearings are gun- 
metal shells lined with white metal. Large inspection 
doors are provided on each side of the top half of the 
crankcase, and are quickly detachable. The cylinders 
are separate liners, of hard and wear-resisting cast iron. 
They are secured in the top half of the crankcase, and 
are encircled by water uniformly throughout their 
length. They are renewable by removing the cylinder 
heads and pistons, without disturbing the remaining 
mechanism of the engine. The cylinder heads are sepa- 
rate castings of cast iron, and are secured against the 
upper flange of the cylinder liners by six high-tensile 
alloy-steel studs in the top half of the crankcase The 
valves, which are of heat-resisting valve steel with 
streamlined heads, are mounted in the cylinder heads 
facing each other, the exhaust valves being on the 
camshaft side, and working in renewable guides. The 
inlet valves are in cages on the opposite side. The 
cylinder heads also carry the pull rods which operate 
the inlet valves from the rocking levers in the cam 
box. By the removal of the inlet-valve cage, both 
valves can be removed without disturbing the cylinder 
head, water connections, or exhaust manifold. The 
fuel-injection valve is placed centrally over the com- 
bustion chamber. Liberal water-cooling space is 
provided all round the valves. 
ample strength and stiffness to prevent breakage or 
torsional oscillation, and has a solid forged flange at 
each end to carry the flywheel at one end and the 
driving clutch at the other end. The connecting-rods 
are H-section drop forgings of steel, the big-end bearings 
being secured in position by steel keeps and alloy-steel 
bolts. The small end of the rod is bushed with phosphor 
bronze, the big-end bearing being of gunmetal lined 
with white metal. The pistons are of hard aluminium 
alloy, and are fitted with six piston rings, the lowest 
of which acts as an oil scraper. A hollow case-hardened 
steel gudgeon pin is fitted, and is of the full-floating 
type. 

The timing gear is mounted at the flywheel end of 
the engine, and consists of a duplex roller chain driving 
the camshaft, pump shaft, etc. An automatic tensioning 
jockey sprocket is fitted, rendering attention to this 
item unnecessary within 15,000 to 20,000 hours running. 
The camshaft is mounted on one side of the engine, 





near the upper part of the top-half crankcase. Each 


The crankshaft is of 
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section of the shaft for one cylinder is a separate 
forging, these sections being bolted together. It 
operates the valves through rocking levers, one lever 
| operating direct on the exhaust valve, the other by 
| means of a pull rod operating the inlet valve on the 
| other side of the engine. 

| The fuel pumps, built in one complete unit. are 
| 





operated by a case-hardened steel camshaft through 
rollers and levers. On the end of the fuel-pump 
chamber is mounted the governor, which is of the 
centrifugal type. It directly actuates the injection 
| control, and maintains the engine at an approximately 
| constant speed set by the hand control lever. The 
hand control lever regulates the speed from 1,000 r.p.m. 
down to 250 r.p.m. if desired. The spraying nozzles 
are of the type in which there is a single large hole 
with a pintle. Lubrication is by pressure feed through- 
out. At the after end of the bottom half of the crank- 
case there is a sump into which all the free oil in 
the crankcase runs by gravity. A gear-type rotary 
oil pressure pump is submerged in the oil and is driven 
by spiral gearing from the after end of the camshaft 
by means of a small inclined shaft. The pump draws 
the oil from the sump and delivers it through a passage 
to a strainer chamber. The oi] passes through the 
strainer to the oil distributing pipe in the crankcase. 
Small pipes connect from this main pipe to each of the 
main bearings. Through a drilled ca in the crank- 
shaft, this oil under pressure is led to the big-end 
bearings from which it passes through a drilled hole 
through the connecting rods to the gudgeon pins. The 
loil which passes through the relief valve passes 
|into the spiral gearbox and from thence by means of 
| drilled holes along the camshaft into the timing case, 
where a small valve allows it to escape on to the 
timing chain. A small feeder pipe with needle valve 
control is led to the forward cambox which maintains 
the level of oil up to the overflow leading back to the 
crankcase. * 

The water-circulating pump, which is of gunmetal 
throughout, is of the double-acting plunger type, thus 
eliminating water hammer. It delivers the water into 
the water jacket, from whence it passes to the cylinder 
heads. From there it flows to the thermostat chamber, 
and thence passes to the water-jacketed exhaust 
manifold, and finally to the water-injection silencer. 
A by-pass valve is also fitted to the water-pump, so 
arranged that when the thermostat valve is closed all, 
or the major portion of, the water passes through the 
by-pass valve and thence direct to the exhaust 
manifold. This system ensures the engine quickly 
reaching its working temperature, and when run for 
extended periods on light load, the cylinders are kept 
hot, thus ensuring efficient and silent operation. 











CATALOGUES. 


Automatic Boiler Control.—_We have received from 
Messrs. James Gordon and Company, Limited, Dalston- 
gardens, Stanmore, Middlesex, a brochure describing 
the Hagan system of automatic boiler control, which is 
stated to be in successful use on marine vessels equipped 
with oil-fired or stoker-fired boilers. Instructions for 
installing the system on land boilers are also given. 

High-Speed Cutting Ailloy.—Messrs. Alfred Herbert, 
Limited, Coventry, have issued a pamphlet describing 
the characteristics of Ardoloy, which is manufactured for 
them at the Rugby works of Messrs. The British 
Thomson-Houston Company, Limited, and containing 
information on its employment in machining various 
materials. 

Chain ‘Transmission.-—Messrs. The Morse Chain Com- 
pany, Limited, Letchworth, Herts, have sent us a new 
general catalogue giving particulars of their standard 
chain drives up to 100 h.p., using segmental-bush roller 
and inverted-tooth chains. Flexible couplings, conveyor 
chains, wheels and pinions are also dealt with. The 
catalogue is well illustrated and contains some useful 
tables to facilitate calculations. 

Studio Lighting and Lamps.—Mesers. The General 
Electric Company, Limited, Magnet House, Kingsway, 
London, W.C.2, have sent us a priced and illustrated 
catalogue giving particulars of equipment for photo- 
graphic studios and containing technical information on 
lighting. Another catalogue received from the firm deals 
with Osram lamps of sizes and types suitable for domestic 
and industrial lighting. 

Cartridge Fuse-Links.—With reference to our note 
in this column, on page 215, ante, regarding the pamphlet 
lissued by Messrs. A. Reyrolle and Company, Limited, 
Hebburn-on-Tyne, and describing their class-U cartridge 
fuse links, we are informed that these now comply with 
| the latest B.S.S. No. 88—1939, and no longer with B.8.S. 
No. 88—1937 as stated in our note. The 1939 edition 

of the specification was published while the pamphlet 
was in preparation, and a note indicating that this 
later issue should be substituted for the 1937 edition is, 
in fact, included in the pamphlet. 
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INTERNAL-COMBUSTION ENGINES. 


510,415. Injection-Timing Control. L. Gardner and 
Sons, Limited, of Manchester, J. H. S. Gardner, and J. K. 
Gardner, of Manchester. (4 Figs.) November 16, 1938.— 
The invention is a method of controlling the timing 
of the fuel injection in a compression-ignition engine 
to suit the engine speed. The pressure in the impeller 
casing of the water-circulating pump is applied to a 
diaphragm which is spring-loaded so that ite displace- 
ment is proportional to engine speed. The diaphragm 








sang | 
is coupled by links to a crank arm A operating a collar 3 
on the driving gear of the injection-pump camshaft. 

The gear slides on helical splines m on the shaft which is 
driven from the valve camshaft. As the circulating pump 
pressure increases with increase of engine speed, the| * 
diaphragm is moved against ite spring to rotate the crank 
arm A and cause the driving gear of the injection-pump 
camshaft to slide along the helical splines m. This 
causes « rotation of the camshaft relative to the crank- 
shaft, with a consequent change in the injection timing.— 


(Aecepted Auguat 1, 1939.) 
MINING, METALLURGY, ETC. 
509,933. Belt Conveyer. International Combustion | 


Limited, of London, G. W. Davidson, and S. L. Herbert, 
of London. (4 Figs.) January 26, 1938.—The con-| 
veyor is especially suitable for use as the intermediate | 
conveyor in the gate roads of a coal mine. A number of 
comparatively sbort sections la are bolted together end 
to end to form a rigid housing. The sections are each | 
open at their sides and consist of a deck on which are | 
mounted guide rollers for the upper run 6a of the con- | 
veyor belt, the guide rollers for the lower run 64 being | 
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| is connected to the piston of the hydraulic cylinder C 


The housing is supported at | 
intervals of about 40 ft. by self-adjusting slings 8 which | 
permit a limited horizontal and vertical movement. 
At the discharge end the upper run passes over a drum 11 

and thence over drums 12, 13 to a take-up drum and the 
drum at the end of the lower run. The drum 13 is 
driven by an electric motor and is geared to the drum 12. 
The two sections which support the driving drums | 
and the drum at the end of the lower run are supported 
from the ground. The structure 18 at the receiving | 
end is movable to permit additional sections to be | 
attached. (Accepted July 25, 1939.) 


MOTOR ROAD VEHICLES. 


510,087. Brake. Borg and Beck Company, Limited, 
of London, and Captain G. E. T. Eyston, of London. 


mounted below the deck. 
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of the driving sprocket shaft 15 carries the brake 
disc 16 with linings round the edges of both faces. The 


pressure plate 18 carries two diametrically opposite | 
3 in the wall of the cover | 


rollers 21 (Fig. 2) engaging slots 2 
plate to prevent relative rotation. The disc 16 is slotted 
radially, the slots extending inwards from its circum- 
ference beyond the inner edge of the linings. On each 
side of the disc is a ring 34 (Fig. 
the linings, radial spacers being inserted between the 
carrier rings and the disc which provide an air space for 
ventilation of the brake. 
pressure acting on the pressure plate 18 through a number 
| of pistons 42 mounted in cylinders formed in the cover 
plate, and connected by a continuous annular supply 
passage 44 in the thickness of the cover plate. 





rec so tends to release the brake. The brake disc 16 

also spring-loaded away from the ring 10, so that it 
runs free between the ring and the pressure plate when 
the brake is released. To the cover plate is bolted a) 
sleeve 61 within which is mounted on ball bearings a} 
flanged sleeve 63, the flange of which overlaps the pres- | 
sure plate 18. A ball thrust bearing is mounted between | 
this flange and the plate. Three studs 66 in the sleeve 63 
earry rollers which project through helical slots in the 
sleeve 61. The studs also pass through a ring 73 and 
an arm secured to the ring 72 has an eye for attachment 
of a pull rod by which the ring is rotated on the 
sleeve 61. The pull rod is connected to a brake lever. 
Rotation of the ring causes the rollers to move along 
the helical slots in the sleeve 61, thus causing the sleeve 63 
and the pressure plate to move inwards and apply the 
brake. The cylindrical wall of the cover plate is cut 
| away at intervals to provide air outlets 77, the radial 
arrangement of the spacers between the brake disc and 
the carrier rings acting as a fan, drawing in air through | 





| the sleeve 61, and expelling it through the outlets. A | 
| good circulation of air is thus maintained through the | 


| brake, which assists in keeping it cool.—( Accepted | 
| July 26, 1939.) 


RAILWAYS AND TRAMWAYS. 


509,636 Locomotive-Testing Plant. Heenan and | 


| Froude, Limited, of Worcester, and G. H. Walker, of 


Worcester. (4 Figs.) March 16, 1938.—The locomotive 
is supported on drums in the usual] way, and the drawbar 


of the dynamometer. The drawbar is connected to 
the short arm of a three-armed lever / each of the long 
arms of which is connected to the piston of a dashpot G 
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(7) | The two sides of the dashpot cylinder are connected | and the other from the lower face (Fig. 2). 


2) forming a carrier for | 


The brake is applied by oil | 


The 
pressure plate is spring-loaded towards the cover plate. | 


| no bubbles of air between the glass and the paper. 


| index not far from that of glass, 


Oct. 20, 


1939. 





needle valve. A spring is inserted between the drawbar 
and the piston of the dynamometer C, which cushions 
any fluctuations of drawbar pull that are not absorbed 
by the dashpot and transmits a steady force to the 
| dynamometer. In order to maintain the locomotive in 
| its initial position, the oil supply to the cylinder O Is 
| controlled by a motor-driven pump which sucks oil 
from a storage tank and delivers it by way of an accumu- 
| lator M through a piston valve P to the cylinder C. A 
| relief valve prevents the pump from being overloaded. 
The piston valve P is connected through a spring to 
the frame of the locomotive. A dashpot prevents sudden 
| reversals of the valve which might lead to instability. 
Oscillations of the locomotive about the mean position 
merely extend and compress the spring connecting the 
valve with the frame of the locomotive but do not 
| alter the valve setting. Persistent advance or with- 
drawal of the locomotive from the mean testing position, 
however, opens one or other of the ports of the piston 
valve. If the locomotive moves forward high-pressure 
oil from the accumulator passes to the cylinder C, which 
pulls the locomotive back to the mean position, while a 
persistent rearward travel causes a partial emptying of 
| the cylinder and allows the locomotive to regain the 
mean position. For assistance in setting up the valve 
| for test, it is connected to a pointer showing the central 
| position in which the ports are closed.—( Accepted 
| July 19, 1939.) 
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MISCELLANEOUS. 


509,851. Glass-Examining Apparatus. The Triplex 
Safety Glass Company, Limited, of London, A. C. Waine 
and F. Din, of Birmingham. (4 Figs.) January 24, 
1938.—It is often difficult to determine by inspection 
whether, say, a windscreen of a motor-car is made of 
| laminated glass, and the invention is an apparatus for 
| making a simple and rapid test of such articles. The 
| apparatus employs the well-known optical principle of 
“total internal refiection” at the surfaces of glass 
bodies. Fig. 1 shows an apparatus for testing glass 
up to 3 in. in thickness. An electric lamp 12, with an 
adjustable slit and a lens, gives a amall beam of parallel 
rays of light. The lamp is adjustable in its mounting 
within the casing 11. A rhomboidal prism which has 
an acute angle of 60 deg. is arranged so that the face 16 
adjacent to the acute angle projects through the bottom 
of the casing and so that the beam of light enters the 
face 17 of the prism normally. The prism has a base 
in. by 2? in. and a height of lin. A sight tube 18, 





| 


| 


| 2 


with a translucent screen and Jens is mounted normal 


to the upper face of the prism. The test is made by 
taking approximately 2 sq. in. of black gummed paper, 
immersing it completely in water and placing it on one 


Fig.1. 


























Fig.2. 
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surface of the sheet of glass making sure that there are 
On 
the surface of the glass immediately opposite to the paper 
are placed two or three drops of a liquid having a refractive 
e.g.. liquid paraffin 
and the prism is stood on the paraffin so that a uniform 


| film is formed between the prism and the glass. The 
light is switched on and the position of the lamp adjusted 
| until all the reflected images lie well within the field of 


vision. These appear in the sight tube as spote of light 
against a dark background. When the sheet under 
examination is safety glass, consisting of two sheets of 


| glass with an interposed cellulose layer, there is an 


image 25 from the upper glass surface, another image 27 


|from the bottom glass surface and two intermediate 


images 29 and 30, which may be so close together as to 
| appear twinned, one from the upper face of the interlayer 
When plain 


Figs.) May 18, 1938.—The brake is primarily for use on | by a pipe through a needle valve electrically controlled | glass is examined the centre twin image (29, 30) is absent 


a track-laying vehicle and acts on the inner end of a shaft | 
carrying one of the driving sprockets of the track. 
An annular ring 10 is bolted to the frame, a dished 
cover plate being secured to its periphery. The end 





from the control cabin of the plant. Thus, the fluctuat- 


| ing forces arising from partial unbalance of the recipro- | 


cating parts of the locomotive are damped out. A double- | 
acting relief valve is also arranged in parallel with the 


| and only two outer spots can be seen asin Fig. 3. The 
spots of light are not of uniform intensity, since the 
filament of the electric lamp forms a bright image running 
across each of the spots.—({ Accepted July 24, 1939.) 
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LETTER- SORTING MACHINES AT machine is not so completely automatic as to be| the machine marks each letter with a character 
THE BRIGHTON GENERAL POST | ¢@pable of being run by anyone who may happen’ peculiar to the operator concerned and counts the 
OFFICE. |to be available. The operators concerned require | letters passing through it. The marking is done 
| specific training in its use and must be inherently | so as to enable responsibility for mis-sorts to be 
In our account of the letter-sorting office at} manually skilful, mentally alert and have marked | traced. Each machine has five keyboards so that 
Mount Pleasant, London, a description was given, |memorising capacity, qualities, it may be noted,| with heavy traffic a total of 10 operators can be 
see ENGINEERING, volume 146, page 437 (1938), of | required for all sorters, though perhaps not to|employed. The machines are illustrated in Figs. 1 
an ingenious device for simplifying the primary | such a great extent. With operators of this kind, | to 24, on Plate XVII, below, and on page 461. 
sorting of postal packets and for distributing them | however, and provided the machine is kept in proper! The external appearance of the machines is shown 
to the secondary sorters. The subject of the present | mechanical order, it will distribute a letter, as| in Fig. 1, Plate XVII. The part above the platform, 
account is the mechanisation of letter sorting, not | directed by the operator to any one of the 250} on which the operator's seats are situated, contains 
packet sorting, two very interesting machines for | receptacles it contains, and the letters, having had | the distributing mechanism, while that below the 
this purpose having been installed, in order to give|the stamps cancelled previously, are then ready | platform houses the receptacles for the sorted 
the system a practical test, in the sorting office | for collection from the receptacles and deposition | letters, and the chutes leading to the receptacles. 
of the Brighton General Post Office. In considering | into the appropriate mailbags or postmen’s satchels The platform runs along both machines, which are 
the construction and operation of the Transorma | as the case may be. | thus built into a common frame, though they are 
machine, as it is called, its capabilities must first} From this last clause, it will be correctly inferred | otherwise separate and distinct. The letters are 
be clearly recognised. It does not eliminate the | that the machine can be used for both outward and | conveyed to the platform, after the packets and 
human element altogether for, since it is impossible | inward sorting though not, of course, for both| similar unsuitable matter have been picked out, by 
to devise a machine which will read a typed address | kinds of traffic at the same time. When, however, | the belt conveyors seen in Fig. 2, Plate XVII. These 
or the scrawls of modern handwriting, someone | there are two machines, as is the case at Brighton,| are situated above two facing tables fitted with 
| Stamp-cancelling machines, on which tables letters 
| within the prescribed limits are sorted and post- 
| marked, being thereafter placed in metal trays on the 
| belts. The Transorma machines can be made out in 
| the background of this illustration, and it will be seen 
‘that the conveyors run to the platform at the back 
of the machine, that is, at the opposite side to the 
| operators. An attendant on the back platform 
| receives the trays and transfers them as necessary 
on to cross conveyors, one of which is provided for 
each operator. These conveyors are seen in relation 
| to the keyboards in Fig. 3, Plate XVII. The trays 
are provided with a hinged end, which is dropped 
as the tray is held over the cross conveyor. The 
letters in the trays are all standing on their long 
| edges and are transferred to the cross-conveyors by 
| the attendant putting one hand behind the stack 
of letters and withdrawing the tray backwards with 
| the other, leaving the stack on the conveyor belt ‘ 
| still vertical and with the addresses horizontal and 
| all facing the operator. 
| Fig. 17, on this page, shows stacks of letters 
|in the conveyors. The operator in the foreground 
| has decided to which selection the letter has to 
| go and is pressing the appropriate keys with his 
| left hand, at the same time dropping the letter 
into the machine. The next operator has just 
removed a letter from the stack in front of him and is 
| reading the address. It will be noticed that the 
| letters are manipulated by movement of the forearm 
| only, that is, there is no movement from the shoulder. 
| This means that each letter must be presented to 
| the operator in the same place, and, in consequence, 
| the stack must be pushed towards him every time 
| a letter is taken from it. The mechanism necessary 
| for effecting this intermittent movement can best 
| be understood by reference to the drawings repro- 
| duced in Figs. 18 to 24, page 461. 
The stack of letters in the conveyor trough is 
pushed forward to the operator by the sloping 
plates d, seen in Figs. 20, 22 and 23. There are two 
of these plates to each trough, and they are hinged 
at one top corner so that they can be swung out 
of the trough in the same plane as that in which they 
lie when functioning. All the plates are shown 
in the letter-presenting position in Fig. 3, but 
the rear plates are shown swung out of their troughs 
in Fig. 17. The plate in the foreground of Fig. 3 
is in the position it occupies after the operator 
has taken out the last letter of the stack which 
lay in front of it. Although not shown, there 
could be another stack of letters between this plate 
and the one behind it. Imagining this to be 
the case, immediately the last letter in front of 
the front plate has been taken away the attendant 
on the back platform swings over the front plate, 





























Sortine Stations OF ‘*TRANSORMA’”’ MACHINE. 


Fig. 17. 


has got to decide what route the letters will follow | one can deal with inward mail, viz., letters arriving 
from receipt in the sorting office to the outward- | at Brighton, and the other with outward mail, viz., 
bound mailbags, or, where local matter is concerned, | letters to be dispatched from Brighton. If the 





to the postmen’s satchels. What the machine does | traffic is heavy, both machines can sort inward 
is to cut out secondary sorting and to eliminate, | matter, or, alternatively, both can sort outward 
therefore, the transport of letters between the| matter. The change-over involves nothing more 
primary and secondary sorting stations such as is| than seeing that all the receptacles and the chutes 
necessary in the Mount Pleasant letter-sorting | leading to them are cleared before the change is 
office. ‘ | made, otherwise some mis-sorting will occur. The 

A sorter on the Transorma machine is able to| operation of the Transorma machine is, briefly, 








distribute his stacks of letters to 250 selections, | as follows: The operator places each letter, from 
which is, generally speaking, the degree of sub- | a stack in front of him in a single slot, that is to say, 
division required for letter sorting at medium-size | he has not to insert letters for different destinations 
offices similar to Brighton. The only limitation | in different slots. At about the same time as the 
to the use of the machine, in comparison with | letter is placed in the machine, the operator mani- 
purely manual sorting, is the size of the letters | pulates keys, not unlike those of a typewriter, and 
passing through it. The largest envelope that can | the key movements direct a system of carriers to 
be dealt with in the machine is 7 in. by 5} in. by | deposit the letter into the receptacle corresponding 
fr in. thick. Letters exceeding these dimensions | with its address as far as that concerns a town or 
are dealt with entirely by hand as are also letters | district. After depressing the keys he has no 
which, while falling within the specified limits, | further concern with the letters. It may be men- 








contain hard or irregular articles. Further, the| tioned, however, that, in addition to sorting, 


which describes an arc to the right and exposes 
the stack of letters in front of the rear plate, 
which continues to move forward and so feeds 
the letters up to the operating position. In the 
meantime the front plate is retracted by the atten- 
dant on the back of the platform. The front plate 
clears the rear plate in transit, as the two plates are 
hinged on opposite sides of the trough. ‘lhis front 
plate, being retracted, and a fresh stack of letters 
being placed in front of it from a tray, becomes the 
rear plate. In actual working, the front plate is 
withdrawn before it reaches the position shown in 
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Fig. 3, when it is behind the last letter to 
be sorted on a particular duty. The forward 
movement of the letters is virtually continuous, and 
the whole action imitates very closely that of the 
attendant using each hand alternately to push the 
stacks of letters forward. 

The swinging over of the plates is effected by 
turning the rod system e¢, Fig. 21, axially by means 
of a lug at the rear end. A hinged portion in 
the centre of this rod system permits it to collapse 
when the plates are drawn backwards by hand. 
The plates are carried on a three-roller carriage f, 
in Figs. 21 and 22, which runs in a slot in the trough 
wall. It will be understood that the plates travel 
forward at the same rate as the top strand of the 
conveyor belt g, on which the letters rest. This 
belt is driven by a shaft carrying a sprocket wheel 
engaging with a roller chain h, which passes inside 
the double walls of the trough and follows the course 
indicated by the chain-dotted line in Fig. 2]. At 
the front of the conveyor the chain passes over a 
sprocket on the end of the shaft of the driving 
pulley ¢ of the belt. A tensioning device seen in 
Fig. 18 is fitted at the back of the belt. The chain 
movement is transferred to the plate carriage by a 
catch j, Fig. 20, so that both the belt and the plates 
This catch is automatically 


except 


have the same motion. 
disengaged from the chain when the plate is swung 
out of the trough so that no opposition exists to the 
drawing back of the carriage. The carriage and the 
collapsing rod system are both clearly seen in 
Fig. 3. Although the forward motion of the letters 
has been described above as being continuous, the 
intention was to convey the idea that the operator 
had not to depend on the deposition of a fresh 
trayful of letters. In reality the motion is inter- 
mittent and is, moreover, stopped should no letter 
be removed from the front of the stack. 

The operator may, for example, have to pause 
to decipher a badly-addressed letter and it would 
not do to have the others pushed at him until he 
was ready for them. The intermittent feeding 
motion is then automatically controlled by a device 
virtually dependent upon the degree of pressure 
exerted by the plate in action at the time. This 
device is shown in Figs. 19 and 23. The stack of 
letters is held in front by a finger 4, terminating in 
a roller mounted on ball bearings. The top arm 
of this lever is visible in Fig. 3, though no letters 
ire in place in this view. Reference to Fig. 2¢ 
will show that the movement imparted to it by the 
forward movement of the stack of letters is communi- 
cated to a lever system / and m by means of a 
connecting rod, the subsidiary lever m terminating 
in a knife edge. The knife edge is situated imme- 
diately above a serrated quadrantal lever having a 
roller at its free end in contact with an eccentric 
on the cam shaft. The lever / is mounted on the 
chain driving shaft, but is not keyed to it. The 
grooved collar n, seen adjacent to the lever in 
Fig. 19, is, however, keyed to this shaft and forms 
a friction clutch actuated by a pawl on the lever m, 
with a braking pawl on the opposite side. A stop 
determines the lowest position of this lever, in 
which position the friction clutch is not engaged 
and the chain driving saaft not rotated and 
neither the chain nor the conveyor belt moved. 


1s 


Since the camshaft, as long as the machine is 
working, is continuously rotated, it follows that 
the serrated quadrant moves up and down once 
per revolution of the shaft. The knife edge of m 
is, however, clear of the quadrant in the discon- 
nected condition of the clutch, even when the 
quadrant is at the top of its stroke. Should the 
front letter seen in Fig. 23 be removed, however, the 
roller on lever & moves to the left under the pull 
of the tension spring o and the lever m is diverted 
to the right, its knife edge then engaging with the 
quadrant when this makes its upward stroke. The 
lever m is thus forced up, engaging its pawl with 
the clutch, and the driving shaft is turned through 
w sufficient angle to cause the front plate d and the 
belt g to present another letter to the operator in 
exactly the same place as the removed letter had 
occupied. This forward movement is naturally 
arrested by the movement of lever & to the right 
and the corresponding movement of lever m, which 
moves the knife edge out of the way of the quadrant. 
Che forward movement of the belt and plate is in 
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direct proportion to the thickness of the letter 
removed, since the knife edge is moved farther to 
the right when a thick letter is abstracted than 
with a thin one and a greater upward movement 
is given to lever m. The friction clutch, as long 
as the engaging surfaces are kept free from oil, 
responds to slight variations in letter thickness and 
is thus much more sensitive than a ratchet device 
would be. 

The slot through which the letters are fed is 
shown at a in Figs. 19 and 23. It is closed periodi- 
cally by an oscillating flap valve b, the actuating 
mechanism for which is seen in Fig. 21. It derives 
its motion from a cam c through a system of links 
and levers. The camshaft, along with the other 
mechanism of the machine, has a variable speed 
so that the rate of operation can be altered at will ; 
the range of timing of the opening of the slot is 
such that the operator can sort from 30 letters to 
53 letters per minute. An elastic buffer along the 
edge of the valve prevents injury to any letter 
which may be trapped by the closure of the valve 
against the back wall of the slot. 

Before leaving this part of the machine, it may be 
pointed out that the gear operating the flap valve 
6 of the insertion slot, shown in Figs. 19 and 21, 
also actuates a side valve p, in Fig. 21. This 
valve is closed when the flap valve is opened and 
prevents the letter from being inserted in the slot 
otherwise than vertically. When the flap valve is 
shut the side valve permits of lateral movement of 
the letter, this movement being necessary for reasons 
to be explained later. It may be noted here also 
that there is a window in front of the insertion 
slot, see Fig. 23, so that the operator has the letter 
in view immediately it has been put in the slot. 

The keyboard logically comes next for considera- 


tion as it is by its operation that the letters are) 


directed to the appropriate receptacle after being 
dropped into the insertion slot. 
slot and its general appearance is well shown in 
Fig. 3, while a view of its mechanism is given in 
Fig. 4. 
portion of the machine carrying the keyboard, 
insertion slot, etc., is seen in the position it occupies 
for inspection and adjustment. This portion is 
hinged as shown in Fig. 24, opposite, the conveyor 


In this latter illustration the whole of that | 


It lies below the | 
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right-hand group corresponding to 9. For a letter 
to Leeds he would depress a bar giving him 200, 
a round key of the left-hand group giving 90 and a 
round key of the right-hand group to give 6. The 
order in which the keys of the different groups are 
depressed is immaterial but all keys concerned in 
making up a particular number must be depressed 
for the letter being dealt with. Should the operator 
make a mistake and realise it before the letter has 
left the insertion slot, the indication wrongly 
given can be annulled by pressing either of the two 
large triangular keys flanking the groups of round 
keys. 

The annulment does not retrieve the letter, which 
at this stage is visible through the window at the 
front of the insertion slot, but causes it to go to a 
special receptacle into which the illegibly-addressed 
letters are also directed, no key having to be 
depressed for these letters. The two classes are 
separated on being removed from the receptacle, 
the letters wrongly coded being returned to the 
operator, those defectively-addressed undergoing 
special examination. The left hand only is used to 
depress the keys, the letter being held in the 
operator’s right hand. The index finger of the 
left hand depresses the “ units” keys, one of the 
other three fingers the “tens” keys, while the 
thumb is used for the “hundreds” bars. Before 
commencing work, it is necessary for the operator to 
bring his keyboard into service, which he does by 
pushing in a knob at the left-hand side of the board 
and inserting an individual “‘ key * into an aperture 
immediately in front of the insertion slot, otherwise 
all letters would go into the mis-sort receptacle. 

It will be evident on referring to the cross-section, 
Fig. 9, that the “units” and “tens” keys a, 
when pushed down, depress levers 6 directly in line 
with them. The annulling keys, c in Fig. 7, have 
the same direct action, but the “ hundreds ”’ bars d 
are somewhat differently arranged as the pressure 
may be applied anywhere along their length, accord- 


| ing to the position of the hand dictated by the “‘ tens”’ 


and “units” keys. The bars are carried on a 


| pair of vertical rods (see Fig. 6) slotted in their 


gear attached to it sliding over a roller at the back | 


of the machine as shown. A prominent feature in 


Fig. 4 is the insertion slot, but for a complete | 


understanding of the actuating mechanism of the 


} 


keyboard reference must be made to Figs. 5 to 10, | 


Plate XVII. 


It must first be realised that all the | 


different selections, that is, the groups into which | 


the letters are divided, are all distinguished by 
numbers. Thus a letter addressed to Leeds must 
go to the receptacle numbered 296, one addressed 
to Ipswich to receptacle 309, and so on. The 
destinations and their corresponding numbers 


are tabulated on the boards seen to the right of | 


Fig. 17, one side dealing with outward-bound 
mail and the other with the incoming letters for 
local distribution. The boards can be turned round 
on a vertical axis, so that either side can be used at 
will, and are conveniently placed for rapid reference. 
This does not mean that an operator has to look 
at the board every time he reads an address. On 
the contrary, most of the operators have been able 
to memorise nearly the whole code and operation 
is not slowed down to anything like the degree 
that might be inferred. The maximum rate at 
which the machines will work, viz., 53 letters per 
minute per operator is, in fact, as satisfactory as 
need be and mistakes are not at all frequent. 

The keyboard, it will be recognised, does not 
contain a key for each selection, for a board with 
250 keys on it would be at once confusing and 
cumbrous. There are, as a matter of fact, only 21 
keys arranged in three groups. The group of 9 
round keys at the right hand of the boards seen in 
Fig. 3, deals with units, i.e., figures from 1 to 9, 
inclusive. The 9 similar keys at the left deal 


with tens, é.e., figures from 10 to 90 inclusive. The | 


three bars at the bottom deal with hundreds, i.e., 
from 100 to 300, inclusive. The “ noughts” are 
automatically provided and no keys are specifically 
used for them. Thus, taking the Ipswich letter 
referred to above, the operator would depress a 
bar to give him 300, and the round key in the 


lower parts, into which slots pass the long arms of 
two bellcrank levers e. The short arms of these 
levers are coupled together as shown, while at the 
base of the long arms is a common tension spring 
for returning the bars when released. This arrange- 
ment ensures that the bars always remain horizontal 
and respond to pressure at any part along their 
length. Movement of the levers e is transmitted 
to an appropriate lever b by a short push-rod. The 
direct-acting keys are returned by helical com- 
pression springs through which their stems pass. 
It will be seen from Fig. 9 that the ends of the 
levers 6 are not free, but are connected by a short 
link to a lever f restrained by a tension spring. 
The link and lever 6 together approximate to a 
toggle joint, for it will be clear that when the keys 
are in the top position the centre lines of the links 
and levers are not coincident. The pull of the 
spring on f keeps the lever } in the top position until 
the key corresponding to that lever is depressed. 
The movement of the key first straightens out the 
angle between the centre line of the link and that 
of the lever 6 and then pushes the joint between 
the two just past the imaginary coincident centre 
line. The moment the link and lever are pushed 
out of the straight, the tension spring depresses the 
lever 6. This arrangement is adopted to lighten the 
touch required on the keys, this touch merely 
unlocking, as it were, the energy of the spring, 
which does the real work in depressing lever 5 to 
enable it to carry out its function. 

The return of the levers 6, the keys having their 
own return devices, is effected as follows: A rod g, 
extending under all the levers, is carried at the 
extremities of a pair of levers on the shaft h, which 
is oscillated by a cam on the variable-speed cam- 
shaft previously referred to. As the insertion- 
slot flap valve and the side valve are also actuated 
by the same camshaft, both these movements are 
co-related with that restoring the levers } to their 
original positions. The several cams are so arranged 
that the keys cannot be depressed while the inlet 
valve is open, that is, the rod g is lying close up to 
the levers } in the position indicated by the dotted 
circle in Fig. 9. The result of the movement of 
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| 
= The tumbler cam and carrier mechanism wil] be 
LETTER-SORTING MACHINES : BRIGHTON POST OFFICE, | dealt with later ; in the meantime, some other details 
of the keyboard call for attention. As already stated 
each letter, before it passes from the insertion slot 








Fig.18. 7 
Ig Fig. 29. to the interior of the machine, is impressed with a 
L = l | + ; _ . character individual to each keyboard to facilitate 
‘= —— = a identification in case an error is made in sorting. 


<= |The insertion slot can readily be identified in Fig. 10. 
The letter is first pushed up against the right-hand 
wall of the slot by the buffer i the movement of 
which is derived from the camshaft. The buffer is 
faced with a pad of hard leather and is opposed, 
at the right-hand side of the slot, by a type-bar j, 
in front of which is a typewriter ribbon. The 
type-bar forms part of the operator’s “key” k, 
which is seen in place in Fig. 10, but not in the 
corresponding view, Fig. 7. When in place, it 
will be seen that it keeps the hooked lever /. 
Fig. 10, in the position shown but, when the “ key ” 
is absent, this lever is pulled over by a spring so 
that the hook gets under the locking-rod g and thus 
prevents any of the keys being depressed. The 
type-bar is moved forward by the lever m and is 
moved back by a compression spring. The lever m 
is mounted on a shaft n, which, as will be evident 
from Fig. 9, is restrained by a tension spring acting 
on a short lever. A shaft o is oscillated from a 
cam on the camshaft by the rod p, Fig. 10, the 
roller being kept up to the cam face by a tension 
spring. The buffer i is withdrawn by the rod p 
pulling back a lever on the shaft 0, the torque being 
transmitted to a lever with a roller end lying within 
a slot in the buffer, and overcoming the resistance 
of a compression spring on the buffer spindle. 

The shaft o rotates in an anti-clockwise direction 
when the buffer is to be advanced and a lever q¢ 
on it, also rotating in the same direction, unlocks 
the hinged links r, which actuate the marking lever 
m through a lever on the shaft n. The tension spring 
acting on this shaft then comes into action and the 
type-bar is driven to the left carrying the type- 
writer ribbon before it and marking the letter. It 
might appear that the buffer could have been both 
advanced and retracted by the lever on the shaft o 
and situated in the buffer slot, but this would have 
given a definite travel in both directions to the 
buffer. As letters vary in thickness a specific 
travel of the buffer is inadmissible ; hence its forward 
movement by a spring. The advance of the type- 
bar must also be made by spring action in order 
to give a sharp “stamping” movement; hence 
the employment of the hinged links r which are 
rigid in one direction of movement but collapsible 
in the other. 

The typewriter ribbon is carried on the pair of 
spools seen at the top right-hand corner of Fig. 7, 
which view also shows, by a chain-dotted line, the 
course of the ribbon. The spools are rotated by a 
Tee-shaped pawl s oscillated by a rod ¢ from the cum 
previously referred to as being used for operating 
the key-lever return bar g, the motion of the cam 
being transmitted to a lever u situated below the 
spools. The pawl is pivoted on a pin v attached 
to this lever; that is, it is free to turn relatively 
to the lever. As seen in Fig. 7, the pawl, which has 
an auxiliary pawl w pivoted on it, is engaged with 
a ratchet on the left-hand spool and, as the lever u 
is oscillated, the two pawls turn this spool in a 
clockwise direction, thus winding the ribbon on 
| to the spool and drawing it off the right-hand spool. 

Engagement of the pawl and ratchet is ensured 
by the small spring seen in Fig. 6, as carried at the 
| top of the lever wu. A hairpin spring on each side 
lof the auxiliary pawl keeps this in the correct 
| position relative to the main pawl to give the neces- 














































































































|sary pseudo-escapement action, while stop pins 
| restrain its movement within the necessary limits. 


levers b downwards cannot be explained in detail | diagrammatically in Fig. 8, in which the black dots| The reversal of the spools is effected by the bell- 
at this point, but it may be said that they them-/| represent the unnotched portions. The notched | crank levers x. These are connected by a tension 
selves depress the levers, of which there are 10/ levers are lettered A to J, and it will be seen at| spring in such a way that their long arms bear on 
seen lying below and at right angles to them in | once that depression of key 30, say, causes lever I| the ribbon on the spools. The left-hand spool in 
Fig. 9. These levers are notched, as shown in| only to be moved, while depression of key 9 causes | Fig. 7 is nearly full, while the right-hand spool is 
Figs. 4 and 6, the notches being merely to afford | the notched levers C, E, and F to be moved. The | almost empty. By the time the latter has reached 
space for those levers 6 which are required to be | movement of these levers causes the tumbler cams | the stage at which no more ribbon can be wound 
inoperative at the moment to pass into them. The | seen to the left of Fig. 4 to be set in such a manner | off it, the short arm of the right-hand bellcrank 
projecting unnotched parts are those which are|that the carriers passing under them, just visible | lever will be depressed to such an extent that when 
struck by the descent of levers 6. When one of | at the lower part of this illustration, are affected | the upper part of the pawl makes an oscillation to 
these levers is pushed downwards it depresses one so that they will deliver the letter being dealt with | the right this part will come into contact with the 
or more of the notched levers, as is indicated | at the moment to the correct selection. | bellerank lever arm. The pawl is, in consequence, 
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pushed over, in an anti-clockwise direction on the 
pivot » and, on the next oscillation of the lever u, 
the pawl engages with the ratchet of the right-hand 
spool so rotating this to wind up the ribbon from 
the full left-hand spool. The action of reversal 
is thus automatic and is repeated until it becomes 
necessary to renew the ribbon. One other point 
calls for comment here. It will be seen in Fig. 10 
that the shaft A which oscillates the key-lever 
return bar g, is actuated by the rod ¢ and it has 
already been stated that if the operator’s “ key ”’ 
is not inserted a movement of the lever / locks the 
return bar in its top position. This locking prevents 
the cam roller from following the cam and a dog 
on the roller lever comes into contact with a similar 
dog on the roller lever of the cam actuating the 
marking device. The roller of this cam is thus also 
arrested and the marking device is rendered in- 
operative. The rollers are normally kept up to the 
cam faces by appropriate tension springs. The 
dogs on th» cam rollers are indicated at y, in Fig. 7. 

When a letter has passed the inlet valve, it is 
delivered to the carriers by the mechanism shown 
in Figs. 11 to 16, Plate XVII. In connection with 
these illustrations, it is advisable to point out that 
the reference letters used, viz., a onwards, must be 


taken as applying to them only and not to Figs. 5! 


to 10 on the same Plate. The lower part of the 
insertion slot, that is, the part below the inlet valve 
and window, seen in Fig. 23, can be readily identified 
in Fig. 16. It is closed by a flap valve a actuated 
by the camshaft by means of the rod 6 and the 
cam and levers seen in Figs. 13 and 15, a tension 
spring keeping the operating lever in contact with 
the cam face. A letter dropped in the slot, after 
marking as already explained, stands on its edge 
on the flap valve a, but it does not fall by gravity 
when the valve opens as it must be ejected with a 
definite velocity and in an oblique direction, so 
that it will be delivered into a carrier passing 
beneath the valve. The ejection is effected by 
two sets of rollers. The set of rollers marked c 
in Figs. 13 and 16, are provided with soft-rubber 
tyres and are rotated from the camshaft at the 
appropriate speed through gear wheels. Their 
axis is, of course, stationary, but that of the set of 
rollers d, on the other wall of the slot, is movable, 
the shaft on which these rollers rotate being sus- 
pended on swinging links e. ‘These rollers are not 
rubber-faced and are not positively rotated. The 
links are oscillated from a cam on the camshaft, 
as shown in Fig. 16, a tension spring being fitted 
as with the other cams. It will be clear from both 
Figs. 12 and 16, that both sets of rollers have their 
axes inclined to the horizontal, this inclination 
giving the letter its oblique path. The cam is seen 
in Fig. 16 in the position which it occupies just 
when a letter is due to be ejected from the slot, 
and it will be realised that a small angular move- 
ment in an anti-clockwise direction will pull the 
swinging rollers d towards the left, while the flap 
valve a will also be opened ; see Fig. 15. The letter 
is thus brought by rollers d up against rollers c, 
which, being driven in a clockwise direction, eject 
it downwards in the desired inclined path. ‘Lhe 
drive of these live rollers is provided with a friction 
clutch f, in Fig. 13, which clutch slips should a thick 


enclosure cause a letter to jam between the rollers. | 


The fingers marked g, in Figs. 12 to 16, actuate 
the letter-counting mechanism, the counter itself 
being of the usual ratchet-operated type. It will 
be clear from Figs. 13 and 16 that the fingers project 
beyond the periphery of the live rollers. In con- 
sequence, when a letter is pressed against the fingers 
by the swinging rollers, they aye pushed back. ‘Lhe 
subsequent movements are a little difficult to follow. 
Apparently, looking at Fig. 15, the levers cannot be 
pushed back in this way as a lever A on the shaft on 
which they are carried is hard up against a stop i on 
the rod 6. Rotation of the cam anti-clockwise, how- 
ever, moves this stop to the left, thus freeing the 
lever A so ‘hat it can swing to the left. It will be 
notice. that the lever is connected by a link to 
a short horizontal lever at the end of which is a 
tension spring and that the link and lever A are 
not in a dead straight line, the pin connecting the 
two lying to the right of this line. The pushing of 
the fingers g inwards, when the stop i is out 


of the way. moves the pin to the other side of | 
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this virtual centre line and, the tension spring 
then coming into action, the lever A is swung to 
the left and the counter lever makes its upward 
idle stroke. Continued rotation of the cam closes 
the flap valve a and the corresponding forward 
|movement of the stop i pushes lever A back into 


|the position shown in Fig. 15, which movement | 


constitutes the working stroke of the ratchet and 
so counts the letter that has just passed the flap 
valve. The fingers g, therefore, act in some sense 
as triggers for releasing an operating spring, it being 
necessary to make them responsive to only a light 
| pressure from the letters. 

(To be continued.) 
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Norris and PROFESSOR ERIC 
THERKELSEN. Second edition. London: McGraw-Hill 
Publishing Company, Limited. [Price 24s.] 

Tue object of the authors of this treatise is to give 
an outline of thermodynamic principles as applied 
to heat engines and refrigerating machinery and 
to illustrate the applications of these principles 
in modern practice. The first edition was published 
in 1930, and even in the comparatively short period 
that has since elapsed, changes of practice have 
occurred which have necessitated revision of some 
of the subject matter, and have altered the relative 
importance of different types of engine. A chapter 
on refrigeration has been added. The revision, 
however, might have been carried farther with 
advantage. For instance, while a good deal of 
attention has been given to the Corliss engine, the 
more modern drop-valve engine (apart from the 
uniflow engine) is ignored. ‘The performance curves 
given for a uniflow engine, on page 180, show a 
minimum steam consumption of 28 lb. per kilowatt- 
hour. The size of the unit and exhaust conditions 
are not given, but the figures are obviously not 
representative of the results obtainable from this 
type of engine. 

Descriptions of the essentials of different types 
of internal-combustion engines are given in the 
initial chapter, but no reference is made to marine 
propulsion, an omission which can hardly be justi- 
fied in a text-book claiming to deal with modern 
applications. Discussion of the relative advantages 
and disadvantages of different types of engines is 
seldom attempted, and reasons for the obsolescence 
of certain types which are described would enhance 
the usefulness of the work to students. The exam- 
ples and illustrations refer entirely to American 
machines and no reference is made to British or 
Continental practice, nor to any of the important 
researches which have been carried out in other 
countries. Although the book is intended for an 


Heat Power. By E. B. 


introductory text-book, and in many respects is| 
well suited for this purpose, omissions of the kind | pies 
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during the year 1938 and is a valuable contribution 
to the literature of the subject, the various sections 
having been prepared by authorities on the matters 
discussed. ‘The world’s production of crude petro- 
leum during the year under review was 270,000,000 
metric tons, 3 per cent. less than the record produc- 
tion of 1937. Rapid developments in petroleum 
technology during recent years have made available 
new and more efficient processes covering almost 
all phases of refinery operations, including catalytic 
cracking, vapour-phase cracking, gas reversion 
and the general acceptance of polymerisation as an 
adjunct to cracking operations. Refinery processes 
|are rapidly becoming more and more catalytically 
directed, especially as regards the production of 
|motor and aviation petrols, which now consist of 
complex blends of polymer gasoline, catalytically- 
|ecracked hydrocarbons, iso-octane and other con- 
| stituents. The days of straight-run and cracked 
gasoline are rapidly passing. The world-wide 





| interest attaching to the production of oil from coal 


| has not slackened, although there has been, perhaps. 


la slight tendency for the centre of interest to be 


removed from hydrogenation to hydrocarbon 
synthesis. No evidence has appeared which sug- 
gests that either process has a general economic 
advantage over the other, and the deciding factors 
in the choice of a process are still local conditions 
and the types of oil products required. 

The application of asphaltic bitumen in industrial 
processes is being extended in a number of direc- 
tions, and its use in hydraulic works has been shown 
to be successful in river-bank revetments under 
heavy flood conditions. The production of anti- 
knock gasoline still remains the most important 
problem of the petroleum industry to-day, and 1938 
is noteworthy in that catalytic cracking was shown 
to be a practical commercial process which will 
yield petrol with octane numbers in the range 75-80 
from a variety of stocks. Interest in both natural 
gas and liquefied petroleum gases has been intensi- 
fied by world-wide endeavours to conserve and 
develop petroleum resources. The search for oil 
in Great Britain has not met with the success 
anticipated, as is evidenced by the fact that the 
D’Arcy Exploration Company has _ relinquished 
twelve prospecting licences during the year; 
although the company has renewed, for a further 
year, two licences covering 177 square miles in 
England and 71 square miles in Scotland. The 
search for oil proceeded at a feverish pace in the 
United States, where there were 217 new dis- 
coveries. The wells bored numbered 27,149, and 
63 per cent. of these proved to be commercially 
productive. Russian oil production rose during the 
year by 5 per cent., but in spite of the search for 
oil in many parts of this enormous country, the 





Caucasian region is still the controlling factor in 
the oil production. The seismic method still 
mains the outstanding method applied in oil 


indicated tend to reduce its utility. Sufficient of the | pooepocting. 


necessary thermodynamic theory is given, together 
with the usual analysis of ideal cycles of operation ; 
these are supplemented by a large number of 
examples. 

Although, in general, the statements and conclu- 
sions are clear and satisfactory, there are a few 
statements of doubtful accuracy. For instance, 
it is stated that the conclusion from Willans’ Law 
is that “‘steam consumption varies directly with 
the load.” The statement that the energy lost in 
compression in a steam engine is less than the 
consequent saving in steam is also contrary to fact. 
Table V, in which the heat values of fuels are given 


to 5 significant figures, may convey an erroneous | 





impression of the accuracy usually obtainable in| 


determining calorific values ; and the term “ engine 


efficiency ”’ is hardly a satisfactory substitute for the | 


term “ efficiency ratio.’”” These, however, are minor 

defects in a work which otherwise covers the ground 

of an introductory course thoroughly, the chapters 
on steam turbines, condensing plant and _ boilers 
being particularly good. 

Annual Reviews of Petroleum Technology. Volume 4. 
1938. Edited by Dr. F. H. Garner. London: The 
Institute of Petroleum. [Price 11s.) 

THIs volume is devoted to a survey of the advances 

which have taken place in the petroleum industry 





The Stone Industries. By OLIVER BOWLES. Second 
Edition. London: McGraw-Hill Publishing Com- 
pany, Limited. [Price 30s.] 

Tue author of this work is probably correct in 

stating that no book of recent date covers the 

stone industries adequately ; but the British reader 
will observe with regret that, as this book is of 

American origin, its economics are not applicable 

in detail to British conditions. The major divisions 

of the industry are very clearly defined under the 
headings of dimension stone, crushed stone, and 
stone used in manufacturing operations. 

The geological processes are indicated briefly 
and clearly, but although rock is the most abundant 
of all materials, only a small percentage is suitable 
for commerce. Problems of quarrying are described 
in great detail and the various methods used for the 
different classes of stone, including limestone, 
sandstone, granite, marble, slate and even soap- 
stone, are given with extreme care. It is interesting 
to note that, despite the size of the United States, 
and the enormous variety of stone available, an 
appreciable amount of stone and marble is imported 
from Europe, including Bath and Portland stone 
from England and granite from Scotland. The slate 
industry of Wales is the most important of the 
slate-producing industries of the world. The beds and 
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their products are fully described, but, in fact, very 
little slate reaches America. The industry received 
a severe blow in the Great War, from which it has 
never wholly recovered. Bibliographies are given 
at the end of each chapter ; that relating to foreign 
building and ornamental stones is particularly useful. 

The open admission that most American buildings 
are not built to last illustrates the author's fair 
treatment of his subject. He points out, however, 
that particular buildings in that country have been 
constructed to last for centuries; for example, 
Washington Cathedral, which has its foundation 
on solid rock. The preservation and cleaning of 
stone is of paramount importance and is covered 
most admirably in a survey that should be of 
particular interest to chemists, architects and engi- 
neers who have to deal with stone structures. The 
question of thermal expansion also receives the 
attention that this subject deserves. The author 
maintains that the effect of frost has been exag- 
gerated by some writers, and his reasoning is sound ; 
but in this it is necessary to guard against arguing 
from the general to the particular, and each case 
must be treated on its merits. The important 
point of fixing stonework on its natural bed is 
rightly emphasised. 

Part III of the book is devoted to crushed stone 
and is of primary importance to the road builder 
and the reinforced-concrete constructor. Economics 
is @ great factor in this part of the book and again 
details may not apply in this country ; for instance, 
heavy lorries are not permitted to travel at 35 m.p.h. 
to 50 m.p.h. here. Considerable attention is given 
to the further miscellaneous industrial uses of 
crushed stone, and references are supplied so that 
individual subjects can be studied more extensively. 
The book possesses a good index, but an important 
omission is silicosis. One other small criticism 
concerns the illustrations, which, owing to the 
nature of the paper, are not too clear. Generally, 


— the book maintains a commendably high 
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SOME NEW INVESTIGATIONS 
ON OLD COMBUSTION-ENGINE 
PROBLEMS.*—I. 


By Prorsssor Dr.-Ina. G. EICHELBERG. 


THE internal-combustion engine is so well known 
to-day that engineers cannot be satisfied with a 
discussion of the thermodynamic and kinematic 
principles only. They are much more interested in 
the complexities of practice which always interfere 
with the perfect functioning of principles. A com- 
bustion engine cannot, any more than other technical 
constructions, be built on the basis of mere calcu- 
lation only. Every detail in a new design should, 
if possible, be controlled by calculation, but to 
be so controlled a new and workable conception 
must first be envisaged. To embody a new type of 
construction in an actual machine we must know 
the physical and chemical laws concerned, because 
they limit our creative possibilities. But to know 
and respect the fundamental laws of Nature, though 
necessary, is not a sufficient condition for creation ; 
and furthermore, engineers cannot wait. They 
cannot, for example, wait until the physics of the 
quanta or the chemistry of hydrocarbon reactions 
enable them to calculate the combustion phenomena 
in engines ; it is now, before all the liquid fuel of the 





* First of a series of five lectures delivered before the 
University of London, at the Institution of Civil Engin- 
eers, on January 23, 1939, by Professor Dr.-Ing. G. 
Eichelberg, Professor of Mechanical ineering in the 
Swiss Federal Institute of Technology, Ziirich. 
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earth has been consumed, that they must guide 
and govern the whole complex mechanism of com- 
bustion. This shows the necessity for technical 
experiments. They are, like physical experiments, 
a questioning of Nature, not in detail, but in the 
total of a complex relationship. Their purpose is 
to find not only the differential law, but the integral 
effect of a phenomenon. 


Heat-Fiow iN CYLINDER WALLS AND PISTONS. 


I shall begin my lectures by discussing just such 
a complex phenomenon—the heat-flow in cylinder 
walls. This is a phenomenon that causes funda- 
menta] disturbances in our machines, but it is not 
itself a fundamental phenomenon of the internal- 
combustion engine. Unlike steam power-plant, 
where the chemical heat must pass from the com- 
bustion gases to the working steam through the 
boiler walls, the principle of the internal-combustion 
engine does not call for any heat-flow to the walls, 
as the burning gases and the working medium are 
identical ; heat-flow to the walls is only a secondary, 
though practically unavoidable, loss. It is of the 
greatest interest to calculate, or even only to esti- 
mate, the heat-flow, the temperature distribution 
and the temperature stresses for any particular 
design of engine, but for a useful discussion the 
fundamental laws are not sufficient, and experi- 
mental data are also necessary.* To explain some 





* G. Eichelberg. Temperaturverlauf und Wiirme- 
spannvogen in Verbrennungsmotoren. V.DI. For- 





echungsheft 263 (1923). 
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indicated on the right-hand side, and the lines of ;Constantan wires. For higher temperatures nickel- 


chrome wires. The wires, 0-3 mm. in diameter, are 
fixed so as to make metallic connection with the 
| cylinder walls or with special conical pins made of 
| the cylinder-wall material, as shown in Fig. 5. They 
| pass, electrically insulated by quartz tubes, through 
|a 1-mm. hole and touch the wall material at exactly 


constant temperature on the left-hand side. | 

From among more recent results,* Fig. 2 shows 
| the temperature field in degrees Centigrade of an 
uncooled piston of a four-stroke engine of 280-mm. 
| bore (11 in.) and 420-mm. stroke (16} in.), running 
at 211 3 m. second. 
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of the experimental work that has been done, I may 
continue the lectures given here, at the University 
of London, twelve years ago, by Professor Nigel, 
of Dresden.* He gave then a very complete survey 
of the theoretical and experimental work which I had 
had occasion to do while working for Messrs. Sulzer 
Brothers, of Winterthur. Of the whole material 
published at the time, I wil refer here only to a few 
examples, which characterise the situation well. 
I have, meanwhile, had occasion to continue these 
investigations in my laboratory at the Swiss Federal 
Institute of Technology in Ziirich. 

(1) Measured Temperature Distribution in Diesel 
Engines.—-As a first example, Fig. 1, page 463, 
shows the wall temperatures in degrees Centigrade 
of « two-stroke engine, which was the first on which 
I was able to make exact measure:nents with thermo- 
couples. An earlier publication of this figuret gave 
fewer details, so that the reproduction may be justi- 
fied. The temperatures given are the full-load 
temperatures of a two-stroke marine engine of 
600-mm. bore (23) in.), 1,060-mm. stroke (42 in.), 
running at 100 r.p.m.; the I.M.E.P. was 7 atmo- 
spheres (100 Ib. per square inch). The fuel injection 
was of the old air-injection type. The positions of 


r.p.m.; piston speed, per 
The I.M.E.P. was 6-8 atmospheres (96 lb. per square | 
inch). This engine had mechanical fuel injection. | 
The temperature in the middle of the piston reached | 
386 deg. C. The first ring-groove lies in a region of 
the piston where the temperatures are between 
150 deg. and 200 deg. C., but the piston-ring itself 
has a temperature of only 100 deg. to 120 deg. C. 
The positions of the thermocouples are indicated in 
the figure. 

Some of the experimental engines in the Swiss 
Federal Institute are shown in Fig. 3. On the left, 
in the background, is the four-stroke, single-cylinder 
engine on which the piston temperatures of Fig. 2 
were measured. In front is a 900-h.p. double- 
acting, two-stroke, three-cylinder engine with a sepa- 
rately driven blower. We measured the temperatures 
in the top piston of the first cylinder. The thermo- 
couple wires were carried along the piston-rod and 
secured to special rocking levers. Behind this engine 
is a three-cylinder, four-stroke engine of 500 h.p., 
working with an exhaust-driven turbo-blower of the 
Biichi type. 





Fig. 4 shows the temperatures measuretl in a 
double-acting two-stroke engine at full load, 
I.M.E.P. = 7-76 atmospheres (110 Ib. per square | 
inch), and a piston-speed of 6-3 m. per second. The | 
engine speed was 412 r.p.m. Along the liner the 
temperature fell very rapidly. In the oil-cooled 
piston (380-mm. diameter) the temperature rose | 
above 500 deg. C.t 

(2) Arrangement of the Thermocouples.—For tem- | 
peratures up to 550 deg. C. we use copper and | 





thermocouples and the temperature gradients are 


| 
} 
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A. Nigel. The Transfer of Heat in Reciprocating 
Engines. ENGINEERING, vol. cxxvii, page 59, ef seq | 
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* Fr. Salzmann. Wirmefiuss durch Kolben und | 
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| 


E.T.H. Zirich, 1937. 


0-25 mm. (4, in.) below the inner surface. The 
wires must pass, isolated by small asbestos or rubber 
tubes, through the cooling water or cooling oil, 
through the piston and the piston rod, to the cross- 
head, and leave the moving parts by means of the 
rocking levers, if necessary fixed on flexible steel 
bands. To avoid the breaking of the 0-3-mm. wires, 
each wire is then continued by a I-mm. flexible 
connection consisting of 33 0-l-mm. Constantan 
wires, or 132 0-05-mm. copper wires. These connec- 
tions, coming from the piston, are braided loosely 
where they are subjected to movement, in order te 
allow for bending. 

(3) Heat Transfer to the Cooling Liquid.—The 
experimental results mentioned above are of special 
interest from the point of view of the engines con- 
cerned and the particular running conditions to 
which they refer, but they will become of more 
general interest if they enable us to calculate the tem- 
perature distribution, cooling conditions, deforma- 
tions and stresses for a newly-designed engine. To 
make such calculations, we must know the tem- 
perature and heat-flow conditions. For liquid-cooled 
engines, the heat transfer to the cooling liquid is easy 
to determine. Fig. 6 gives some results.*+ As the 
velocity of the cooling medium has the greatest 
influence, the rate of heat transfer, «, related to the 
theoretical surface is given in relation to the cooling 
medium quantities. 

(4) Temperature of the Working Gases.—This varies 
periodically with every revolution for a two-stroke, 
or with every two revolutions for a four-stroke engine. 
This temperature variation is given by the indicator 
diagram or the theoretically calculated diagram of 


* G. Eichelberg. Temperaturverlauf und Wirme- 
spannungen in Verbrennungsmotoren. V.D.J. For- 


Ver- | Institut fur Thermodynamik und Verbrennungsmotorenbau | schungsheft 263 a 
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the working process. Pressure diagrams for different 
loads of the two-stroke double-acting engine of our 
Institute are shown in Fig. 7, opposite. The calcu- 
lated temperatures vary between about 100 deg. C. 
and 2,000 deg. C. for full load. In addition to the 
I.M.E.P., the mean temperature on a time basis is 
also given. 

To find the temperature fluctuations in the walls 
it is necessary to know the gas temperature variation 
of a whole cycle, and also the periodical fluctuation 
of the rate of heat transfer. But the temperature 
fluctuations affect only the first millimetre of 
the wall material, and the temperature amplitudes, 
even in the wall surface, are only about 10 deg. to 
20 deg. C., as we shall see later. As a result, we can 
hope that it will be possible to calculate the mean 
value of surface temperature and the stationary 
heat-flow on the basis of a constant mean heat- 
transmission coefficient and a constant mean gas 
temperature. - 

(5) Resulting Mean Temperature for Heat-Flow.— 
It seems, at the first glance, that the mean tem- 
perature on a time basis will hold good for calcu- 
lating the stationary heat-flow, but this is not 
the case. The mean temperature on a time basis, T,,, 





Fig. 44. 
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is not the resulting mean temperature for heat-flow. 
Tres. The mean temperature on a time basis and 
the mean rate of heat transfer, «,,, are given by :— 
1 ty l t, 
Te = - | Tdt and am = 7 | adt. 
ty 0 to 0 
But the mean heat loss is :— 


i [* 
r=} [aa —Ty) dt. 
0 


0 
In this integral the wall temperature T,, can be 
assumed as constant, and we can write : 
qg=(a.T)m —O%m-Tw Og = om (Tres — Tw) 
with 
a (a . T)ns 
om : 


Tres 


Now, by a well-known graphical construction, the 
temperature in a flat wall can be found. We have 


to add an imaginary wall of the thickness ‘and can 


then find, by a straight line, the temperature drop 
in the wall. This is shown as a heavy line in Fig. 8. 
It seems of no importance for the result whether we 
calculate with Tres (920 deg. C.) and «,, (307), or 
with T,, (546 deg. C.) and a corresponding «corr, 
that would then be 682, instead of 307. But let 
us change the conditions only of the cooling medium. 
Instead of water of 30 deg. C. and « = 2,500, let us 
choose glycol of 120 deg. C. and « = 800. The 
results will be very different if we take the correct 
value of Tre; and «,,, or the incorrect value of T,, 
and Gecorr. Furthermore, if we assume an abso- 
lutely isolated wall and ask what temperature 
it will have when in contact with the working gases, 
the correct answer will be Tre, = 920 deg. C., not 
Tm = 546 deg. C. 

(6) Periodical Heat-Flow.—As we must determine 
the resulting gas temperature Tres, we must know 
the curve of « for gas. To find it we must try to 
measure the temperature fluctuation at or near the 
wall surface. Indeed, if we knew the « curve, we 
could calculate the temperature fluctuations in the 
wall, and therefore if we measure the latter we can 
deduce the former. To show this relationship we 
must discuss briefly the equation for periodical 
heat-flow. 

The differential equation is well known. 

se wer A 


az =a.>=-z5; @ ——. 
ot oz?’ y-¢ 


Its solution for a periodical flow can be written as a 
series of sine curves with amplitudes which diminish 
following exponential functions. 








Jz. t 
AT=AT,.e “ at * cos (2 - / = 2—a) 
\ at, 


to ¥ 


The depth of a whole period depends on the fre- 
quency »v, the conductivity A, and the heat capacity 
c Y of the wall material. Even for a slow frequency 
of 100 r.p.m. the amplitude will, in iron, fall to 
one-half for each 1-1 mm., as shown in Fig. 9, where 
A = 40 k.-cal. per m. per hr. per deg. C.; ¢c = 0-11 
k.-cal per kg. per deg. C. ; y = 7,600 kg. per cu. m. ; 
and « = 450 k.-cal. per sq. m. per hr. per deg. C. 
This relation between gas temperature fluctuations 
and surface temperature fluctuation is given by the 
limiting condition which stipulates that the heat 
transferred from the gas (at temperature Tg) to the 
surface is conducted away from the surface into the 
wall. 
a(ATg — AT,) = - \(55) 
0 z=0 
l 


r 


AT, —_ A T gmax. oe 


J! +2 we + 2(z) 
1 
re aJ 
K= (tee 


In these formule we assumed a constant rate of 
heat transfer instead of a periodical «, given by a 
series of sine curves. If we assume a periodical «, 
the analytical solution is impossible. But as the 
variation of the surface temperature is very small 
in comparison with the gas temperature variations, 
we can (for a mean surface temperature) draw 
graphically the curve of the heat entering the wall, 


tgo= 


and this is —A°7 
x 
simple integration. 

An example of a calculated temperature fluctua- 
tion is given in Fig. 10. It was calculated for a 
speed of 100 r.p.m. (before it was measured on an 
engine) on the basis of an assumed « curve.* It 
shows the temperature curve amplitudes diminishing 
from the surface to depths of 1 mm. to 5 mm., 
and approaching nearer and nearer to a simple sine 
form. The curves connecting temperature and 
depth also show the heat-flow, given by their 
tangents. 

(7) Measured Temperature Fluctuations.—After 
these temperatures had been calculated it was 
possible also to measure them. The thermocouples, 
if they are near enough to the surface, give a thermo- 
current varying with the temperature. By amplify- 
ing this current it was possible to take temperature 
diagrams on a Siemens oscillograph. As an 
example, Fig. 11 shows three temperature diagrams 
for three points of the oil-cooled piston of our 
two-stroke engine at full load.f The diagrams are 
also reproduced on the left on a uniform scale to 
show the relative width of the temperature fluctua- 
tions. Such diagrams allow us to find the curves of 
the heat-transfer coefficient. 

(8) Model Test of Thermocouples.—As the tempera- 
ture curves vary very much with the depth at 
which measurements are taken, it is necessary to 
find the real depth at which the thermocouples will 
indicate the temperature if they make metallic 
contact with the wall at a depth of ;4,5 in. It is 
necessary to ascertain at what depth between the 
surface and a depth of ;4, in. we actually measure 
the temperature electrically, and at what depth 
would the temperature that we find there be if the 
temperature field were not disturbed by the hole and 
the wire. To answer these two questions we built a 
model of the thermocouple on a 25 times larger 
scale, so that the Cu or Constantan wire was 7-5 mm. 
thick. Normal thermocouples were distributed in the 
model. By a stream of air or water a stationary 
temperature field was imposed and measured. The 
arrangement is shown in Fig. 12.+ 

The results are given in Fig. 13. We measured 
the temperature by means of the thermocouple at 


, 80 that T can be found. by a 





* G. Ejichelberg. Temperaturverlauf und Wirme- 
spannungen in Verbrennungsmotoren. V.D.I. For- 
-—y % - 263 (1923). 
+t K. Hug. Ibid. 
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the middle of the cone, because there is no 
tension between the large Constantan wire and a small 
Constantan wire that lies on the temperature curve 
passing there. This temperature curve leads into a 
layer of the undisturbed field, which is very near the 
urface for Constantan, but far away from it for Cu. 
As there is almost no thermo-effect between copper 
and iron, the depth for Constantan is (apart from a 
small correction) the right one. It must be added 
that this model test allows us to find the real depth 
for the measured temperature in a stationary field, 
t.¢.,” the stationary depth.” Fora periodic flow it can 
shown* that for every frequency the amplitude of 
surface temperature, calculated for that * stationary 
must be multiplied by a correcting factor 
to 1-2 for higher frequencies. 


about 


depth 


which varies from | 


We tried to find this correcting factor by measuring 
the same surface temperature with three different 
thermocouples made of 0-3 mm., 0-4 mm., and 
0-6-mm., wires built in a geometrically correspond 
ing manner. ‘The three temperature diagrams of the 
sar le of a foun ikke engine give the correcting 
factors for the m plitude is a function of the 
Irequet 

0) Period . 2 if Heat T) insfer. It is thus 
possible to transform correctly a measured tempera- 
ture diagram | » tl orrect surtace-temperature 
liagram and into a diagram of the periodical heat 
ton he latter is give the temperature drop 
i 

n the surface \n example of these transforma 
tions (done by Fourier series) is given in Fig. 14. 
ithe curve of the heat quantities allows us to find 
the urve « the heat-transtfer coethcient a. They 
illow us to tind the mean value on time, «-mean, 
for all measuring points and running conditions. 
These mea values of the rate of heat transfer 
ure iver the two-stroke piston in Fig. 15.* 
Vi} un pists ed is 4-6 r per ond 

THE PARIS HIGH-TENSION 
CONFERENCE. 
(Continued from page 392.) 


[RANSMISSION-TOWER FOUNDATIONS. 


In connection with the report on transmission-tower 
foundations, which was presented to the Conference by 
M. Sariban, and of which we gave an account in our 
iasue of September 15, page 310, actual designe for such 
foundations were sent in from Great Britain, Belgium, 


Italy and Switzerland. These had been prepared to 
oover a specification for a normal tower for use on a 
atraight section of line, the height of the tower being 
23:2 m The two British designs, which were sub- 
mitted by Messrs. Grimmitt and Tuck, are illustrated 
in Fi 17 Is Im both ck ns, the tor on the 
tower at ground level is taken as 55,130 kg.-m. (400,000 

ib.), the factor of safety under this condition being 


it 


2-5 With a broken conductor, the factor of safety 


ia 1-5 rhe weight of the earth is taken as 1,440 kg. 
per juare me equivalent to 80-5 Ib per cubic foot. 
The authors state that it is usual in Great Britain to 


take the weight of earth aa 100 Ib. per cubic foot. As 
was mentioned in our previous article, it is assumed 
that the weight of earth on the footings of the founda- 
tion is represented by an inverted pyramid the sides 
of which are inclined at 30 deg. to the vertical. Stan 


dard British sections are used in the foundations and 
all steel is galvanised. Experience with the construc- 
tion of h foundations is that the excavation, about 
a2 om i*d it deep, \ suallivy be carried out 


without timbering 


Che main dimensions of the first type of foundation 
ure iven int 17 rl ‘ f steel in the founda 
tion is 275 kg. The volume of reinforced-concrete 


in the foundation block is 4-2 cub. m. (5-5 cub. yds.), 


and in the mass surrounding the angle iron at ground 
level, 0-5 oub. m. (0°65 cub. vd.), the amount of 
excavation being 21-6 cub. m. (28 oub. yds.). The 


actual vertical load on each foot of the pylon is 9,450 kg. 
(20,800 Ib.), but allowing a factor of safety of 2-5, 
the load assumed in the calculations is 23,600 kg. 
(52,0) rhe t« f the pyramids of earth 
the weight of which is considered to act on the founda- 
tions, is 18-1 cub. m. (640 cub. ft.), the weight being 
26,100 kg. (é lb.). The weight of the pylon and 
conductors is 2,674 kg. (5,900 Ib. Taking the cost 
of the manufactured steel in the foundation at 33/1. a 
ton; erection at 4/. a ton; reinforced-concrete in the 
foundation blocks at 2i. 12s. per cubic yard, and that 
at the ground level at 3/. per cubic yard; excavation 


tal volum 


7,000) 


h 


Hug 


Ibid 
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at 6s. per cubic yard and replacement of the earth at | 


total cost of the foundation 


works out at 331. 16s. 
tion illustrated involves 
concrete, but additional steel bracing. 


per cubic yard, the 


reinforced- 
Allowing the 


18, ke ss 


in Fig. 


same unit prices as those quoted above, the cost works | 


out at 35/. 8s. 
The Belgian design of pylon foundation, as sub- 
mitted, consists of four pillars of reinforced-concrete 


in which the steel legs of the tower are embedded. 


rhey are formed with large footings and placed 2-4 m. | 
A side view of the arrangement is | 


apart in a square. 
given in Fig. 19. As in the British designs, the effective 
weight of earth on the footings is taken as that of four 
inverted pyramids with sides at 30 deg. slope. This 
indicated in the figure. The weight of concrete 


n in 


each pillar is 1-78 tons and the effective weight of | 


earth 21-2 tons. It is assumed that the coefficient 
of friction of the earth, which is taken as 0-577, assists in 
resisting overturning. The factor of safety of the 
foundation against overturning of the tower is 3-76. 


With the conductors on one side broken, the figure 
becomes 2:56. The Italian design, which is illustrated 
in Figs. 20 and 21, consists of a double-cross framework 


built up of inverted reinforced-concrete beams. With 
this design no allowance is made for earth friction, 
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but, as will | . the weight of superimposed earth 
of the beams is very large. These beams, which are 
cast solid at the intersection points, are 7 m. long, 
800 mm. deep and 340 mm. wide. 

The Swiss foundation simply consisted of blocks 
of concrete of 14-4 cub. m. volume under each leg 
of the pylon. In this case the security of the founda- 
tions was calculated on the inclination the pylon 
would take up, under a specified external force, as a 
result of displacement of the foundation. As the 
earth was not rigid, but within narrow limits acted 
like an elastic body, a pre-determined inclination of 
the tower under load might be allowed for. A final 
matter which may be mentioned, although it is not | 
directly concerned with foundations, was the descrip- 
tion, by Si H.C. Montagni, of a method of building 
transmission towers from pre-cast concrete members. 
The system, which had been in use in Italy since the | 
previous year, had been developed to get over the/| 
difficulty of transporting long concrete posts over 
mountainous country. The arrangement consists of a 
series of centrifugally-cast reinforced-concrete tubular 
members which are built-up to form both the uprights 
and the members. The reinforcement of one 
element connected to that of the next by field 
welding, the joint then being completed by concrete | 
run in in special moulds. Compared with standard 
trellis construction, the saving in weight of steel 
s stated to be from 60 per cent. to 65 per cent. 
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Tue Resistance or Eartu CONNECTIONS. 





\ communication bearing the title “The Influence 
of the Nature of the Soil and of the Arrangements on 
the Resistance of Earth Conductors to Impulse Cur- 
rents.”” was presented to the Conference by Messrs. 
Harald Norinder and Robert Nordell, of the High- 
fension Research Laboratories of the University of 
Upsala. In their introductory remarks, the authors 
said that the conditions imposed on protective devices 
against lighting, especially in connection with high- 








The alternative type of founda. | 
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| 

ance. The severe conditions with which earth connec- 
tions had to deal had become clearer with the greater 
knowledge that had been accumulated about the 
|nature of lightning discharges. With the aid of 
| the cathode-ray oscillograph, it had been possible to 
analyse the nature of lightning discharges, and it was 
possible to calculate the super-tension which might 
be created in a transmission tower when struck by 
lightning. In a calculation of this kind, however, 
the resistance of the earth connection to impulse 
currents was an important factor. 

To calculate the super-tension induced in a tower 
structure by a lightning discharge, in order to ascertain 
if this super-tension might endanger the insulators, 
it was necessary to know the exact value of the resist- 
ance to earth. This at once raised the question of the 
accuracy of the usual measurements of this resistance 
by means of a bridge or an ohmmeter. When a pylon 
was struck, the initial resistance imposed by the earth 
connection to the initial impulse was of the order of 
150 ohms to 200 ohms. It was, however, the resistance 
of the earth which determined the value of the protec- 
tion afforded. This resistance should be as small as 
possible and the problem which had to be dealt with 
was the effective resistance of the earth connection 
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duration, which was of an essentially different character 
from a normal alternating-current of 50 periods. The 
same problem arose in connection with lightning 
conductors for buildings. It was necessary to deter- 
mine the resistance to earth for a current of quite a 
different type and magnitude from that employed in 
ordinary tests. 

It was the usual practice to measure the resistance 
between the earthing device and the earth itself by 
means of alternating-current bridges, which might or 
might not be accurate. The actual current which 
passed to earth was of the order of, say, 20 to 50 milli- 
amperes, and was of irregular character, frequently 
containing higher harmonics. When, however, a 
lightning stroke had to be dealt with, the current might 
be a million times greater, reaching thousands of 
amperes and it was necessary to ascertain if the earth 
resistance was a function of the magnitude of the current. 
In the past, it had been usual to assume that the 
resistance was independent of the current value and 
tests utilising a few milliamperes had been accepted 
as giving results which might be applied to calculations 
concerning lightning strokes. It has, however, fre- 
quently been suspected that the resistance depended 
on the current and in 1928, Mr. H. M. Towne, of the 
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tension transmission lines, had, of recent years, become American General Electric Company, investigated 


more exacting, and the rational design of earth con- | 
nections had become a matter of considerable import- 





the matter by means of tubes buried in the earth in 
the neighbourhood of the research laboratory, and 
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came to the conclusion that the resistance of the 
earth connection to impulse currents was only from 
34 per cent. to 80 per cent. of the resistance to normal 
alternating currents. As the tubes were buried in an 
earth filling, it was not possible to assume that the 
results obtained would be applicable to undisturbed 
ground. In view of the uncertainty of these and 
other results, the Institute with which the authors 
were connected undertook a complete investigation 
of the subject. The work was actually started prior to 
Mr. Towne’s experiments. 

The resistance of an earth connection depended on 
three factors: (a) The character of the soil; (b) the 
form and arrangement of the electrodes ; and (c) the 
nature of the current. To analyse the influence of the 
three factors, experiments were carried out in which 
one was varied while the other two were kept constant. 
The first series of experiments covered the measure- 
ment of the resistance of different classes of soil with 
alternating and impulse currents, the arrangement of 
the electrodes remaining constant. Measurements 
were then made with the electrodes arranged in various 
ways. A study of the results obtained with the two 
series of experiments made it possible to calculate the 
resistance for any disposition of the electrodes. In| 
investigating the effect of different types of soil, it was 
possible to work with relatively small quantities, 
and the work was carried out in the laboratory, the 
electrodes consisting of concentric cylinders with the | 
earth packed between them. The experiments with | 
different types of electrode, the nature of the soil | 
remaining constant, were carried out in the open. | 
Before the measurements were made, tests were carried | 
out to determine to what extent the masses of earth | 
situated at a distance from the electrode contributed 
to the conductivity. 

Im the investigations on the influence of the nature 
of the soil, a cylinder 450-mm. in diameter and open at 
the top, was used to contain the soil. An electrode 
27 mm. in diameter was placed in the soil on the 
axis of the cylinder. Measurements with alternating 
currents were made both with small and large current 
values, the large currents being furnished by a trans- 
former. The currents used reached values consider- 
ably greater than were generally employed in tests of | 
this kind. The impulse currents were furnished by a 
charged condenser. With a 50-period alternating 
current, the value of the resistance was a definite 
figure, but with an impulse current it was necessary to 
obtain a curve showing the variation of the value of the 
resistance during the period of the impulse. 

It was found that sand and gravel had very high | 
resistances and clays low resistances. The values for 
clayey gravels were intermediate between them. In 
the case of soils of relatively low resistance, current | 
densities comparable with those produced by lightning 
strokes were obtained. It was found that the resistance | 
to impulse currents varied from 21 per cent. to 55 per 
cent. of those found with alternating currents. The 
resistance decreased with increase in the value of the | 
impulse current per square centimetre of electrode 
surface. With an impulse discharge giving very high | 
current densities, flashes-over were produced which 
passed over the surface with clays but through the 
mass with sands or gravels. With a tubular electrode 
50 mm. in diameter and driven 2 m. into the ground, 
subjected to an impulse current of 10,000 amperes, a | 
potential gradient of 22 kV per centimetre was measured | 
in the neighbourhood of the tube. Evidently the soil | 
was not able to support a voltage drop of this magnitude | 
and flashes-over on the surface were observed. 

The distribution of the resistance of the soil was 
investigated by arranging a central electrode, consisting 
of a galvanised tube 33 mm. in diameter and driven 
75 cm. into the ground. It was surrounded by six 
other 22-mm. diameter electrodes, equally spaced on 
a circle. Tests were made with the outer electrodes 
at different distances from the centre one and also by 
substituting a 6l-mm. diameter central electrode. 
The soil was a clay containing a proportion of humus 
and the value of impulse currents imposed was about 
1,000 amperes. It was found that the resistance 
increased with the distance of the outer electrodes from 
the centre, at first rapidly and then more slowly. 
With a central electrode 33 mm. in diameter and the 
outer electrodes at a radius of 250 mm., the resistance | 
to an impulse current was 17 ohms; increasing the | 
radius to 500 mm., increased the resistance to 24 ohms, 
and a further increase to 750 mm. raised it to 28 ohms. 
Corresponding measurements were made with a 50- 
period alternating current and it was found with the 
three different radii that the resistance with an impulse 
current was 33 per cent., 42 per cent. and 47 per cent. 
of that with a 50-period current. It was also found 
that an increase in the diameter of the central electrode 
from 33 mm. to 61 mm. had considerable effect in 
reducing the resistance. 

Investigations were made on the influence of the 
form of the electrodes on the resistance. For these 
tests a piece of ground was chosen in which the earth 
was uniform in character to a considerable depth and 


of low resistance. There was a surface layer containing 
humus. The work was carried out in early autumn 
during a period in which the climatic conditions varied 
little. An impulse generator, with an earth connection, 
was placed 200 m. from the test electrodes, to which 
they were connected by an aerial line in which the 
impulse currents were measured. The current and 
voltage curves were determined by means of cathode- 
ray oscillographs. The voltage ranged from 20 kV to 
35 kV, and the current from 1,000 amperes to 3,000 
amperes. The types of electrode tested consisted of a 
copper ribbon 1-5 mm. by 25 mm., buried at a depth 
of 20 cm., and laid in a straight line, of similar con- 
ductors laid in star formation, of earth plates, and of 
tubes driven into the ground. 

At the moment when the impulse reached the earth 
connection, this latter might be considered as a line 
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offering a certain resistance to the propagation. Taking 
the instantaneous values of the voltage and current, 
the resistance, for the duration of the impulse, was | 
plotted as a function of the time, as shown in Figs. 22 
and 23. The curve of Fig. 22 corresponded to an| 
extreme case in which the variation of the resistance | 
was very great. The electrode consisted of a straight | 
copper tape, 1-5 mm. by 25 mm. in cross-section, and 
75 mm. long, buried at a depth of 0-2 m. Fig. 23) 
referred to a conductor 35 sq. mm. in cross-section, 
50 m. long, and buried to the same depth. The varia- | 
tion between Figs. 22 and 23 were probably partly due 
to differences in edge width of the two conductors. | 
The curves showed that the resistance was not constant | 
for the duration of the impulse. In general, it tends 
to diminish as the current increases. This effect was 
also observed with alternating currents. The passage 
of the impulse through the earth connection was | 
accompanied by an hysteresis effect, the result of | 
which was that the resistance did not increase when the | 
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current had passed its maximum and commenced to 
diminish, but, on the contrary, continued to diminish. 
The hysteresis effect varied with the shape of the 
electrode. 

From the point of view of the security of electrical 
installations, it was desirable to keep the resistance of 
earth connections as small as possible, as the efficiency 
of the protection was determined, in the first place, 
by the drop of voltage across the connection. The 
relatively high resistance at the beginning of the 
impulse, shown in Fig. 22, was not, however, dangerous, 
as it corresponded to a relatively small current. The 
variation of the resistance with time, during the impulse, 
raised the question of the possibility of representing the 
resistance by a single number. In the laboratory 
tests, the electrodes were small and the resistance was 
high so that the duration of the slope of the current 


| curve was short. The electrodes used for the outdoor 


experiments, however, were large and the resistances 
were low, so that steep waves were not found in the 
oscillograph curves. The flat part of the curve, 
which covered a considerable part of the diagram, was 
obviously characteristic of the resistance. It corres- 
ponded to the point of maximum current value. On 
this assumption, Figs. 22 and 23 showed resistance 
values of 3-1 ohms and 3-6 ohms, respectively. 

Comparative tests were made with alternating cur- 
rents and impulses on an earthing electrode consisting 
of a copper tape 1-5 mm. by 25 mm. in cross section, 
varying in length from 25 m. to 100 m., and buried at 
a depth of 20 cm. The results were shown in Fig. 24, 
the upper curve referring to alternating current and the 
lower to impulse current. The upper curve showed 
that with alternating current the resistance decreased 
gradually to a limiting value for a length of conductor 
of about 100 m. The lower curve showed, however, 
that with an impulse current the resistance fell to its 
lower limit with a length of conductor of about 60 m. ; 
beyond this length reduction in resistance was insig- 
nificant. It is clear from this that, from the point of 
view of the amount of copper required, there is no 
justification for increasing the length of the electrode 
beyond 60 m. ‘Tests were also made with a cylindrical 
electrode of 35 sq. mm. cross-section. This showed a 
considerably higher resistance to alternating current 
than the ribbon, but with an impulse discharge the 
difference was found to be very small. 

A series of tests was also made with four conductors 
buried 20 cm. deep in star formation, the lead-in 
connection being made at the centre of the star. The 
results are plotted in Fig. 25, the upper curve again 
referring to alternating current and the lower to impulse 
current. In the particular case of a star with 25-m. 
arms, in which the amount of copper corresponded 
to a straight conductor 100 m. long, it was found that 
with alternating current, the star form showed an advan- 
tage of 31 per cent., the corresponding figure for an 
impulse current being 22 per cent. 

Investigations were also made with a copper earth 
plate, 75 cm. square by 1 mm. thick, buried horizon- 
tally at depths of 20 cm. and 120 cm., and in a vertical 
position with the centre line 80 cm. below the surface. 
With alternating current the resistances of the copper 
plate in the three positions were 4-7, 12-5 and 15 ohms, 
respectively, the corresponding resistances to impulse 
current being 2-6, 9-5 and 11-5 ohms. The amount 
of copper required for the 75-cm. square plate was the 
same as that for a tape 25 mm. wide and 22-5 m. long, 
and the tests showed that such a plate would have 
about six times the resistance of the tape if it were laid 
in a straight length. With the tape arranged in star 
form, however, there was little difference between the 
plate and the tape. 

Tests were also made on galvanised tubes driven 
into the ground. With tubes 120 cm. long, driven until 
the top was flush with the surface, the resistance fell 
as the diameter was increased. Tubes 33, 48 and 60 mm. 
in diameter were tried and the respective resistances 
were found to be 26, 23 and 20 ohms, the corresponding 
figures with impulse current being 20, 17 and 15 ohms. 
A tube 48-mm. in diameter and of varying length, was 
tested. With lengths of 0-8, 1-2 and 1-6 m., the resis- 
tances with alternating current were 36, 23 and 18 
ohms, the figures with impulse current being 28, 18 
and 12 ohms. The ratios between the resistances 
found with the two types of current were not the same 
with the galvanised tubes as with the other types of 
electrode. 

(T'o be continued.) 








THe INSTITUTION OF GAS ENGINEERS.—Owing to 
the outbreak of hostilities, the 11th Autumn Research 
Meeting of the Institution of Gas Engineers, 1, Grosvenor- 
place, London, &.W.1, which was to have been held in 
London on November 21 and 22, has been cancelled. 
Notice of reports of committees and contributed papers, 
which will be published by the Institution and will be 
available to members in the usual manner, will be 
circulated in due course. 
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DIESEL-ENGINED FIRE FLOAT FOR 
STAVANGER. 

Wukn the picturesque timber buildings which bound 
most Norwegian harbours are visualised, it is not 
surprising that special precautions are taken to extin- 
guish or prevent the spread of fires. These precautions 
are of long standing, the municipality of Stavanger 
having steam-propelled and operated 
fire float for some 50 years. This vessel, now naturally 
old-fashioned, has just been replaced by one in which 
motive power for both propulsion and pumping are 
provided by Diesel engines and which is in every way 


posse ssed a 


abreast of the latest practice in fire-fighting craft. The 
vessel, named Nekk, is illustrated in Figs. 1 to 7 
on this and the opposite pages. The builders are 
A/S Rosenberg Mekaniske Verksted, Stavanger, who 


placed the contracts for the propelling and pumping 
engines with Messrs. Gleniffer Engines, Limited, 
Anniesland, Glasgow, N.7, and for the pumps with 


Messrs. Eureka Mekaniske Verksted, Oslo. The Nokk 
has an overall length of 29 m. (95 ft. 1} in.), a beam 
f 5-6 m. (18 ft. 4) in.) and a draught of 2-1 m. 
(6 ft. 1Og in. The propelling engines develop 320 
brake horse-power and the speed on the official trials 
was 114 knots Phe clas 
the highest standard of the Norske Veritas. 

The view Fig. |, with all three of the monitors 
with which the vessel is fitted shown in action, indicates 
that the Nokk is a sturdy craft with high freeboard, 
and is therefore fit for sea-going, other coastal towns 
than Stavanger being served by her. The absence of a 
funnel is noteworthy, though consistent with the vessel's 
duty, and it may be noted that the exhaust from both 
the propelling and pumping discharged 
through six orifices high up on the cruiser stern, though 
these do not appear in Fig. 1, neither are they shown in 
the profile, Fig. 3. The exhaust pipes are water-jacketed 
and water injection silencers are fitted, both armoured 
and light-alloy pipes being employed in 
construction. The towing gear seen in both illustra- 
tions indicates provision for salvage operations. As 
shown in both Fig. 3 and in the plan, Fig. 7, almost 
one-half of the vessel's length is taken up by the engine 
and pump room, forward of which is the accommoda- 
tion, and aft a store-room for hoses, ropes, and other 


sification is in accordance with 


engines 18 


rubber hose 


tackle. The superstructure houses the galley, store- 
room, lamp-room, engine-room, accommodation 
entrances, ete. The cantilevered deck above the super- 


is stowed 
which is 
put over 


structure carries the wheelhouse, and on it 
a lifeboat, the well-tried Norwegian pram, 
from a central davit so that it can be 
either side. The superstructure arrangement 


slung 
board on 


is seen in Figs. 4 and 6. One of the monitors is mounted 
on the top of the wheelhouse, where is also a search- 
light. The other two monitors are on the engine-room 
snd messroom coamings fore and aft of the super- 
structure, respectively, as shown in Fig. 5 

Dealing with the propelling machinery first, it will 
be seen that the vessel has twin screws. Each engine 
is an eight-cylinder Gleniffer DCS” Diesel engine 
developing 160 brake horse-power at 900 r.p.m., and 
fitted with reversing gear and 2 to | reduction gear. 
\ view of the engine room, looking forward, with the 


propelling engines in the foreground and the pumping 
the background, is Fig. 2. The 
hafts are 3} in. in diameter, and are supported 
\-brackets fitted with hard-rubber bear 
which are 3 {t. 7 in. in diameter, 
are of bronze, as are also the other parts of the stern 
gear. Referring to Fig. 7, the plant flanking the after 
part of the propelling engines consists of two auxiliary 
two-eylinder Lister Diesel each developing 
14 brake horse Beth drive a 115-volt direct- 
current dynamo for lighting, the engine on the port side 
driving, in addition, an air compressor for starting pur- 
and for a typhoon whistle, and that on the 
starboard side a general-service pump. This pump can 
be used as a bilge pump, but, in addition, each propelling 
engine has its own bilge pump. Cylinder-cooling water is 
circulated in the propelling engines either by their own 
pumps, their bilge pumps, or the general-service pump. 
he pumping engines have their own circulating pumps 
or can be supplied from the general-service pump. With 
regard to the water supply, it is iuteresting to note that 
pipes of small diameter are led along the gunwales and 
so arranged that the hull is kept cool, when the vessel 
is close inshore during a fire by streams of water flowing 
over it. The vessel, when occupying her normal station, 
is electrically connected to the shore power supply. 
Chis is direct current and is used for lighting and 
heating ; hence the use of direct current in the ship's 
own system. Mooring at her station is providedtor 
by the usual bollards, while there is a hand-operated 
capstan right aft and a double hand-operated winch 
forward, the latter being, of course, for anchorage 
purposes. 

The pumping installation is situated amidships and 
consists of two duplicate sets. Each set is driven by 
a l2-cylinder ‘ Glenitier D.C.V.-12"' Diesel engine 
developing 240 brake horse-power at 900 r.p.m. Both 


engines in viven in 
propeller 
outboard in 


ings. Lhe propellers, 


chyines, 


power, 


Ppuses 
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the propelling engines and the pumping engines have 
cylinders of 6-in. bore by 7-in. stroke, and operate on 
the four-stroke cycle. They have horizontally-opposed 
valves, governors, and forced lubrication. They are 
cold-starting and are claimed to be outstanding for ease 
of control and flexibility. The pump engines are direct- 
coupled by Silentbloc couplings to the pumps. These 
are of the centrifugal type and each has a normal 
delivery of 7,000 litres (1,541 gallons) per minute, 
against a head of 10 kg. per square centimetre (142-2 lb. 
per square inch), although they can deliver against 
a head of 15 kg. per square centimetre (213-3 Ib. 
per square inch). The pump suction pipes only are 
shown in Fig. 7. It will be noted that each pump draws 
through a large strainer provided with shut-off valves 
and situated well down on the ship’s bottom and that 
the pipes are cross-connected and have individual 
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shut-off valves on the pump side. Either pump*can 
thus draw through the other strainer, should its own 
strainer become blocked, or work independently. The 
valve connection and pipe on the starboard suction 
Tee-piece, however, calls for some explanation. It 
may be that the fire float is occasionally called upon 
for salvage duties, which may involve the pumping 
out of other craft. The pipe referred to is provided 
for this purpose and is led up to the main deck, where 
it is coupled to the suction manifold shown in Fig. 5. 
When this manifold is in use, the inlet valves at the 
strainers are closed and either pump or both pumps 
can draw from the vessel under salvage. 

As regards pump discharge, it must be understood 
at the outset that the fire-fighting appliances are not 
limited to the three monitors already referred to. On 
the contrary, there are two pressure manifolds aft, to 
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each of which six hoses can be coupled. A single 
similar manifold supplies three hoses on the forward 
deck. The main delivery pipes of the pumps are cross- 
connected and have isolating valves, so that the sets 
can be used independently when required. From the 
cross-connection, pipes lead fore and aft on the star- 
board side to the pressure manifolds and on the port 
side to the fore and aft monitors. The wheel-house 
monitor is fed from a branch near the centre of the 
cross-connection and a branch pipe runs overboard 
from the discharge pipe to the forward monitor. This 
connection, which, of course, has an isolating valve, is 
used for pump test purposes, etc. All the pipes are of 
copper. The pump deliveries and the cross-connection 
is 10 in. in diameter, the monitor and pressure manifold 
supply pipes are 7 in. in diameter and the overboard 
discharge and salvage suction pipes are 8 in. in diameter. 
The monitors, which were supplied by A/S Luna, 
Bergen, are operated by worm gear for both elevating 
and slewing. Their performance can be estimated from 
Fig. 1, in which the ship is seen proceeding at full speed, 
the jets being those projected through nozzles of 
50 mm. (2 in.) bore. 

The engine fuel is bunkered in a tank which, in 
effect, is the ship’s double-bottom and forms the seating 
for the pumping engines and pumps. The capacity is 
approximately 10 tons. There are, of course, daily 
service tanks, these being indicated at the port side of 
the engine-room, and there are separate tanks for the 
propelling and pumping engines. A fresh-water tank is 
also arranged in the double-bottom, partly under the 
propelling engines, a cofferdam separating it from the 
oil bunker. The propelling engines are controlled from 
the wheel-house, in which are installed Gleniffer 
mechanical control columns and revolution indicators. 
Orders for the pumping engines are, on the contrary, 
given verbally by means of a Laryngaphone. The 
accommodation, in view of the fact that the vessel 
may have to put to sea occasionally, may seem limited 
but there are two cabins, each with one bunk, and 
settees in the mess-room, which will provide sleeping 
room for those off duty at sea and are ample for the 
personnel on board when the vessel is moored. The 
cooking and other provision for food is adequate. 

We understand that the Nokk underwent her official 
trials with complete satisfaction. Her speed on this 
occasion has already been stated, the pumping equip- 
ment being tested by first coupling up all the 18 
hoses and then operating all three monitors at once. 
The trials were carried out under the supervision of 
Mr. W. Ploen, of Oslo, the consulting engineer for the 





owners, Mr. H. L. Juell, the City Engineer, and 
Mr. S. Evensen, head of the fire-fighting service of 
Stavanger. The builders and machinery sub-contrac- 
tors were represented. 








“THERMAC ’’ ARC-WELDING 
EQUIPMENT. 


Tue wide field in which alternating current can be 
used for welding work in conjunction with treated 
electrodes has been recently extended by Messrs. 
Metropolitan-Vickers Electrical Company, Limited, 
Trafford Park, Manchester, 17. This firm has now 
developed a new design of welders known as the 
“Thermac” which, it is claimed, provide a smooth 
variation of welding current over a wide range without 
the use of tappings. A separate reactor has also been 
found to be unnecessary in the single-operator sets. 
The complete absence of tapping switches, terminal or 
plug boards, which the operator might have to change 
during the course of his duties on various classes of 
welding work is, it will be clear, a marked advance 
and is obviously an advantage to the user when the 
conditions under which are-welding equipments have 
frequently to be employed are taken into account. 
The “ Thermac” range of equipments include single- 
phase sets for single operators, three-phase /two-phase 
sets for two operators only, and three-phase /three- 
phase sets for three or more operators. Single-phase 
sets can usually be made to supply more than one 
operator, but, generally speaking, a three-phase set is 
recommended for this purpose. All the models are 
designed to give their full output at a pressure of 85 
volts at the transformer terminals on open circuit, 
and the single-operator sets are also provided with a 
95-volt tapping for use on light-current work. 

Fig. 1, on page 472, illustrates a single-operator set 
from which it will be gathered that the transformer is 
housed in a casing. On this casing is mounted a 
primary switch and fuse, so that the equipment is 
self-contained. These sets enable welding to be carried 
out with alternating currents up to about 450 amperes, 
the current variation being controlled by the internal 
resistance of the transformer. At present two dry 
types of transformer are manufactured with ranges 
from 200 amperes to 300 amperes and 300 amperes to 
450 amperes, respectively. There are also three oil- 
immersed types with ranges from 200 amperes to 
300 amperes, 300 amperes to 350 amperes, and 400 
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amperes to 450 amperes. The first figure in each case 
is the nominal rating in maximum amperes to comply 
with the requirements of British Standard Specification 
No. 638-1935. The dry types can be operated at 
currents 50 per cent. in excess of this rating under 
continuous normal welding service without injurious 
loading, owing to the use of special insulation. In the 
case of the oil-cooled equipments, a smaller margin of 
overload is permissible, but they can be operated for 
one hour at the higher ratings given by the second set 
of figures. 

Current regulation is effected by movement of the 
handwheel at the top of the casing. This varies the 
effective reactance between the primary and secondary 
windings of the transformer and allows a smooth 
variation in the welding current from 30 amperes to 
300 amperes in the smaller and from 50 amperes to 
450 amperes in the larger sets. As shown in Fig. 1, 
the terminals for the incoming supply are below the 
compartment which houses the primary switch and 
fuses. The transformers are suitable for use on any 
convenient alternating-current supply at 50 cycles. 
The standard equipments can be operated on 440 volts, 
400 volts or 220 volts by selection of the bolted links 
which are mounted above the fuses. As will be seen, 
the complete equipment is mounted on wheels, move- 
ment being assisted by handles. The secondary winding 
of the transformer steps the voltage down to 85 volts, 
but as already mentioned, a 95-volt tapping is also 
provided for light work. A mechanical indicator is 
fitted, and is calibrated in approximate current values, 
but in addition there is an ammeter, as the value of 
the current depends to a certain extent on the length 
of the cable in use. A locking lever secures the adjust- 
ment in any selected position. A diagram of connec- 
tions is reproduced on the rating and instruction plate, 
which is mounted on top of the casing. This plate is 
made of Traffolyte. 

The multi-operator sets have a stationary trans- 
former, which may be situated in any convenient place, 
while a portable reactor is supplied for each operator 
so that the welding current can be adjusted indepen- 
dently. The rating of the transformer is based on the 
provisions of British Standard Specification above- 
mentioned. The transformer is of the normal oil-cooled 
type with a rating depending on the current and number 
of operators. A typical three-phase transformer for 
supplying six operators is illustrated in Fig. 2. It is 
usual to mount a primary switch and fuses on the trans- 
former, while, as shown in Fig. 3, sockets with a 
current-carrying capacity up to a maximum of 300 
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imperes are provided on the secondary side. The 
circuit of each oper itor can, therefore, be disconne ected 
without affecting those of the others. The plug is of 
the bayonet type and has to be turned to release it 


from the socket. The reactors, one of which, as already 


tated, is provided for each operator, is illustrated in 
Fig. 4. This reactor, which is connected between 
the secondary terminal of the transformer and the 


electrode holder, enables independent control of the 
welding current to be obtained 
imilar to that of the transformer on the single-operator 


is effected 


It is housed in a casing 


sets, and variation of the welding current 

by moving the handwheel on the top. At present, 
the reactor is made in five sizes for the same current 
ranges and maximum values as for the single-operator 


ets \ mechanical indicator is calibrated in approxl- 
mate welding current and an ammeter is also provided. 
lhe reactor of a single helical coil enclosed 
n «a laminated magnetic circuit and the movement of 
the handwheel varies the effective inductance by the 
vertical transition of part of the magnetic flux. 


consists 


BRITISH STANDARD 
SPECIFICATIONS. 


Amoxoa the specifications issued by the British 
Standards Institution, the following may be of interest 
to our readers. Copies are obtainable from the Publi- 
cations Department of the Institution, 28, Victoria- 
street, London, S.W.1, unless otherwise stated, 
the price is 2s, net, or 2s. 2d. post free 
Boarda A d edition of 
specification No. 214 has been published. It covers a 
considerably wider field than the first edition, which was 
issued in March, 1929, since it includes phase-splitting 
distribution boards, circuit-breaker distribution boards, 
and fuse distribution boards. The specification covers 
boards up to 100 amperes per outgoing circuit, operating 
on voltages that do not exceed 250 volts to earth. Metal 
cased boards, whether of cast or fabricated construction, 
specified in detail and weatherproof requirements 
Wood cased bx ards, and boards with glass 
ilso included and the specification lays down 
the minimum dimensions of wood and weights of glass 
which shall be used to provide adequate mechanical 
strength. Ca of insulating for 
the first time, recognised as standard, and tests for the 
referred to. 


and, 


Distribution new and vise 


ire 
are given. 


fronts, are 


material are also, 


aca 


degree of inflammability 

Lighting of A.R.P. Report and Control Centres.—The 
general requirements for the lighting of report and 
control centres and the accommodation associated 
therewith are contained in a new specification design- 
ated No. BS/ARP7. In these centres it is, of course, 
essential that an adequate amount of lighting be main- 
tained under all conditions. The specification, there- 
fore, defines what is required as an adequate amount of 
lighting and gives details of the necessary equipment 
for lighting under emergency conditions. For normal 
lighting the supply is taken from the mains at the 
full mains voltage. The emergency lighting, which is 
brought into operation by means of a manually- 
operated switch when the mains supply fails, is provided 
by an entirely separate wiring system, the supply for 
which is at 24 volts, and is obtained from an internal- 
combustion engine-driven generator. 
supply from the generator is supplemented by a 
battery capable of running the lights for short periods. 
Provision is made for charging the battery from the 
generator. It will be necessary to run the generator 
occasionally to keep the battery fully charged, and, in 
this manner, the generator unit is maintained in good 
ondition so as to be ready for immediate use in an 
emergency. The size of the battery specified is such 
that the emergency lighting can, if necessary, operate 
from the battery for a period of four hours. The main 
ventilating plant is normally driven electrically from 
the supply mains. Under emergency conditions, it is 
driven by mechanical coupling to the generator unit. 
The ventilating plant and generating set should, 
therefore, be installed in the same room. When, under 
emergency conditions, the lighting is run from the 
battery, the ventilating plant should be manually 
operated. In addition to the main ventilating plant, 
provision is made for a small fan in each room where 


are 


several persons are working Price 6d., or Rd post 
tree. 

Tuk INsrirurTe or METALS. \ general mecting of 
members of the Institute of Metals will be held at the 
offices of the Institute, 4, Grosvenor-gardens, London, 
S.W.1 (Room No. 46), on Thursday, November 16, at 
4.0 p.m., for the purpose of transacting the official 
business which had been arranged for the evening of 
ruesday, September 5, in connection with the cancelled 
Glasgow meeting. No papers will be presented or 
discussed. The proceedings, which will include the 
nomination of officers for 1940—41, will be formal. 


The emergency | 


ENGINEERING. 


ENGINEERING TRAINING AND 
EDUCATION. 


T he Institution of Chemical Engineers.—The associate- 
membership examination of the Institution of Chemical 
Engineers, for 1940, will be held at the normal time 
and on the usual lines. The “ home” paper will be 
set in the middle of January and answers are to be 
returned by April 1. The London papers will be set 
on May 2,3 and 4. The questions contained in the 
home paper are usually chosen in such a way that a 
satisfactory answer may be worked out from first 
principles by a capable candidate, who is allowed the 
use of certain text books and works of reference. 
Candidates are advised to prepare systematic flow 
sheets in which the balances of materials, energy, 
and time are clearly displayed, while estimates of 
costs of production, specifications, and drawings should 
also be submitted. Credit will be given for an orderly 
arrangement of calculations and skill in preparing a 
systematic report. Forms of application to undergo 
the examination are obtainable from the honorary 
registrar of the Institution, 56, Victoria-street, London, 
S.W.1, and the closing date for the receipt of entries 
is Wednesday, December 20. Copies of past examina- 
tion papers may be obtained from the offices of the 
Institution, at the price of ls. per set. Papers for all 
the previous examinations, including the first—held 
in 1926—are available. 

Royal Sanitary Institute.—A leaflet, giving particu- 
lars of the dates and centres of examinations in sanitary 
science, to be held during the 1939-40 session, has 
recently: been issued by the Royal Sanitary Institute, 
90, Buckingham Palace-road, London, S.W.1. The 
qualifying examinations for appointments as sanitary 


inspectors and smoke inspectors, and examinations in | 


sanitary science as applied to buildings and public 
works and in general hygiene and sanitation, to qualify 
for the Associateship of the Institute, will be held in 
London from November 30 to December 2, from 
April 18 to 20 and from July 18 to 20. There will be, 
however, no examination for smoke inspectors in 


July. No provincial centres can be arranged at present 
and there will be no examinations from November, 
1940, until March, 1941, if the war continues. The 


number of candidates which can be examined is limited 
and applications will be accepted in order of receipt, 
with the exception that preference will be given to 
or are about to join, H.M. 


persons who have ined 


Forces. 





BOOKS RECEIVED. 


Department of Scientific Industrial Research. 
Technical Paper No. 51. 


Fuel 
The Hydrogenation- 


and 


Research. 


Cracking of Tars. Part V. The Operation of a Semi- 
Technical-Scale Plant. By Drs. C. M. CAWLEY and 
J. G. Kine. London: H.M. Stationery Office. [Price 
ls. net.] 

Department of Overseas Trade. No. 375. Report on 
Economic and Commercial Conditions in Egypt, June, 
1939 By C. EMPson. London: H.M. Stationery 
Office. Price 2s. net.| 


Council for Scientific and 
Board. Report 
Melbourne : Council 


of Australia. 
Industrial Research. Radio Research 
No. 14. 314, Albert-street, East 
for Scientific and Industrial Research. 

Commonwealth of Council for Scientific and 
Industrial Research. Bulletin No. An Investi- 
gation of the Problems of Salt Accumulation on a Mallee 
Soil in the By J. E. 


Commonwealth 


iustralia. 
128. 


Murray Valley Irrigation Area. 


Tuomas. 314, Albert-street, East Melbourne : Council 
for Scientific and Industrial Research. 

Vinistero dei Lavori Pubblic Servizio Idrografico. 
tnnali Idrologici, 1938. First Part. Rome Istituto 
Poligrafico dello Stato. Price 40 lire. 

Pubblicazioni del R. Osservatorio Geofisico di Modena. 


dell’annata 1936 
fatte nell’Osservatorio Ge della R. Universita di 
Modena ¢ Stazioni di Parullo, Monte- 
Cimone. Rome Istituto Poligrafico dello Stato. 

The Journal of the Institute of Metals. Vol. LXIV. 
No. 1 1939 Edited by &. C. GUILLAN. London 
Otlices of the Institute. 

The Institute of Metals. 


Osservazioni Meteorologiche 


No. 51. 
Yfisico 


nelle Sestola « 


Vetallurgical Abstracts. General 





and Non-Ferrous. New Series. Vol. 5. 1938. Edited 
by 3. C. Gui~tan. London: Offices of the Institute. 
FATIGUE-TESTING MACHINE: ERRATUM.—In our 


of the 
machine, on page 379, ante, 


Avery-Schenck push-pull fatigue-testing 
we stated that this interesting 


account 


machine is now manufactured by Messrs. W. and T. 
Avery, Limited, Soho Foundry, Birmingham. Messrs. 
Avery kindly suggest that this statement may prove 
somewhat misleading since they have not yet actually 


made one of the machines, though they are in a position 
to do se, under licence, as orders for them are received. 


OcT. 27, 1939. _ 





PERSONAL. 


Mr. E. V. Evans has been appointed Chairman of the 
newly-established Gas Research Board. 

PROFESSOR L. F. GOODWIN has been elected a Fellow of 
the City and Guilds of London Institute. 

Mr. R. F. NEWMAN, who has been assistant general 
manager of the Basingstoke Works of Messrs. John I. 
Thornycroft and Company, Limited, Thornycroft House, 
Smith-square, London, 8.W.1, for the last few years, 
has now been appointed general manager of these works. 

Mr. PercivaL T. HARRISON, M.Inst.C.E., Borough 
Engineer and Surveyor of Finchley, has been elected 
chairman of the Council of the Royal Sanitary Institute, 


90, Buckingham Palace-road, London, S.W.1. He 
assumed office at the beginning of this month. 
Prorressor L. TAVERNER, who, for some years, has 





been assistant of metallurgy at University 
College of Swansea, Singleton Park, Swansea, has been 
appointed professor of metallurgy and assaying at the 
Witwatersrand University, and director of the Mineral 
Research Laboratory of the Government of South Africa. 


professor 








CONTRACT. 


Messrs. JOHN I. THORNYCROFT AND COMPANY, LIMITED, 
Thornycroft House, Smith-square, London, 8.W.1, have 
received orders for three further sectional motor lighters 
for service on the River Zambesi for transporting stores 
and African labour employed in the mining industry. 
One of the vessels is 50 ft. in length and is similar to 
that supplied some months ago, by the firm, an illustrated 
description of which appeared on page 143 of our vol. 147 
(1939). The two other lighters are 35 ft. in length. 
The boats are to be built of teak and the larger one will 
be fitted with two of the firm’s 30/70 brake horse-power 
four-cylinder petrol engines, while the 35-ft. boats will be 
furnished with a single unit of the same type. Owing 
to the necessity of restricting the draught to about 
18 in., the tunnel form of stern will be adopted. The 
50-ft. boat will carry about 50 men and the 35-ft. boats 
about 30 each. Messrs. Thornycroft have also received 
orders for marine Diesel and petrol engines from Peru, 

selize (British Honduras), Brazil and Singapore. 








TENDER. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, particulars 
of the undermentioned tender, the closing date of 
which is as stated. Details may be obtained on applica- 
tion to the Department at the above address, quoting 
the reference number given. 


Coal-Sampling Equipment, comprising an electrically - 


driven laboratory coal crusher, or crusher sampler, 
having a capacity of 5 cwt. per hour, an electrically- 
driven sample grinder, and a sample splitter. The 


Manager, City Electric Light Company, Limited, Boun- 
dary-street, Brisbane, Queensland ; November 238. 


(T. 27,867 /39.) 








TEMPORARY WAR-TIME 
ADDRESSES. 


We give below a list of temporary offices occupied by 
firms and institutions during the period of hostilities. 
MANUFACTURING COMPANY, 
“ Barton Towers,”’ Clifton-drive, Westcliff- 
Telegrams : Monometer, Southend-on- 

Southend-on-Sea 2924. 


Messrs. MONOMETER 
LIMITED, 
on-Sea, Essex. 

Telephone : 


Tue Royat Soctery, Trinity College, Cambridge. 


Sea. 


Tue INSTITUTE OF Puysics, University of Reading, 


Berkshire. 








SIFBRONZE WELDING Rops.—<An interesting little 
publication, entitled Sif-Tips, is issued periodically by 
Messrs. Suffolk Iron Foundry (1920), Limited, Sifbronze 
Works, Stowmarket, in order to record unusual jobs 
in which the firm’s Sifbronze and other types of welding 
rod have proved of service and to answer, for general 
information, individual questions that have been put to 
them from time to time. The current issue, No. 29, 
Volume 4, which may be obtained from the firm, contains 
some interesting information and is very well illustrated, 
a good example of the latter showing the different stages in 
the welding of four new teeth to replace those broken in 
the main gear wheel of a press. A new and easily made 
welder’s gas mask is described and the construction of 
a coal-gas-air burner which was used in the welding of 
copper parts of electric rotors. This publication of a 
specialist firm’s experience is likely to be of considerable 
use especially as the points dealt with, though of intrinsic 
importance, are not, as a rule, on a sufficiently large scale 
for publication in a technical] journal. 








OcT. 27, 1939. 





NOTES FROM THE SOUTH-WEST. 
CARDIFF, Wednesday. 

The Welsh Coal Trade.—Operations were still held 
severely in check in the Welsh steam-coal market 
throughout the past week by the difficulty in obtaining 
supplies. There was quite a good demand circulating | 
on both home and foreign account, but shippers were 
unable to take full advantage of it because of the difficulty 
of arranging stems for early delivery. Here and there 
some small parcels were offering on the market owing to 
vessels going out of position and these were eagerly | 
taken up. Great activity was again maintained in the | 
French trade and demand showed no signs of slackening. | 
Portuguese buyers, who during recent years have been 
relying more and more upon German supplies, were | 
showing keen interest and a good business was available 
in this market. The Italian State Railways, which it | 
was expected would shortly be calling for tenders for | 
the supply of substantial quantities to meet their require- 
ments over the coming twelve months, are not likely, | 
for the time being, to call for offers. It was reported | 
on the market that owing to the outbreak of war they | 
would restrict their purchases locally to their 


bare | 
immediate requirements and would make purchases on | 

hand to mouth basis. To South America a good | 
activity has been maintained, while buyers in Greece | 
were anxious to buy substantial quantities of duff, small 
and bunker coals. Supplies of these descriptions, 
however, remained extremely scarce and as sellers 
usually held well-filled stem lists for these kinds for | 
some time ahead it did not seem likely that much | 
business would be secured locally. 


Best quality large | 
descriptions remained in active request, but current | 


a 


| furnaces could be quickly put into commission on foundry 


NEERI 


ZuGI LenS. 





demand. The number of furnaces in blast is unchanged. 
Prices are steady and are as follows :—Hematite, 
5l. 15s. 6d. per ton, and basic iron, 41. 12s. 6d. per ton, | 
both delivered at the steel works ; foundry iron, No. 1, 
5l. 3s. per ton, and No. 3, 51. 0s. 6d. per ton, both on 
trucks at makers’ yards. 


| Way: 








NOTICES OF MEETINGS. 


NoORTH-East Coast INSTITUTION OF ENGINEERS AND 


| SHIPBUILDERS.—To-night, 5.30 p.m. The Mining Insti- 


tute, Newcastle-upon-Tyne. ‘‘ Rolling of Ships Under 
The Decrement of Roll Due to Hull and Bilge 


Keels,” by Dr. G. S. Baker. Student Section: Wednes- 


| day, November 1, 7.15 p.m., “ Two-Stroke Petrol and 


NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 
General Situation.—Pressure for supplies of material for 
Government purposes continues to limit the tonnage | 
available for normal industrial business, but iron and | 
steel producers are steadily meeting priority delivery | 


| claims and hope to provide increasing supplies for regular 


customers. 

Cleveland Iron Trade.—The output of Cleveland pig is 
still suspended, and prospects of resumption of regular 
production are remote, as stocks cover contract obliga- 
tions and leave a little saleable tonnage; consumers 
of foundry iron continue to make increasing use of the 
products of other centres. Though Continental iron | 
is on the free import list, purchases cannot be made 
except at considerably above the values of local products, 
and, so far as is ascertainable, no movement to resume 
the acceptance of foreign pig is likely. Idle Tees-side 


iron should the need for enlarged supply arise. Fixed 

figures for Cleveland pig are based on No. 3 quality at 

99s., delivered, this month, to local buyers. 
Hematite.—The demand for East Coast 


increase in 


productions were almost entirely earmarked for contract | hematite pig continues. Customers’ requirements are not 
deliveries and most producers were well stemmed ahead. | fully covered by the present make, but tonnage accumu- 
Dry large attracted a good deal of attention, while the | lations at the blast-furnaces, together with the present 
best feature of the markets continued to be represented | Pate of output, are ample for requirements over a con- 











by the duff coals. Order books for these sorts were | 


almost completely filled for some time to come. Sized | 
coals were scarce, but smalls moved off steadily. Cokes 
were active and patent fuel was busy. 

The Iron and Steel Trade.—Active conditions were 


maintained in the iron and steel and allied trades of | 
South Wales and Monmouthshire last week. The demand | 
was brisk, but as most works were engaged almost to | 
capacity on fulfilling business already on hand few new | 
orders could be accepted. 








NOTES FROM THE NORTH. 
GLasGow, Wednesday. | 
Scottish Steel Trade.—The past week has been one of | 
exceptional activity in the Scottish steel trade and all | 
classes of steel material have been in urgent demand. | 
The various works in this area are being kept running at 
full pressure and maximum outputs are general, which 
is very essential because of the large tonnage required | 
for Government purposes. With the shipyards so busy, 
the demand for plates, etc., is very heavy, but producers 
are managing to keep their clients satisfied despite the 
urgent demands from most sources. Structural steel is 
very active and the production is on a large scale. 
Erectors have a heavy programme of work on hand and | 
priority is naturally being given to those orders which 
are of a national character. In the black-steel sheet | 
trade there is no sign of any falling-off in the demand 
for sheets and the output is being maintained on the 
recent high-level mark. As the requirements coming 
under the priority heading are so heavy, it is extremely 
difficult to secure delivery of anything not so classified. | 
Meanwhile, quotations are unchanged, but it is doubtful 
if the present range of prices can be maintained much | 
longer in view of the recent increases in freights, etc. 
The following are to-day’s quotations :—Boiler plates, 
lll. 8s. per ton; ship plates, 101. 10s. 6d. per ton; | 
sections, 101. 8s. per ton; medium plates, 121. 2s. 6d. 
per ton; black-steel sheets, No. 24 gauge, 141. 15s. per 
ton; and galvanised corrugated sheets, No. 24 gauge, 
171. 5s. per ton, all delivered at Glasgow stations. 
Malleable-Iron Trade.—Conditions in the West of 
Scotland malleable-iron trade continue to show improve- | 
ment, but the current output of bar iron is quite ample | 
to meet all calls. The re-rollers of steel bars, however, 
are working at full capacity to overtake the many urgent 
orders now on hand. The raw material position is very | 
satisfactory at the moment, as not only are local supplies | 
good, but large tonnages have lately been coming into 
port. The current market quotations are as follow :— 
Crown bars, 121. 5s. per ton for home delivery or export ; | 
re-rolled steel bars, 111. 15s. per ton for home delivery, | 
and 111. per ton for export; No. 3 bars, 12I. per ton, 
and No. 4 bars, 121. 5s. per ton, both for home delivery. 
Scottish Pig-Iron Trade.—Conditions in the Scottish | 
pig-iron trade have varied little since last report and 
every ton being produced is rapidly taken up. The 
demand for steel-making iron is very strong and every 
endeavour is being made to keep up steady deliveries | 
to the steel works. Foundry iron is again in better 


| draw. 


| a considerable tonnage stored, are coming to hand steadily. 


| as they can deal with. Manufacturers of sheets, construc- 


| plates, 102. 108. 6d. ; 


siderable period. Buyers are taking full contract 
deliveries, but the bulk of the supply continues to pass 
into use at makers’ own consuming departments. 
Merchants are handling moderate tonnages and expect 
business to expand. Market quotations are ruled by 
No. 1 grade of hematite at 115s. 6d., delivered, this month, 
to North of England areas. 

Basic Iron.—There is no saleable basic iron, the whole 
of the heavy output being absorbed by producers’ 
adjacent steelworks. 

Foreign Ore.—New business in foreign ore is difficult 
to put through, but is unnecessary as users have fairly 
good stocks and extensive contracts against which to 
Imports are on a satisfactory scale. 

Blast-Furnace Coke.—Durham blast-furnace coke 
quite plentiful and consumers are heavily covered. 
A rise in prices may be announced in the very near future, 
but users are not desirous of entering into further contracts. 


is 


Manufactured Tron and Steel.—Deliveries of home-made 
semi-finished iron and steel are on an improved scale and 
imports of foreign products, of which re-rollers still have 


Finished-iron makers have a lot of work on hand and 
finished-steel producers have as much work to execute 


tional steel and shipbuilding requisites are assured of full 
employment for several months ahead. The principal 
market quotations for the home trade are : Common iron 
bars, 121. 5s. ; steel bars, 111. ; soft-steel billets, 71. 7s. 6d. ; 
hard-steel] billets, 8/. 10s.; steel ship, bridge and tank 
steel ship rivets, 14l.; iron ship 
rivets, 15l.; steel constructional rivets, 151. 5s.; steel 
boiler plates, 111. 8s. ; steel angles, 101. 8s. ; steel joists, 
101. 8s.; fish plates, 137. 10s.; black sheets, No. 24 
gauge, 141. 15s.; and galvanised corrugated sheets, 
No. 24 gauge, 171. 5s. 

Scrap.—Buyers of iron and steel scrap readily pay 
the control prices for available parcels. Deliveries are 
on a rather better scale than recently. 








NATIONAL STANDARDS LABORATORY, AUSTRALIA.— 
Plans for the new standards laboratory, which is to be 
erected in the grounds of the University of Sydney, 
New South Wales, have been completed and it is expected 
that the laboratory will be in full operation by the end 
of next year. It is stated in a recent issue of The Common- 
wealth Engineer that the laboratory will be controlled 
by the Council for Scientific and Industrial Research, 
and that Dr. G. H. Briggs, Dr. D. M. Myers, and Mr. N. A. 
Esserman will be in charge of departments. 





SLIDES OF REPAIRS BY WELDING.—An interesting 
and instructive series of lantern slides, illustrating a wide 
range of repairs to motor-vehicle engines, industrial 





machines, machine tools and other equipment, has been 
prepared by Messrs. Barimar, Limited, welding engineers. | 
The slides, together with a fully descriptive lecture, will | 
be lent, grat‘s, to technical schools, institutions and engi- 
neering societies. Applications, with suggested dates, 
should be sent to Messrs. Barimar, Limited, 14-18, 


Ignition Engines,” by Mr. George Wright, Junr. 

INSTITUTION OF ELECTRICAL ENGINEERS.—North Mid- 
land Students’ Section: Saturday, October 28, 2 p.m., 
The Hotel Metropole, King-street, Leeds. Chairman’s 
Inaugural Address: ‘‘ Conductors for Overhead Power 
Lines,”’ by Mr. F. R. Haigh. 

BRADFORD ENGINEERING Socrety.—Monday, Octo- 
ber 30, 7.30 p.m., The Technical College, Great Horton- 
road, Bradford. ‘“‘ Modern Steam Accumulation,” by 
Mr. Walter Goldstern. 

GLASGOW UNIVERSITY ENGINEERING Soctety.—Tues- 
day, October 31, 6.30 p.m., The James Watt Engineering 
Laboratories, The University, Glasgow. Presidential 
Address, by Sir Stephen Pigott. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—Subject to emergency requirements 
which are absorbing the bulk of all outputs of raw and 
semi-manufactured steel, business is flowing fairly freely. 
Supplies of pig iron appear to be ample to meet all current 
requirements, while substantial deliveries of hematites 
continue to enter this district against contract specifica- 
tions. Scrap distribution seems to be settling down 
under control, there being a ready absorption of supplies. 
Conditions are unaltered at rolling mills, forges, and 
foundries, where day and night operations are the general 
order. Re-rolling mills are being amply fed with semi- 
manufactured materials. Re-organised to meet altered 
conditions, the special-steel trades are making sound 
progress, particularly in the case of stainless-steel and 
alloy-steel manufacture. The demand for bright-drawn 
steel bars and cold-rolled strip tends to expand, but with 
the recent enlargement of output, supplies are ample for 
requirements. All the medium and lighter sections are 
busy. Much more active conditions obtain in the supply 
of steel and parts for agricultural machinery and imple- 
ments. Makers of threshing machines are taking more 
beater plates, and among other active lines in this 
connection are those relating to manufacture of turnip- 
cutting and chaff knives. All classes of engineers’ tools 
are being turned out in large quantities, notably files and 


saws. Provision has been made for enlarged outputs of 
fine measuring instruments. Sub-contract work is 
offered for the production of small machine parts, 
special-alloy strip by the cold-rolling process, rough 


machining of turbine-wheel forgings and boring of rotor 
shafts, and in straightening of drawn-metal sections. 

South Yorkshire Coal Trade.—<Activity has increased 
rather than diminished in all branches with the exception 
of house coal, where, owing to rationing, quieter conditions 
prevail. Steam-raising fuels are in strong request, parti- 
cularly from the textile districts, but there is apparently 
no shortage of supply. Electricity undertakings continue 
prominent buyers of best slack. Industrial fuels are 
moving freely against contracts, with distinctly greater 
activity in forward business. 





ALUMINIUM SUPPLIES IN GERMANY.—Messrs. Mason 
Lyons, Limited, Bouverie House, Fleet-street, London, 
E.C.4, have sent us some interesting statistics regarding 
aluminium supplies in Germany. They state that the 
seizure by the British Navy, recently, of 15,500 tons of 
alumina, as contraband bound for Germany, focuses 
attention on the extent to which that country is dependent 
on foreign supplies of this raw material, which is vital 
for the production of aluminium. Germany, which is 
stated to have been the largest consumer of aluminium 
among world powers in 1938, had to import almost all 
her supplies of bauxite. Compared with a total of nearly 
1,200,000 tons imported last year, rather less than 18,000 
tons were obtained at home. Some 60 per cent. of the 
imports were provided by Yugoslavia and Hungary, 
while the Dutch East Indies supplied 190,000 tons, France 
90,000 tons, Italy 90,000 tons, and Greece 83,000 tons. 
The German air force appears, therefore, to be faced with 
a considerable reduction in the supply of aluminium, 
which, of course, enters largely into the construction of 
high-speed aircraft. On the basis that four tons of baux- 
ite are required to produce one ton of aluminium, it 
may be calculated that Germany, which last year produced 
130,000 tons of the metal, stored some 680,000 tons of ore 
during 1938. Much of this reserve, however, which, in 
any case, cannot mect the greatly increased war demand 
for long, will be used in warship construction and in the 


' Lamb’s Conduit-street, Theobald’s-road, London, W.C.1.! production of general armaments. 
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“THERMAC” ARC-WELDING EQUIPMENT. 


CONSTRUCTED BY MESSRS. 


METROPOLITAN-VICKERS ELECTRICAL COMPANY, LIMITED, MANCHESTER. 


(For Description, see Page 469). 
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Fic. 2. TRANSFORMER FOR S1tx WELDERS. 








THe Ne&weoMeEN Sociery.—It is announced that the 
Newcomen Society will not hold the meetings listed in 
the sessional programme for 1939-40, but that the papers 
will be available to members, on request, on or about the 
dates originally fixed, for discussion in writing. The 


Society hopes, however, to mark the anniversary of the 


death of John Smeaton, on October 28 The annual 
general meeting will be held, as announced, on Novem- 
ber 8. As the Science Museum is closed for the duration 
of the war, the secretarial office has been moved to 
that of Miss G. Bingham, O.B.E., 43, King’s-road, 
Chelsea, 8.W.5. Miss Bingham will act as assistant 


secretary during the emergency. 


PRIVATELY-OWNED RAILWAY WaGONs.—The Minister 
of Transport, Metropole Buildings, Northumberland- 
avenue, London, W.C.2, has appointed a committee to 











advise him upon questions arising out of the requisition 
of privately-owned railway wagons. The committee 
comprises representatives of the Ministry of Transport, 
the Mines Department, the Railway Executive Committee, 
the Association of Private Owners of Railway Rolling 
Stock, the Scottish Wagon Owners’ Association, the 
Association of Wagon Repairing Companies, Messrs. Fie. 4. REACTOR. 
Hirers, Limited, the Railway Carriage and Wagon 
Builders and Financiers Parliamentary Association, and 
the Mining Association of Great Britain. 











of Science, Bangalore, South India, that Mr. Tata’s name 
will always be associated with three enterprises which 

CENTENARY OF Mr. J. N. TatTa.—The one-hundredth | bear the unmistakable impress of his individual outlook 
anniversary of the birth of Mr. Jamsetji Nusserwanji| and vigour, but which he unfortunately did not live to 
Tata, a pioneer of Indian industry and a great national | see come to fruition. These are the Jamshedpur Iron 
figure, was celebrated this year in India. It is pointed|and Steel Works, the hydro-electric schemes which 
out in a recent issue of Electrotechnics, the Journal of furnish Bombay with a supply of power and light, and 
the Electrical Engineering Society of the Indian Institute | the Indian Institute of Science at Bangalore, 
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established on a materially firmer basis. He 
resembled Watt in being a man of high scientific 
attainments and a physicist of note. Like Watt, 
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war, the exhortation 
famous men” is liable to be given a somewhat 
restricted interpretation; yet, in the long run, 
it is to the arts of peace that civilisation owes its 
most enduring advances. War may increase the 
tempo of scientific development, because it is 
chiefly in such circumstances that funds are most 
readily forthcoming for experiments on a large 
scale; but the evolutionary processes of peace, 
although generally slower, are more widespread 
among the mass of the people, and where changes 
in the basic crafts are concerned, a broad diffusion 
of a new technique is likely to provide a more 
substantial foundation for subsequent develop- 
ments than a concentrated effort to improve, at a 
greater rate, its application to some spevific and 
limited purpose. To the truth of this general 


In time of 


| principle, the careers of the pioneer engineers bear 


repeated witness, and it is fitting that, in a period 
when public attention is naturally focused upon 
military affairs and personages, the less spectacular 
achievements of these adventurers in a new art 
should not go entirely unnoticed. 

October 28 marks the 147th anniversary of the 
death of John Smeaton, the greatest English 
engineer of the 18th Century. 
that distinction unreservedly, for no man exercised 
more influence on the profession of engineering. In- 


| deed, the more closely the achievements of his eminent 


contemporaries are examined, the more strikingly are 
revealed his own solid qualities and broad capacity. 
He was not a great inventor; but, while he 


{followed the accepted practice of his day, he 


488 


to “ praise 


He may be accorded | 


|for him an international reputation—was carried 
out at a time when his name was hardly known 
among engineers. Its completion placed him at 
once at the head of the profession. 
| Smeaton is often referred to as “the father of 
the engineering profession,” but this is not strictly 
true ; among his Reports are to be found the names 
| of more than a dozen men with whom he colla- 
| borated or upon whose work he was called to 
|express an opinion, and to these men he always 
| referred as his “ brethren.” His work on the 
| atmospheric engine raised it from the crude form 
of its early days to the status of a scientific machine. 
The brilliant inventions of James Watt threw the 
| Newcomen engine into the shade, but the details 
| of Smeaton’s atmospheric engine, and the scientific 
spirit in which he investigated its action, can still 
be studied with interest and admiration. 


As a bridge builder, Smeaton might have achieved 
more prominence if he had lived half a century 
| later ; but his day was before the era of pheno- 
menal undertakings in this field. Little public 
|}money was available for such works, which were 
usually promoted by landowners and small local 
bodies. It was not until the development of the 
| great coach roads that the opportunity came to 
| the engineer to build bridges of more imposing 
dimensions. Nevertheless, Smeaton’s bridges at 
Perth, Coldstream and Banff are of simple and 
pleasing design, admirably conceived and executed. 
| The failure of his bridge over the Tyne at Hexham, 
| due to the treacherous character of the river bed, 
was tragic in the suddenness of the catastrophe. 
The actual cause was the same as that which has 
necessitated the rebuilding of Waterloo Bridge, 
with the great difference that, whereas Rennie’s 
bridge stood for a century before the deterioration 
of the foundations became apparent, an unprece- 
dented volume of flood water swept away the river 
bed from under Smeaton’s bridge in a few hours. 
The history of the Hexham bridge is of particular 
interest, from the light that it throws on Smeaton’s 
character and methods. Its collapse was a severe 
blow to him. Writing to the contractor, Pickernell, 
he declared despondently that ‘‘ All our honours 
| are now in the dust! It cannot now be said, that 


i bettered it repeatedly, and ultimately left it! in the course of thirty years’ practice, and engaged 
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in some of the most difficult enterprises, not one of 


Smeaton’s works has failed: Hexham bridge is a 
melancholy witness to the contrary. Smeaton 


was then at the zenith of his career. Robert 
Mylne reported on the failure of the bridge, and, 
in doing so, observed rather patronisingly that 
Mr. Smeaton must have been misled by the informa- 
tion supplied by others as to the condition of the 
river bed; whereupon, honest John uprose in his 
wrath and, taking upon himself the responsibility 
for all that had been done, exonerated the contractor 
snd all others from blame, and left Robert Mylne 
deflated. 

Smeaton lived in an era when timber was still 
irgely used in all engineering structures, especially 
those subjected to relatively severe stresses and 
hocks. In machinery its use was universal, except 
for the necessary small forgings for gudgeons and 
Smeaton introduced cast iron for the 
hafts of windmills and watermills, and for extract- 
ng-presses in oil mills. In this, he led the way, 
ind little further change was made until the 
beginning of the iron age of machinery, towards 
the close of the 18th Century. Rudyard's tower 
on the Eddystone reef was of timber. and was well 
constructed. After its destruction by fire, Smeaton’s 
lighthouse of masonry 
was received very doubtfully by those who were 


fastening 


proposal to build the new 


familiar with the building of structures in exposed 
oastal situations He carried his point, however, 
ind designed the tower with dovetailed joints and 
ith no inherent weakness due to sudden changes 
Although built of a stubborn material, 
it was flexible. To-day, all the world over, isolated 
rocks and reels are marked by lofty towers of stone, 
the majority of which are lineal descendants of 


of section 


Smeaton’s Eddystone: and on Plymouth Hoe 
tands the finest memorial that ever commemorated 
the name of any engineer—his own tower. His 


influence on the practice and the pe rsonnel of the 
engineering profession can be judged by the respect, 
ilmost amounting to reverence, in which he was 
held by his contemporaries. Watt referred affec- 
tionately to Father Smeaton’’; and later 
nginect prominent among them Robert Stephen- 

upheld his work and example to the study and 
emulation of the younger generations of the profes 
ion Modern practice enjoys the advantages of 
various new materials and a vastly improved con- 
tructional technique, but is still dependent upon 


the same physical laws which Smeaton appreciated 
well, and his directness of vision and intensely 
practical genius make the story of his professional 
ireer no less worthy of the attention of civil and 
mechanical engineers of the present day 


THE REDUCTION OF NOISE IN 
BUILDINGS. 


Luk studies of noise in relation to the comfort of 
the human occupants of buildings, which have 
wen actively pursued in this country for the past 
ten years or more, provide one of the best examples 
it that co Operation in ¢ bj ctive research which can 
flourish only under some such organisation as the 
Department of Scientific and Industrial Research 
Chey call, simultaneously, for expert knowledge 
of the fundamental physics of sound, for the 
specialised equipment of an acoustics laboratory, 
for accurate and reliable instruments and ready 
means of calibrating them against basic standards, 
lor an appreciation of the artistic and functional 
wspects of architecture, for a wide technical know- 
lege of the methods and materials employed in 
modern building, for facilities to construct experi- 
mental buildings, and, finally, though by no means 
least in importance, for the active encouragement 
rhis last 
requisite assumes especial importance in the applica- 
tion of sound-abatement principles to actual build- 
ings on account of the considerable difference in 
scale between a mplete habitable structure of 
the type in which expenditure on noise reduction is 
justified, and the unit structure suitable for experi- 


nd assistance of the building industry 


ments of laboratory type. Moreover, the acoustic 
haracteristics of buildings are found, not unexpec- 
tedly, to be atiected by the workmanship employed 
upon nominally similar classes of construction, so 


ENGINEERING. 
that the final result achieved can often be appraised, 
analysed, and subsequently improved only with the 
collaboration, or at least the permission, of architects 
and contractors. 

All the other requisites for successful research 
are to be found in the combined resources of the 
National Physical Laboratory and the Building 
Research Station. These two establishments, the 
one undertaking all physical measurements, the 
other erecting representative structural components 
and modifying them for test purposes, always with 
an eye to architectural and economical feasibility, 
have jointly carried out a very comprehensive 
series of investigations upon the problems of noise 
with special reference to the most modern forms of 
building construction. The work has been, and, 
in fact, continues, under the general guidance of a 
Joint Advisory Committee on Architectural Acou- 
stics, whose membership is so constituted that the 
pressing needs of the industry, and perhaps more 
especially the noise problems encountered by 
public bodies in the execution of housing schemes, 
have been kept well in the forefront of the experi- 
mental programme. The research, while by no 
means representing finality, has nevertheless reached 
a stage at which a number of broad principles, 
supported by conclusive experiments, can be formu- 
lated for the guidance of builders and architects. 
The excellent report* by Dr. A. H. Davis and the 
late Mr. C. J. Morreau, in which the results of a 
tremendous amount of work are summarised with 
admirable lucidity, can, however, be read with 
interest and advantage by a much wider profes- 
sional public, among whom engineers should figure 
prominently if only because they themselves are 
among the first sufferers, as well as, perhaps, the 
chief sinners, by the creation of noise. 

It is significant of the sound common sense of 
all responsible for this work that the superiority 
of prevention over cure has been fully recognised. 
Far too often buildings are unnecessarily noisy 
simply because they are situated too near to busy 
thoroughfares or factories, and the modern tendency 
to interpose service roads between residential! 
property and traffic routes is a step in the right 
direction. Undoubtedly, however, much more 
effective results could—and, in time, will—b« 
achieved during the initial planning stages of housing 
estates. Even when there is no alternative to 
building in noisy surroundings, a good deal can be 
done by a far-sighted architect in arranging for 
rooms where quiet is particularly desirable to be 
remote from sources of street noise. In _ this 
connection, however, the authors of the report 
have remarked that internal courts or light wells 
can be very noisy indeed as the result of domesti 
sounds intensified by repeated reflection, and they 
recommend, for flat-dwellings, office buildings, and 
the like, a structure of cruciform plan as being pre- 
ferable to the more usual hollow-rectangle even 
though the former style demands a somewhat taller 
building for a specified floor area. The planning 
principle may evidently, with advantage, be carried 
a stage farther within the building itself, by arrang- 
ing living and bedrooms away from external or 
internal sources of noise, by carefully positioning 
lifts, conveyors, pumps and other domestic machi- 
nery, and by attention to plumbing fixtures and the 
routes of service pipes. All these considerations 
appear very obvious, but the actual conditions in 
many expensive modern buildings fully justify 
the view that protective planning and the suppres- 
sion of sound at its sources—at once the cheapest 
and the most effectual means of noise abatement— 
are as yet far from being universally recognised 
or fully exploited. 

Equally, of course, it has to be appreciated that 
quietness is not the sole, nor even the principal, 
criterion of domestic comfort ; that sources of noise, 
both external and internal, may arise to disturb 
the peace of existing buildings ; and that planning 
against noise must often conflict with functional con- 
venience or architectural merit. At the present 
stage of development of public “* noise-mindedness,” 
the vast majority of the acoustic problems in build- 
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ings arise from one or other of these circumstances, 
and they comprise by far the most numerous and 
most technically interesting group of investigations. 
They fall into two main categories, according to 
whether the undesirable noise reaches the building 
via the air, or is applied directly to some part of the 
building fabric as an impact or vibration. The line 
of demarcation, regarded from the standpoint 
of the noise-producing agent, is rarely so definite 
that only one mode of transmission needs considera- 
tion. Indeed, since all sound with rare exceptions 
is generated by solid matter and ultimately air- 
borne to the ear, both categories are generally in 
evidence at the same time. In so far, however, 
as one aspect or the other predominates, experi- 
mental research has demonstrated that the defence 
against the transmission of air-borne sound, and 
that against impact noise, call for different structural 
treatment, although the suppression of undesirable 
sound at its sources remains an important prin- 
ciple in all cases. Thus, the report stresses the 
value of quietly-running, well-balanced machinery 
mounted on resilient foundations, and enumerates 
the desirable speeds of fans and of air flowing in 
ventilating ducts. The suppression of noise in 
sanitary appliances has been a happy hunting ground 
for inventors of streamlined taps and patent ball- 
valves, but the transmission of noise along pipes 
has needed considerable investigation to solve all 
the problems incidental to the simple solution of 
inserting an isolating length of rubber hose in the 
metal pipeline. 

By contrast with the domestic building, the 
commercial or industrial building presents fewer 
opportunities for simple protective planning, since a 
preponderance of the noise demanding treatment 
arises here from uncontrollable external traffic 
and from typewriters, machinery or other sources 
within the occupied rooms. The trouble is aggra- 
vated by reflection from walls, floors and ceilings, 
and an obvious remedial measure is the judicious 
employment of sound absorbent treatments for these 
surfaces, and of the generous use of upholstered 
furnishings. The word judicious is used advisedly 
in this connection since the investigators, now ripe 
in experience of sound absorbents, proprietary and 
otherwise, seem to have discovered how little, 
rather than how much, this type of treatment can 
effect. It is well to be reminded, for example, that 
no amount of absorbent can reduce the loudness 
of noise reaching the ear directly, and that the 
economic limit of such material is soon reached, 
beyond which further treatment is ineffective. All 
the more, on this account, is it valuable to know, 
from the report, that absorbent treatment is 
more advantageous on the ceiling and the upper 
parts of the walls than elsewhere in a room. It is 
equally important to realise that absorbent linings 
must not be regarded as providing insulation against 
the transmission of sound between adjoining rooms. 
The latter problem, in fact, calls essentially for struc- 
tural measures towards which two major lines of 
inquiry have been pursued. Of these, the first 
and most urgent has been concerned with the 
development of walls to provide a large reduction 
of noise relative to the weight of material employed, 
and has led to the general conclusion that double 
partitions with isolated edges offer the most satis- 
factory solution. The first part of this conclusion 
follows almost inevitably from the well-established, 
and now well-known, fact that weight is the primary 
sound-insulating factor in single walls of homo- 
geneous, or even of hollow-tile, construction. 
Less widely appreciated is the importance of isolat 
ing each leaf of a double partition, both from the 
other leaf as well as from the adjoining walls, floor 
and ceiling. The practical difficulty, and implied 
expense, of the optimum form of dual partition have 
prompted experiments upon partitions comprising 
a flexible, plastered facing on each side of timber studs 
and on facings mounted on battens fixed to existing 
walls, both of which forms of construction—though 
more especially the former—have shown good results 
in relation to cost. It is noteworthy, however, 
that while stud partitions are, on the whole, more 
effective than single partitions of the same weight, 
their superiority is largely restricted to sound 
over the higher range of audible frequencies. A 
somewhat analogous effect of frequency occurs in 
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double windows, through which, as the result of 
mechanical and air coupling when the interspace is 
narrow, the transmission of low-frequency sound 
may be greater than through single glazing. The 
importance of windows, especially in modern 
buildings, in relation to noise reduction fully 
justifies the comprehensive study they have received, 
and it marks a considerable achievement that a | 
form of double window has been designed, with | 
absorbent surrounding the interspace, which, when | 
partially open for ventilation, can be as effective 
acoustically as a closed window of single glass. 

The other major line of experimental investi- | 
gation has been devoted to insulation against impact | 
noises, with special reference to the nuisance of | 
footsteps in flat-dwellings where normal thicknesses | 
of concrete or timber floors have been found quite | 
inadequate. The provision by tenants of thick | 
carpets underlain by felt cannot be relied upon | 
and forms an unsuitable floor covering for kitchens, | 
wherein much walking takes place, so that some | 
structural solution of the problem is essential for | 
comfort. From the results now published, it appears | 
to be satisfactorily achieved by certain types of 
floating floor, consisting, for example, of a concrete 
slab 2 in. or 3 in. thick, reinforced with expanded 
metal and carried by the structural floor upon 
distributed pads of rubber so that an air space of 
not less than 1 in. intervenes between the adjacent 
faces of the two floors. Especially good insulation 
can be obtained by the use, in combination with 
such a floating floor, of a suspended false ceiling. 
The latter does not, however, prevent noise created 
on, or reaching, a superimposed structural floor 
from passing to the lower room via the walls. This 
distinction between the functions of the suspended 
ceiling and the isolated floating floor illustrates the 
importance of impeding noise transmission through | 
flanking walls, especially in monobloc construction, | 
where it has been found that sound can be conveyed | 

| 





through the building fabric so efficiently that the 
intensity in rooms as much as 50 ft. away from the 
source is not markedly less than in the next room. 
ividently, also, the transmission of sound by 
flanking walls common to many rooms sets a lower 
limit—often undesirably high—to the loudness level 
that can be achieved by any one group of occupants 
however elaborate the precautions they themselves 
may choose to adopt. 

The systematic examination of this aspect of | 
noise suppression in buildings marks the stage | 
which experimental research has now reached. | 
From the results achieved with partitions and | 
floors, it seems likely that satisfactory overall | 
insulation against noise, including flanking trans- | 
mission, will involve interruptions to the continuity 
of the structure, and promising trials have already 
begun to suggest that complete flats or suites of 
rooms should be built as separate units resiliently 
supported, on the floating floor principle, by the 
main structure. Soundproof building, manifestly, 
is likely to be costly, and it begins to look as 
though anything but a very moderate degree of 
isolation will cost more than many people will! 
consider the amenity is worth. The experimenters, 
to do them justice, fully appreciate the financial 
aspects of the building acoustics problem, and need 
no vindication for their policy of seeking first the 
optimum solution and then modifying it to achieve 
the correct principle more cheaply. To the same 
end, practising architects and builders can evidently 
contribute effectively on the basis of the information 
now so conveniently made available to them, but | 
they will be well advised to proceed cautiously and 
to take advantage of the facilities for technical 
consultation offered by the industrial research 
stations. 








GENERATION OF ELECTRICITY IN NORTHERN IRELAND. 
—The official return furnished by the Ministry of Com- 
merce, Chichester-street, Belfast, shows that 54,170,545 
units of electricity were generated by authorised under- 
takers in Northern Ireland during the quarter ending 
September 30, as compared with 50,476,849 units in the 
corresponding quarter of 1938, representing an increase 
of 3,993,696 units, or 7-9 per cent. The total number of 
units generated during the first nine months of 1939 was 
189,704,317, compared with 171,193,421 units in the corres- 
ponding period of 1938. The difference of 18,510,896 
units corresponds to an increase of 10-8 per cent. 


}in the case of the emergency departments which 


| afford reasonably good reading facilities may be 


| on receipt of an air-raid warning. The continuance 
| of these arrangements, it is pointed out, will depend 


|in these trains is being improved where necessary 
| to a standard adequate on short journeys. 


| intending authors of papers, must be experiencing 
| alluded in his recent presidential address to the 


| Shipbuilders, in finding that many subjects, which 


NOTES. 


Expert oR Non-ExpeErr. 

Tue Government has so much highly important 
work to do at the present time that it is probably 
wise in ignoring much of the criticism that is 
inevitable in a democratic country. The public is 
entitled to some assurance, however, that the 
special financial and other sacrifices, that they are 
valled upon to make, are being justified by a 
reasonable efficiency in administration, especially | 


war conditions involve. Boards, committees and | 
commissions of all kinds are being set up in large 
numbers for controlling all and sundry. To some 
extent this is unavoidable, though doubt will 
always persist whether the policy is not being 
overdone. In any event, there remains the problem 
of how these committees should be constituted and 
what should be the qualifications of the various 
controllers who work under them. The Ministry | 
of Information, as originally constituted, is, of | 
course, the classical example of how not to do it. | 
Everyone is now agreed on this point, one of the | 
most pertinent criticisms being that officials whose | 
duty it is to control news should at least know | 
something about the production of newspapers. | 
The Government accepted this criticism, which was | 
obviously just. Since then they have appointed 
Lord Stamp as their chief economic adviser. This 
appointment, however, has not been received 
with universal enthusiasm on the grounds, inter 
alia, that he knows too much about the subject of 
economics. Sir Archibald Sinclair has, in fact, laid 
down as a general principle that it is a mistake to 
constitute control boards almost entirely of men who 
are engaged in the industries concerned. In cases of 
. department like the Ministry of Shipping, how- 
‘ver, direct Parliamentary representation of which 
advisable, there are obvious advantages in 
appointing as head someone who can speak with 
authority on its behalf in the House, provided 
always that the necessary technical knowledge is 
available, and is properly utilised, in the department 
itself. 


is 


ARTIFICIAL LIGHTING ON TRAINS. 

As recently mentioned, the Ministry of Transport 
has now realised that it is possible to switch off 
the artificial lighting on a great part of the passenger 
rolling stock in use on the railways of this country, 
either from the guard’s compartment or from some 
other control position. As a result, the Minister 
has agreed that, in corridor stock on long-distance 
trains, white lighting of an intensity sufficient to 


installed in the compartments. This concession will 
be accompanied by the conditions that the blinds of 
all compartment windows must be kept drawn 
throughout the black-out period, and that the lights 
shall be extinguished, by means of a master switch, 


on the co-operation of the passengers and especially 
on the observance of certain essential precautions, 
particulars of which will be displayed in the carriages. 
For the moment, the lighting of suburban trains 
is to continue as it is, owing to the frequency 
of the stops and the use of non-corridor rolling 
stock. The matter is, however, we understand, 
being investigated and the Ministry will soon, 
perhaps, learn that much of this stock is made up 
in sets and that its lighting is also controlled from 
the guard’s compartment. Meanwhile, the lighting 


Though 
we are not among those who consider that the risk 
of air raids has passed, we do believe that in this, 
as in so many other cases, too much enthusiasm 
has been displayed. 


THE Nortu-East Coast INsTITUTION OF ENGINEERS 
AND SHIPBUILDERS. 
Many presidents of technical institutions, and 


the difficulty to which Major T. Russell Cairns 


North-East Coast Institution of Engineers and 


| Graduate Section has become the 





might have been discussed, are no longer interesting, | 


while the most interesting topics are those which 
it is not politic to discuss. The difficulty is increased 


| in many border-line cases, owing to the impossibility 


of forecasting the vagaries of the official censorship, 
to which the publications of scientific societies are 
subject equally with the more ephemeral periodicals. 
It is satisfactory to learn, however, that the Council 
of the North-East Coast Institution is prepared to 
face not only these obstacles, but also the deterrent 


| factors of the black-out and of restricted transport 


facilities ; and that, during the session which Major 


| Cairns’ address inaugurated, it will endeavour to 


maintain a programme of actual meetings. These 
are being held earlier, and will be briefer, than has 
been customary, but at least they will enable the 
members to maintain the personal touch with their 
fellows, which is one of the most valuable facilities 
afforded by such gatherings. ‘The example is one 
which we hope to see emulated elsewhere, although 
it must be recognised that circumstances in the 
more extensive industrial areas are not favourable 
to the detailed preparation of papers, or to large 
attendances at their presentation. A partial solu- 
tion may be found in the comment, contained in 
the Council’s annual report for 1938-39, on Dr. 'T. B. 
Morley’s paper on “‘ Some Practical Experiences in 
General Engineering”; a paper “of a type new 
to the Institution in that it dealt with a number of 
unrelated subjects drawn from the author’s experi 
ence.” The Council are considering the possibility 
of further papers of similar character, and this 
proposal also is one which, in present circumstances, 
might be more widely considered. Turning to the 
more domestic aspects of the report, we observe 
that the Tees-side Branch and the tentatively-formed 
Sunderland Branch have received an encouraging 
measure of local support, and that the formal 
establishment of the Sunderland Branch now 
approved. The total membership of the Institution 
was 1,148 at July 31, 1939. A new grade has been 
introduced, that of ‘ Graduate Member,” which 
requires the same qualifications as those for Associ- 
ate-Member and carries equal privileges, but is 
restricted to persons between 25 and 35 years of 
Following upon this arrangement, the existing 
“ Student Sec- 
tion,” and its members, Students. The addition of 
the new grade is the outcome of consideration by 
the Council of means to make membership of the 
Institution more readily available and, by thus 
extending its scope, to confirm its position as the 
representative technical society of the North-East 
Coast shipbuilding and marine-engineering indus- 
tries. It is gratifying to note that its status in this 
respect was recognised during the year by His 
Majesty the King, who has been graciously pleased 
to grant the Institution his Patronage. 


1s 


age. 
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Roap ACCIDENTS AND THE “ BLacKk-OvuT.” 


The House of Commons heard with some astonish- 
ment, last week, that the number of persons reported 
to have died during the month of September, 1939, 
as a result of road accidents, in Great Britain, 
amounted to 1,130, compared with 554 in Septem- 
ber, 1938. Some such figure, however, might have 
been expected. During September, petrol-rationing 
had not come into force and, generally speaking, 
motor vehicles of all kinds were being used without 
restriction and often unnecessarily. It is highly 
probable, indeed almost certain, that the great 
proportion of these accidents occurred at night ; 
and were directly due both to the stringency of the 
“black out ’’ and to the inexperience of drivers 
unaccustomed to the new conditions. In addition, 
during this particular month commercial road 
traffic tended to increase rather than to diminish. 
The Government, we are told, view this increase in 
deaths on the roads with deep concern and it remains 
to be seen whether the position will improve or 
deteriorate during the coming months. In any event, 
the authorities involved can hardly be held blameless. 
The rules with regard to the lighting of motor vehicles 
have not been distinguished either by consistency 
or by knowledge of illuminating science, and the 
problem of providing an effective but not too 
bright or glaring headlight has not been rendered 
easier by an apparent inability to determine what 
end the restrictions are intended to serve. Apart 
from that, little energy seems to have been exhibited 
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by the police in seeing that such regulations as are 
The lights themselves are 
bright and the 
parking on 


in force are carried out. 
either 
very 

the wrong side of the 
unchecked in 
for that 

certain amount of reckless driving ;- 
the 


distribution « 


bright or not enough, 


too 
vehicles 
to continue 


dangerous practice of 
road is allowed 
districts. In the day time, 
night, too, there is still a 
not infrequently 
official label, 
the f which made with 
the The of the 
conditions exhibited by the figures quoted is not 
the streect-lighting restrictions. In 
the best, though the only, 
as the Minister of Transport 


many 
and matter, at 


under cover of a more or less 


has been 


greatest lavishness. improvement 


made easier by 
the 
solution 
has pointed out, for the 

cidents 
by 


meantime, not 
seems to be, 
public to help in securing 
increased 
from the 
tbsolutely 


a reduction in a by -exercising 


care on the 
of motor vehicles after dark, except for 


roads and retraining use 


essential purposes. 


ENGINEERS MILITARY SERVICE. 
mistakes last 


r men with professional qualifica 


IND 


One of 


rRICAI 
the 
was to allow eage 
to enlist in any unit that pleased their fancy. 


made during the wal 


trons 

Thus doctors were found in the artillery and engi 
neers in the cavalry We are, therefore, glad to 
hear that steps have been taken this time to ensure 
that members of all classes of the leading engineering 
wid professional institutions, when called up for 
military services, will be posted to units in which 


their knowledge would be most efficiently employed 


in the national interest and, in the case of graduates 


und students, to units in which the training will be 
to them when the y return to 
the authorities have, we understand, given special 
instructions to that a note 
hould be taken of anyone who comes before. them 


who is a member of such institution, so that posting 


of use ivilian work. 


interviewing officers 


officers will know how the member's service can 
best be utilised Members of any class of the 
Institution of Electrical Engineers have been asked, 
therefore, to mention the fact that they possess 
this qualification when they are being interviewed 
ind to indicate at the same time their desire to 
join one of the technical units, such as the Royal 
Engineers, the Royal Corps of Signals, and the 
Royal Army Ordnance Corps. In order that 
members may be able to give the interviewing 
officer some documentary evidence, the secretary of 


the Institution of Electrical Engineers will be pleased 
to supply members with a letter stating their class 
No doubt, the secretaries of the 
institutions would be prepared to 


of membership. 
other qualityi 
provide similar evidence to their members if requested 


to do so 
Apvisory Researcu Counci. or THE CHEMICAI 
SOCIETY 
The Council of the Chemical Society has formed 


Research Council, the main function of 
to bring to the notice of Fellows of the 


in Advisory 
which will be 
Society, and others engaged in 
subjects for investigation likely to be of potential 
In the first 


chemical research, 


value to the nation at the present time. 


instance, such advice will be made available to 
unremunerated research workers (that is, unre 
munerated as research workers for some specific 


purpose) in universities, colleges and research insti- 


tutions, and to research students in receipt of grants 
not definitely related to any particular topic or in 
regard to which the changed. It is 
hoped to effect liaison Depart 
ind industrial organisations, so that the new 


top can be 


with Government 
ments 
Council may be cognisant of press.ng problems need- 
ing investigation and thus be able to suggest lines of 
research of national value lhe work of the Council, 
it is emphasised, will be strictly confidential and 
made of any research 
Moreover, it will not 


no acknowledgment will be 
undertaken at its suggestion. 
be a function of the Council to exercise control over 
inv research that be undertaken. The field 
to be covered will embrace every branch of pure 


may 


chemistry and will include biochemistry and metal- 
Chemists and industrial and other organisa- 
tions will invited to for 
research, and a list of topics for research considered 
This will 


lurgy. 
be send in suggestions 
of national importance will be drawn up. 
normally be available to those wishing to make use 


of it for the purpose of initiating an investigation. 


ENGINEERING. 


[t is pointed out, however, that the Council may be 
the repository of confidential information, and thus 
desirable broad lines of research may often be sug- 
without the disclosing the 
precedents. The Society hopes that many chemists 
not fully employed on work directly connected with 
the prosecution of the war will make use of the 
services offered by the Council, of which Sir Robert 
Robinson, F.R.S., is the chairman, and Mr. S. E. 
Carr the secretary. The 
21 Fellows of the Society, among whom may be 
Dr. E. F. Armstrong, F.R.S., Dr. C. H. 
Desch, F.R.S., and Professors F. G. Donnan, F.R.S.., 
A. C. G. Egerton, F.R.S., and FE. K. Rideal, F.R.S. 
Inquiries and suggestions may be sent to the general 
secretary of the Chemical Society, Burlington House, 


Piccadilly W.1. 


gested necessity of 


Council is composed of 


mentioned 


London, 








THE REPORT OF THE PACIFIC 
LOCOMOTIVE COMMITTEE. 
(Continued from page £50.) 


We continue below our summary of the Report 
of the Pacific Locomotive Committee. The present in- 
stalment concludes the transcript, slightly abridged, 
of Chapter III of the Report, dealing with “ The 
Disturbing Forces in a Locomotive.” 


The total initial side controlling force on bogie 
or hind truck is the sum of two forces, namely, 
that due to the springs, links or inclined planes, and 
that due to friction. ‘These forces may combine in 
any proportion, according to the design and state 
of \ swing-link bogie, for example, 
will minimum of friction, as there are no 
sliding surfaces; while a 
faced with friction material, can have greater fric- 
tional controlling force than spring force, if a weak 
In the case of laminated springs 
Moreover, 


maintenance. 
have a 
with a cross slide, 


spring is fitted. 
there is also friction between the plates. 
the amount of friction present will vary with the 
of lubrication of the sliding surfaces. 


state 
So far as initial control is concerned, it is of 
little consequence whether force is provided by 


spring or friction, or any combination of the two. 
As side displacement takes place, 
however, such frictional exists will add 
itself to.the spring control for outward movement ; 
but it will be subtracted from the spring load on the 
return, and in extreme cases, if friction is high and 
the spring weak, external work will actually have 
to be done on the bogie to restore it to its central 
position. This is very undesirable on curves, since 
high leading-coupled flange forces may result, from 
the virtual cancellation of the controlling force 
While some degree of 


so00n as any 


fi ree as 


in the direction. 
friction is inevitable, it is necessary, therefore, 
to keep it to a relatively low value. High friction 
and low spring control will give high coupled-wheel 
flange pressures on curves ; high spring control and 
low friction, while giving the controlling 
effect on the straight, will also assist in taking some 
of the load off the leading coupled flanges on curves. 
It is important, in any given design, that the coeffi- 
cient of friction between the sliding parts should be 
between limits. 
not apply. should 


return 


same 


remain close 


would 


known, and should 
The comments 
damping devices be used which are free from friction. 
It has been pointed out that a limited controlling 
force, acting through an arm which is longer than 
that of the coupled-wheel can efticiently 
control both ends of the engine, and can _ replace 
high flange pressure between the coupled wheel 
and the rail by well-defined forces applied at the 
bogie and hind-truck flanges. The value of these 
forces for a new design should be determined experi- 
mentally, in order to pressure 
between the coupled-wheel flanges and the rail. 
Alternatively, these forces can be calculated from 
those existing on some former engine, which is known 
to low pressures. The values obtained 
should be checked by experiment after the new 
engine has been running. This will give the most 
reliable initial value of the control. 
When running at high speed on a 
displacement of both bogie and hind truck occurs, 
and the engine is in equilibrium under the action 


One is given by the action of 


above 


base, 


avoid excessive 


80 


exert 


curve, side 


of three moments. 
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the bogie control; another, of opposite direction, 
is given by the hind-truck control ; and the third, 
in the same sense as the latter, arises from the 
natural tendency of the engine to follow a tangential 
course, due to centrifugal force. When the bogie 
side control balances the sum of the hind truck and 
centrifugal reactions, the movement of the engine 
round a curve will be similar to that of an engine 
without a bogie, on the straight ; it results in heavy 
flange forces at the leading coupled wheels. Again, 
if the spring control of the bogie is of greater value, 
but is not strong enough to avoid such high forces, 
the whole mass of the engine will be turned in a 
pivotal and jerky manner towards the inside of the 
curve, when track irregularities are present. 

From the foregoing, we have shown how to 
determine the initial control. It is now necessary 
to ensure that the bogie control, at maximum 
displacement, does not exceed a certain percentage 
of the vertical load on the track. On very good 
track this figure may, according to the French experi- 
ments already mentioned,* attain 70 per cent. of 
the vertical load, but it is not advisable to exceed 
40 per cent. Owing to the necessity for limiting 
the final control, it is important to keep the maxi- 
mum side play of the bogie as small as possible, 
consistent with free passage round the sharpest 
curve. It is necessary to conduct final tests, using 
flange recorders, to verify the chosen values ; and 
in carrying these out, care should be taken, not to 
vary more than one factor at a time. For example, 
each set of variations of the bogie spring control 
must be made with the same setting of hind-truck 
control. It should be noted that any variation 
in the strength of the hind-truck control has the 
same effect on the behaviour of the engine as an 
opposite variation applied to the bogie control, 
so far as curves are concerned. Methods of carrying 
out tests, and recommendations in this respect, are 
given elsewhere in the Report. 

In order to limit nosing movement, it is necessary 
to introduce some degree of lateral control at the 
front end of the engine, as far as possible from the 
centre of gravity. This control up a force 
which the nosing movement when the 
frame is deflected from its central position. The 
value of the resulting moment must have a certain 
relation to the moment of inertia of the engine. 
Assuming, for example, that the initial control on 
the standard B.E.S.A. type of 4-6-0 engine is 
satisfactory at high speeds on existing track, it 
should be possible to determine the value of the 
side control on the XB class, to ensure equally satis- 
factory flange forces. 

For the 4-6-0 type of engine, let I 
of inertia in ton-feet, about a vertical axis passing 
through the centre of gravity; d= the distance, 
in feet, between the centre of gravity and the 
centre of the bogie pin ; F = the initial compression, 
in tons, in the bogie side-control springs ; P = the 
vertical load on the bogie, in tons; and f = the 
coefficient of friction of the bogie slides. Also, let 


sets 


opposes 


the moment 


[I', d', F', P', and f, be the corresponding values 
for the XB class. The centring force, resisting 


initial displacement, is made up of spring and friction 
forces, the value in the case of the 4-6-0 type being 
(F + Pf), and, in the case of the 4-6-2 type, 
(FE! P'/). We can now set down an equation 
for the moment of the centring force about the 
centre of gravity of the engine ; this is proportional 
to the longitudinal moment of inertia of the engine 
about a vertical axis. 
The equation takes the form : 
(F Pfjd (FE! Pf) d 
I I! , 
whence 
(F Pf) Ud 
Id 

75 ton, P 18-5 tons, and 
0-1 (for lubricated slides) ; 
I 3,477 ton-ft., and d = 12 ft. 7} in.; and [' 
6,542 ton-ft., and d 14 ft. 7 in.; therefore, the 
total resistance to displacements at the bogie 
of the 4-6-2 type is (F! + 1°8) tons 

f dais , 6,042 

5, (0-75 1-85) —* 

u 3,477 


4-25 tons 


(F + P¥f) 


Assuming that F = 0- 
P'— 18-0 tons: f 


9.@n) 
12-65 ° tons 


14-6 J 


* See page 449, ante. 
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Thus, the value of the total force resisting initial 
displacement is 2-6 tons in the case of the 4-6-0 
engine, made up of 0-75 ton spring and 1-85 tons 
friction ; while the corresponding value for the 
XB engine is 4-25 tons, made up of 2-45 tons spring 
and 1-8 tons friction. This calculation assumes 
that the XB, like the 4-6-0 engine, has no controlling 
force acting at the rear. A Pacific, however, has a 
trailing truck which also offers resistance to lateral 
movement, either in the form of a control spring 
(or inclined planes) plus the friction of the sliding 


surfaces, or in the form of friction only, as in the | 


case of a trailing radial axlebox with flat slides. 

If a Pacific engine is oscillating on straight track, 
compression of (say) a left-hand bogie-control spring 
will coincide with compression of a right-hand truck 
spring, as the centre line of the engine forms an 
angle with the centre line of the track. The resist- 
ance offered by both springs, as well as that due to 
friction in all the slides, will add together and tend 
to keep the engine straight on the track. On the 
other hand, on entering a right-hand curve, the 
left-hand bogie spring will be compressed as before, 
but in this case it is the left-hand truck spring which 
will be compressed, and the latter is tending to turn 
the engine in the opposite direction to the former. 
The side control on the track is thus in opposition 
to that on the bogie and, in such circumstances, to 
allow the bogie on a 4-6-2 engine to have the same 
effective controlling action as on a 4-6-0, it is 
necessary to increase the value of the moment 
due to the bogie control by the corresponding 
opposing moment due to the truck. For instance, 
we may assume that there is an initial control on 
the trailing truck of 2-5 tons, which may be made 
up of spring plus friction, or all friction, according 
to the design of truck ; also that the arm at which 

his force acts is 15 ft. 4 in. from the engine’s centre 
of gravity. 

Correcting this in proportion to the length of arm 
from centre of gravity to bogie centre, we obtain 
a value of 

2-5 x 15-33 

~ 14:58 
The total initial control of the bogie, therefore, 
should be 4-25 + 2-63 = 6-88 tons; but, of this 
force, 1-8 tons arises from the friction of the bogie 
slides under a vertical load of 18 tons. The value 
of the initial spring control given to the Pacific 
engine, therefore, should be 6-88 — 1-8 = 5-08 
tons, in order to provide a sufficient degree of control 
on curved as well as on straight track. 

As already indicated, the bogie control at final 
displacement should not exceed 40 per cent. of the 
vertical load on the rails. For the XB class, this is 
40 per cent. of 22-6 tons = 9 tons total, or a final 
spring tension of 9 — 1-8 = 7-2 tons. Therefore, 
for this class of engine, the bogie control should be, 
say, initial, 5 tons ; final, 7 tons. Similarly, assuming 
a coefficient of friction of 0-1, the figures worked 


= 2-63 tons. 


out in the same manner for XA and XC engines are, | 


respectively, initial, 3} tons and final, 5 tons; 
and initial, 5} tons, and final, 7 tons. 

The above shows how the amount of side control 
may be determined in principle, based on the known 
value for a 4-6-0 engine ; but detailed adjustments 
should be made in these values, or alternatively, 
in the amount of hind-truck side control, when the 
spacing of the truck from the adjacent coupled axis 
is varied from the standard. The preceding dis- 
cussion shows clearly that, by increasing the arm 
of the moment of the centring force at the rear 
(for example, by increasing the distance between 
the hind truck and the trailing wheel, or by 
increasing the inclination of the Cartazzi slides), 
the initial controlling effect of the bogie on curves 
will be weakened. It must not be forgotten that 
damping of the nosing movement, by friction on 
the slides, can, in certain circumstances, especially 
on the straight, improve the riding as observed 
on the footplate. ‘Lhis, however, represents only 
that part of the oscillation of an engine which relates 
to movement, and does not necessarily give any 
indication of the magnitude of the forces which 
arise from the reactions between wheels and rails. 

In addition to the foregoing, certain other features 
of design have to be considered. These are (a) the 
positions of the bearing springs; (b) the length 
of bearing-spring links; and (c) the nature of the 


connection between the engine and tender. Consider- 
ing item (a): when the springs are below the axle- 
boxes, when the links are in tension, and when lateral 
displacement occurs of the frame in relation to the 
axle, the spring and its links are inclined in the same 
direction. The full length of the link is then effec- 
tive in exerting a centring force to return the frame 
to its normal position. In such a case, the spring 
is mounted in stable equilibrium. When, on the 
contrary, the springs are above the axleboxes, 





they are mounted in unstable equilibrium, because, 
when the frame is deflected from its normal position, 
| the spring has a natural tendency to capsize, even 
|if it is guided. This capsizing tendency has the 
effect of reducing the inclination of the link, which, 
in turn, reduces the centring force. It should be 
noted that, if the lateral play between the axlebox 
and the guides is small, there is, theoretically, 
little difference between the two methods of 
suspension. 

The effect of mounting the springs above the 
axleboxes is made worse in proportion as the spring 
camber and the length of the links are made greater. 
In these circumstances, there is a tendency for the 


with a definite pressure on one side or the other. 
This may give rise to undue lateral wear in the 
guides and boxes, the clearance increasing in a 
cumulative manner. Moreover, the heavy unre- 
lieved side pressure on the guides, which sets up 
friction in a vertical direction, can prevent the 
free rolling movement of the spring-borne mass 
of the engine, and may give rise to further unloading 
of the wheels. Generally speaking, and for the 
reasons mentioned above, we recommend that 
unstable arrangements be avoided for springs, links, 
and compensating gear, in the case of new designs. 
On the other hand, it must be recognised that 
there are many thousands of engines in the world 
with overhead spring gear, and there are often 
sound practical reasons which will justify its use. 
When well designed, the actual practical drawbacks 
}are hardly noticeable, and in view of this there 
|can rarely be any justification for reconstructing 
an existing engine to obtain an underhung spring 
position. 

(b) A locomotive is suspended at the ends of its 
spring links in the same manner as a pendulum. 
For a given transverse displacement, the centring 
force is inversely proportional to the length of the 
links, while the period of oscillation is proportional 
to the square root of the same length. Therefore, 
for a given side play in the axleboxes, a main frame 
suspended by long links will remain out of centre 
for a longer time than it would if short links were 
used. For the same reason, the side pressure of the 
guides against the axleboxes will be greater with 
long links, because of the lower value of the centring 
force. 

If a blow occurs between rail and wheel when the 
edges of the guides are in contact with the axleboxes, 
as frequently happens with long links, the blow 
will not be reduced by any vertical component due 
to the inclination of the links, and the frame will 
move from side to side with alternate blows, the 
intensity of which increases in proportion to the 
side play. With short links, on the contrary, the 
movement will be rapidly damped out, and the 
frame will be more readily maintained in the central 
position in the guides. It is clear that if there is 
any side play between boxes and guides on a new 
engine (and some such play is essential), the increase 
in the side play by wear will tend to be greater 
with long links than with short. As in the case of 
springs, the relative effect of long links is limited, 
within the working side clearances ; whereas a short 
spring link is recommended for new construction, the 
suppression of long links, where they exist, can 
hardly be justified by practical considerations. 

(c) If an engine is able to run with satisfactory 
stability on both straight and curved track, exerting 


vehicle and there is no need for anything but an 
articulated link to connect it to its tender. On the 
other hand, as few engines attain perfect stability, 
it will be noted that, in most designs, some attempt 
has been made to tie up the engine with its tender, 
so that the inertia of the one may be used to damp 





out the oscillations of the other, depending on their 


axlebox guides to lean over against the axlebox, | 


minimum flange forces, it is self-sufficient as a/| P 


| relative natural stability. This is usually obtained 
| by some form of spring side buffer and, on the 
| straight, this form of connection has the effect of 
lengthening the virtual wheelbase. 
| On curves, the effect of intermediate buffers 
| differs according to the particular arrangement. 
If the buffers are equalised, so that they both con- 
tinue to exert the same force on the buffer beam 
on both sides of the horizontal centre line, the only 
force transmitted to the chassis of the engine is that 
due to frictional resistance, depending on the strength 
of the buffing spring and on the coefficient of friction 
| between the buffer head and the beam. In some 
| designs the buffer heads work on inclined planes. 
The buffers always try to centre themselves in the 
Vee formed by the inclined planes and, in conse- 
quence, tend to equalise the throw-over of the 
back end of the engine and the front of the tender. 
As the throw-over of the former is usually greater 
| than the latter, there is, in consequence, a centring 
force which tends to move the rear of the chassis 
of the engine towards the inside rail, i.e., in the same 
direction as the trailing-truck side control is acting, 
and in opposition to the bogie control on a curve. 
Where the tender is of six-wheel type, or of bogie- 
type without any provision for side displacement, 
and where the engine is of the Pacific type, with a 
long overhang behind the trailing coupled wheels, 
the engine throw-over is bound to exceed consider- 
ably that of the tender. In these circumstances, 
the centring force, which arises from the buffers 
riding up the inclined planes, will try to move the 
back end of the engine, and therefore, the front 
of the tender, over towards the outside rail. Further 
movement will be prevented when the leading 
tender wheel bears hard against the outside rail. 
In consequence, there will be a tendency to undue 
flange wear on these wheels on curves. In practice, 
it is impossible to set the inclined planes at a steep 
angle, and, in view of the small degree of inclination 
which is provided, neither the centring effect on the 
engine nor the additional flange forces on the 
tender wheels are of great magnitude. If, on the 
other hand, the buffer springs, on each side of the 
horizontal centre line, are independent of one 
| another, the buffer above the inner rail on a curve 
| will be compressed, and a force will be exerted 
|on the back end of the engine, tending to rotate 
| its front end towards the outer rail. This will also 
| act against the bogie control spring and, in order 
to counteract it on curves, the strength of the bogie 
control will have to be increased for a given leading 
coupled-wheel flange force. 


(To be continued.) 














PRIORITY OF SUPPLIES FOR 
NATIONAL PURPOSES. 


WE have received from the Central Priority Depart- 
ment of the Ministry of Supply, The Adelphi, Strand, 
London, W.C.2, a memorandum in which are set out 
the principles governing the system of priority in 
regard to supplies for national purposes. The memor- 
andum, it is stated, constitutes an amplification of 
the Priority of Works Order, 1939, No. 1080, and, in 
the first paragraph, it is laid down that, in the field of 
manufacture and supply, the national effort must 
now be directed, firstly, to the equipping and mainten- 
ance of the armed forces ; secondly, to the maintenance 
of essential national services; and, thirdly, to the 
maintenance of sufficient export trade, to produce 
enough foreign exchange, and also to the maintenance, 
as far as possible, of our internal trade. The memoran- 
dum goes on to state that if would be impossible, even 
if it were considered desirable, to lay down a hard and 
fast order in which these three requirements should 
be met because they are all required to bring the war 
to a successful conclusion. As regards the direct 
requirements of the Government, in the immediate 
future, the available industrial capacity has to a large 
extent been surveyed and the output of certain firms 
has, with their agreement, been allocated between 
Departments. This is a framework on which to place 
resent orders, but additional capacity is required, 





and it is intended to continue the practice of allocating 
capacity in suitable cases. Firms will be informed 
of allocations when made, and those firms whose 
capacity is allocated should be able to rely upon as 
long # run as possible of a particular product or products 
and so avoid the waste of effort entailed in changing 
from one line of production to another. 

There has been a good deal of misapprehension 
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in regard to the issue of priority certificates which, it 
is pointed out, may be due to the fact that, in 
1917-1918, a priority certificate was usually required 
before any work could be done or materials obtained. 
If priority certificates become necessary during the 
present war, the system under which principal and 
subsidiary priority certificates are to be issued and the 
classes into which priority orders are to be divided are 
those set out in the Priority of Work Order, 1939, 
No. 1080. This general system of priority, however, 
has not yet become necessary, and it is not at present 
intended to issue priority certificates on any substantial 
scale because a general issue now, on the scale obtaining 
during the last war, would merely lead to delay and 
tend to upset the even flow of production which is 
essential for the efficient prosecution of the war. To 
the extent that the system of granting priority certifi- 
cates under the Priority of Work Order, 1939, Septem- 
ber 3, 1939, is brought into operation, the only autho- 
rities who will be empowered to issue them are the 
Government Departments concerned. No other certi- 
ficates or directions purporting to be of a “ Priority” 
nature can be properly issued or legally enforced. 

The supply of raw material is in some instances under 
control, and particulars of the various controls already 
set up are obtainable from the Ministry of Supply. 
There is no general shortage of raw materials, and if 
firms have any difficulty in this direction they should 
apply to the appropriate control for assistance. Con- 
trollers have been instructed to give preference to the 
allocation of materials where reasonable information 
can be provided to show that the materials are needed 
for Government work or for work on essential national 
services. 

The memorandum concludes with a general summing 
up, consisting of three main points, which it is consi- 
dered may be of assistance as a very broad guide when 
taken in conjunction with the foregoing observations. 
It ia pointed out, in the first place, that other things 
being equal, orders should be carried out in the order 
in which they are received. Secondly, difficulties in 
regard to raw material should be referred to the Con- 
troller concerned. In the third and final point, it is 
emphasised that priority certificates having legal force 
will only be issued when necessary, by order, under the 
direction of the Government I epartment concerned. 
The appropriate department will be that placing the 
order under execution (or the main contract from 
which a sub-contract has been derived) or the depart 
ment generally responsible for the particular industry 
or service concerned. As an example, the appropriate 
department in the case of work or material for the 
export trade will be the Board of Trade. 


THE NATIONAL CENTRAL LIBRARY. 


rue service which is rendered by the National 
Central Library has become of additional value and 
importance under the abnormal conditions now ruling 
rhe essential purpose of this library is to serve as the 
ulministrative centre of the system of library co 
operation which is in operation in the British Isles, 


ind by means of which all persons requiring books for 
can obtain them through their local 
or through university or other libraries. 


ANY serious purpose 
public library 


Che 


Reg ion il 


is divided into a series of what are called 
Library Systems, 
group of neighbouring counties 


country 


each system covering a 
In each system there 
is & Regional Bureau at which a union catalogue of the 
non-tiction books in all the libraries in the area has been 
compiled, or is being compiled. The National Central 
Library is the centre from which the inter-lending of 
books the 
is in process of compiling a 
which ultimately 
books in the 


union catalogues in 


between various libraries is operated. It 
national catalogue 
as a guide to the available 
Systems. The entries in the 
the National Central Library 
amount to 2,696,000, but actually the library can draw 
on 21,399,200 books rhis figure includes its own stock 
of 161,000 trom which 46.715 were loaned to 
other libraries in the administrative year ending 
February 28,1939. Although the present income of the 
Library. which amounts to 13,5341. a -vear, is insufficient 
to enable it to « arry on its services to the full extent 
desirable, the system it is operating is now developed 
to the stage that practically any kind of serious litera- 
ture can be obtained on loan, 

Under present conditions, this national library service 
will not only continue to be of great value to those who 
need books for general purposes, but will be of the utmost 
importance to Government Departments, and organi- 
sations and individuals of all kinds requiring special 
literature in connection with work of national value. 
Che National Central Library is giving priority to the 
latter type of service. In tracing material for persons 
or organisations engaged in research on armaments, 
chemicals, food-stuils, medicine, etc., it will be per- 
forming a service the lack of which proved a serious 
drawback in the last war. In spite, however, of this 


union 
will serve 
Regional 


books. 


ENGIN 


EERI 


N G. 





special service which the library is giving, its important 
assistance to the normal work of the nation is being 
continued. In addition to helping to maintain our 
manufacturing industries it will also continue to help 
to maintain the spiritual and intellectual life of the 
nation in this period of difficulty. Most of the important 
libraries having material of research value are already 
associated with the National Central Library, and it is 
particularly to be hoped that any which are not making 
their records available to outside workers will endeavour 
to do so by getting in touch with the National Central 
Library. 

Owing to the risk of the destruction of property at 
the London headquarters of the National Central 
Library, at Market Place, W.C.1, all the union cata- 
logues, as well as irreplaceable or scarce bibliographical 
material, have been removed to Hemel Hempstead, 
the non-bibliographical books remaining at head- 
quarters. All applications for books or bibliographical 
information should be made through the inquirer’s 
local library, but correspondence on any other subject 
should be addressed to the National Central Library, 
Bourne Lodge, Bourne End, Hemel Hempstead, Herts. 
In cases of difficulty the librarian will gladly give 
information about the source from which books may 
be obtained on loan. 








HIGH-SPEED DRILLING MACHINE 
FOR SMALL HOLES. 


Tue drilling of the minute holes required in the 
injection nozzles of compression-ignition engines 
becomes increasingly difficult as the diameter of the 
hole is decreased, this reduction of diameter accom- 














panying the development of certain types of nozzle 
in order to secure finer atomisation. A good deal of 
research work on such nozzles has been recently carried 
out by an Italian engineer, Mr. Antonio Peppino 
Castellini, 64, Grafton-way, London, W.1, in the course 
of which work he found it necessary to construct a 
special type of drilling machine. Of this machine, 
as it embodies some interesting features, we give a 
brief description and a view of it in the accompanying 
illustration. Without going into details of the nozzle 
in which a hole had to be drilled, it may be said that 
the injection pressure is 240 atmospheres, i.e., about 
3,400 lb. per square inch, and the diameter of the holes 
is 0-04 mm., #.e., 0-001576 in. The hole does not lie 
on the axis of the nozzle, but is displaced therefrom 
by about half its diameter. It is continued, moreover, 
through a rotatable cap so that the amount of opening 
can varied, by displacement of the cap hole, 
between full bore and zero. This double drilling, 
through two thicknesses of very hard bronze or steel, 
of such a very small hole naturally called for great 
precision, but the machine now to be described has, 
we understand, met all the exacting conditions imposed 
with complete success. 

At first sight, the machine may be taken for a modi- 
fied type of the ordinary sensitive drill. Such, however, 


be 
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is not the case; almost every part differs from con- 
ventional types. In the first place, it will be recognised 
that the rotational speed, which may run to some 
thousands of revolutions per minute, must be infinitely 
variable and torsional vibration must not occur. 
A drive through toothed gears is therefore impracticable ; 
neither does a belt drive fully meet requirements. A 
solution was found in the friction drive seen at the 
top of the illustration. The horizontal cylinder 
contains a small variable-speed motor arranged so 
that it can be traversed axially along it. The motor 
spindle carries a small rubber-tyred roller which 
bears on the horizontal dise seen attached to the top 
of the drill spindle. Traverse of the pulley from the 
centre of the disc to its circumference, therefore, 
increases the speed of the spindle from zero to the 
maximum. The lever seen to the left near the disc 
and working over a graduated quadrant, effects the 
traverse of the motor and thus regulates the spindle 
speed. Though the drive admits of speed variation 
in infinitely small steps, the quadrant graduations, 
in conjunction with a liquid rheostat in the motor 
circuit, affords a sufficiently fine degree of control. 
The rheostat is set by the small lever, looking not 
unlike a tumbler switch, seen to the right of the illus- 
tration. As the rotating parts are quite symmetrical, 
a satisfactory running balance is obtained. 

One of the difficulties in using the needle-like bits 
necessary for drilling very small holes has hitherto 
been to get them exactly axial with the spindle and 
truly vertical, the slightest initial displacement of the 
point being increased at once by the centrifugal force 
due to the very high speeds employed, such high speeds 
being, of course, a necessary concomitant of the small 
cutting area of the bit point. Mr. Castellini has ingeni- 
ously overcome this difficulty by abandoning any form 
of collet which needs rigid attachment to the spindle. 
Instead, he has adopted what is virtually a hydraulic 
coupling between collet and spindle, the fluid employed 
being petroleum. The drive is transmitted by a com- 
bination of the centrifugal force of the fluid and its 
viscosity. The bit thus floats relatively to the spindle 
and can readily adjust itself to the correct alignment. 
The coupling is free to move vertically relatively to the 
spindle, the feed pressure being applied to it and not 
to the spindle. A second difficulty with the ordinary 
type of collet is that, should either a hard spot or some 
porosity be encountered in the path of the bit point, 
the resultant alteration in the resistance causes the 
drill to snap, since the change cannot be felt on the 
hand lever. The hydraulic collet, on the other hand, 
slips when such an obstruction, occurs and there is 
plenty of time, after it has been observed that the 
bit is no longer rotating, to stop the machine and 
remove it. The drilling operation is watched through 
the microscope seen to the left, the drill being illumi- 
nated by the electric lamp on the right, both microscope 
and lamp being capable of universal adjustment. 

As already stated, the drill collet floats on the 
spindle, so it will be obvious that the feed pressure is 
applied to the former and not to the latter. This 
pressure is effected by means of ring weights placed 
on the hydraulic coupling and the feed is, therefore, 
almost entirely due to gravity. It is not wholly so, 
as the coupling itself exerts a slight downward thrust 
as the spindle speeds up. The whole control is of a 
nature exactly suited to the delicate drill bits. The 
speed of the drill on commencing a bore must be slow 
and the pressure light, conditions which must also 
obtain when the drill breaks through the metal being 
bored. The speed is precisely controllable by the 
friction drive and the pressure by adding or removing 
rings as required. It will be clear that for any given 
set of rings the pressure remains constant, a desirable 
condition not obtainable in the ordinary sensitive 
drill, since unconscious muscular movements very often 
affect the feed pressure in a lever-operated drill. A 
tabular statement enables the rings to be selected in 
accordance with the diameter of the bit when holes 
of different diameter from that mentioned above have 
to be drilled. The feed pressure and the rotational 
speed must be exactly related, since a high speed and 
low pressure simply means the grinding away of the drill 
point, while a low speed and high pressure results in 
broken drills. The system adopted enables this relation 
to be secured easily and with certainty. The two 
paddle-ended levers seen in the centre of the illustration 
have nothing to do with the feed as such. They 
both operate a steady rest by which the bit can be 
guided, the top lever giving vertical traverse to the 
steady rest and the bottom lever giving it transverse 
motion. Both levers are within easy reach of the 
operator while he is watching the drill through the 
microscope. The work table is seen below the micros- 
cope. A micrometer device, not shown in the illus- 
tration, is used to set the nozzle so that the hole is drilled 
off the centre as required by the design of the nozzle. 
It will be admitted, we think that Mr. Castellini has 
produced a novel and practical machine tool for the 
normally tedious, and generally exasperating, operation 
of drilling very small holes. 
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THE LATE SIR WILLIAM POPE. 


WE note with regret the death of Sir William Pope, 
K.B.E., F.R.S., which occurred at his home in West- 
road, Cambridge, on October 17. William Jackson 
Pope, who had been Professor of Chemistry and 
Director of the Chemical Laboratories of the University 
of Cambridge since 1908, was the son of a London 
business man and was born in that city on March 31, 
1870. He received his general education at Cowper- 
street Endowed Schools, Finsbury, and subsequently 
entered Finsbury Technical College, where he was 
one of the first students to study chemistry under the 
late Professor Armstrong. In 1887, he accompanied 
Professor Armstrong to the Central Technical College, 
Exhibition-road, South Kensington, now known as the 
City and Guilds Engineering College. On completing his 
course, he remained at the College as assistant lecturer 
and conducted a number of important researches on 
the chemistry of camphor, on matters connected with 
crystallography, and on other subjects. In 1897, 
Pope was appointed head of the Chemistry Department 
of the Goldsmiths’ Institute (later Goldsmiths’ College), 
New Cross, London, 8.E., and continued in this capacity 
for four years. In 19.1 he was made Professor of 
Chemistry and head of the Chemistry Department 
at the Municipal College of Technology, Manchester, 
and, in 1905, was also appointed Professor of Chemistry 
in the University of Manchester. 

In 1908, he proceeded to Cambridge to take up the 
position of Professor of Chemistry, his activities 
were almost entirely devoted to scientific research. 
He did a great deal of pioneer work in connection 
with the preparation of optically-active compounds, 
and, subsequently, in recognition of his work on 
the direct synthesis of mustard gas, during the war 
of 1914-1918, he was made a K.B.E. in 1919. Sir 
William was the recipient of many other honours, 
among them being the award of the Longstaff Medal 
by the Chemical Society in 1903; the Davy Medal 
by the Royal Society in 1914; the Dumas Medal 
by the Société de Chimie Industrielle in 1921, and 
the Messe] Medal by the Society of Chemical Industry 
in 1932. In addition to the degrees of M.A. (Cantab.) 
and M.Sc. Tech. (Manc.), he was awarded the honorary 
degree of LL.D. by the Universities of St. Andrews 
and McGill, the honorary degree of D.Sc. by the 
Universities of Melbourne and Calcutta, and the 
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| and not what it cost. He was a most s icovessful sales- 
| man and it was often necessary for him to work all 
day at Coventry, travel all night, spend the next day 
| interviewing clients, and having obtained their samples 
and a knowledge of their requirements, return to 
Coventry the next night. For some time past, however, 
he had felt the burden of age and had gradually relin- 
quished much of the work he had carried on for so long. 


POWER APPLICATIONS. 
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THRUSTOR FOR SMALL POWER 
APPLICATIONS. 


Tue new type of electro-hydraulic thrustor which 
| has been introduced by Messrs. The British Thomson- 
| Houston Company, Limited, Rugby, is designed for 
loads requiring a relatively small thrust of not more 
than 40 lb. through a 2-in. stroke. The device, illus- 
| trated in Figs. 1 and 2, is applicable where the previous 
} smallest size of thrustor, rated at 75 lb. through 
a 2-in. stroke, is unsuitable because of its physical 
size. The small output required from the new thrustor 

has permitted the adoption of a new and simplified 
| design which has reduced manufacturing costs. This 
design is shown in section in Fig. 2, from which it will 
| be seen that the number of parts has been reduced to a 
minimum by dispensing with the usual push rods and 
crossbar, and by building the motor end shield in one 
casting with the piston, the pressure from the piston 
| being transferred to the top clevis through the motor 
casing. In the illustration, the motor stator a carries 
|the top end shield 6, and the top connecting lug 
|c is cast solid with this. The lower end of the stator 
shell is located in the end shield d and the piston e is 
cast in one piece with this end shield. The piston slides 
|in the tank f and the bottom of the tank g carries 
| the lower mounting clevis. The impeller h is mounted 
| at the lower end of the motor shaft and generates a 
| pressure below the piston when the motor is running. 
|The piston and the complete motor are, therefore, 
forced upwards, the impeller pumping the oil from the 
| top to the bottom of the piston until the upper limit 
of travel is reached. If the motor is still energised, 
| the impeller will maintain a pressure below the piston 
|so that the latter is maintained in the top position. 
| The cover i prevents dirt from falling into the tank 
|and, at the same time, allows free movement of air 
| inside the tank as the piston rises or falls. 
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degree of Doctor honoris causa by the University of | 
Brussels. Sir William was a Fellow of the Royal | LETTER TO THE EDITOR. 
Society, and also of the City and Guilds of London | so 

Institute, the Institute of Chemistry, Sidney Sussex| VANE-WHEEL ERODER FOR INDIAN 
College, Cambridge, and the Imperial College of | RIVERS 

Science and Technology, London. He served as} y 

President of the Society of Chemical Industry in 1920- | To tHe Eprror or ENGINEERING. 

21, of the International Union for Pure and Applied) gip—With reference to Messrs. Wills’ comments, in 
Chemistry from 1922-25, and of the Solvay Chemical your issue of the 13th, on my remarks concerning the 
efficiency of jet erosion, their statement that “ effective 


Conference, Brussels, from 1922 to 1936. 
| hydraulic erosion can be carried out at distances of 
| 20 ft. to 25 ft. from the jet orifice” is not complete 
| unless they define the word “ effective.” 
THE LATE MR. O. HARMER. I am far from suggesting that no erosion at all can 
ENGINEERS in this country and many other parts! be produced at such distances, provided that the bed 
of the world will learn with regret of the recent | material is fine and loose, since such disturbance may 
death, after a long illness, of Mr. Oscar Harmer, who be seen in any muddy harbour as the result of the cur- 
was for many years a director of Messrs. Alfred Herbert, | rents generated by ships’ propellers. On the other 
Limited, machine-tool makers, Coventry. Mr. Harmer, | hand, I am convinced, both by practical tests and 
who was in his ninetieth year, had spent his early life | mechanical principles, that this is not an efficient 
in the United States, where he worked for a number of | manner to do the work and that, unless the jets can 
leading engineering firms engaged in the manufacture | be lowered down to the bed, much of the energy is 
of machine tools. He came to this country to install | given to the water instead of to the bed. If a hose 
automatic machinery for the production of finished | be played upon a flower-bed it will be seen that no 
nails from coils of wire at the Capewell Horse Nail Com- | important disturbance of the soil takes place until the 
pany’s Works, at Millwall, London, E., and remained | hose practically touches the material and at a distance 
as manager of the plant for some time. He afterwards | of 20 ft. from the nozzle the stream is perceptibly 
joined Messrs. Babcock and Wilcox, then installed at | broken by the air resistance. If this be so in air, 
Kilbowie, and, we believe, was largely responsible | how much more will it not be in water? Jets for mud 
for the design and equipment of the firm’s new works | erosion need extremely high velocities and the resistance 
at Renfrew. Among other work, he designed a number | of the surrounding water to such a high-velocity jet 
of special machines for the manufacture of component | will necessarily be great. In addition, every time the 
parts of the Baleyock and Wilcox boiler. In January, | jet is moved a fresh deep cushion of relatively undis- 
1897, at the invitation of Sir Alfred Herbert, Mr. | turbed water is interposed between the jet and the soil 
Harmer joined the firm of Messrs. Alfred Herbert, | and the inertia of this water has to be overcome. If 
Limited, Coventry, and subsequently became a director. | the stream is moving this cushion effect is continuous. 
In an appreciation of his old friend, written at the| As to the relative economy of jet dredging to other 
request of our contemporary, Machinery, Sir Alfred | forms of dredging, the true test is the horse-power hours 
states that one of Harmer’s first undertakings for his | per cubic yard of material removed. Given a stream 
new employers was the building of a new foundry at | capable of carrying away the bed material once it has 
Edgwick, some three miles from their original head- | been lifted, it is quite possible that a standard suction 
quarters. This foundry is still in active operation and it | dredger might often be more efficient than a jet dredger, 
became the nucleus of the present Edgwick Works, where | since the high velocities required in the latter are liable 
the plant of Messrs. Alfred Herbert is now concentrated. ; to induce great energy losses by transference of momen- 
Mr. Harmer was a man of unusual ability and of | tum and friction. 
limitless energy, and Sir Alfred says of him that he was | 
a born mechanic with a great sense of fine workman- | 17, Victoria-street, 
ship. He had the strongest conviction that fine | Westminster. 
machine tools could never be cheap and that the true | London, 8.W.1. 
measure of a machine was what it would acoomplish | October 19, 1930. 








Yours faithfully, 
HERBERT CHATLEY. 
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LABOUR NOTES. | Ireland at September 11 was 9-0, as compared with | The weekly organ of the International Labour Office 
| 8-6 at August 14 and 1-4 at September 12, 1938. | at Geneva states that the French Minister of Labour 
badieen fp Om tn anh tem With, Cie Geies ef eateeten te For persons insured under the general scheme the corres- | has established an Industrial Safety Commission, the 
oteien thn wtwendhs, Me on matters affecting Labour | ponding percentages were {+2 at September 11, 8-8 at | duty of which will be to prepare draft administrative 
during the war. This decision was taken at a conference | August 14, and 12-8 at September 12, 1938. For persons | regulations concerning workers’ safety before these 
iode, Geely at the Ministry of Labour between repre- | within the agricultural scheme, the percentages were | are examined by the Advisory Committee on Crafts 
sentatives of the British Employers’ Confederation and 3-4, 3-8 and 4-1 respectively. and Manufactures. It may also be consulted by the 
; ‘of ¢ : Minister on any question relating to industrial safety. 


A NATIONAL council of employers and trade union 








the General Council of the Trades Union Congress. 


The new body is to be composed of 30 members, half | 


of whom will be employers and half trade unionists, 
and its chairman will be the Minister of Labour. The 
representatives of the Confederation of Employers are 
to be :—Mr. W. Wiggins (Cotton), Mr. H. F. Brand 
(vice-president, British Employers’ Confederation), Mr. 
B. Sanderson (Port Employers), Mr. J. 8. Boyd (Ship- 
building), Mr. G. L. Derbyshire (Railways), Mr. Lewis 
Jones, M.P. (Lron and Steel), Mr. Herbert Kay (Cloth- 
ing), Mr. W. A. Lee (Mining), Mr. Leonard Lyle (Retail 


| increases among both males and females. 


The total number of persons on the registers of 
employment exchanges in Great Britain showed an | 
increase of 99,236 as compared with August 14. The | 
number of males on the register decreased by 75,745, | 
while the number of females increased by 174,981. | 
In London and the South-East of England there were 
An appreci- 
able part of the increase among females, however, 





| 
| 


| was accounted for by the registration of evacuated | 


Distributors), Mr. 8S. 8. Ogilvie (Gas Industry), Sir | 


A. Ramsay (Engineers), Mr. R. Snedeen (Shipping), 
Sir J. Walker-Smith, M.P. (Building), Mr. L. G. Wilson 
(Wool), and Sir J. Forbes Watson (director of the 
Employers’ Confederation). 

At a meeting in London last week, the Joint Standing 
Consultative Committee for the coal-mining industry 
decided, after giving * full consideration to the various 
factors which have arisen as a result of the war” to 
affect wages and earnings, to increase the wages of 


women and of others offering their services for work 
in connection with the war. 


At September 11 there were 1,052,218 persons on the 


| registers of Employment Exchanges in Great Britain, 


adults, youths and boys as from the beginning of next | 


month. In the case of adults, the addition is to be 
8d. a shift and in the case of youths and boys 4d. a 
shift. The increase, it is provided, are not to apply 
to more than six payments in any week, and they are 
described in the agreement as a “ war addition”’ to 


wages. According to the last official return of earnings, 


| there were on the registers in Great Britain 51,611 


which relates to the June quarter of the present year, | 


the average cash earnings of all mine workers, men, 


youths, and boys, was Ils. 6}d. a shift, and allowances | 
the increase consisted mainly of women and girls 


in kind were of the average value of nearly 5d. a shift. 





Representatives of employers and trade unions in 
the industry have agreed on certain wage 
Increases. 
October 30, a general advance of 22} per cent. on 
standard piece price list rates of wages—which is 
equivalent to 12-64 per cent. on current wages. Addi- 
tional advances are conceded for lower-paid workers. 
Payments are to include any advances made since 
September 1, and within a month a general conference 
is to be held to consider wages generally in relation to 
the cost of living. 
increase of 124 per cent. is to be given, 5 per cent. on 
November 20 and 74 per cent. on January 1, after 
which wages will rise or fall, according to the Ministry 
of Labour's cost of living index. 


cotton 


The findings of the Railway Staff National Tribunal 
on the claims of the three trade unions of railwaymen 
for increases of wages and other improvements in the 
conditions of employment were issued last week. Only 
part of the claim of each organisation is recommended 
for acceptance. The National Union of Railwaymen, 
it will be recalled, asked for a minimum rate of 50s. a 
week for all adults (male and female) in the conciliation 
grades. On this claim, the Tribunal is divided. Sir 
Arthur Salter and Mr. H. J. May recommend a mini- 
mum rate for men of 50s. a week in London, 48s. in 
industrial areas, and 47s, in rural areas ; and for women 
38s. a week in London, 36s. 6d. in industrial areas, and 
35s. in rural areas. The third member of the Tribunal, 
Mr. H. E. Parkes, recommends the continuation of the 
454. for men in rural areas, and an increase of the 
minimum to 46s. 6d. in industrial areas and to 48s. in 
London. For women he suggests minimum rates of 
35s. (an increase of 2s.) ip rural areas, 36s. 6d. in indus- 
trial areas, and 38s. in London. 

All the other findings of the Tribunal are unanimous. 
On the claim relating to the wages of drivers and 
motormen, increases are awarded. The minimum rate 
of 12s. a day for drivers and motormen is to be increased 
to 13s. a day. At present, a driver ceceives 12s. a day 
in his first and second years, and 13s. in his third and 
fourth years. This finding would make 13s. the wage 
for the first four vears. The existing provision, under 
which firemen with 10 years’ service as firemen receive 


In the spinning section, there is to be, from | 


In the manufacturing section, an | 


the driver's minimum rate when firing, is to be cancelled. | 


The rates of firemen with 10 years’ service as firemen 
will be 12s. a day, except that the maximum rate for 
firemen (a) not qualified for or desirous of working 
outside shed yard limits, or (6) employed on shunting 
in works yards of railway shops, is to continue at the 
present figure of 10s. 6d. a day. All other rates for 
drivers, motormen, and firemen remain unaltered. 

The Ministry of Labour Gazette states that among 
insured persons between the ages of 16 and 64, the 
percentage unemployed in Great Britain and Northern 





who were out ofa situation. This was 84,110 more than | 
at August 14, but 271,933 less than at September 12, 
1938. There were registered as unemployed in Great 
Britain 227,099 persons who were on short time or 
otherwise temporarily suspended from work. This 
was 15,121 more than at August 14, but 185,395 less 
than at September 12, 1938. Of persons who normally 
seek a livelihood by means of jobs of short duration, 


unemployed. This was 5 more than at August 14, 
but 10,362 less than at September 12, 1938. 








Provision for the issue of regulations on this subject 
is made in Book II, Title II, of the Labour Code (Indus- 
trial Hygiene and Safety), and it is under this Title 
and the final provisions of Book II that the Commission 
has been established. A report in favour of such action 
had been made by the Director-General of Labour. The 
chairman of the Commission is to be appointed by the 
Minister of Labour, and the Commission will consist of 
12 persons specially qualified in matters of industrial 
safety (also appointed by the Minister of Labour), 
six delegates of the most representative occupational 
organisations of employers, six delegates of the most 
representative occupational organisations of workers 
(including three from organisations of technicians and 
engineers) and 10 officials. 





The American Labour body known as the Congress 
of Industrial Organisation at its recent convention, 
unanimously favoured an immediate and compre- 
hensive survey of technological unemployment and its 
consequences ; a further shortening of daily and weekly 
working hours until the six-hour day and 30-hour week 
are attained; and measures which will assure to the 
workers full employment and a just distribution of the 
benefits of technological improvements. Many impor- 
tant American unions are individually agitating along 
much the same lines. The United Mine Workers, for 


7 ori ; example, have secured the inclusion, in the 1939 Appala- 
_ The total of 1,330,928 persons at September 11) chian agreement (the national collective agreement 
included 1,144,404 applicants for benefit or allowances | between the organised employers and workers in the 
and 186,524 non-claimants. The latter figure showed | oa] industry) of a clause which provides for study of 
an increase of 57,248 as compared with August 14, and |the problems involved in technological improvements 


registering as applicants for work. 


| 





In the industries for which statistics are regularly 
compiled by the Ministry of Labour, the changes in 
rates of wages, reported to have come into opera- 
tion in September, are estimated to have resulted in an 
increase of about 128,6001. in the weekly full-time wages 
of 443,000 workpeople, and in a decrease of 9,7001. in 
those of 178,000 workpeople. The principal groups 
of workpeople whose wages were increased were ship- 
builders and ship repairers, the crews of merchant vessels 
and steam trawlers, who were granted a war-risk pay- 
ment, and coal miners in Leicestershire, Somerset, 





Warwickshire, Cannock Chase and the Forest of Dean. 
The decreases mainly affected coal miners in Notting- 
hamshire and North Derbyshire. The changes so far | 
reported in the nine completed months in 1939 are | 
estimated to have resulted in a net inerease of about 
235.7501. a week in the full-time wages of 1,650,000 
workpeople, and in a net decrease of 41,2001. in those 
of 395,000 workpeople. 





The number of trade disputes involving stoppages of | 
work reported to the Department as beginning in 
September was 72. In addition, 8 disputes which 
began before September were still in progress at the 
beginning of that month. The approximate number 
of workpeople involved in these 80 disputes, including | 
workpeople thrown out of work at the establishments | 
where the disputes occurred, were 24,000, and the 
aggregate duration of the disputes in September was 
about 73,000 working days. 





Writing in the October issue of the Trade Report 
of the United Patternmakers’ Association, Mr. Findlay, | 
the general secretary of the organisation, says :—** As 
last month, work is to be found for all our members ; 
the number available for and not at werk, we may 
assume, are members who are passing from one job 
to another. While the figures show 10 less than last | 
month out of work, we have 19 less sick ; with two more 
superannuated, that means, in effect,,#e have 27 more 
in work. We have had requests for men which we could 
not supply. The actual figures for the month are : 
Trade 51, sick 200, superannuated 687; total 938, or 
7-81 per cent. of our membership—which has now 
gone up to 12,010.” 





The French Government issued on September 2, an | 
Order for the suspension of weekly rest in establish- 
ments belonging to the State and in establishments 
where work is done for the account of the 
State or in the interests of national defence. In order 
to avoid any possibility of misinterpretation, the 
Minister of Labour amended this Order on September 8, 


| making it clear that the suspension of weekly rest is 


not an obligation but a permission, to be used by the 
heads of the establishments concerned when output | 
requirements necessitated it. 


in mines by a joint committee composed of an equal 
number of coal operators and miners. The results 
of this study must be submitted to the 1941 Wage 
Conference, with specific recommendations as to how 
the union and m ment can co-operate in tackling 
the problems of technological unemployment. 





The Steel Workers’ Organising Committee, which has 
been carrying on a programme of education among the 
steel workers as to the futility of opposing technological 
progress, has proposed a practical plan to govern the 
introduction of labour-saving devices. While providing 
for union-management co-operation in securing effi- 
ciency in all ways, and while calling for equitable 
sharing with the union of any benefits so obtained, 
the programme provides that ‘‘ nobody is to lose his 
job as a result of any improvement that is installed,” 
and that labour-saving devices are to be introduced 
gradually and in such a way that discharges are not 
necessary, as, for instance, at a time when sales and 
output are increasing. Wholesale displacements caused 
by such innovations as the strip mills or rolling molten 
steel indicate to the union the necessity for the 30-hour 
week at existing, or higher, wages. The Textile Workers’ 
Organising Committee has adopted the same general 
attitude, and included a clause protecting workers from 
technological changes in some of its agreements. It 
recently filed a petition requesting immediate hearings 
on the effect of technological changes in the American 
Viscose Company which threatened the jobs of 1,500 
workers. The United Automobile Workers of America 
have taken the same position as these other unions 
affiliated to the C.I.0. 


The International Brotherhood of Electrical Workers, 
in an agreement signed with the Postal Telegraph 
Company covering workers in four Western States, 
obtained the inclusion of a clause which provides that 
whenever the company introduces new methods of 
handling telegraph messages, present employees shall 
be trained at the company’s expense to operate the 
new equipment. Their salaries may not be cut during 
the training period and no new employees may be 
hired to displace the old ones. A new contract signed 
by the Radio Corporation of America Communications, 
Inc., and the American Communications Association 
contains a clause providing that the management shall 
notify the union of contemplated changes and confer 
with the union in order to eliminate as much staff 
reduction as possible. If workers must be laid off in 
certain sections, the company agrees to notify them 
at least six months in advance, and to give those 
employees the opportunity to train themselves for jobs 
in other classifications, and to have the opportunity to 
obtain the jobs on a strict seniority basis. Any workers 
definitely laid off as a result of technological change 
will receive dismissal allowances at the rate of one 
week’s pay for each year of service for employees with 
less than five years’ service, and two weeks’ pay for 
each year of service for employees with more than five 
years of service. 








OcT. 27, 1939. 














ENGINEERING. 


CRANKLESS POWER PRESSES. 


CONSTRUCTED 





900-Ton PRESS. 


Fig. 1. 


CRANKLESS POWER PRESSES. 


THE crankshaft-driven power press has, in several 
of its variations, been described from time to time 
in these columns, but the crankless press, although 
used to a considerable extent in the United States, is 
not, perhaps, so well known in Great Britain and the 
particular type now described has not, so far, been 
dealt with here. Messrs. E. H. Jones (Machine 
Tools), Limited, Edgware-road, The Hyde, London, 
N.W.9, have taken up the agency for the crankless 
press manufactured by Messrs. Clearing Machine 
Corporation, 6499, West 65th-street, Chicago, U.S.A., 
and an account of this press may, therefore, be of in- 
terest. The press in its larger sizes is generally used for 
motor-car bodywork and similar operations. A 900-ton 
press engaged on the shaping of side chassis members 
in a British factory is shown in operation in the fore- 
ground of the accompanying illustration, Fig. 1. 
From this, a characteristic feature of this make of 
press will be readily recognised, viz., that no castings 
are employed in the framework of the machine, this 
frame being built wholly of welded steel. It is, perhaps, 
not so evident that pressure is applied to the top platen 
at four points, that is, as near as is possible, to each 
of its corners. The connections to the platen at these 
points would almost appear from the illustration to 
consist of hydraulic rams. This, however, is not 
the case, what is actually seen being plungers actuated 
by eccentrics and passing through packed glands, 
since the eccentrics and other rotating parts run in a 
bath of oil contained in the entablature of the frame. 

This arrangement and the eccentric drive will be 
clear from the somewhat diagrammatic drawings, 
Figs. 2 and 3. In the four-point suspension press 


BY 





MACHINE 


MESSRS. CLEARING 


there are two fixed shafts 
each carrying twoeccentrics 
i.e., one eccentric for each 
plunger. The shafts lie 
transversely across the press 
| and are carried in forged bosses welded to the frame 
| plating. The eccentric pulleys are integral with spur 
| wheels which rotate on the shaft on bronze bushes. 
Similar bronze bushes are provided on the pulley peri- 
phery. The sheave is prolonged as shown in Fig. 2, and 
has a semi-cylindrical bearing on the plunger, which 
bearing takes the downward thrust. A small pin through 
both plunger and sheave extension provides for the lift- 
ing of the top platen on the return stroke. The plungers 
work in long cylindrical guides with hard-bronze bushes, 
the plungers and bushes being ground. These guides 
take any side thrust which may arise from the eccentric 
motion and are, in effect, crossheads. The plungers, 
in consequence, travel up and down in a truly vertical 
direction. It will be noticed from Fig. 1 that the top 
platen is exceptionally deep at the corners. This 
is adopted in order to provide long bearing surfaces 
between the top platen and the frame, the slides on 
the frame being fitted with four individually adjustable 
gibs. This arrangement of guides and slides ensures 
that the top platen always remains exactly parallel 
to the bottom one, a point of particular importance 
where the work may be deep at one side and shallow 
at the other. 

The bevel gears seen on the lower part of the plungers 
in Fig. 1 are attached to nuts which are screwed on 
to the plungers. A system of bevel pinions and shafts 
driven by a small motor on the top of the top platen 
enables all four nuts to be turned at the same time 
and through the same amount, so that the position 
of the top platen relative to the bottom one can be 
altered at will without risk of disturbing the parallelism 
of the two. At the same time it is possible to effect 
individual adjustment, should this ever be necessary, by 





withdrawing the bevel pinion concerned and turning 
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the pinion being, of course, 
The spur wheels 


the nut by hand to suit, 
re-engaged after the adjustment. 
carrying the eccentrics are driven by pinions on a 
pair of cross-shafts which are, in turn, driven by the 
first-motion shaft, the latter usually deriving power 


from a motor with belt drive. The driving gear is not 
visible in Fig. 1, but the position of the several shafts 
is indicated by the caps on the entablature. The 
pinions are integral with the shafts, there being no 
keys throughout the rotating parts nor, it may be 
noted, any split bearings, the eccentric sheaves even 
consisting of single steel castings shipped on the pulleys 
sideways. 

The eccentric drive was adopted instead of a crank- 
shaft from the manufacturers’ belief that the torsional 
deflection of such a shaft when the cranks are subjected 
to unequal loads, as may occur when irregular shapes 
are being pressed, causes tilting of the top platen or 
possibly the bending or breaking of the shaft. The 
crankshaft drive, moreover, does not lend itself well 
to four-point suspension of the platen, and, it is stated, 
tends to tilt the plate from side to side, since the con- 
necting rod passes through a considerable angle at each 
stroke. It should be here mentioned, however, that the 
crankless press made by Messrs. Clearing is not invari- 
ably of the four-point suspension type. Small presses 
are made with a single eccentric having the plunger in 
the centre of the platen, and intermediate sizes, especi- 
ally when used for narrow pressings, have two-point 
suspension. The design varies in detail also ; thus air- 
operated counterbalance cylinders are sometimes fitted. 
These are seen in the centre of the entablature in the 
press in the foreground of Fig. 1, and at the sides in 
the press seen in the background, this press being also 
one of Messrs. Clearing’s manufacture. The counter- 
balance cylinder has several functions: In the first 
place it acts as a safety device for preventing the 
dropping of the top platen should a breakage occur in 
the actuating gear, or the brake or clutch gear fail. 
Secondly, the cylinders compensate for differences in 
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weight between light and heavy dies and take up lost 
motion in moving parts. They are adjusted so that 
the lifting or supporting capacity of the cylinders is 
equal to the weight of the moving parts held in check, 
with an ample margin of safety. The piston travel is | 
equal to the stroke of the press plus the adjustment of 
the slide. 

An interesting detail fitted to all sizes of press is the 
combined clutch and brake gear illustrated in Figs. | 
4 and 5, both clutch and brake being mounted on a} 
common hub so that brake-lag on the one hand and | 
premature braking on the other cannot occur. The 
precise construction varies with the size of press, but 
the arrangement shown in the illustrations is a typical 
one. Referring to Fig. 5, the motor drive is seen at a, 
this consisting of a Vee-belt pulley, acting also as a 
flywheel. The driven shaft is at b, the small prolonga- | 
tion at the left of this shaft being merely for the purpose | 
of taking an air connection, the gear being air-operated. | 
A hub c is attached to the shaft 6 by a nut pulling 
up against a shoulder on the shaft. This hub has 
three flanges. The flange to the left is one member of 
the brake, that to the right is a member of the clutch, | 
and the centre flange forms an air cylinder. The other 
members of the brake and clutch are actuated by the 
air cylinder, that of the clutch, identified at d, having 
on its back what virtually amounts to a piston behind | 
which air pressure is admitted through a hole in the 
left-hand part of shaft 6. The brake member e is| 
attached to d, as shown, compression springs being 
fitted round the connecting studs. The brake drum f 
is anchored to the frame of the machine. The friction | 
discs gg have the lining attached in sectors, as shown | 
in Fig. 4. This illustration also shows that each disc | 
is made in halves for ease in dismantling, and has a rim | 


| 


formed with serrations at intervals on the periphery. | 
These serrations mesh with similar serrations on the | 
interior of the flywheel a and the drum f, respectively. 

As shown in Fig. 5, the clutch is in engagement, 
the dise d being, by admission of air to the cylinder, | 
forced up against the friction disc, which, in turn, is | 
forced against the right-hand flange of the hub c,| 
the serrations allowing axial movement of the friction 
disc. The drive is thus transmitted from the flywheel a| 
to the shaft 6. The brake friction disc is free, since the 
disc e is pulled away from it by the movement of the 
disc d against the compression springs. ‘Transmission | 
of the drive continues as long as air-pressure exists in 
the cylinder, The air supply is conteuiied by a solenoid- | 
actuated valve, so that push-buttons can be employed | 
at one or more points of the press convenient to the | 
operators. When it is desired to stop the press, release | 
of the air from the cylinder causes the springs on the | 
disc ¢ to come into operation, forcing that dise up| 
against the brake friction disc and jamming this | 
against the left-hand flange of the hub d, the clutch} 
friction dise being disengaged at the same time. Full | 
engagement of the clutch is secured by a movement of | 
ty in., and adjustment for wear of the linings can readily | 
be made. It is stated that the air consumption of the | 
brake-clutch gear is very low and that very accurate | 
inching of the top platen is possible, a condition of | 
importance when dies are being set. 

All the presses have built-in cushion beds so that | 
deep pits are not needed. Either air-cushions or hydro- 
pneumatic cushions can be supplied, a telescoping | 
cylinder device being employed having the pressure pad | 
or lower platen integral with the upper part of the | 
cylinder. The cushions are guided in bronze-lined | 
ways, and the pad comes down with a firm even pressure | 
to the full extent of the stroke in exact alignment with | 
the bed of the press. Reservoirs are not necessary, their | 
place being taken by a chamber surrounding the | 


cylinder. A hydraulic locking device arrests the move-| flame emerging from the mouth of the converter|0-016 per cent. in the finished steel. 


ment of the pressure pad at the bottom of the stroke. | 


This is also usually employed in single-action presses, | long and of intense brilliance. At the end of the blow, | also reported. 


ENGINEERING. 


THE MANUFACTURE OF RIMMING 
STEEL AT WORKINGTON BY THE 
ACID BESSEMER PROCESS.* 


By T. Swinpen, D. Met., and F. B. Cawiey, M.Met. 


Tut Bessemer steelmaking department at the 
Workington plant of Messrs. The United Steel Com- 
panies, Limited, works in conjunction with the blast- 
furnaces situated adjacent thereto, the molten pig 
iron being brought direct from the blast-furnaces in 
50-ton ladles and poured into a 400-ton mixer. The 
Bessemer shop proper uses two 25-ton converters 
provided with the necessary casting pits and auxiliary 
handling equipment. The mixer is an essential item 
in the equipment, its object being to provide the neces- 
sary storage capacity between the blast-furnaces and 
converters, and fulfils the important function of equali- 
sing the composition of the metal transferred to the 
converters. The process consists essentially of blowing 
air through a molten charge of iron until the carbon, 
manganese and silicon are removed, followed by the 
suitable addition of manganese and carbon in the form 
of spiegel and/or ferro-manganese to achieve the 
desired composition. The products of oxidation during 
the early part of the blow give rise to a slag which is 
a refractory silicate of iron and manganese and which 
is not normally sufficiently fluid to play an active part 
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in the process. In this respect the acid Bessemer 


process contrasts sharply with the open-hearth process. 


As will be explained later, a ‘‘ wet” slag causes some 
difficulty. 
It is not necessary in this paper to describe in 


detail the actual process of blowing. It is sufficient 
to state that the oxidation of silicon and manganese 
in the early stages of the blow provides the necessary 
heat, and that as the carbon begins to oxidise, the 
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exceed that of the human eye, and, so far as the 


a ee for this purpose is concerned, the true 
value to the Bessemer blower is questionable. 

The Bessemer process has been criti.ised because of 
the dependence upon the human element in judging 
the end of the blow, and it is felt that such critics 
would be duly impressed if some equipment such as 
spectroscopes, photo-cells, etc., formed part of the 
apparatus used by the Bessemer blower. As a matter 
of practical fact, the judgment of the end of the blow 
is a comparatively easy matter. The skill of the 
Bessemer blower is to be judged more by his ability 
to observe the earlier features of the blow and to 
anticipate the characteristics of the metal, particularly 
the heat developed, at as early a stage as possible. It 
is to this end that Mr. Hock is still pursuing his work, 
and in this direction the application of modern scientific 
equipment is likely to be most helpful. 

In the accompanying diagram are presented curves 
plotted from a series of data representing the changes 
in composition during the period of the blow, which 
may be taken as typical in making a cast of mild 
rimming-quality steel. The procedure of blowing is 
essentially the same for all qualities, although suitable 
control of the mixer-metal analysis is important, as 
referred to later, and the additions of finishing alloys 
are worked out to give the correct carbon, manganese 
and silicon contents, together with such special addi- 
tions as may be specified. Typical analyses of the 
mixer metal, blown metal and finished steel are given 
in Table I, together with an average analysis of the 
essential constituents of the converter slag at the end 
of the blow. The finishing additions in this case would 
consist of approximately 3-5 cwt. of 78 per cent. 
ferro-manganese to a 25-ton blow. 

Turning to the diagram, it will be seen that the 
silicon and manganese are reduced to very low values, 
while the carbon is still in the region of 2} per cent., 
after which the latter falls steeply to a value of about 
0-05 per cent. at the end of the blow. The sulphur 
and phosphorus contents are virtually unchanged. In 
some circumstances there may be a slight reduction in 
the sulphur, whilst the phosphorus is usually slightly 
increased, owing to concentration. The data concerning 
the gas content during the course of the blow are, the 
authors believe, novel, and present some very interesting 
features. 

It will be seen that nitrogen increases during the 
course of the blow, the rate of increase being ac- 
celerated as the carbon is eliminated. It remains at 








a value commonly in the region of 0-010 per cent. to 
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Carbon. Manganese. | __ Silicon | Sulphur. Phosphorus. Oxygen. ii. per | Nitrogen. 
Per cent. Percent. | Percent. | Percent. | Per cent. Per cent. 100 Se Per cent. 
= | | a BBR. F<. CAA 
| } 

Mixer metal 4-1 0-8 | 2-0 } 0-035 =| 0-040 0-003 3-0 0-002 

Blown metal 0-05 0-04 trace 0-035 0-042 0-06 1-0 0-013 

Finished steel | 0-08 -40 trace 0-035 0-042 0-017 1-0 0-013 
Se OEE Be = Semauieaedse 

Silica. Alumina. Ferrous Oxide Manganous Oxide 
Per cent Per cent. Per cent Per cent. 
Converter slag at | ’ 
the end of the 
15-0 17-0 


blow j 3-0 


* 1 mi. per 100 g. = 


lengthens and brightens, until finally it is some 25 ft. 


together with a small content of CaO, MgO, etc. 
! 





0-00009 per cent. of hydrogen 


Values for 
hydrogen as extracted in the vacuum-fusion method are 
No doubts exist as to the accuracy of 


such as are here described, as an automatic lift-out on| the reduction in carbon content is marked by a|the method, but as it is known that the hydrogen 
shortening of the flame, accompanied by an increase | content is affected with the passing of time even at 
in the fume due to the oxidation of the iron, this | atmospheric temperature, one requires to be reticent 


operations where it is not desirable to return the pres- 
sure pad immediately after the top platen goes up. 
The automatic locking devices are positive in action | 
and eliminate the need for blowing off excessive | 
amounts of compressed air when used in conjunction 
with air-cushion equipment. The timing of the return | 
stroke can be accurately adjusted and the speed of 


movement of the pressure pad on its return stroke can | engaged in the production of acid Bessemer steel have, | the oxygen content. 
be regulated to suit the requirements of different jobs.| from time to time, used the spectroscope, but the| obtained by the total vacuum-fusion method. 
A rotary valve control, usually actuated from a moving | 


mem ber of the press, may be used for timing the locking | 


devices or they may be controlled by individual solenoid 
valves. Once they are set, no attention is needed from 
the operator during the run 








WaARSHIP CONSTRUCTION IN ITALY.—lIt is stated in 
the current issue of Le Journal de la Marine Marchande 
that the 35,000-ton Italian battleship Impero is shortly 
to be launched at Genoa. This constitutes the fourth 
35,000-ton warship under construction in Italy. Of 
these, the Littorio is now in dry dock, the Veneto is 
nearing completion, and the Roma, a sister-ship of the 
Impero, is still being built. 


being the 
converter is turned down to the horizontal position. 
A word may be added about the possibilities of 


signal that the blow is completed, and the | in interpreting the actual values. 


It is clear, however, 
that the hydrogen content is reduced during blowing 
and the finished steel is definitely lower in hydrogen 


using certain instruments to assist in controlling | than the original mixer metal from which it is made. 


particularly the end-point of the blow. All those 


The authors wish to direct particular attention to 
The values reported are those 
Here 


application has not been sufficiently successful to | it will be seen that the oxygen content of the original 


warrant a continuance of its use. Recently it has been 
announced that the photo-cell has been applied with 
some success in America. The authors have used the 
photo-cell for some considerable time, the apparatus 


| being designed and applied by Mr. A. G. Hock, metal- 


lurgist to Messrs. The Workington Iron and Steel 
Company, Limited. In so far as the photo-cell can 
be used to measure the luminosity of the flame, it is, 
of course, successful, but the speed of reaction does not 


* Paper contained in the Ninth Report on the Hetero- 
geneity of Steel Ingots, prepared for presentation at the 
cancelled Cardiff Autumn Meeting of the Iron and Steel 

| Institute. Abridged. 


liron is extremely low. It increases comparatively 
slowly until the carbon is reduced to about 1 per cent., 
after which it increases rapidly, reaching a high value 
in the blown metal. It is particularly to be noted, 
however, that the oxide content of the finished steel. 
even in the case of a full rimming steel, is comparatively 
low. Values in the finished steel compared with those 
for mild steel made by the basic open-hearth and acid 
open-hearth processes are given in Table II, opposite. 

The question may be asked as to what the oxygen 
content would be if the steel were seriously over-blown. 
Unfortunately the authors have no actual oxygen 
determinations, but attention is directed to an experi- 
| ment designed to investigate this point, which was 
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dealt with in the Fourth Report of the Ingots Committee 
published in 1932.* In this, two ingots, Examples 49 
and 50, were cast from steel made in a side-blown 
acid-lined converter. In both heats precisely similar 
cupola metal was charged, but in the case of Example 49 
the blowing was extended a further 40 seconds after 
the normal drop of the flame, and the resultant state 
of oxidation of the metal may be judged from the 
active fiery slag having an FeO content of 33 per cent. 
as against about 20 per cent. for the normal cast. 
The sulphur print and macro-etch of ingot No. 49 
were excellent, and the report concludes: “It is 
shown that, by the methods of investigation employed, 
the cast of over-blown steel compares favourably as 
regards inclusions with ingots produced by the more 
generally accepted methods of producing clean steel.” 

The Bessemer process affords peculiar advantages in 
the manufacture of rimming steel. The reduction of 
carbon to very low limits is easy compared with the 


TABLE II.—MiILp STEELS MADE BY VARIOUS PROCESSES, GIVING TOTAL OXYGEN AND NITROGEN VALUES. 








in open-hearth steel, as will be seen from the data in 
Table II. It is probably in the nitrogen content that 
the explanation lies for certain differences in mechanical 
and other properties of Bessemer compared with open- 
hearth steel. For similar carbon and manganese 
contents, Bessemer steel has a somewhat higher tensile 
strength than open-hearth steel and, in the higher- 
carbon grades, there is good evidence to show that its 
wear resistance is superior. 

Bessemer steel has gained a high reputation for free 
machinability, and screw-makers find that screws made 
from acid Bessemer rimming steel go through the normal 
operations of manufacture with a superior finish to 
that given by open-hearth steel. The reaction to 
cold-work or the work-hardening factor is approxi- 
mately 10 per cent. greater than that of equivalent 
open-hearth steel of similar original hardness, and this 
fact is taken advantage of (together with its quench- 





ageing properties) in certain directions, as, for example, 




















| Analysis. | 
Method of Type of —_—_— n. | Nit n 
Manufacture. Steel. . - . —- om 
| Cc. Mn. | Si. 8. P. 
Per cent. Per cent. Per cent. Per cent. Per cent. Per cent. Per cent 
: Sis —_ | | { 
| | | | 
Acid Bessemer Solid oe | 0-16 | 0-59 | 0-06 | 0-038 | 0-035 | 0-015 0-014 
> = | O12 | 0-48 | 0-055 | 0-046 | 0-040 0-031 0-014 
Rimming ..| 0-09 0-37 Trace {| 0-040 0-033 | 0-018 0-011 
” - a | 0-12 0-44 Trace 0-047 0-048 | 0-014 0-013 
Basic open-hearth Solid 0-11 0-42 0-085 0-031 0-017 0-032 | 0-005 
os . i aa 0-16 0-53 0-20 | 0-030 0-022 | 0-031 | 0-005 
»» m ..| Rimming ..| 0-135 0-47 Trace | 0-050 0-022 0-019 0-004 
Acid open-hearth Solid --| 0-10 0-47 0-11 | 0-029 | 0-026 0-026 | 0-004 
” » s “a 0-12 0-53 0-095 0-034 0-037 | 0-017 0-005 


open-hearth process, and the necessary degree of 
oxidation can be well controlled. There are naturally, 
however, certain points that require careful attention 
in the consistent production of first-quality rimming- 
steel ingots. In the authors’ view, the most important 
is the composition of the hot metal, with particular 
reference to the manganese content or, to be more 
specific, to the silicon-manganese ratio. As a rough 
guide, it may be said that the manganese content 
should not exceed one-half that of the silicon content. 
Thus, 2-0 per cent. of silicon with 0-75 per cent. of 
manganese is very satisfactory in the authors’ practice. 
If the manganese of the mixer metal is too high, a 
liquid slag is formed in the vessel. All manufacturers 
of acid Bessemer steel know that a “ wet” slag is to 
be avoided. When such a slag is formed, it enters the 
ladle with the steel. The slag is acid in character and 
the result of this “ slag *’ treatment of the blown metal 
definitely tends to convert what would be a normal 
rimming ingot with 2-in. to 3-in. rise, into a rising 
ingot, with consequent serious adverse effects on the 
structure of the ingot. Features other than high 
manganese which produce a “wet” slag have the 
same effect. Moreover, with a high-manganese iron 
the tendency is to under-blow and produce a steel 
which is insufficiently oxidised to give good rimming 
properties. General practice is to control the blowing 
so that the desired rimming effect is obtained consis- 
tently with a small addition of aluminium to the mould 
of the order of 1 oz. to 14 oz. per ton. 

As regards the general characteristics of mild steel 
of the rimming type produced by the acid Bessemer 
process, it can be said broadly that it possesses all the 
usual characteristics of similar steel produced by other 
processes. It reacts in precisely the same way to 
up-hill versus down-hill casting (up-hill providing a 
greater margin of safety in producing satisfactory 
ingots) and to the various known methods of con- 
trolling the amount of the rise. Temperature control is 
important. Other things being equal, a hot blow— 
possibly due in part to the imperfect removal of silicon 
—gives rise to “delayed” rimming followed by a 
vigorous action resulting in a “risen” ingot. A cold 
blow tends to be too lively in the moulds—or even in 
the ladle if very cold. 

It was considered to be unnecessary to prepare 
specially for this report a detailed examination of an 
ingot of this type. It will be remembered that in the 
Fifth Report,t published in 1933, Example No. 61, 
such an examination was made of a 2-ton ingot of 
acid Bessemer rimming steel. Since that time, by a 
close study, particularly of the influence of the com- 
position of the mixer metal, the practice has been 
somewhat improved, but the data concerning Ex- 
ample 61 may be taken as typical of this type of steel. 

Turning now to the properties and uses of rimming 
steel produced by the acid Bessemer process, the 
authors would reiterate in the first place that the 
oxide content is comparatively low and is of the same 
order as that of similar steel produced by other pro- 
cesses. The nitrogen content is definitely higher than 





* Iron and Steel Institute, 1932, Special Report No. 2. 


+ Iron and Steel Institute, 1933, Special Report No. 4. 


in the manufacture of upholstery springs. At the same 
time, there is a large and consistent demand for this 
type of steel for the manufacture of butt-welded tubes. 
No doubt the very low carbon which is readily attained 
and the comparative freedom from small contents of 
“ residual elements ” through the use of virgin material 
contribute to the highly satisfactory weldability of this 
material. Acid Bessemer rimming steel is still used in 
large quantities for sheet bar, railway sleepers, light 
sections, etc. 

It would be out of place to discuss at length in this 
paper the subject of embrittlement, which has been 
before the members on several occasions, and to enlarge 
upon the relative susceptibility of Bessemer compared 
with open-hearth steel. It may be sufficient to state 
that the susceptibility to strain-age embrittlement can 
be controlled in the acid Bessemer process in precisely 
the same way as it can in any other process. 








FACTORY ACCIDENTS. 


ALTHOUGH that useful quarterly Home Office publi- 
cation describing typical industrial accidents is entitled 
““How Factory Accidents Happen,” it must not be 
assumed, as might be the case, that it deals only with 
those arising from moving machinery. There are 
in every issue several instances in which machinery 

se is not concerned, a case in point being in 
volume X XIV, dated September 1, 1939. On examining 
the causes of such accidents, the reader’s first reaction 
is that want of intelligence contributes largely to them, 
but a little reflection shows rather that ignorance is 
the chief factor. How to combat such ignorance is 
perhaps too wide and difficult a problem for discussion 
here, but it may be said that modern elementary 
education does not seem to have conduced to that 
practical common sense outlook often possessed by the 
old-time almost illiterate workman, who seemed to 
be better able to take care of himself. It is, perhaps, 
too much to suggest, with the overloaded curriculum 
of the present-day junior technical school, that the 
instruction on structural mechanics, at least, might 
illustrate by examples the way in which accidents 
may result from the neglect of the rules expounded. 
Thus, a lesson on floor loading could be enforced by 
quoting an accident, in which two lives were lost, 
reported in the volume referred to above. A multi- 
storied stone building was being demolished floor b 
floor, the masonry from the walls, pending removal, 
being placed on the wooden floor. An old beam, 
weakened by a knot, gave way and the debris, along 
with the two unfortunate men, crashed through the 
floors below to the basement. As most floors are 
designed to carry a uniformly distributed load, the 
kind of concentrated loading just described is obviously 
dangerous, particularly where an old building is in 
question. 

Another fatal accident was due to the collapse of 
a trench only 5 ft. 6 in. deep. It is true that the case 
was rather unusual, the trench being dug parallel to 
another and the part that collapsed being the dividing 





wall, which was about 2 ft. thick. The nature of the 
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ground is not stated, but few earth structures of this 
kind would stand up without timbering. The man 
who was killed by the falling in of 14 ft. of the wall 
was in charge, and had apparently decided that 
timbering was unnecessary. The report recommends 
that where trenches are being dug by manual labour 
the decision whether timbering should be used or 
not should rest with some competent and responsible 
person. It may be suggested that such a person would 
do well to call all the men together at the start and 
warn them of the dangerous possibilities, either in 
general terms or with reference to the particular site. 
A fatal accident resulted, too, from a still far too 
common cause, viz., the improper use of chain slings. 
We have ourselves pointed out more than once that 
the load on each leg of a two-part sling can be much 
greater than the load lifted when the included angle 
exceeds a right angle, but beyond tables of safe loads 
for slings issued by various makers, and probably 
rarely consulted, there seem to be no safeguards. 
A metal tag attached to the connecting ring and giving 
the horizontal distance between the sling hooks which 
must not be exceeded might be of some service, but 
the dangers of an unduly large included angle can be 
convincingly demonstrated in ten minutes to all those 
who may be concerned with slinging, with the aid of 
a yard or two of thin string and a few weights. A 
practice analogous to wide-angle slinging was respon- 
sible for three fatal accidents. These were the collapse 
of tripods used temporarily for raising or supporting 
loads on works of construction, the slipping of one or 
more of the feet being the cause of the collapse. It is 
not generally realised that the outward thrust on the 
feet of a tripod can be very great, since the suspension 
of a load from the apex virtually transforms the struc- 
ture into a toggle mechanism. 

Accidents from defective material do not bulk 
largely in the report. Failure of the sheave pin of the 
bottom block of an overhead travelling crane caused a 
fatality. High-tensile steel, of 75 tons, had been 
used for the pin, and at the time of failure the actual 
stress was less than 2 per cent. of the ultimate strength 
of the material. A surface hair crack was discovered 
to have been present, and may have been caused by 
shock prior to the accident. The report points out 
that the shock-resisting qualities of many high-tensile 
materials are low and that a hair crack in them would 
develop rapidly and probably result in failure under 
small loading. The pin was not that originally supplied 
by the block makers but had been fitted as the original 
pin had shown excessive wear. The failure of a chain 
in a hand-operated block caused fatal injuries to a 
workman. This accident was, however, due more to 
improper use than to defective material, as the load 
chain had been employed as a sling and its links were, 
therefore, subjected to both twist and bending instead 
of to a direct tensile load. An accident which cost three 
lives arose from the use of unsuitable material, viz., 
the employment of a sheet-brass blank flange } in. 
thick by 13} in. in diameter, pinched between a pair of 
flanges and lying within the bolt circle. The steam 
pressure to which the blank flange was subjected was 
250 Ib. per square inch and the superheat temperature 
580 deg. F. Lack of proper inspection of the steel 
basket of a hydro-extractor resulted in its bursting at 
very nearly its maximum speed, the consequent 
fracture of its cast-iron casing killing the attendant. 
The basket, originally } in. thick, had corroded almost 
to the thickness of paper over a large area. The use 
of cast iron for such casings is considered undesirable 
and, where they exist, they should be shielded by an 
outer casing of steel. 

Several examples of those old troubles, carelessness 
with circular saws and guillotines, are quoted, as 
are accidents arising from loose clothing catching in 
moving parts. There are, moreover, accidents cited as 
having arisen from machines being started up while 
being cleaned, etc., the provision of duplex push- 
buttons being, it would appear, not without potentiali- 
ties of danger in this connection. The need for 
guarding moving parts of machines wherever possible, 
even when such guarding does not seem to be called for, 
is emphasised by the citation of several accidents which 
have occurred due to the person concerned tom | 
accidentally slipped and instinctively put out his han 
to save himself, thus coming into contact with moving 
parts which he would normally not approach. Acci- 
dents attendant upon the inflation and fitting of large 
pneumatic tyres seem to be increasing. Although the 
report will be, on the whole, depressing to every 
humane person, it should be read, filed and its recom- 
mendations acted upon. Probably, in time, those 
persons who have accumulated and digested the whole 
series will be able to exercise an ever-widening influence 
on those in contact with them or on those who are in 
their charge and the toll of accidents will show further 
decrease; it is already measurably lessened since the 
setting up of the Home Office Industrial Museum in 
Horseferry-road, Westminster. The present report can 
be obtained from H.M. Stationery Office for the sum of 
3d. net, postage extra. 
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AIR - FURNACE 
BLACKHEART 


MELTING FOR 
MALLEABLE CAST 
IRON.* 


By H. G. Cocnraneg, B.Sc. (Eng.). 


Ir may be of interest to mention that malleable 
castings were first produced by Reaumur about 1722. 
Boyden, who emigrated to America from England, in 
ittempting to make Reaumur malleable with American 
pig irons, obtained the metal which is now commonly 
known as blackheart malleable iron to distinguish it 
from the Reaumur metal which is known as whiteheart 
malleable iron. The manufacture of blackheart 
malleable iron has been carried on in this country for 
over sixty years, but it was only comparatively recently 
that British pig irons have been used in preference to 
American, which were lower in sulphur, thus rendering 
the product more suitable for annealing treatment. 

The popularity of blackheart malleable iron in this 
country is rapidly increasing, due to the fact that a 
high degree of consistency is now being obtained in 
producing homogeneous castings with high strength, 
yreat ductility and consequently easy machinability. 
lo ensure this consistency, one of the essential factors 
must be close control over the melting of the metal, 
ind the method employed by the largest manufacturers 
‘f malleable-iron castings in Europe is that of the air 
furnace. The air furnaces are of the reverberatory type, 
und the metal is melted by a flame from fuel burning 
im a firebox or burner at one end of the hearth. In 
some instances the fuel is hand fired, but in modern 
pulverised coal is used. The furnaces 
have capacities ranging from 5 tons to 22 tons, 
ind typical furnaces are illustrated in Figs. | and 2. 
Che former shows a pulverised-fuel fired air furnace of 
22 tons capacity, and the latter a hand-fired furnace of 
6 tons capacity. 

The furnace walls are of firebrick, usually 13 in. to 
18 in. thick, laid against heavy cast-iron plates which 
form the outside of the furnace. The bottom or hearth 
ia of silica sand, but firebrick bottoms have been 
adopted in some cases with success. The sand is 
carefully laid so that the lowest point is opposite a 
tapping hole, and is then fritted for 2 hours to 3 hours 
for the purpose of providing a hard refractory surface 
for the metal to lie on. A sand bottom will last for 
ibout 11 heats, or a week’s working. The roof of the 
furnace consists of a series of loose arches, or bungs, 
braced by cast-iron or steel frames which can be 
adjusted to accommodate the expansion and contrac- 
tion of the bricks. When charging the furnace, several 
of these are removed and the sprue to be melted is 
introduced first, followed by malleable or steel scrap, 
ind lastly by pig iron which is placed in two piles, one 
well forward and the other farther back. Well- 
designed furnaces are of such dimensions to be 
nearly full when fully charged, but care must be taken 
to see that sufficient space 1s left for the flame to travel 
past the metal to the rear of the furnace. After the 
bungs have been replaced and luted up, firing com- 
mences. Openings are provided in the walls of the 
furnace to permit manipulation of the metal as it is 
melting down and for skimming off the slag. The 
older furnaces had very complex roof shapes, but it 
will be observed from Figs. 1 and 2 that the roof is 
now built with a straight taper from the burners or 
firebox to the back bridge. 

Much attention has been given to the study of the 
laws governing the flow of the flame and to combustion 
ind temperature conditions, but these are too compli- 
cated to deal with in a short paper. In practice, 
furnace design is generally based on previous experience 
with appropriate modifications. The bath of metal is 
very shallow, ranging from 5 in. to 9 in. in depth at 
the deepest part, depending upon the capacity of the 
furnace. Extremely deep baths are difficult to heat, 
und extremely shallow baths heat quickly but oxidise 
rapidly. Tap holes are usually put in at two levels, 
« low one to drain the hearth and a higher one to tap 
the hot metal first. Sometimes these holes are closed 
up by solidified metal, but they are easily re-opened 
by means of an oxygentorch. The width of the furnace 
is governed by skimming and firirg operations, and a 
maximum width is about 6 ft. ‘he capacity of the 
furnace then depends upon the length, and for a 20-ton 
furnace this would be about 45 ft 

In the case of furnaces of small capacity, of 6 tons, 
the coal fuel is hand fired and the firebox is of the 
same width as the hearth. Air is admitted below the 
fire-grate at a low pressure so as partially to burn the 
coal and distill volatile products. These pass into the 
furnace virtually as a low-grade producer gas, and 
secondary air, admitted through tuyeres in the bungs, 
effects combustion. The primary-air pressure must 
be kept low to avoid blowing any small coal over the 
front bridge on to the metal, as this increases the 
carbon content of the latter. The larger furnaces, of 


practice 


as 


* Paper prepared for presentation before Section G of 
the British Association at Dundee, September, 1939. 
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22 tons capacity, are all fired by pulverised coal, and 
this has many advantages. After the coal has been 
pulverised it is delivered to the furnace through pipe 
lines by a current of air at low pressure and enters 
the furnace through two burners. Secondary air is 
also introduced at the burners forming an inflammable 
mixture which can be adjusted to give close control 
of melting conditions. The burners are designed so 
as to give uniform combustion in flames which sweep 
the surface of the metal. 

With hand-fired furnaces using a hard bituminous 
coal, a ratio of iron to fuel of 2-25 is good practice, 
and with pulverised coal the ratio is 2-50. A melting 
rate of 30 minutes per ton may be expected with the 
former and 20 minutes per ton with the latter under 
good conditions. This improvement results primarily 
from constancy of ratio of coal to air throughout a heat, 
thus avoiding losses due to incomplete combustion and 
excess air which occur in hand-fired operations. All 
coal used is bituminous and the choice is based on 
both geographical and commercial aspects, apart from 
metallurgical considerations. It must have low ash 
and sulphur contents, and must burn with a long 
luminous flame to fill the furnace completely. The 
moisture content must also be low to maintain good 
flame conditions, and the ash should not form clinker. 
The table given below shows the analyses of coals 
suitable for air furnaces. It difficult to obtain 
precise figures showing how the heat value of the coal 
fired is used, but an approximate heat balance will be 
follows :—Heat metal, 10 per cent.; heat in 
flue gas, 55 per cent heat in slag, 0-5 per cent. ; 


18 


as in 


Oct. 1939. 
By adjustment of the flame velocity, the quantity of 
fuel, and other factors, they can render extensive 
|repairs necessary or produce economical working 
| results. 

| After the heat is started, melting proceeds with fair 
| rapidity, and in the case of the larger furnaces the 
| charge is not touched for the first two to three hours. 
| Pools of iron then form, covered by slag and a good 
| furnaceman will pull unmelted iron into these in order 
}to increase the speed of melting and to minimise 
| oxidation losses. The removal of slag commences as 
soon as possible and continues until the metal is as 
free from slag as possible. The slagging operation 
|} also helps in well rabbling the mixture and ensuring 
}complete fusion. It is at this stage that the skill of 
the furnaceman is most evident, as he has to maintain 
| furnace conditions so that oxidation losses are as small 
|as possible. He judges the progress of the heat by the 
| appearance of the flame and the nature of the slag, 
| 


whether viscous or fluid. Test plugs of every heat are 
| cast in oil-sand cores of standardised cylindrical form. 
| These are allowed to solidify and then cooled by 
| immersing the bottom 2 in. in running water. When 
| cold the bar is fractured and by its appearance, as well 
jas by the appearance of the metal in a ladle, it is 
| possible to judge whether the furnace is ready for 
tapping. These tests are taken at 15-minute intervals, 
in addition to the usual chemical analyses. The 
| fracture of a test bar cast when the charge was first 
|completely melted would show dark grey, indicating 
the presence of graphite. Successive tests would show 
|the fractures becoming less mottled until finally a 
completely white fracture is obtained. The metal is 
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losses in heating furnace walls and incomplete combus- 
tion, 9-5 per cent 

The maintenance of air furnaces are high 
owing to the extensive repairs to the brickwork which 
have to be made after a number of heats. Firebricks 
have to be of good quality to withstand temperatures 
of 1,600 deg. C. and to resist the action of a slightly 
oxidising slag. Typical furnace-wall bricks have the 
following compositions: SiO,, 63-90 per cent.; Al,Oz, 
29-73 per cent.; alkalines and other impurities, 6-37 


costs 


per cent.; and a melting point of about 1,700 deg. C. 
Analyses of Coals for Air Furnaces. 
Hand Pulverised 
Firing Firing 
Moisture 7° OM 8-20 
Volatiles u1-73 33-18 
Fixed carbon 63-40 59-83 
Ash 4-85 6-99 
Sulphur 0-35 0-84 
Calorific value Th. er! 13.900 13,300 
The average life of such a brick is about 13 heats. 


\luminous bricks may give a slightly longer life and 
withstand higher temperatures, but exhibit unwelcome 
spalling properties if exposed to rapid changes of 
temperature. The refractories used in furnace bungs 
are expected to give longer life, but they must be able 
to withstand the cutting action of the flame and rapid 
changes of temperature when the bungs are moved 
between successive heats for re-charging purposes. 
Typical refractories for use in bungs contain SiQ,, 
59-40 per cent.; Al,O,, 32-78 per cent.; impurities, 
7-82 per cent., and have melting points of 1,680 deg. C. 
The average life is about 27 heats; the main cause of 
failure is erosion and, in the case of more aluminous 
bricks, spalling. The life of refractories depends largely 
upon the working of the furnace by those in charge. 














| then hot enough to run very thin work, provided that 
the silicon content is correct. By careful observation 
of the test fractures, previous experience of the working 
of the furnace, and analytical data for the particular 
mixture, corrective measures can be adopted to bring 
| the heat to the required chemical composition. Typical 
melting losses due to oxidising conditions are T.C. 
0-80 per cent. ; Si, 0-35 per cent. ; and M, 0-20 per cent. 
| Phosphorus is usually unaffected, but the sulphur 
may be slightly increased by 0-005 per cent. Additions 
of ferro-silicon, ferro-manganese and coke can easily be 
added to make up any difference. It is important that 
complete records be kept from day to day of the 
| working of the furnace, and it is best to summarise in 
| graphical form over one month or more the following :— 
Analysis of each heat, i.e., total carbon, silicon and 
| manganese, weight of charge, time of melting, weight 
|of fuel used and melting ratio, additions made, tests 
| taken and remarks on any repairs carried out. 
Finally, regarding the pulverised-coal plant now in 
operation, this consists essentially of three main 
sections, viz., raw-coal storage, drying and pulverising, 
land distribution. Raw coal of 1} in. by } in. washed 
| singles containing 15 per cent. moisture is conveyed 
to 200-ton storage bunkers. Screw feeders withdraw 
the coal from the bottom, and it then passes through 
|a long, narrow rotating cylinder in which it is dried 
by a current of warm air, the moisture being reduced 
to 2 per cent. he coal is then fed into the pulveriser, 
in which it is crushed by balls to a fineness such that 
85 per cent. passes through a 200 B.S.S. mesh screen, 
| after which it is carried away by air current to storage 
| bins. The pulverised coal is then distributed on the 
Fraser and Chalmers system, in which primary air is 
blown through pipe lines, the coal being sucked in at 
suitable points. 

The author wishes to express his thanks to Messrs. 
| Ley’s Malleable Castings Company, Limited, for permis- 
sion to give this paper and the information it 
| contains. 
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LABORATORY TEST FOR MACHINABILITY. 
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Fic. 2. Macurinasitity TESTER. 


A LABORATORY TEST FOR 
MACHINABILITY.* 


By A. 8S. KENNEFORD, M.Sc. 


THE term machinability does not cover any well- 
defined physical property of a metal or alloy but it is, 
nevertheless, a term of which the meaning is well 
understood. For instance, a metal which is said to 
be easily machinable is one which can be machined at 
high speed, while giving a good surface finish and long 
tool life ; up to the present time, however, this property 
has not been expressed by any characteristic figure, 
nor does it seem to be related to any of the easily 
determined physical properties such as hardness, tensile 
strength, etc. Among several attempts to put this 
property of machinability on a measurable basis, may 
be mentioned those of Reichel,t Nead, Sims and Har- 
der,t Robinson and Nesbitt,§ and Oxford and Airey.) 
In his work, Reichel used, simultaneously, two cutting 
tools of different composition on the same piece of metal, 


and measured the e.m.f., and hence the temperature, | 


This tem- 
the 


generated, by means of a millivoltmeter. 
perature was plotted against cutting speed, and 

* Paper prepared for presentation at the cancelled 
Glasgow Autumn Meeting of the Institute of Metals, 
in connection with a general discussion on ‘‘ Machin- 
ability.”” Abridged. 

t W. Reichel, Techn. Zentr. prakt. Metallbearbeitung, 
vol. 48, pages 291-295, 359-362 (1938). 

+ J. H. Nead, C. E. Sims, and O. E. Harder, Metals and 
Alloys, vol. 10, page 109 (1939). 

§ F. E. Robinson and C. T. Nesbitt, Proc. Inst. Mech. 
Eng., vol. 122, page 383 (1932) and ENGINEERING, vol. 
133, page 379 (1932). 

| J. Airey and C. J. Oxford, Trans. Amer. Soc. Mech. 
Eng., vol. 43, page 549 (1921). 
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machinability of the metal under test taken as that 
cutting speed at which the tool would operate without 
exceeding its safe working limit of temperature. Nead, 
Sims, and Harder used a more conventional method 
in some comparisons of ** Ledloy”’ and other steels, 
in that they measured the time taken to drill a hole of 
given depth and diameter, using constant speed of 
rotation and feed. 

Similar measurements were also made by sawing 
through 1-in. diameter bars of various steels, the basis 
of comparison again being the times taken to sever 
the various bars, using a high-sulphur, free-cutting 
steel as standard. Against this, Robinson and Nesbitt, 
in their experiments on the drilling of rifle barrels, came 
to the conclusion that macrostructure is a definite 
index of the machinability of steel, samples of materia] 
showing a coarse banding being, according to them, 
superior in drilling trials to those having a finer struc- 
ture. On the other hand, Oxford and Airey describe 
a machine which can be used for determining the work 
| done in removing a given volume of material from a 

test-piece, and, although the method takes no account 
| of other factors such as surface finish and tool life, it 
| does give rapid quantitative measurements on which 
| an index of machinability may be based. 

| This paper records the results of some experiments 
| carried out in the Research Department, Woolwich, 
| using an Oxford-Airey machine. Tests were made on 
series of alloys, varying from those said to be easily 
| machinable, ¢.g., magnesium alloys, “ free-cutting ” 
aluminium alloy, and leaded brass, to those machinable 
| only with difficulty, such as Monel metal ; the effect of 
carbon contents ranging from 0-1 per cent. to 1-07 per 
| cent. on the machinability of forged steel was also 
| investigated. Since the apparatus used for this work 
has been described elsewhere, a brief mention here of 
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| the principle on which it works will suffice. In essen- 
| tials, the machine consists of a weighted pendulum, the 
| shaft of which carries, on the one side, a pointer moving 
| over a scale graduated in degrees, and on the other 
|% cutting tool, the shape and dimensions of which 
| are shown in Fig. 1, on this page. Fig. 2, annexed, 
| shows the general appearance of the machine. The 
pendulum assembly can be moved both vertically and 
horizontally with respect to the base plate on which 
| the test specimen is firmly clamped, in order to give 
| varying depths and feeds of cut. Calibration of the 
| machine is carried out in the following manner: The 
| height to which the pendulum rises when allowed to 
| fall freely from the position of maximum potential 
| energy is taken as the zero, and the height to which 
| it rises after cutting the test-piece gives a measure 
of the energy absorbed during cutting. It can be 
| shown that this energy is proportional to 1 — cos a, 
| where a is the angle to which the pendulum swings 
| after making a cut, and, from this angle and the 
| weight of the pendulum, a numerical value of the work 
done can be calculated. It will be seen that the type 
| of cut is similar to that produced by a milling cutter, 
| and, consequently, the results embodied in this report, 
| while they should be applicable to milling, are not 
| necessarily true for all machining operations. However, 
| it is thought that the machine affords a rapid and 
| accurate means of determining the relative machin- 
| ability of a series of alloys in the laboratory. 

| Experimental Procedure.—Reterring to Fig. 3, 
|on this page, the material a, under test, was firmly 
| bolted down to the baseplate of the machine, and the 
| cutting tool 6 lowered until it was just clearing the test- 
| piece, when it was clamped, and the scales c and d 
| adjusted to zero. The clamps controlling this vertical 
| movement were then released, and a cut taken by 
| lowering the tool slightly and swinging the pendulum. 
| This procedure was repeated until the desired depth of 
| cut was obtained, as measured by the scale c, which 
was graduated in thousandths of an inch; measure- 
ments of the feed, i.e., the horizontal movement, 
were made from the scale d, graduated similarly. 
When a cut was being taken, the clamps controlling the 
various movements were always tightened. Fig. 4 
shows the type of chip formed during testing. 

In general, ten cuts were made during the course 
of any one experiment, using a constant depth and 
feed per cut, the average energy absorbed per cut being 
taken, and the weight of metal removed per cut being 
| calculated by collecting and weighing the chips. From 
these figures the energy absorbed in removing one cubic 
inch of metal could be calculated, and this value has 
| been used as a criterion of the relative machinabilities 

of the alloys tested, though it is realised that other 
factors, such as finish of the machined surface and the 
| blunting action on the tool, must be considered. 

Effect of Variations in Feed and Depth of Cut. 
A few preliminary experiments were made, using a 
piece of extruded free-machining 60 : 40 brass, on the 
effect of increasing the feed at a constant depth of cut. 
| From these it was found that as the feed increased, the 
energy required to remove | cub. in. of metal decreased 
appreciably. This interesting result was later confirmed 
on several of the other alloys tested, and would appear 





Distances Travelled by Tip of Tool when 
Making a Cut. d = 0-04 in. 


TABLE III. 


Feed Increase | Distrance Increase Metal 
per in travelled in - — 
Cut. Feed. by Tip. Distance. Removed. 

| 

In. Per cent. In. Per cent. | In’ x 10°. 
0-005 0-3720— | 2-5 
0-01 100 0-3729 0-24 5-0 
0-015 200 0-3758 1-02 7°5 
0-02 300 0-3781 1-64 10-0 


to be of general application. A similar effect was 
noticed at the other depths of cut used—namely, 
0-06 in. and 0-08 in. An explanation of this increase 
in efficiency of cutting may be given on the following 
lines: The work done during the taking of a cut 
must be, amongst other things, a function of the 
distance travelled by the tip of the tool, which can be 
calculated from the expression : 


— (2rd — d?] f 
a=y| sin ‘Wer 


—"+- sin- 
where a = distance travelled by tip of tool, r = radius 
of tool, d = depth of cut, f = feed per cut. Table IT] 
shows these distances calculated for the four feeds 
used in the above experiments with a depth of cut of 
0-04 in. From these figures it will be seen that an 
increase in the feed has only a slight effect on the 
distance travelled by the cutting edge, and hence 
on the work done. For example, while a 100 per 
cent. increase in feed results in a similar increase in the 





volume of metal removed, there is a change of only 
0-24 per cent. in the distance travelled by the tip of 
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the tool, which explains the greater efficiency obtained 
by using greater feeds. 

As regards variations in the depth of cut at constant 
feed, the effect appeared to be somewhat irregular, 
although, in general, as the depth of cut was increased, 
the energy required to remove a given quantity of 
material became less. There was, however, one 
notable exception in the sample of high-tensile brass 
tested, which absorbed very much more energy with 
increasing depths of cut. At the highest feeds used, 
however, the general tendency was towards a decrease, 
in efficiency, though this was small, and in some cases 
negligible. From the results obtained it would appear 
that, in general, the most efficient cutting is obtained 
by using the maximum possible feed and depth of cut 
compatible with good surface finish, long tool life, and 
available power. With the present machine, however 
sufficient cuts were never made under any given set of 
conditions to enable the life of the tool to be deter- 
mined, and the cutting edge was not damaged by the 
heaviest cuts taken, except in the case of Monel metal 
and a forged steel containing 1-07 per cent. carbon. 
It is interesting to note that, during the tests on the 
Monel metal, the tool had to be reground three times 
for a series of cuts taken at depths of 0-04 in., 0-06 in., 
and 0-08 in., and feeds of 0-005 in., 0-01 in., 0-015 in., 
and 0-02 in., respectively, while with the 1 per cent. 
carbon steel, regrinding was necessary after only one 
series of tests made at a depth of 0-04 in. with a feed 
of 0-02in. After regrinding, the tool was always tested 
against a piece of free-cutting brass, but no differences 
due to this were ever noticed. 

Theoretical considerations on the basis of the distance 
travelled by the cutting edge show that the effect 
of increasing the depth of cut should be the same as 
that obtained by increasing the feed, but that the 
increase in efficiency is greater at small feeds than at 
large ones. While some calculated values show the 
same tendency at small feeds as do the experimental 
results, the agreement at higher feeds is not very 
satisfactory, and it seems p )ssible that frictional forces 
increase the work done at the greater depths of cut to a 
larger extent than other factors reduce it. 

Another factor, which would appear to have some | 
influence on the machining properties of an alloy, | 
is the nature of the chip or shaving formed when a 
cut is being made. In the experiments under discussion 
it was noticed that those metals which were readily 
machinable gave chips which were broken into small 
fragments, and which did not adhere to the tool, whilst 
those machinable with moderate difficulty gave 
unbroken shavings, and those machinable only with 
difficulty formed chips which were piled up on the 
cutting edge, and which adhered to it firmly. It is 
not known whether this phenomenon is a cause of poor 
machinability, or whether it is just an associated effect, 
but it would appear that the nature of the chip formed 
is, in some way, closely allied to the work done in 
removing a given quantity of material. It is, of course, 
clear that energy must be expended in piling up the 
chip on the edge of the tool, but the volume of metal 
deformed is so small that it is difficult to see that it 
could account for the large observed differences 

In Table VI a classification of the alloys tested has 
been attempted on the basis of the work done in 


TABLE VI.—-Order of Machinability on Basis of Work 
Done per Cubic Inch of Metal Removed. d = 0-04 in., 
f = 0-02 in. | 
Work 
Pratb, | OMerof | y pas 
Material Condition. | ,,.. - b Machin- No } 
| Pea | ability ; 
| n 
| x 10-4, 
Magnesium Extruded 0-95 1 43-5 
Magnesium + 4 per 
cent. aluminium Cast 0-99 2 50 
Lead-free 60 : 40 brass Hot-rolled| 2-09 3 134 
“RR 45” alloy Extruded 2-40 4 11] 
12 per cent. tin bronze | Cast 3-46 5 160 
High-tenstle brass Hot-rolied| 4-01 6 254 
Lead-free 70: 30 brass ; 4-20 7 119 
6 per cent. tin bronze . 4-32 s 158 
30: 20 cupro-nickel ae 5-07 v 118 
Monel metal ae 7 32 10 140 


* Vickers Diamond-Pyramid Har iness Number 


removing | cub. in. of material, since this is something | 


which can be quickly and accurately measured in the | 
laboratory. It may be said, however, that other | 
factors, such as bad surface finish, and short tool life, 
have been found to be associated with high energy 
mr and it is thought, therefore, that this latter 
provi a suitable basis for an assessment of the 
machining —— of a metallic material, and an 
assessment which agrees well with the results| 
obtained in practice. It should be mentioned 
that the same tool has been used without lubricant | 
for all the materials tested, and this fact may have | 
affected the order in which the alloys have been placed, | 
since the design of a cutting tool is varied in practice | 
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to suit the metal undergoing machining. This change 
of design, however, was not taken into account in 
the present work, which is in the nature of a preliminary 
survey, in order to eliminate as many variables as 
possible. 

It was found to be impossible to co-relate the work 
done in removing | cub. in. of metal with any of the 
usually determined properties such as tensile strength, 
compressive strength, work-hardening capacity as 
determined by the Meyer N value, hardness, etc., and 
the Vickers diamond hardness figures are given in 
Table VI as an instance of this. Some examples of the 
usefulness of this test from a practical point of view, 
as distinct from a theoretical one, are shown in the 


TABLE VII.—Machinability Tests on Some Aluminium 
Alloys. d = 0-08 in., f = 0-02 in. 


Work 


Done, 
Material. Condition.*) irom Nature of Chip. \¥ — 
in. 
x 10-4 
B.A. 35 E 1-81 Broken up; no adher- 83 
ence to tool. | 
Pure Al C.-R. 1-89 | Severe piling up ; slight 24 
adherence to tool. 
RR 45 E.&H.-T.| 2-48 As above, but firmer | 111 
adherence. | 
RR 56 3-15 | Shaving; very firm | 146 
adherence to tool. 
RR 77 3-34 Slight piling up; firm | 169 
adherence to tool. 
°*E Extruded C.-R Cold Rolled. H.-T. Heat- 
Treated 


following experiments on the effect of lead additions 
to 70:30 and 60:40 brass, the effect of increasing 
the carbon content of a forged steel, and a comparison 
of the * free-cutting “ aluminium alloy B.A. 35 with 
pure aluminium and some of the well-known series of 
RR alloys. Table VII records the results obtained 
with the aluminium alloys and is self-explanatory. 
As regards the finish of the machined surfaces, this was 
satisfactory, except for the aluminium which tended 
to be torn away after the tool had travelled a short 
distance. 

The Effect of Lead Additions on the Machinability 
of 70:30 and 60:40 Brass.—Series of 70:30 and 
60:40 brass ingots were cast, containing 0-5 per 
cent., 1-0 per cent., 2-0 per cent., 3-0 per cent. 
and 5-0 per cent. lead, respectively, and tests were 
made on these ingots using a depth of cut of 0-08 in. 
and feed of 0-01 in. Fig. 7, on page 485, shows 
energy absorption per cubic inch of metal removed 
plotted against lead content for both series. In each 
case it will be seen that the first 0-5 per cent. of lead 
added has the greatest effect, and that there is little 
advantage gained by increasing the lead content 
beyond about 2 per cent., an amount which is usually 
added in practice to 60:40 brass. Another noticeable 
effect of the lead additions was on the nature of the chip 
formed during cutting. This gradually changed with 
increasing lead, from a slightly piled up, unbroken shav- 
ing, which adhered loosely to the tool, to a number 
of small fragments which fell away easily, leaving the 
cutting edge clean and free from obstruction. It is 


TABLE IX.—lWork Done in Foot-Pounds Per Cubic Inch 
of Lead Removed, at Various Depths and Feeds. 





| Energy Absorbed. 
— —_— Ft.-Ib. per cub. in 
x 1)-4, 
0-005 0-04 1-53 
0-01 0-04 0-84 
0-O15 0-04 0-61 
0-02 0-04 0-53 
0-005 0-06 1-52 
0-01 0-06 0-83 
0-015 0-06 0-64 
0-02 0-06 0-53 
0-005 0-08 1-30 
0-01 0-08 0-76 
0-015 0-08 0-61 
0-02 0-08 0-52 


also interesting to note that a given lead addition 


has a far greater effect on the 70:30 than on the} 


60:40 brass, and that at lead contents of 1-0 per 
cent. and over, the energy absorption for the former 
alloy is about 17 per cent. lower than that for the 
latter, even though in the lead-free alloys the position 
is reversed. 

The type of curve shown in Fig. 7 may be explained 
on the assumption that the lead inclusions act as a 
lubricant, for if a lead content of about 2 per cent. 
provides sufficient lubricant, any amount in excess 
of this will have little effect on the work done in remov- 
ing a given volume from the test-piece. In this 
connection, some results shown in Table IX obtained 
on a piece of cast pure lead are interesting in that 
they show a very oe energy absorption and little 
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difference in this low value for various depths and feeds 
of cut. In the above experiments the surface finish 
of the cut was excellent at all feeds and depths, even 
though the chip formed showed some piling up on the 
edge of the tool, an effect which usually is associated 
with bad surface finish. 

Directional Machinability Due to Inclusions.— 
In most of the “ free-cutting” alloys at present in 
use, there are strings of inclusions oriented in the 
direction of working, the function of which is said to 
be that of breaking up the chip, so that it falls away 
from the tool easily. It was thought that, owing to 
this orientation, it should be possible to machine a 
free-cutting alloy more easily with cuts taken transverse 
to the direction of working instead of parallel to it, and 
some tests were made on extruded B.A. 35 alloy and 
on rolled 60: 40 brass containing 2 per cent. of lead, 
both of which contain chip-breaking inclusions. For 
comparative purposes, tests were conducted in two 
directions, at right angles, on rolled aluminium, Monel 
metal, and lead-free 70:30 brass. From the results 
obtained it was found that the direction of cutting in 
relation to that of working has no effect on metals con- 
taining no added inclusions, but that, in the case of 
B.A. 35, in particular, there is quite a marked effect, 
since the surface finish of the transverse cut was very 
much better than that of the longitudinal. As regards 
the leaded 60:40 brass, there was little change in 
energy absorption, and none in surface finish, a possible 
explanation being that the lead, which is a good extreme 


| pressure lubricant, reduces frictional effects, and hence 
| the work done, to a greater extent than does the break 


up of the chip. Also, apart from its lubricating effect, 
the lead tends to be distributed in small globular 
particles rather than elongated strings, and would 
thus induce little or no directional properties. 

Effect of Increasing the Carbon Content of a Steel. 
—The effect of carbon contents ranging from 0-1 
per cent. to 1-07 per cent. on the machinability 
of a forged plain-carbon steel was investigated, using 
a depth of cut of 0-04 in. with a feed of 0-02 in. In 
these experiments, the tool and metal were flooded 
with a cooling medium, since there was a tendency 


TABLE XI.—Effect of Carbon Content on Machinability 
of Forged Steel. 





Increase in Work | , . 

Carbon. Done. | V.D.H. No. 
Per cent. Per cent. 

0-1 — | 136 

0-21 } 6-7 162 

0-37 12-4 189 

0-48 14-9 | 204 

0-77 17-8 254 

1-07 18-5 290 


towards seizure if cutting were attempted in the dry 
state. Fig. 11, on page 4~5, shows the results obtained 
in the form of a graph, from which it will be seen that 
as the carbon content increases so does the work done 
in removing 1 cub. in. of metal, the rate of increase 
being high at first, but falling off gradually above about 
0-5 per cent. carbon. Above this carbon content, 
there was a noticeable blunting of the cutting edge, 
which, however, was not severe until a carbon content 
of 1-07 per cent. was reached, when the tool had to 
be reground during the course of a single series of ten 
cuts. Table XI shows the percentage increases in 
work done with the corresponding carbon contents of 
the steels tested. It is interesting to note that, in 


~| this particular instance, the machinability appears 


to be connected with the hardness of the material, 
and further work will be necessary to determine 
whether this connection holds good for other alloys, 
all of similar composition but of different hardnesses, 


| such as, for example, a series of brass ingots cold-worked 


to various degrees. 








THE HYDROGENATION-CRACKING 
OF TARS. 


PaRTicULaR interest attaches at the present time 
to a report® just issued by the Department of Scientific 
and Industrial Research, dealing with the hydrogenation 
process for producing motor spirit, aviation spirit, 
Diesel oil, and other products. The report describes 
the results obtained in a semi-technical scale plant 
at the Department’s Fuel Research Station, where 
extensive investigations into many aspects of the 
hydrogenation process have been in progress for a 
number of years. Earlier reports have dealt with 
small-scale experiments made with the object of 
examining the underlying principles of the process, 


* The Hydrogenation-Cracking of Tars. Part V.—The 
London : 


H.M. Stationery Office. [Price 1s. net.] 




















27, 1939. 


487 








be _ ENGINEERING. 








and particularly the effects of variations in the condi- | from the beginning to the end of the experiment, in 
tions and materials employed ; for example, the tem-/ all cases, and the spirits were all practically free from 
perature and pressure, the catalyst, the type of raw unsaturated hydrocarbons. To increase the volatility 
material and other factors. With the knowledge | of the spirit, the later batches were cut to a lower 
and experience so gained, it was logical to consider | end point, the fraction boiling up to 170 deg. C. being 
next the problems of production on a full industrial | considered as motor spirit, instead of that boiling at 
scale. It was realised that tne design, operation, | 200deg.C. The more volatile spirit, when tested under 
and results obtained might be considerably influenced | road conditions, was found to be somewhat better 
by this increase in scale, and it was decided to build | in all respects than the petroleum spirit (Grade III) 
an intermediate-scale plant, large enough to indicate | normally employed in Service vehicles. 
the differences to be expected in full-scale operation.| The amounts and analyses of the materials produced 
A plant was designed, therefore, to treat from 200 | under different operating conditions are given in the 
gallons to 400 gallons of raw material per day, and the | report, and comparisons are made with the correspond- 
experience gained with it forms the subject of the paper | ing results from the small-scale converters. From 
now issued. these results certain conclusions clearly emerge. The 
In the design of the larger plant, a major difference | operation of the plant has been very satisfactory 
lies in the method of heating the raw materials and | and has shown that the results of treating low-tempera- 
maintaining the desired reaction temperature. The} ture tar are similar to those obtained in small-scale 
method employed in the small-scale plants had been| experimental plants. The reasons for such slight 
to apply the heat directly to the converter or reaction | differences as have been observed are understood, and 
vessel by means of either external or internal electrical | it has therefore been unnecessary to continue experi- 
heating. External heating of the converter was, for | mental work on a larger scale, for the results from the 
certain reasons, unsuitable for the large-scale plant, | small-scale plants can now be readily translated into 
and internal heating was at first proposed. Experiments | terms of full-scale operation. 
with a small-scale internally-heated converter showed, 
however, that the heat of reaction was nearly sufficient | 
to heat the incoming raw materials to the reaction 
temperature, and this at once suggested a method of} PORTABLE PETROL-ENGINE DRIVEN 


heating for the larger plant. The raw materials are PUMP. 


raised to a temperature of about 300 deg. C. by inter- , , : 
change of heat with the products leaving the converter, THE portable petrol-engine-driven tgp. 7 shown ~ 
and they then pass to a gas-fired coil pre-heater, | the accompanying illustration is capable of delivering 
where the temperature is brought to about 400 deg. C. | OV" 1,000 gallons per hour, against a delivery head of 
At this temperature they enter the converter, where 
the ensuing reactions cause a further vise to che desired 
reaction temperature, which, in these experiments, was 
normally about 500 deg. C. The raw materials consist 
of hydrogen and low-temperature tar from the Fuel 
Research Station’s narrow brick retorts, to which 
is added a controlled proportion of “recycle oil.” | 
* Recycle oil” is the residue of the hydrogenation 
product after removal of the motor spirit by distillation. | 
From a mixing tank the tar and oil are pumped at 
the required pressure, usually 200 atmospheres, into a | 
high-pressure pipe-line, where they are mixed with 
hydrogen at the same pressure and passed through | 
the heat interchanger and preheater to the converter. | 
The plant has been designed to operate at a pressure | 
of 200 to 400 atmospheres, with a daily throughput of | 
200 gallons to 400 gallons at 200 atmospheres, and 
considerably higher throughputs at 400 atmospheres. 
The converter is a vertical cylinder of forged steel, 
13 ft. long and 16 in. in internal diameter, with walls 
3 in. thick. The reaction chamber, suspended concen- 
trically within the converter, is 11 ft. long and 8 in. 
in internal diameter, with walls of in. chrome-nickel | 
steel. It is fitted with internal radial fins to assist | 
the distribution of heat and of liquid raw material, | 
and is filled with a granular catalyst consisting of | 
molybdenum disulphide supported on alumina gel. 
The products leaving the converter pass through the 
heat interchanger and a water-cooled condenser to a 
high-pressure separator, where the residual gas is 
removed. The liquid products are then released into a | 
low-pressure separator, in which dissolved gas is 
evolved, while the oil is passed to a still for the removal | 
of motor spirit by distillation. The oil remaining after | 
distillation (usually boiling above 170 deg. C.) forms | 25 ft. and with an overall vertical lift up to 25 ft., a 
the “ recycle oil,” which is stored in tanks for recircu- | very satisfactory performance when it is considered 
lation through the plant as part of the raw material.| that the net weight is only 50 Ib., and the overall 
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The residual gas leaving the high-pressure separator | 
contains about 90 per cent. of hydrogen, and, after 
scrubbing to remove the gaseous hydrocarbons, it is 
recirculated through the converter. 

Some difficulties in controlling the temperature were | 
encountered in the first experiments, as the heat of | 
reaction and the heat losses from the new plant were 
not precisely known. On a number of occasions 
excessive rises of temperature in the reaction vessel | 
were recorded, and different expedients were adopted to 


dimensions are 16 in. high by 16 in. long by 10 in. 
wide. The pump units are made in the United States 
and are supplied over here by Messrs. Batwin Electric 
Motors, Limited, 138, Southwark-street, London, S8.E.1. 
It will be clear from the illustration that the pump 
itself is of the centrifugal type. The impeller has wide 


| blades of a shape enabling muddy water to be success- 


fully handled ; solids up to §in. cube can, as a matter 
of fact, be passed through it. No foot valve is required, 
a swing-type non-return suction valve holding the 





priming water. The pump is, therefore, self-priming 
and responds very readily when started up. Tests 
made on a set having a vertical suction lift of 6 ft. 6 in., 
though with a suction hose 2U ft. long by 1 in. bore, 
showed that the pump commenced to function in 


overcome them. The most effective of these was to| 
use a high proportion of hydrogen to tar in the raw | 
materials supplied to the converter, so that, by varia- | 
tion in the rate of hydrogen flow, it became possible | 
to maintain the reaction temperature within a few | 
degrees of the desired level. Although a number of! 20 seconds after starting. The delivery pipe was a 
mechanical troubles were at first met with, these were | 25-ft. length of hose, of 1} in. bore. The standard suc- 
mainly of a minor character and were easily overcome. | tior and delivery branches are 1} in. bore, the suction 
More serious were blockages in the pipe-lines, caused | branch being at an angle as shown, in order to avoid 
by the accumulation of sulphur and ammonium com- | sharp bends if a hose is used, and the delivery branch 
—_ = oan too, were or gy oa aa being * head a ofa ary pipe so that it can be turned 
and no culty was experienced in operating the | in any direction required. 
plant for puteds @ to onb menth. ™ . The four-stroke cycle engine is of 0-75 h.p., and has 
The liquid products in all experiments were clear, | a single cylinder. The cylinder and head are provided 
yellow or light-brown oils, almost entirely free from | with air-cooling fins, the air stream being directed over 
tar acids and tar bases. The ultimate composition of | the fins by the fan seen to the right. Firing is by 
the total product or of the spirit fraction was practically | high-tension magneto and a suction-feed carburettor is 
unaffected by deterioration of the catalyst, by change! fitted. The fuel tank is carried on the fan casing. The 
in the rate of throughput, or by small variations in the | crankshaft is fitted with a centrifugal governor and is 
composition of the raw material. The properties of | mounted in ball bearings, as is also the pump spindle. 
he spirit produced showed little progressive change ' Starting is by rope on a pulley mounted outside the 


fan casing. The pump is attached to the engine crank- 
case by a flanged connection, and has two feet resting 
on a foundation plate to which the engine is bolted. 
A transporting handle is fitted as shown, this position 
giving satisfactory carrying balance. It may be 
mentioned that a larger unit is available. This is 
of the same general design, but has a 3-h.p. engine 
and is carried on a two-wheeled truck with pneumatic 
tyres. The total net weight is 205 lb. and the capacity 
ranges from 50 gallons per minute with a total head 
of 80 ft. to 320 gallons per minute with a total head 
of 10 ft. Starting is by geared hand crank. Either 
set can be maintained in proper working order by the 
average motor mechanic, and both are stated to be 
capable of hard service. 








CATALOGUES. 


Lubricants.—Messrs. E. G. Acheson, Limited, Thames 
House, Millbank, London, S.W.1, have sent us a pamphlet 
outlining the properties of their ‘‘ Dag ”’ brands of colloidal 
graphite for lubricating purposes. 

Relays.—Messrs. A. Reyrolle and Company, Limited, 
Hebburn-on-Tyne, have sent us a pamphlet dealing 
with relays and the improved methods now employed 
in their manufacture. 

Air-Weight Control for Foundry Cupolas.—Messrs. 
Foxboro-Yoxall, Limited, Lombard-road, Morden-road, 
Merton, London, 8.W.19, have sent us a bulletin describ- 
ing their system of controlling the air weight in foundry 
cupolas. 

A.R.P. Equipment.—We have received from Messrs. 
Bell’s Asbestos and Engineering, Limited. Bestobell 
Works, Slough, Bucks, a booklet dealing with asbestos 
protecting equipment for A.R.P. and general fire- 
prevention purposes. 

Dust-Collecting Equipment.—We have received from 
Messrs. James Howden and Company (Land), Limited, 
Caxton House, Westminster, S.W.1, a dust-collector 
catalogue containing illustrations of the equipment 
supplied to several large power stations. 

Electric Motors and Pumps.—We have received from 
Messrs. Batwin Electric Motors, Limited, 138, Southwark- 
street, London, S.E.1, a folder giving particulars of their 
fractional horse-power motors and self-priming pump 
units. 

Marine Diesel Engines.—Messrs. The National Gas 
and Oil Engine Company, Limited, Ashton-under-Lyne, 
have extended their range of marine Diesel engines, 
which are described in a leaflet recently sent to us, 
accompanied by a bulletin illustrating some typical 
installations. 

Radio Materials and Condensers.—Messrs. British 
Insulated Cables Limited, Prescot, Lancashire, have 
sent us copies of two booklets, one devoted to a descrip- 
tion of various materials for wireless installations and 
the other to paper-dielectric and electrolytic condensers 
for radio, television, telephony, neon signs, etc 

Valves and Fittings.—A catalogue has been published 
by Messrs. J. Blakeborough and Sons, Limited, Brig- 
house, Yorks, dealing comprehensively with the full 
range of their water valves for power-plant and industrial 
requirements. Exhaust-steam valves, strainers, and 
water-screening plant are also dealt with. 

Dew- Point Control.—To facilitate air-conditioning calcu- 
lations, Messrs. The British Thermostat Company, 
Limited, Teddington Works, Windmill-road, Sunbury- 
on-Thames, Middlesex, have sent us a copy of a chart 
which they have prepared, showing the relation between 
dry-bulb temperature, relative humidity, and dew point. 

Trimming Presses.—Messrs. B. and S. Massey, Limited, 
Openshaw, Manchester, 11, have sent us a leaflet illus- 
trating and describing their trimming presses made, in 
standard sizes, to exert an effective pressure of from 
60 tons to 750 tons, and embodying various improvements 
in design. 

Fire-Resisting Cables.—We have received from Messrs. 
W. T. Henley’s Telegraph Works Company, Limited, 
Holborn-viaduct, London, E.C.1, a sample of their 
tinned-copper conductor, insulated with fire-resisting 
dielectric, taped, braided and fire-resisting compounded, 
250-volt grade. An accompanying leaflet illustrates a 
test on this cable. 

Automatic Temperature Regulators.—We have received 
from Messrs. Cambridge Instrument Company, Limited, 
13, Grosvenor-place, London, S.W.1, a copy of a newly- 
published brochure describing their regulators ef various 
types, designed to cover the requirements of all industrial 
processes to which automatic control of temperature can 
be applied. 

A.R.P. Lighting Equipment.—We have received from 
Messrs. Cypton Equipment, Limited, North Acton-road, 
London, N.W.10, a leaflet which describes their range 
of A.R.P. shelter-lighting equipment, which has been 
designed to comply with the specification of the British 
Standards Institution for the lighting of shelters for 





upwards of 50 persons. 
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*“ ENGINEERING” ILLUSTRATED 
PATENT RECORD. 


ABSTRACTS OF SPECIFICATIONS RECENTLY 
PUBLISHED UNDER THE ACTS OF 1907 TO 1939. 


The number of views given in the Specification Drawings 
is stated in each case; where none ia mentioned, the 
Specification is not illustrated. 

Where inventions are communicated from abroad, the 
Names, etc., of the Communicators are given in italics. 

Copies of Specifications may be obtained at the Patent 


Office Sales Branch, 25, Southampton Buildings, 
Chancery-lane, London, W.C.2, price 18. each. 
The date of the advertisement of the acceptance of a 


Complete Specification is, in each case, given after the 
abstract, unless the Patent has been sealed, when the 
word “ Sealed” is appended. 
Any person may, at any time within two months from the 
dale of the advertisement of the acceptance of a Complete 
he Patent Office of 


Specification, give notice at 
Patent on any of the 


opposition to the grant of a 
grounds mentioned in the Acts. 


MINING, METALLURGY, ETC. 


511,040. Aluminium-Melting Furnace. Stein and 
Atkinson, Limited, of London, and T. A. Booth, of 
London. (2 Figs February 8, 1938.—The invention is 

furnace in which aluminium and its 
nelted economically than hitherto 
detriment to the physical properties of the metal due to 
oxidation or contact with products of combustion. The 
furnace has a refractory bed forming a trough for the 
metal, and a number of beating tubes 2 run from end to 
end of the trough. The tubes are internally-fired, each 
having a burner 3 and an exhauster 4, which removes the 


M 
4 ~s 


alloys can be 


more and without 














products of combustion and induces a draught of air 
through the tubes The gas and air flow in parallel 
streams so that combustion is delayed, and the gases 
traverse the tubes once only so that the temperature of 


each tube is substantially even over its entire immersed 
length. This form of firing ensures that no products of 
combustion can come into contact with the metal. When 
the tubes pass through the furnace wall at a point below 
the level of the surface of the metal, they are sealed by 
a bushing 5 of rammed refractory material. The furnace 
chamber is completely enclosed and can be filled with 
inert gases without reducing the heating efficiency. The 
rate of heat transfer is very high due to the intimate 
contact of the melt with the tubes. A further advantage 
vuree, oil or powdered fuel can be 
free from con- 


is that was from any 
but the 


tamination { 


always 


1939.) 


molten metal is 


iccepted 


used 
iuguat 8, 
ELECTRICAL APPARATUS. 


510,887. Metadyne-Transformer Regulator. Metro- 
politan-Vickers Electrical Company, Limited, of London, 
and A. Tustin, of Sheffield. (5 Figs.) February 9, 1938. 


The invention is a regulator machine for use with a 
metadyne transformer which develops a large starting 
rque, maintains the transformer at the desired speed 
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when running on no load regardless of variations of line 
voltage, and supplies the necessary variations in excita- 
when the load The regulator 
nw on all four poles of the meta 

rhe regulator dynamo is a four-pole wave 
winding H is 
two 


tion metadyne is on 


winding is wound 
M. 
wound compound machine and the shunt 
distributed on all four while the 
\ and B of the series winding are respectively wound on 
alternate pairs of adjacent poles for the purpose of mini- 
the sections. In this 


dyne 


poles sections 


mising inductance between two 
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case the excitations of the several poles can be different. 
When the armature is lap wound this is undesirable, and 
each of the two windings are wound on different sections 
of all the poles. During starting, the armature R ID of the 
regulator dynamo is connected in series with limiting 
resistance and with the two series winding sections 
A and B, which are connected in parallel with each other. 
These windings both assist the shunt field winding and 
thus produce a large flux and hence a high starting 
torque. When the metadyne is running light with its 
primary brushes disconnected from the supply, the two 
sections A and B are connected in series with each other 
and with the armature RD. The section B assists the 
shunt winding and acts as a stabilising winding, but the 
\ opposes it, and is now shunted by the limiting 
resistance. With the metadyne on load and its primary 
brushes connected to the supply, the two sections A and B 
are connected in parallel with each other and with the 
resistance, the combination being connected in 
with the armature RK D and the regulator winding R W. 
When the regulator is running as a motor both the 
sections A, B oppose the shunt winding and, by reducing 
the back e.m.f. of the machine, supply an e.m.f. in the 
direction of the current that compensates for resistance 
in the regulator-dynamo circuit. Any slight reduction 
in speed results in a large current being supplied to the 
regulator winding, limiting this reduction. If the meta- 


section 


series 


dyne speed increases so that the regulator dynamo 
regenerates, the current through it and through the 
regulator winding RW _ reverses in direction. The 


series windings A, B in this case assist the shunt winding 
and an extra voltage in the direction of the current is 
generated so that the increase in speed is limited. An 
additional resistance is included in the armature circuit 
during starting; during running this is short circuited 
by the contacts S85. A resistance is also included in the 
shunt field winding circuit during coasting, being short- 
circuited by the contacts S7 during starting or working. 
(Accepted August 9, 1939.) 


MACHINE AND OTHER TOOLS, SHAFTING, 
ETC. 


510,676. Screw-Thread Rolling Tool. Wolseley Motors, 
Limited, of Birmingham, and G. Gould, of Birmingham. 
Figs.) May 25, 1939.—The invention is a lock for a 
serew-thread rolling tool, which ensures that after each 
rolling operation the rolls come to rest in such position 
that they generate one and the same thread in contacting 
with the next work-pieces. Two threaded rolls 1 revolve 
in bearings in the side cheeks of a carrier block 
One end of the spindle of each projects from the side of 
the carrier block and is V-shaped at the extremity. Two 
levers 9 are pivoted on vertical pins, each lever having 
at its end a V-shaped projection 10, which itself is formed 
with a longitudinal V-sectioned groove, which normally 
mates with the V-shaped end of the corresponding roll 
spindle when the rolls are not in operation. The carrier 
block is pivoted on a holder 13 bolted to a slide on the 
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machine, and when the bar stock has been fed forward 
the holder 13 is fed laterally towards it so that the stock 
enters between the rolls and a continuous thread 
rolled upon it. When the rolls are brought into contact 
with the revolving bar stock, the cam action of the 
V-shaped ends of their revolving spindles causes the 
levers to rock out of engagement with the spindle ends 
against the action of springs. On completion of the 
thread-rolling operation the tool is withdrawn from the 


is 


work and the V-groove in the projection 10 on each 
lever engages with the wedge-shaped end of the roll 
spindle, being retained in engagement by the spring. 


The angular orientation of the flats on the roll spindle 
to the thread of the roll is such that when both levers 9 
are in full engagement with their respective spindles the 
threads on the two rolls form a single track on the work- 
plece.-—( Accepted August 4, 1939.) 


OCT. 27, 1939. 


511,197. Wire-Coiling Machine. Imperial Chemical 
Industries, Limited, of London, and G. A. V. Russell, of 
Birmingham. (4 Figs.) February 11, 1938.—The 
machine is designed for use in conjunction with an 
extrusion press. The die-block of the press is bored to 
receive the ends of two tubular guides. Open channel 
sections of the guides are enclosed in a casing from 
which the guides lead to coilers, each consisting of a base 
plate 17 rotated by an electric motor 18. The base plate 
carries an inner ring of pins 19 and an outer wall of 
rollers 20 in the space between which the wire issuing 
from the guide is coiled. The rollers 20 are free to rotate 


in an annular case 22, which rotates on conical rollers 23. 
The spaces between adjacent rollers are bridged by 


triangular inserts. For easy removal of the coiled wire 
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au false base plate 25 is drilled so as to fit over the pins 19 
The plate 25 is mounted on an inner shaft passing through 
the hollow main shaft and resting at its lower end on 4 
thrust block on the piston of a hydraulic cylinder 28. 
The piston has a stroke equal to the depth of the coiler. 
In operation, the motor 18 is already running at the 
commencement of the extrusion stroke and the extruded 
wires are automatically fed into the rotating coilers. 
Loops formed initially in the channel sections of the 
guides remain of constant size, provided that the speed 
of rotation of the coilers is synchronous with the rate of 
feed of the wire. This synchronous speed is automatically 
pre-set, but provision is made for fine adjustment of the 
motor speed so that the coils of wire neither bind on the 
inner ring of pins nor hug the wall of rollers. On comple- 
tion of the extrusion stroke the motor 18 is stopped and 
the wire is cut. Thereafter the motor is re-started to coil 
the free length of wire remaining in the guides. The 
plate 25 with the coil of wire is then raised by the 
hydraulic cylinder, and the coil is transferred on to a 
dead-roller conveyor.—( Accepted August 11, 1939.) 


MISCELLANEOUS. 


510,799. Support for Glass Strip. Pilkington Brothers, 
Limited, of Liverpool, and E. B. LeMare, of St. Helens. 
(3 Figs.) February 8, 1938.—The invention is a support 
for a freshly-produced continuous glass strip, its object 
heing to improve the flatness of the strip. The rollers 
1 and 2 roll the molten glass into a continuous strip. 
After leaving the lower roller 1, the strip rests on a 
stationary bed 6, the span between the rollers and the 
bed having hitherto been unsupported due to the intense 
heat of the plastic glass and its continuous rate of forma- 
tion. As a result, the edge of the strip sags. This is 
now obviated by the use of side supports 8 carried on 
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extensions 9 of the bed and located by projections engag- 
ing grooves in the extensions. The supports bridge 
the gap between the rollers and the bed, and their outer 
surfaces are shaped to the curve which the strip takes 
in passing from one line of support to the other. The 
supports can be adjusted laterally to suit different widths 
of strip. The width of each support is about 2) in., 
and the edge of the strip should overhang the support 
by only a small amount. A fin. overhang is satisfactory 
for a strip 10 mm. in thickness. If the supports are 
made of a metal of high heat conductivity, such as copper 
or brass, they do not require special cooling.—( Accepted 
Auguat 8, 1939.) 
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THE ALBERT CANAL, BELGIUM. | At the port of Monsin, two docks, 425 m. and | 30 m. wide at the base, have been built. To prevent 


590 m. long, respectively, and 70 m. wide, are| percolation, a massive watertight course was con- 


(Continued from page 433.) completed, and space is available for further exten-| structed on the inner side. This course has a 
; sion. The docks are shown in Fig. 22. The port | thickness of 1-50 m. and consists of 40 per cent. of 
Tue Port or LIécE. is connected by rail to the shunting station of Bres-| clay and 60 per cent. of gravel. The new canal 


soux, the railw ay crossing the river slightly down- | has a minimum width of 70 m. at the water surface 
ENCOURAGED by the great industrial activity which | stream of the Monsin barrage. The island is also} and of 44 m. at the bed. Its depth is 5 m. and its 
d>veloped in the early part of last century, the | accessible by bridge from the Herstal side and by | wetted cross section 275 sq. m. In some places 
Belgian Department of Bridges and Roads started,|a double bridge situated below the locks which | the width increases to 100 m. at the surface, 80 m. 
in 1845, on the task of establishing a continuous | connect the river to the Albert Canal. The suburb | at the bed, and the wetted section exceeds 465 sq. m. 
navigable waterway between the sea and the Liége| of Jupille is also accessible by a bridge erected |The sides of the canal consist of an under-water 
industrial district situated on the River Meuse. | alongside the barrage. Warehouses have been built | slope with an incline of 10 to 4, a berme of 2 m. 
By canalising the Meuse upstream as far as the town | and others are in the course of erection and a bonded | width at a depth of 1 m. below the surface, and 
of Seraing and building the Liége-Maastricht canal, | warehouse under the supervision of the customs will | finally, a slope with an incline of 6 to 4. The banks 
which connects to the Zuid-Willemsvaart at Maas-| be shortly put in hand. This does not exhaust|are protected above the berme by dressed stone 
tricht, this great work was completed in 1847,| the shipping facilities of the port of Liége. In the| masonry resting on a concrete bed on top of the 
a waterway navigable for ships with a maximum | town itself numerous public wharfs with a total river | watertight course. Above the masonry, about half 
tonnage of 450 becoming available. Three weirs| frontage of 14 km., are in use, while the entrance |a metre above the water surface, the banks are 
were necessary to ensure a depth of 2-1 m. for the | of the old Liége-Maastricht canal, together with the | turfed. 
navigable channel of this canal. Of these, the| largest part of Coronmeuse basin, have been trans- At Wandre, where the canal is confined between 
barrage of Fonderie stabilised the water-level of | formed into an open river basin especially intended | the Meuse and the factory buildings of Herstal, 
the Meuse at 59-25 m. above sea level, and ensured | | for the use of the Herstal industries. |the banks have been re placed by vertical concrete 
the water supply of the Liége-Maastricht canal,| The various ports clustered around the City of | walls so as to obtain a canal width of 35 m. at the 
which flows out of the Meuse immediately upstream. | Liége have been formed by the Government into a | surface, 32 m. at the bed, and with a wetted cross 
It was not until 1922 that, by the building of the | single organisation, called the Autonomic Port of | section of 170 sq. m. A cross-section of this part 
Monsin barrage at the Isle of Monsin, and the} Liége. The Administrative Board is composed | of the canal is given in Fig. 23, on page 491. This 
Ramet-Ivoz barrage upstream of Seraing, both | of an equal number of members appointed by the | shows the relation of the various types of barges 
capable of retaining a water level of 4-5 m. above | State and by the city. The total shipping handled | which are listed in Table IT on page 432, ante, to 
the water level of the river, that the depth of the| by the ports of the Liége industrial basin reaches | this particular canal section. A view showing the 
navigable channel was increased to 3 m., so that | \5 5 million tons per annum, and everything points | wide ning work in progress is given in Fig. 26, on 
this canal section became navigable for ships with | to this total being considerably exceeded as soon as| Plate XVIII. The completed section, with the 
a tonnage of 1,350. Having a water level imposed ! the Albert Canal is in regular service. Downstream | River Meuse on the right, is shown in Fig. 27 


























Fie. 21. THe Monstn BARRAGE. 


upon it of 60 m., this Seraing-Monsin canalisation ; of Monsin Island, at the side of the lock giving; On the old Liége-Maastricht canal, there was a 
may be considered as the forerunner of the Albert | access to the lower Meuse, a lock and flood gates | lock at Haccourt, the water level of the canal beyond 
Canal. A view of the Monsin barrage is reproduced | have been erected. These structures are for the | this lock being at a level of 52-75 m. above datum. 
in Fig. 21, on this page. purpose of isolating the canal from the river at flood | On this section, at Lixhe, there were three cement 

This canalised Meuse section, having quay walls|times. Together, they form a double outlet 32 m. | factories built at a distance of only 10 m. from the 
with a total length of 28 miles, constitutes the most | wide for the supply of water from the Meuse to| water’s edge. The canal then continued its course 
important part of the port of Liége. In addition|the canal. The wetted cross section of 160 m.j| under the railway bridge of Montzen-Tongeren. 
to public wharfs, the wharfs of the numerous large | is ample for the water supply of the canal under all| Here again, the old canal was incorporates d in the 
private firms, such as Cockerill, Ougrée Marihay, | conditions, and without the rate of flow being | new one by raising the water level by 7-25 m. and 
and other metallurgical and chemical factories, | sufficient to inconvenience navigation. The lock | widening the cross-section. As an earthen embank- 
collieries and engineering works, are situated along | has the same dimensions as the other canal locks, | ment was out of the question on the left bank, on 
this section. At both ends of the Liége district a/| viz., 136 m. by 16 m., and is operated by hand. | account of lack of space, the construction of a quay 
public port has been built. Upstream, the port of | Beyond the lock and flood gates, the canal, contained | wall over a length of 1,710 m. was resorted to. 
Renory with a quay wall approximately 1 km.| between vertical retaining walls, continues its| On parts of the right, bank a similar solution was 
long, and extensive railway tracks connecting | course to join up with the old Liége-Maastricht canal| chosen on account of traffic conditions. The 


to the Nord Railway, has been handling goods at | slightly downstream of the Wandre bridge. difficulty which presented itself was not the construc- 
the rate of half a million tons per annum. Down- ee amet s tion of walls capable of withstanding a water pressure 
stream, the port of Monsin is nearing completion. Tue Wanpre-Haccourt Sxcrion. equivalent to 10 m. head, but the possibility of 


Below Liége, between the communities of Bressoux The upper reach of the old Liége-Maastricht | trouble with the foundations. As the ground con- 
and Wandre, the Meuse describes a large semi-circle. | canal flowed from Wandre to Haccourt, a distance | sisted of coarse Meuse gravel covered by a layer of 
At a time of flood, many years ago, part of the | of 8-5 km., through the Meuse valley, being built | loam of 2 m. to 3 m. thickness, these fears were 
discharge of the river cut across the isthmus formed | partly in cutting and partly on embankments. | not unfounded. A solution was found by erecting 
by the curve and the land enclosed by the arc} The canal was protected by dykes against flooding | the walls on a trestle formed by inclined concrete 
and the chord, which has a surface of about 100|of the Meuse. The width of the channel was| piles which were covered with a screen of sheet 
hectares, became the isle of Monsin. This area | from 16 m. to 18 m., and the depth 2-5 m. to 3 m.| piling. The space under the wall was then filled 
is conveniently situated for the loading of Herve | This section has been incorporated in the Albert| with cement grout. The walls are sub-divided 
coal, wooden props for the collieries, building| Canal. On each side new banks have been erected | by expansion joints in sections of 20 m. to 30 m. 
material and the products of the smaller metallur-|so as to increase the cross section and raise the} long. Special care has been taken to ensure water- 
gical factories of the Vesdre valley, as also for general | water level from contour 57-35 to 60 m. This work | tightness of these joints. On this work more than 
goods from the numerous Liége factories. Monsin| was carried out without interrupting navigation. | 4,000 concrete piles were used and the sheet piling 
Island is clearly indicated in the mapof the Liége-| As the new water level lies 2-20 m. to 5-80 m./has a total surface of 28,000 sq. m. A _ view 
Hasselt section of the canal given in Fig. 22, on | above that of the natural ground level, large banks, | showing the work in progress close to the cement 
page 490. having a top width of 10 m. and from 20 m. to| works, at a point where vertical quay walls were 
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constructed on both sides of the canal, is given in 


Fig. 28, on Plate XVIII. The same section after 
the completion of the work is shown in Fig. 29. 
\ section of the canal where a sloping formation 
was used on the right bank, is illustrated during 


and in its finished state in Figs. 36 
502, and a characteristic view of the 


construction 


und 37, on page 
normal construction in this section of the canal 
is given in Fig. 38. 

As will be seen from the map, Fig. 22, the Albert 


Canal is connected to the canalised Meuse, at Hac- 
The connecting 

the depth of 
The lock can handle 
level is from 60 m. 
on the Meuse. 


court, by means of a junction canal. 
m. wide, 


lock is by 7 
water over the sill being 3 m. 
600-ton barg The fall of 
Albert Canal to 52-75 m. 


55 m. long 5 
rcs. 
52 


on the 


Tue Lixue-BrRreGpEN SecTION. 


section be at Lixhe on the embankment 
the Montzen-‘longeren railway and ends 15 km. 
way in the Kempen plain, west of the village of 


Briegden, near the Dutch frontier. Both of these 


Thi gins 


ot 


towns are indicated in the map given in Fig. 22, 
on this page 

Che first 5-5 km. up to the village of Lanaye 
are entirely built on embankment, whereas the last 
10 km. are entirely in a cutting where the canal 


crosses the Kempen plateau in order to encircle the 
Maastricht The earthwork involved in 
this 20 million cub. m. As part 
of the used for the embankments of 
the Lixhe-L in the Meuse Valley, the 
work, which involved sum of approximately 
10) million frances, had to be placed in the hands of 
Under the special circumstances, 


enclave. 
eeded 
spoil had to be 


work ex 


anave reach 


a single contractor. 
the granting of a contract at a lump sum was thought 
the most advantageous proceeding, although the 
necessary resetvations and adjustments to protect 
against abnormal rises in 


hoth contracting parties 


wages, material, costs or currency fluctuations were 
inserted. In order to give small firms an opportunity 
to compete, a clause was added, whereby the 


Government agreed to lend its financial assistance 
for the partial or entire acquisition of the material 
necessary to execute the work. In the specification, 
the time limit for the work was put down at 2,400 
days, a bonus of 25,000 francs a day being payable 
for earlier completion. The purpose of this was to 
stimulate the contractor to shorten the period of 
construction, as an early opening of the enlarged 
Lixhe-Lanaye reach, forming part of the old Liége- 
Maastricht canal, would have been highly beneficial 
to navigation, 

Finally, the contract was placed for the sum of 
390 francs, the time limit for completion 
wing tixed at 2.400 days, bonus scale 
for earlier completion as follows being agreed upon: 


million 


a prog ressive 


For completion from | day to 120 days early, 25,000 
francs a day from 121 days to 240 days early, 
30,000 francs a day; from 241 days to 360 days 
early, 35,000 francs a day; from 361 days to 480 
days early, 40,000 francs a day ; and from 481 days 
to 600 days early, 45,000 francs a day. For any 
saving of time beyond 600 days, the bonus was 
reduced to 25,000 francs a day. Besides giving the 


necessary guarantees for the proper execution of the 
the tor a ce posit to the 
value of 20 million francs and as a further guarantee 
had to engage not to remove his constructional plant 


work, contrac had vo make 


from the works during the time of execution and 
to agree to cede it to the Government should he for 
any reason be forced to abandon the work. | he 
plant, consisting of 20 steam and motor shovels 
on rails or caterpillars, one bucket excavator, 11 
steam or Diesel-driven grabs, SO locomotives, 
1,200 wagons, 10 earth levcllers, 9 caterpillar 
ractors, 105 km. of narrow-gauge rail track and 
one track-slewing machine, represented a value of 
80 million frances, 

Between Lixhe and Lanaye the old Liége- 
Maastricht canal was constructed in the Meuse 


alluvium, approximately at the natural ground level, 


which gradually descends from 52-75 to 50-25, and 
finally to 48-40 m. above datum. The ground is 
made up of a layer of clay about 2 m. thick lying 
ibove a layer of clayey gravel having a thickness 


Under this is the deposit 
Maas valley, 
The old canal 


of approximately 1-70 m. 
of coarse gravel, which fills the 
in some places to a depth of 80 m. 
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bed, which in course of time had become impervious, | soil and then turfed, they may be used for agri 
formed an excellent base for the new canal and the | cultural purposes. A drainage ditch runs at 
main difficulty of the new work was to insure the | 0-50 m. from the toe of the banks over the whole 


watertightness of the banks, which would have to 
withstand the of a body of water having 
its level 10 m. above the plain. The simplest way 


pressure 


i level of 


to deal with the problem was by the construction of | 


This method could 
as ample spoil was 

which had to 
The embank- 


embankments of great width. 

be adopted without difficulty, 
available from the excavation, 
carried out higher up the section. 
consist of a watertight core covered by 
if specially selected earth having on 
1 layer of normal excavated material. 
clay extends into the virgin soil below the 
embankment. Before it was built up, trench 
1-5 m. deep and 15 m. wide was formed in the 
natural surface, which had previously been cleared 
of all vegetable matter and humus. The 
consists of an impervious clayey gravel, the 
position being 40 per cent. clay and 60 per cent. 
The material was placed in layers 0-15 m. 
uch layer being well tamped. A view near 
widening of the old canal 


be | 


i] 


ments 
layer ¢ 
outside ¢ 
core 
a 


core 
com- 


gravel. 
thick 
Lanaye showing the 
given in Fig. 39, on page 502. 

On the right bank, the watertight is of 
triangular cross-section with a flat top measuring 
5 m. at the top and 30 m. to 40 m. at the bottom, 
with a height of 9 m. to 12 m. On the left bank, 
the top side measures 3 m. and the base 8 m. 
12 m. About one and a quarter million cub. m. 
of material from the cutting along the Dutch frontier 
was used in the construction of these cores. The 
finished embankments have a width at the base 
of about 180 m. at Lixhe and 240 m. near the Lanaye 
The upper parts, being covered with arable | 


core 


end 


| 
| 


the | 
The | 


| thickness. 


| core. 


The flat tops are at contour line 61-5 
they lie 1-5 m. above the normal water 
the canal. On each bank a towing path 
10 m. wide has been provided. The inner surfaces 
of the banks are protected by concrete slabs 6 m. 
| long and 0-30 m. in thickness, lying at an incline 
of 5 to 4 and resting on a layer of gravel 0-20 m. 
thick, which makes contact with the watertight 
The bottoms of the slabs are at contour line 
57-10 and rest on a frame consisting of anchor piles 
placed 1-50 m. apart, and held together by a hori- 
zontal waling and sheet piles 4m. long. The top is 
covered by a concrete slab 2 m. long and 0-40 m. in 
The width of the canal at the water 
63 m. and from 47 m. to 


length. 


so that “5 


surface varies from 53 m. to 
57 m. at a depth of 2-50 m. 
In the neighbourhood of Lanaye the difficulties 


|of constructing the new canal on the site of the 


to | 


existing one, and at a water level 10 m. higher, 
became very serious on account of the cramped 
space. Unfortunately, the only alternative to 
this was to cut a passage in the high plateau at a 
point to the south. This, however, was too costly. 
As the crag forming the end of the plateau sloped 
down in the direction of Maastricht, the canal cut- 
ting had to be placed as near to the Dutch frontier 
as possible. The old canal, which had a water-level 
of 50-25 m., was separated from the Meuse by a 
dyke which protected it against river floods and 
at the same time acted as a tow path. Between the 
canal and the side of the valley the remaining space 
was entirely taken up by a cement works which 
covered a length of 550 m. Several solutions of the 
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problem were considered. the cement 


Finally, 
factory was expropriated for the sum of 31 million 
francs, all material, even that derived from the 
demolition, remaining the property of the owners. 
Notwithstanding this expense, it has been calcu- 
lated that the Government profited to the extent 


of 12 million francs. Although earthwork amount- 
ing to more than one and a half million cub. m. 
had to be undertaken, there were no special struc- 
tures or no special vertical masonry walls such as 
had to be resorted to at Lixhe. The method 
adopted also allowed space at the entrance of the 
Meuse-Geer cutting for a turning and laying up 
basin 840 m. long, which extended right up to the 
locks of Lanaye. This basin, with the entrance 
to the old Kempen canal on the right and the Caster 
cutting, referred to below, on the left, is shown in 
Fig. 34, on page 492. A view showing the con- 
struction of the entrance to the cutting is given in 
Fig. 30, on Plate XVIII. 

With the exception of the short reach traversing 
the Geer valley, the whole of the canal in this section 
is built in cutting at a depth varying from 20 m. to 
65m. In the southern part of the cutting, the main 
formation is made up of tufa and Maastricht chalk. 
The material is of uniform composition and is easy 
to excavate. It is covered by an overburden of 
gravel and a layer of Hesbayan clay. In the 
northern part, the principal constituent is loess, 
in many places of great thickness, and Maas gravel 
lying over Maastricht tufa or Tongres sand. All 
the ground is of good consistency and the level of the 
water table is rarely above the river bed level, 
in most cases being below it. The excavating of 
25 million cub. m. of spoil from along the Dutch 
frontier and dumping a large part of it in the Meuse 
valley for the construction of the embankments 
demanded a well-organised transport system, which 
was not too expensive to operate. The contractor 
dealt with the problem by driving two double-track 
tunnels through the mountain separating the Meuse 
and Geer valleys. The cutting at Caster, the position 
of which is indicated in Fig. 22, has a length of 1,300 
m., its maximum depth being 65 m. The depth 
was determined by the contour lines 120 and 55 m., 
the former being the ground surface and the latter 
the bed of the canal. The clay and gravel of the 
overburden were excavated by steam shovels. 
The tufa was then broken up by liquid-air cartridges 
and the spoil removed by steam shovels. The sides 
were finished off by pneumatic shovels. A view 
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sub-divided at heights of 10 m. by bermes of which | 


the width is 1 m. to 1-50 m. The tufa hardens when 
exposed to the air and erodes only on the outer sur- 
face. Tow paths have been made on the two banks 
of the canal, that on the western bank being 10 m. 
wide and that on the eastern bank 4 m. wide. 
The water surface of the canal lies in the tufa and 
has a width of 34 m., at a depth of 2-50 m. the width 
is 31:50 m. The wetted cross-section is 150-50 
sq.m. The bed had to be fixed at the 55 m. level, 
because the temporary water level of the Albert 
Canal between Liége and Haccourt had to be kept 
down to 58 m. until the works were finished and 
because during the years 1935 to 1939 the canal had 
to be navigable for ships with a draught of 2-50m. 
In the Geer valley, which had to be crossed 
obliquely, as will be clear from Fig. 22, the canal 
has been cut in the alluvial soil. The top of the 
banks is at contour line 63, this being sufficient to 
safeguard the canal against flooding from the Geer 
river. The Geer at the canal crossing has its water 
level at contour line 59 and passes under the 
canal through a reinforced-concrete syphon culvert 
consisting of four rectangular sections of 2-75 m. 
by 2-50m. This is ample for the greatest discharge. 
A cross-section of the canal in the Caster cutting, 
in the tufa, is given in Fig. 24, on this page, and a 
cross-section in the alluvial soil in Fig. 25. 

In the Vroenhoven-Veldwezelt cutting, the ground 
slopes towards the east, the Hesbay plateau falling 
towards the Meuse valley in the direction of Maas- 
tricht. As a result, in order to reduce the earthwork 
as much as possible, the canal had to be kept close 
to the Dutch frontier. As at the time the route 
was decided upon the geological nature of the 
ground was but imperfectly known, it was necessary 
considerably to increase the width of the cutting, 
so that the canal between Kanne and Vroenhoven 
varies from 175 m. to 205 m. These dimensions 
were considerably greater than had been originally 
planned and in order not to encroach on Dutch 
territory the route of the canal had to be slightly 
modified. This entailed extra excavation amount- 
ing to 2,250,000 cub. m., the costs of which had 
to be borne by the contractor. In the neighbour- 
hood of Vroenhoven, some difficulty was experienced 
with underground water, but the contractor was 
able to deal with it by draining it to a part of the 
cutting where it could penetrate into the pervious 
Meuse gravel. Where tufa was not present a 
cross-section of the canal of 42 m. to 45 m. at the 


showing the excavation of the bed by steam shovels | water surface level and of 34 m. at 2-50 m. depth 


is given in Fig. 32, on Plate XVIII, and a view of the 
cutting nearing completion in Fig. 33. 

The slope of the banks at the top is 3 in 2. 
the chalk, the banks are nearly vertical. 


Two views 
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and 35, on Plate XVIII and page 502. The latter 
shows an early stage in the excavation, and the 
former the period when the bottom of the channel 
was being completed. 

The excavation work was carried on with great 
rapidity. During the first months of the year 1930, 
the contractor assembled his excavating plant and 


| . . : 
rolling stock, and organised a store yard and repair 


shops in the Geer valley, near Canne. He made 
similar arrangements at Vroenhoven. The excava- 
tion work proceeded with satisfactory regularity, the 
output during the winter months being only slightly 
below that of the summer months. A _ record 
performance was attained during the month of 
| March, 1933, when 825,879 cub. m. were excavated, 
amounting to a daily average of more than 30,000 
cub. m., or 45,000 tons. Started in May, 1930, 
the excavation was finished in June, 1934, or 50 
months later. 
Actually the work took 1,250 working days to 
/accomplish, this period being much shorter than 
stipulated in the contract. This result was obtained 
notwithstanding the supplementary works, repre- 
senting an additional outlay of 79 million francs, 
| necessitated by the unforeseen modification of the 
| canal route between the Meuse and the Geer rivers 
and other extra features. An adjustment of the 
| prices in view of the lowered costs of material and 
| the lower bank rate, resulted in a profit of 57 million 
| francs for the Government. On the other hand, the 
| bonus paid out to the contractor for completing the 
work amounted to 66 million francs. Although this 
| high premium has been severely criticised and even 
| made the subject of political action, the committee 
appointed to inquire into the matter decided that 
the bonus payment had been profitable to the 
Government, the advantages accruing from the 
earlier date of completion far outweighing the 
monetary considerations. The committee was 
unanimous in declaring that as a result of combina- 
tion of the bonus clauses and those calling for price 
revision as stipulated in the contract, the Govern- 
ment had been able to recoup itself almost entirely. 
The contract had resulted in a work of unprece- 
dented magnitude in Belgium being accomplished 
in a perfect manner and in record time. Owing to 
the early completion, shipping between Liége «and 
Antwerp has been carried out since 1935 along 
waterways situated entirely on Belgian soil. In 
addition, the national security, provided by the 
Haccourt-Lanaken section of the Albert Canal, has 
been greatly increased by this earlier completion 
| of the work. 





(Z'o be continued.) 








THE IRON AND STEEL INDUSTRIES 
OF EUROPE. 


THE outbreak of war lends particular interest 
to the recent publication, by the United States, 
Bureau of Mines, of an Economic Paper entitled 
“The Iron and Steel Industries of Europe.” 
Although the compilation of the paper was com- 
pleted some six months ago, on the basis of in- 
formation published some time previously, it 
affords a useful comparison of the relative positions 
of the iron-producing countries. As the author, 
Mr. C. W. Wright, states in the introdction, 
‘““ No war can be waged without considerable stocks 
of iron, and countries that have achieved dominion 
over the principal sources of supply have the best 
chance to win the conflict, provided that they have 
the furnaces and fuel to melt the ore into steel for 
munitions.” This statement by itself is, of course, 
somewhat of an exaggeration, since under modern 
conditions of warfare there are numerous raw 
materials without which no country can effectively 
wage war, however great the resources of iron at 
its command. Nevertheless, no one will deny the 
| importance of iron as a raw material in war, and 
| in the self-sufficiency programmes of countries, such 
as Germany and Italy, and, to a lesser extent, 
Poland, Roumania and Yugoslavia, an important 
| place has been accorded to the development of 











|was maintained throughout. The depth in the | iron-ore resources, and iron and steel production 
| centre is 5 m. and 4-50 m. at the sides of the channel. capacity. 

In| The wetted cross-section is 160 sq. m. 
They are} of the Vroenhoven cutting are given in Figs. 3] ‘in time of war, attention must be 


| In assessing the value of a national steel industry 
paid to the 
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possibility of maintaining supplies, not only of iron 
ore and coal, but also of the various alloy metals, 
the importance of which in ferrous metallurgy has 
been increasing very considerably in recent years. 
None of the principal steel-producing countries of 
Europe is entirely self-supporting as regards the 
raw materials required for the production of a full 
Practically all are depen- 
dent upon imports for alloy metals, while 
Great Britain, Germany, Italy Poland are 
deficient in iron ore, and France, Italy and Yugo- 


range of steel products. 
some 


and 


slavia in coking coal. 
deficient in ore normally draw supplies from France, 
Sweden, Belgium and Luxemburg, Spain, Newfound- 
land or North Africa, although a number of other 
Kuropean countries, particularly the Balkans, 
export appreciable tonnages of iron ores. 


in 


the position is complicated by the considerable 
trade in iron pyrites, principally from Spain, 
Portugal and Norway. Germany, in particular, 
consumes a considerable tonnage of iron pyrites 


cach year. ‘The principal sources of coking coal are 
Great Britain, Germany and Poland, while supplies 
of alloy metals are derived to a large extent from 
extra-European sources. The paper of the U.S. 
Department of Commerce is concerned only with 
European countries, and does not, therefore, refer 


to sources of iron ore or of alloy metals outside 
Europe. 

The author considers that the four most important 
iron-ore fields Europe are (1) the Lorraine 
cle posits of Northern France ; 
(2) the Lapland magnetite deposits in Northern 
Sweden; (3) the sedimentary deposits in Eastern 
England ; and (4) the hematite deposits of Krivoi 
Rog in the Ukraine. In addition, of course, Germany 


in 


minette " ore in 


POSSCSSES VE ry large lron-ore reserves, but these are 
made up of a number of scattered deposits which 
do not compare in importance with the four sources 
and of the 


mentioned above. large reserves of low- 


grade ore at Salzgitter, in Central Germany. The 
paper makes a broad division into Nations 
Deficient in Llron Ores’ and * Nations with Ade- 


quate or Surplus Iron Ores.’’ The former category 
comprises Germany, Italy, Great Britain, Czecho 
slovakia, Roumania and Poland; and the latter, 
France, the U.S.S.R., Spain, Norway, 
Yugoslavia, Hungary, Bulgaria and Greece. 
for of iron ore 
be born mind that 
comparabk different countries, 
to the different basis of enumeration adopted. 


Sweden, 


ever reserves are given, it 


seldom 


figures 


must in these are 
owing 
It 
is known, for example, that the official figures for 
very conservative and include 
only high-grade ore, while those of the U.S.S.R., on 
the other hand, include deposits of low-grade ore 
which entration, and are of doubtful 


commercial value. 


between 


as 
Swedish reserves 


ure 


requires con 


lo turn to consideration of individual countries, | 


Germany normally has the largest production of 
pig iron of all European countries, although het 
production of iron ore is exceeded by that of France, 
Sweden, the U.S.S.R., and Great Britain. Germany 
has also made the most rapid progress during the 
last few years in deve loping domestic deposits of ore, 
but she is still far from making up the loss she 
incurred in 1918, when Lorraine was returned to 
France. Before the war of 1914 to 1918, German 
heavy industries were based on the Lorraine iron-ore 
deposits, which supplied over 90 per cent. of German 
won-ore requirements, 
Lorraine to France, German production of iron ore 
fell from the peak figure of 28-6 million metric tons 
in 1913 (excluding Luxembury, from which Germany 
derived 3 million metric tons) to 6-2 million 
metric tons in 1919. Apart trom a serious decline 
during the depression, iron-ore output remained 
approximately at this level until 1936. By 1938, 
however, production had increased to 11-1 million 
tons, of an average grade of 32 per cent. of iron. 
The latter figure includes some 2,000,000 tons of 
iron ore from Austria. 


At first sight, the increase in output shown above 
would seem a very large one, but in relation to the 
expansion of steel output this is actually not the 
case. ‘Lhe production of iron from domestic ores in 
1938 contributed only cent. of the total 


25 per 
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Fie. 35. 
many consumed, in 1937, some 9 million tons of 
scrap iron derived from home so that, 
in all, about 50 per cent. of the total requirements 
of iron for the production of steel were derived from 
domestic sources. It is well known, however, that 
exceptionally energetic measures have been taken 
in the last year or two in the collection of scrap, 
and it is doubtful how much longer it will be 
possible to maintain the supply at this level. For 
the remainder, Germany has been dependent on 
imported iron ore and scrap, the latter amounting 
in 1938 to about one million tons. 


sources ; 


Until recently the Siegerland district has been | 


the largest producer of iron ore. The siderite ore 
contains some 35 per cent. of iron, and after roasting 
the iron content amounts to about 50 per cent. and 
the manganese content to 10 per cent. About 
760,000 tons of 48 per cent.-iron ore (after concen- 
tration) is produced annually in Wiirtemberg and 
Bavaria ; while another important district is that 
of Lahn-Dill, where about 600,000 tons of 42 per 
cent. hematite and limonite ores are produced 
annually. Iron ore is also produced in Thuringia 
and Saxony and in the Vogelsberg district, while a 
particularly important deposit is that of the Taunus- 
Lindener district, from which some 200,000 tons of 
ore, averaging 19 per cent. iron and over 12 per 
cent. manganese, are produced per annum. 

the present expansion of output, however, is 
taking place in the Peine-Salzgitter district, which 
has already displaced the Siegerland district as the 
principal source of iron ore, and in Austria. The 


output of iron, which is approximately the same | Salzgitter ore has a high phosphorus content and 


percentage as in 1929. In addition, however, Ger- 


averages only 30 per cent. iron, with 1-6 per cent. 








EarRLty STaGe tn EXCAVATION OF VROENHOVEN CUTTING. 


| manganese and 25 per cent. silica. A special process 

has had to be developed to treat this low-grade ore. 
| and the whole of the development in the Salzgitter 
| area is being conducted by the Government-financed 
| Hermann Goring A.G., which was formed in July, 
1937. The programme aims at increasing German 
| steel production by some 4 million tons per annum 
| and, provided that the initial unit is completed, 
|the production of 1 million tons of pig iron per 
}annum, in 1940. The full programme involves the 
production of some 20 million tons of ore per annum, 
|and while there are said to be 30 million tons of 
| ore which can be surface-mined by stripping 2} tons 
of waste rock per ton of ore, developments beyond 
this point will present very considerable difficulty 
in view of the great depth involved. The current 
output of ore is about 3 million tons per annum. 

The principal deposit in Austria is the Erzberg, 
which contains estimated reserves of 200 million 
tons of limonite-siderite ore, averaging 33 per cent. 
to 38 per cent. iron, and 22 per cent. manganese. 
When roasted, this ore averages 45 per cent. iron, 
and, on account of the low sulphur and phosphorus 
content, is comparable with the ores of Central 
Sweden. At present the ores are being shipped to 
the Ruhr, though a new plant with a capacity of 
a million tons of pig iron per annum is being 
|erected for the Hermann Goring A.G., at Linz, on 
| the Danube between Vienna and Salzburg. 

In peace time, Germany continued to derive a 
considerable part of her iron-ore requirements from 
Lorraine, and, in 1938, France supplied 23 per cent. 
of the total German iron-ore imports. The principal 
source of imports, however, Sweden, which 
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supplied 9-0 million tons, or 41 per cent. of the 
total, in 1938. A large part of the Swedish supplies 
are shipped through Narvik in the north of Norway, 
and it is doubtful how far this route can be kept 
open during the war. Moreover, it is unlikely that 
the full 9 million tons per annum can be shipped by 
Baltic routes, so that Germany is likely to find 
considerable difficulty in maintaining iron-ore 
supplies. She will, at any rate, be faced with the 
loss of 5 million to 6 million tons per annum from 
France, and probably a somewhat smaller amount 
from Sweden. 

It is worth noting that the absorption of Czecho- 
slovakia, while increasing the German steel output 
by some 2 million tons per annum, has still further 
aggravated the German iron-ore problem, since the 
Czechoslovak steel industry in 1937 consumed 
1-7 million tons of home-produced ore and 3-2 
million tons of imported ore. There are two 
principal iron-mining districts; one near Nucice 
and Berones, west of Prague, which contains 
deposits of limonite and hematite ore averaging 
37 per cent. iron, 12 per cent. silica, and 0-5 per 
cent. to 1-5 per cent. phosphorus, and the other in 
Slovakia, west of Kosice, from which a siderite ore 
is produced, containing 32 per cent. to 38 per cent. 
iron, 6 per cent. to 10 per cent. silica, and 2 per cent. 
to 4 per cent. manganese. The former ore is 
increased to 44 per cent. iron and the latter to 
50 per cent. iron by roasting. There are also large 
tonnages of highly siliceous ore, the commercial 
value of which is doubtful, but which might be 
made the centre of another plant comparable to 
that under erection at Salzgitter. 

Germany is, of course, well supplied with coking 
coal, the Ruhr coal basin being Europe’s most 
important producing centre. In addition, there are 
deposits of coking coal in the Saar and at Aachen, 
while even before the conquest of Poland, the 
German Upper Silesian mines produced substantial 
quantities of coking coal. These resources have 
now been supplemented by the acquisition of the 


Upper Silesian coalfields, and although only a small | 


proportion of the output is of coking quality, the 
Polish production of coking coal has always been 
in excess of the requirements of the Polish steel 
industry. There are also the Kladno and Pilsen 
coal basins in the former Czechoslovakia, as well 


as the Teschen district, which was ceded by Czecho- | 


slovakia to Poland last year and produces some 
10 million tons of coal per annum. The supplies of 
coal for the new Hermann Goring works at Salz- 
gitter, however, will not be easily assured. It is 
proposed to ship coking coal from the Ruhr via the 
newly constructed Mittelland Canal, the barges 
returning with iron ore, which will, to a certain 
extent, replace the supplies of ore previously derived 
from Lorraine. 


As regards alloy metals, Germany is very largely | 


dependent on imports for supplies of manganese. 
She has no impcrtant reserves of manganese ore, 
although, as mentioned above, there are considerable 
deposits of manganiferous iron ore. In 1938, 
Germany produced 191,000 metric tons of ore, 
containing rather over 12 per cent. manganese, 
while imports amounted to 425,800 metric tons, 
averaging over 30 per cent. manganese. In 1938, 


63 per cent. of the imports were derived from | 
South Africa, 14 per cent. from Russia, and 11 per | 


cent. from Brazil. Considerable quantities of man- 
ganese are supplied from domestic scrap and slags, 
and in 1934, when steel production totalled 


16,000,000 tons, only one-third of the manganese | 


required was derived from imported ores. Never- 
theless, considerable efforts are being made to 


reduce the consumption of manganese, for example, 


by the use of soda as a desulphurising agent. There 
are, however, two manganese mines in Czecho- 
slovakia : one at Kisovce, near Poprad, in Slovakia, 
and another at Chvaletice, in East Bohemia, but 
the output has not been sufficient in the past 
to meet the requirements of the Czechoslovakian 
steel industry, and in 1937 imports of manganese 


ore were 77,700 tons, while domestic production | 


totalled 106,000 tons. 

In respect of other alloy metals, Germany is 
practically entirely dependent on imports for 
supplies of chromium, tungsten, nickel, cobalt 
and vanadium. German imports of chrome ore 


in 1938 amounted to 176,406 metric tons; of 
tungsten ore, 14,200 metric tons ; and of nickel ore | 
34,215 metric tons. Imports of chrome ore are | 
obtained mainly from South Africa and Turkey ; | 
tungsten ore from China and Burma; and nickel 
from the Dutch Indies, Canada and Burma. 
Poland also is partly dependent on foreign high- 
grade ore imports, which are derived mainly from 
Sweden and Morocco. In 1937, iron-ore consump- 
ition totalled 1-3 million metric tons, of which 
0-8 million tons were home-produced. Pig-iron 
production amounted to 0-7 million tons and steel 
production to 1-4 million tons. There are four iron- 
ore districts :—{i) the Czectochowa-Wielun area, 
adjacent to the German border; (ii) the Kielce- 
|Radom area; (iii) scattered limonite deposits in 
| Silesia ; and (iv) the Olzan (or Teschen) district, 
|which was taken over from Czechoslovakia in 
October, 1938. The first-named district produces 
from 300.000 tons to 400,000 tons per annum of 
| siderite ore, averaging about 30 per cent. iron ; the 
second, 50,000 tons to 100,000 tons of siderite, 
| averaging 28 per cent. iron; the third, 15,000 tons 
to 30,000 tons of limonite ore, containing 40 per 
| cent. to 45 per cent. iron; while the Olzan district 
|(the output of which is not included in the Polish 
production figure for 1937, given above) produces 
|about 150,000 tons of ore, containing 30 per cent. 
‘iron. It is doubtful whether Germany will be able 
effectively to increase the output of iron ore from 
| the occupied Polish mines, since the Polish Govern- 
ment has been trying for some time to reduce the 
country’s dependence on imported ores, and, with 
this object in view, a decree was passed in April, 
1938, providing for tax exemption on new mining 
/and industrial activities. This resulted in only a 
very slight increase in production, and the grade of 
| the ore is such that it must be treated in conjunc- 
|tion with richer imported ores unless special 
|methods of treatment, similar to those which 
'will be incorporated in the Salzgitter plant, are 
| employed. 
The Polish steel industry is also dependent nor- 
| mally to a considerable extent on imports of scrap, 
local supplies of scrap being negligible. Total scrap 
|imports amount to about 600,000 metric tons per 
|annum, derived mainly from Germany, France, 
Belgium, and the United States. With regard to 
alloy metals, Poland is entirely dependent on imports. 
| Total imports of manganese ore have been about 
' 80,000 tons per annum, while exports of ferro- 
|manganese total 12,000 tons. About 150 tons of 
| chromium and tungsten ore have been imported 
| annually. 
| Of the Allied countries, France is, of course, 
| self-sufficient in ore, but Great Britain is dependent 
|to a considerable extent on imports. In 1938, 
| France produced some 33,000,000 tons of iron ore, 








averaging just over 30 per cent. iron content. Of 
|this total, 15} million tons were exported: 9-1 
| million tons to Belgium and Luxemburg, 5-9 million | 
| tons to Germany, and 0-3 million tons to Great | 
| Britain. The importance of the Lorraine deposits has 
jalready been mentioned ; in 1938, these provided | 
| 93-6 per cent. of the total ore production. Of the | 
| other 6-4 per cent., Normandy supplied 4-7 per 
|cent., and Anjou, Brittany, and the Pyrenees the 
remainder. It is worth recording that, owing 
largely to labour difficulties, there has been a 
considerable decline in the activity of the French 
iron and steel industry, and in the production of 
iron ore since 1929, when the latter amounted to 
over 50 million tons. During the current year, 
there has been a substantial improvement in the 
labour situation, and provided that the mines, 
which are situated close to the German frontier, 
can be adequately defended against enemy attack, 
production should be maintained at a very high 
level. 

The Lorraine field comprises two principal grades | 
of ore: (1) The calcareous or basic ores which are 
most prominent in the Briey and Thionville areas ; 
and (2) the siliceous ores produced in the region of 
Longwy and in the Nancy basin. The output 
of basic ore is over four times that of siliceous ore. 
The composition of the former is, iron 26-37 per 
cent. ; lime 12-20 per cent. ; silica, 5-10 per cent. ; 
and alumina, 2-10 per cent. That of the siliceous 
ores is iron, 30-39 per cent. ; lime, 4-10 per cent. ; 


| 
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silica, 12-25 per cent. ; and alumina, 5-10 per cent. 


A feature of both grades is the high phosphorus 
content (0-7 to 0-9 per cent.), which formerly 
prevented its use, but is now considered an advan- 
tage in the production of basic (Thomas) steel. 

In Normandy, the principal mines are at Soumont, 
Saint Rémy, Larchamp and La Ferriére, south of 
Caen. They comprise seams of hematite near the 
surface, averaging 45-46 per cent. iron, 12-18 per 
cent. silica, and 0-6-0-7 per cent. phosphorus ; 
and of siderite, at greater depth. The latter is 
concentrated to about the same composition by 
calcining. The Anjou-Brittany deposits comprise 
hematite ore, averaging 48-52 per cent. iron, with 
8-12 per cent. silica. The Pyrenees deposits consist 
of manganiferous iron ore containing 51-57 per 
cent. iron, 2-4 per cent. manganese, and only 0-075 
per cent. phosphorus, Production from this district 
has fallen from 235,000 tons in 1929 to an average 
of 62,000 tons in recent years. 

As already stated, the Bureau of Mines paper is 
concerned only with European countries, but men- 
tion is made of the important surface deposits at 
Conakry, in West Africa, where 2,500 million tons 
of ore have been disclosed, averaging 48 per cent. 
iron, 2 per cent. chromite, and 1 per cent. nickel. 

The French steel industry is also a large consumer 
of scrap iron, the bulk of this being derived from 
domestic sources. Consumption in 1936 totalled 
2,102,605 metric tons, while imports are of the ~ 
order of only 12,000 metric tons per annum. Exports 
of scrap iron are of considerable importance, but 
are subject to wide fluctuations from year to year. 
After falling from 620,798 tons in 1935 to 131,868 
tons in 1937, they rose again to 439,113 tons in 
1938. All the French requirements of manganese 
ore are now imported, although until 1932 there 
was a small annual production. In 1937, imports 
totalled 489,479 metric tons. The principal weak- 
ness of the French iron and steel industry is the 
lack of adequate supplies of coking coal. The 
deficiency is made up principally by imports from 
Germany and Great Britain. In particular, coke 
is normally obtained from the Saar in exchange for 
iron ore from Lorraine ; and, if the French army is 
successful in annexing the Saar, they may be able 
to obtain a considerable part of their requirements 
from this source, although Germany is not likely 
to allow the mines and coke ovens to fall into French 
hands in an undamaged condition. 

As in the case of iron ore, the output of pig iron 
has fallen considerably since 1929, when production 
amounted to 10-4 million tons. In 1938, it was 
only 6-0 million tons. Production consists mainly 
of high-phosphorus iron, of which the output in 
1938 was 5-3 million tons, or 88 per cent. of the total. 
Steel production also has fallen from 9-7 million 
tons in 1929 to 6-2 million in 1938. The most 
important producing districts are those known as 
Est I, comprising Meurthe et Moselle, Haute Marne 
and Ardennes; and Est II, or the Moselle Area. 
These produced 2-1 millions and 2-0 million tons, 
respectively, in 1938. The Nord and Ouest districts 
each produced 0-4 million tons in 1938. 


(T'o be continued.) 








APPLICATIONS OF COBALT-CHROMIUM ALLOY STEEL.— 
The demand for a cheaper type of billiards ball has led 
to the employment of a composition ball made from a 
compressed powder in steel moulds. The steel from 
which these moulds are manufactured has been the 
subject of considerable experiment and research, and, 
eventually, the most suitable material was found to be a 
cobalt-chromium alloy tool steel, the moulds being 
produced in the form of castings. Steel of this type, 
made by Messrs. Edgar Allen and Company, Limited, 
Imperial Steel Works, Sheffield, 9, is known as “ Double 
Seven ”’ and its particular qualities are hardness and 
resistance to wear. The same steel is also being tried 
out for surgical knives and has been found satisfactory, 
when properly made, on account of its combined cutting 
and stainless qualities. Care must, however, be exercised 
in the forging operations. Another special use for the 
material is for moulds employed in connection with 
certain types of proprietary powders. These synthetic- 
resin powders are liable to stain the moulds, and 
some have a corrosive effect. The cobalt-chromium 
steel, when hardened and polished, is claimed to remain 
practically stainless, which renders it particularly useful 
for these moulds. 
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metal construction. A more recent noise-abatement | equally distributed between the tworooms. For the 
problem, upon which the Laboratory is now working | abatement of noise due to traffic or other external 
in collaboration with the British Electrical and | sources, the value of double windows has long been 


(Continued from page 435.) Allied Industries Research Association, concerns 


the humming sound often emitted by the trans- 
formers in electrical substations, which can assume 
the proportions of a positive nuisance at night time 
to neighbouring house-occupants in otherwise 
quiet surroundings. The inquiry is being pursued 
along two lines, concerned respectively with the 
hum emitted directly by the transformer and the 
structure-borne sound originating from vibrations 
communicated to the supporting or enclosing struc- 
ture. The Laboratory has also been co-operating 
with the London Passenger Transport Board in 
connection with the Board’s widely appreciated 
efforts to reduce noise on the Underground. The | 
experiments made include measurements of the | 
| audio-frequency vibrations generated in the tunnels | 
by the passage of trains, and appraisals, by the aid 
of noise meters, of the effects of variations in the 
type and details of construction of the sound- 
absorbing screens which have been fitted in several 
tubes alongside the rails to a height about equal to 
that of the coach solebars. The materials used for 
such screens, and for sound-absorbent linings in 
other situations in the tubes and trains, have been 
found by experience to suffer appreciable mechanical 
wear and tear. Part of the Laboratory’s work has | 
therefore been directed to the comparison of alter- | 
native materials by means of attrition tests, in| 
order that their useful life might be assessed. 

Acoustics of Buildings. Sound Transmission 
Through Walls, Floors and Pipes.—For a number 
of years the Physics Department of the National 
Physical Laboratory, in collaboration with the 
Building Research Station, has been busily engaged 
on the various problems of noise abatement in 
buildings, under the general guidance of the Archi- 
tectural Acoustics Committee. In the pursuit cf 
this object, a systematic series of experiments 
has been carried out, both in the laboratories, with | 
specially-modified elements of building construction, 
and also in actual structures during, and after the 
completion of, their erection. The results have 
been sufficiently fruitful to justify their collection, | 
in appropriately abridged form, in a Special Report* | 


Puysics DEPARTMENT—continued. 


Measurement of Sound. Noise Abatement.—It is 
significant of the steady growth of interest in acous- 
tical problems, and of the attention now accorded to 
this subject by engineers, architects, builders and 
public corporations, that the increase of work 
undertaken by the Physics Department has necessi- 
tated a considerable extension of the available 
laboratory accommodation. Of two new test 
rooms, one is a soundproof chamber heavily lagged 
with an internal absorbent lining, and will be used 
for general acoustical measurements and standardi- 
sation. The other is also a soundproof room 
intended and specially designed for the study of 
sound transmission through floors. 

Current problems associated with acoustic stan- 
dardisation are mainly concerned with the evaluation 
of the equivalent loudness of different types of 
noises in terms of the phon, the international unit. 
In this connection, an important point is the | 
idiosyneracy of the human ear, which demands, so 
far as concerns all subjective estimates of loudness, 
the statistical examination of observations made 
by a number of people. This applies especially to 
subjective determinations of a fundamental char- 
acter. For secondary determinations, the technical 
problem centres chiefly in the ability of the instru- 
ment employed to respond to noises of widely 
varying character and loudness. It is for this reason 
that one of the most important tasks accomplished 
by the Department during recent months has been 
the development, to the stage of commercial produc- 
tion, of a portable form of objective noise meter, 
representing a simplified form of the Laboratory 
standard objective meter described last year,* and 
designed at the instigation of the Ministry of 
Transport for the routine measurement of the 
noises produced by road vehicles. Other forms of 
objective noise meter are, of course, being produced 
commercially, and a good deal of work has been 
carried out at the Laboratory in calibrating these 
instruments, testing their sensitivity to pure tones, 
and appraising their reaction to various kinds of 








established as a general principle. Research specifi- 
cally directed to this problem has revealed, however, 
that considerable further improvement can be 
achieved by providing acoustic absorbent to the 
side surfaces between the two windows, and that 
when all precautions are taken to produce the 
optimum effects, a double window can be designed 
which, when open, provides as effective sound 
insulation as a single window tightly shut. The 
research has been instrumental, on the other hand, 
in refuting a number of ideas not uncommonly 
advanced in the past. Among them is the fallacy 
that it is advantageous to construct double windows 
of glass having different thicknesses, no doubt with 
the underlying idea of introducing different funda- 
mental frequencies of vibration for the two com- 
ponents of the composite structure. It may be 
taken, from the Laboratory’s work, that the 
acoustical insulation is not improved by this means, 
either in the case of windows or of other forms of 
composite panel. 

The problem of noise transmission through 
floors differs essentially from that of transmission 
through walls in that the major source of floor 
noise is sound generated by impacts, such as foot- 
steps, on the floor surface itself. Careful attention, 
as a preliminary measure, has accordingly been given 
to the design and construction of apparatus whereby 
exactly repeatable and controllable noise can be 
produced, at the same time simulating the sounds 
and other effects of footsteps sufficiently closely. 
With the successful device that has now been 
developed for this purpose, tests conducted at the 
Laboratory have confirmed that the floating type 
of floor, in which a slab of concrete, for example, 
is wholly carried upon a structural floor by inter- 
mediary rubber pads, has excellent noise-reducing 
qualities. It has been established, also, that with 
such construction the type of rubber employed 
and the degree to which the rubber is compressively 
loaded are of only minor significance. Much the 
same is true of hollow-tile and of wood-joist floors 
incorporating the floating principle. The wood- 
joist floors, however, have proved to be inherently 
noisier than masonry floors and the advantage of 


which has recently been published for the use of | 
architects and builders. The report presents the | floating them on rubber mats or pads is less striking. 
most recent and considered views upon the general | The important question incidental to the practical 
subject of noise reduction in buildings, and outlines | utility of floating floors, of the durability of the 
the most favourable constructions nowadays avail- | rubber employed, is being investigated by subjecting 
able for that purpose. |a number of typical constructions to continuous 


nowe, 

Instruments of the type developed at the Labora- 
tory are essential for the analysis which must always 
precede any successful attack upon the more intract- 
able problems of noise abatement. A_ typical 
example of this class of work is provided by a 





The Special Report does not, of course, represent | 
finality in any aspect of architectural acoustics. 
Experimental research is still in active progress, 
one of the most interesting studies now engaging the 
attention of the department being that of the trans- 
mission of sound through walls in relation to the 
angle of incidence of the sound waves. 


detailed study of motor-cycle noise, which has for 
some time been in progress, with the co-operation 
of the Engineering Department, by whom the 
mechanical characteristics of the machines under 
test are being measured for correlation with the 
sounds observed. The machine under test is housed 
within a test room lined with sound-absorbent 
material and its exhaust pipe passes through an From observations so far made it appears that, 
aperture, either to the open air, or to an efficient | for thin partitions, the proportion of sound trans- 
silencer discharging underground. The two major | mitted increases as the angle of incidence increases, 
sources of noise, due respectively to the engine and | perhaps suggesting that thin partitions transmit 
to the exhaust, are thus segregated and can be| some sound by being themselves set into vibration 
studied and analysed separately. During the past | by the incident waves and acting as sound sources | 
two years, with the co-operation of the Institution | creating noise on the side remote from the original 
of Automobile Engineers, many representative | sound. In the case of thick, relatively massive, 
motor cycles, covering almost the complete available | partitions like brick walls, by contrast, it has been | 
range of power and performance, and including | discovered that the frequency of the sound source 
both two-stroke and four-stroke engines, have been | is influential, its effect being such that the trans- | 
examined. Since the results have clearly demon-| mission of sounds of high frequencies actually 
strated that the exhaust constitutes the predominant decreases as the angle of incidence increases. This 
source of noise, attention has been directed of late to| result has enabled certain anomalies observed 
several different types of silencers, tests upon which, | in previous work on transmission to be cleared up, 
involving simultaneous measur»ments of exhaust | and explained on the basis that the disparities 
noise and engine performance, have failed to indicate | observed occurred according to whether the incident 
any clear or obvious connection between the degree | sound impinged on the test panel from random 
of silencing achieved and the associated loss of | directions or whether it was received in the form of a | 
engine power. One encouraging conclusion which | unidirectional beam. 
may thus be drawn is that effective silencing does| One other recent conclusion of practical value 
not necessarily involve substantial increment of | has been reached as the outcome of noise-abatement 
back pressure and power loss. tests in rooms furnished with sound-absorbing 
Other investigations in progress on the subject | surfaces or furnishings. It appears that, in such 
of motor-car noise include an experimental study | circumstances, the transmission of sound through a 
of the relative merits of alternative means of prevent- | partition separating adjacent rooms is least when 
ing “‘ drumming ” in car-body panels of thin sheet- the available amount of absorbent material is 
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forced vibration in order to produce accelerated 
ageing of the rubber. The foregoing experiments 
are still in progress in the acoustics laboratory, 
where two rooms, one above the other, are separated 
by the floating floor undergoing test, which covers 
an aperture about 8 ft. square in the structural 
ceiling of the lower room. Microphones mounted 
in each room enable the intensities of air-borne 
sound near the source, and after transmission 
through the floor, to be compared and the attenuation 
due to alternative forms of floor construction to 
be thus appraised. 

The wider problems of noise transmission in 
relation to the type and quality of the materials 
employed and to the methods of building construc- 
tion have been the subjects of experiments carried 
out on a variety of all-masonry and steel-framed 
structures, from which several noteworthy conclu- 
sions have been reached. It appears, for instance, 
that while the masonry provides a most important 
route by which sound is transmitted through 
buildings, the attenuation of impact sounds in 
walls is to be associated less with the material— 
brick or concrete—used for the wall, than with the 
manner in which the wall is connected to the founda- 
tions. Thus, a wall built directly upon a well- 
founded footing transmits impact sounds less readily 
than one which is insulated from the foundations. 
Further tests have shown that certain proprietary 
materials, available commercially, have useful 
properties, when interposed in the structural 
framework of a building, in impeding sound trans- 
mission. Steel-framed structures are the subject 
of a very detailed investigation in which assistance 
is being contributed by the Laboratory to experi- 
ments in progress at the Building Research Station, 
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where a small building has been made, consisting 
of a number of separate rooms resting on a layer 
of cork upon a main structural floor slab. Measure- 
ments of air-borne sound and floor-impact trans- 
missions are being systematically conducted to 
appraise the merits of alternative details of con- 
struction and although no complete specification 
has yet been decided upon, the results so far 
obtained are regarded as very satisfactory and fully 
adequate for many types of flat-dwellings. 

In the same general connection of noise-comfort 
in domestic buildings, some further experiments 
have been carried out to explore the most effective 
methods of reducing the transmission of sounds 
along water pipes. Early work, over a year ago, 
demonstrated that many noises, of the sort arising 
from circulating pumps or the hissing sounds due | 
to eddy-formation at constrictions, could be usefully 
attenuated by inserting rubber connections at| 
appropriate situations in long lengths of metal 
piping. With a view to preventing bursts or 
leaking joints at such rubber inserts, due to high 


water pressures or water hammer, experiments | 


are now in progress to study the efiects of enclosing 
the short inserted length of rubber pipe within a 
metal sleeve strong enough to prevent bursting of 
the rubber while allowing it as much freedom as 
possible to prevent the transmission of vibrations. 
Other measurements, of the transmission of audio- 
frequency vibrations along lead, steel and copper 
pipes under representative service conditions, have 
confirmed the expected result that lead is more 
effective than either of the other materials in 
attenuating transmitted vibrations. It is note- 
worthy, however, that this superiority of lead is more | 
marked for freely-suspended pipes than for fixed 
ones; and that the relative effects observed are 
closely the same for empty pipes as for pipes full 
of water. 

The test work carried out for commercial firms 
and public corporations forms an _ increasingly 
important branch of acoustic investigation and | 
covers a surprisingly wide range of experimental 
activity. Particularly comprehensive is the Depart- 
ment’s equipment for dealing with loudspeakers, 
which are tested for fidelity of response to sounds 
over the entire audible range of pitch. The method 
adopted consists, in principle, of feeding currents 
of known frequency and strength into the loud- 
speaker, and measuring the characteristics of the | 
emitted sound by a microphone connected to 
recording apparatus. By this means, resonances | 
may be identified, and the * cut-off ” at each end of | 
the range investigated. Another important class 
of acoustic apparatus is that of hearing aids for the 
partially deaf, for which there exists a growing 
demand for tests. Proprietary materials for the 
absorption and insulation of sound figure promi- 
nently, as usual, among the routine test work. In 
this connection a more unusual, and on that account | 
more generally interesting, sound-absorption trial | 
was carried out last winter upon thickly fallen 
snow. The sound-deadening qualities of snow are, | 
of course, a commonplace of experience, but no| 
values of measured absorption coefficients were pre- | 
viously known. The tests, made in a reverberation 
chamber, were carried out upon trays of freshly 
fallen snow, each measuring 10 ft. square, the thick- 
ness of snow being | in. and 4 in. in successive tests. 
The results, tabulated below, are reproduced with 
acknowledgment from a published communication :* 








Absorption Coefficients for Sound at 
Thickness the Following Frequencies : 
ot Snow. i= —— — —— 
50 | 500 | 1,000 | 2,000 4,000 
PES Sree 
1 in. 0-40 | 0-65 | 0-75 | 0-80 | 0-85 
4 in. 0-95 0-95 0-9 


0-75 0-90 
| | | i 


| 
It may be noted that a 4-in. layer of snow absorbs 
from 90 per cent. to 95 per cent. of the intensity | 
of moderate and high-frequency sound. Greater | 
thickness would, no doubt, give correspondingly | 
high absorption values for lower frequencies. Since | 
these absorptions of incident air-borne sound are | 
additional to the muting effects of impact noises, | 








* Nature, January 14, 1939, page 80. | 
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| 
the deadening effect of snow can be readily appre- | 
ciated. Its effectiveness, in fact, is equalled by | 
very few known materials of equal thicknesses. 

Measurement of Optical Radiation. Thermopiles. | 
—The Laboratory’s scale of radiation intensity is 
realised by means of absolute radiometers which | 
operate on the principle of indicating a balance 
between the energy of radiation and electrical 
energy. By means of these standard instruments 
it is possible to calibrate and study the other 
characteristics of thermopiles used for industrial 
purposes. Valuable work in this direction is being 
carried out, with special reference to the relationship 
between the sensitivity of the thermopile and the 
intensity of the radiation being measured. The 
outcome of such investigations upon a number of 
representative types of commercial thermopiles, 
made up with constantan and manganin as their 
sensitive elements, has been to demonstrate that 
two opposing effects are at work. On the one hand, 
increased intensity of incident radiation leads to 
increased temperature difference between the hot 
and cold junctions, which may be as much as 
20 deg. C. If this effect alone were operative, the 
sensitivity of the pile would be from 2 per cent. 
to 3 per cent. greater for the higher radiation intensi- | 
ties of the industrial range than for the low inten- | 
sities. On the other hand, however, the cooling | 
coefficient of the pile increases as the temperature | 
difference between the hot and cold junctions | 
increases, and if this effect alone were operative, | 
the sensitivity of the thermopile would diminish | 
with increasing intensity of radiation. Hence the | 
overall change of sensitivity with intensity of| 
radiation depends largely upon which of the two} 
effects predominates; and since this, in turn, | 
depends upon the design of the thermopile, and upon 
the relative importance of conduction, convection, 
and radiation losses under the conditions of equili- | 
brium temperature, it follows that the variation of 
sensitivity with intensity of incident radiation cannot 
be formulated or predicted with a useful degree of 
accuracy. The general conclusion reached, therefore, 
is that for satisfactory use the behaviour of such | 
thermopiles must be experimentally determined by 
calibration against a standard radiometer. Tests 
of several thermopiles of industrial types, of various 
sizes, have shown that their veneral performance is 
similar, the response-intensity relationship being 
parabolic to a close approximation. The sensitivity 
diminishes as the intensity increases, but the 
diminution is slight, amounting to only about | 
1 per cent. over the range of intensity from zero up | 
to 2 gramme calories per square centimetre per | 
minute, which represents the full range of utility in | 
industrial test work. 

One other characteristic of thermopiles that has | 
been studied in some detail is the time required for | 
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| the instruments to attain a steady response on being | 


exposed to a steady source of radiation. It has 
been found that the potential difference developed | 
at time ¢ from the beginning of an exposure differs 
from the ultimate equilibrium potential difference | 
by the fraction 10-8, where 8 is a constant | 


represents a high quality of surface finish, tentative 
seales of smoothness for a number of different 
metals have been laid down. The instrument 
has also been found extremely sensitive in detecting 
imperfections in products or components in which 
a polished surface plays an important part. It is 
able, for instance, to measure the defect from ideal 
smoothness of a stainless-steel mirror polished by the 
most refined methods. Even more definitely 
it is able to reveal the smallest differences having 
any commercial significance between the polished 
surfaces of high-quality stainless steel or plated 
sheet. The work is now being extended to take 
account of colour differences, which assume import- 
ance in many industrial products with smooth 
surface finishes, while attention is also being 
directed to the grading of surfaces which, while 
highly finished on the whole, may be imperfect by 
reason of local blemishes or scratches. 

Other research of immediate industrial value is 
exemplified by a detailed investigation of the 
properties of commercial colour-matching lamps, 
which has been undertaken on behalf of the Technical 
Committee on Artificial Daylight of the British 
Standards Institution. For colour-matching pur- 
poses, the daylight from an overcast north sky has 
long been accepted as the best natural illuminant, 
but it suffers from greater colour variation than the 
best types of electric colour-matching lamps, which 
offer the further advantage of being always available, 
day and night, throughout the year. Such lamps 
must, however, conform with some standard 
requirement if satisfactory results are to be obtained 
by different users in factories all over the country. 
The Laboratory is therefore endeavouring to 
formulate a standard specification, and is employing 
as a basis of comparison the so-called “ Illuminant 
C”’, which is one of the standard sources of spectral 
energy distribution adopted in 1931 by the Inter- 
national Commission on Illumination, and which 
very closely resembles the average light from the 
north sky in this country. Representative examples 
of colour-matching lamps, compared with this 
standard, have fallen into two fairly well-defined 
groups, one comprising lamps which resemble 
north-sky light in colour and colour-matching 
properties, the other resembling north light in 
colour alone. 

A simple form of routine test, suitable for inclu- 
sion in a British Standard Specification, has now 
been devised and is recommended for use in industria] 
laboratories. It involves the use of a series of 
monochromatic gelatine filters which serve to filter 
the light from the standard “ Illuminant C ” and 
simultaneously from the colour-matching lamp 
under calibration. The brightness of the filtered 
light from the two sources is compared for each 
successive pair of filters, and from the results the 
trend of the spectral energy-distribution curve 
of the colour-matching lamp can be derived with 
sufficient accuracy to discriminate between lamps 
which have good and bad colour-matching pro- 
perties. 

As an example of practical colour-matching work 


| interest to engineers, intended to meet the need | 
| experienced in certain branches of the sheet-meta]|™eter tubes can be reproduced. Apparatus has, 


| industry for an instrument for appraising the quali- | accordingly, 


dependent on the design and other properties of| conducted by the Physics Department, reference 
any particular thermopile. Thus, the response of «| may be made to the routine testing of hemoglobino- 
thermopile attains 90 per cent. of its final value in a| meter colour tubes. The estimation of the hemo- 
time 1/8, 99 percent. in 2/8,and soon. The order of| globin content of blood is of importance in the 
magnitude of 1 /8, for a group of constantan-manganin | diagnosis and treatment of certain diseases, such as 
thermopiles of industrial types, has been found to| anemia. The estimate is made by treating a sample 
range from 0-8 second to 2-5 seconds. | of blood with coal gas, and then diluting it with 
Surface Finish of Metals. Colour- Matching | water until the colour matches a standard, the 
Lamps. Photographic Lenses.—Among_ recent | ¢xtent of dilution providing a measure of the 
applications of optical methods to the solution of | hemoglobin content. Practically, of course, the 
industrial problems is one, of more than usual | Success of the method depends on the accuracy 
| with which the colour of the standard hemoglobino- 


been designed for matching these tubes 
ties of surface finish. After consideration of various|by comparison against standard colours, thus 


| means of approach to this problem, as well as of the enabling manufacturers of medical apparatus to 


criteria at issue from the manufacturers’ standpoint, | ®upply hospitals and practitioners with tubes 
the Laboratory has spent some time in developing | Of consistently high quality. 

apparatus which, in principle, makes a comparison| One other optical development of general interest 
between the proportions of the light in an incident | is the extending use of a universal type of inter- 
beam which are, respectively, regularly reflected | ferometer for testing photographic lenses, which 
or scattered at random by the surface under examina- | offers, among many advantages, that of eliminating 
tion. The instrument embodies photo-electrie| the personal element inherent in merely visual 


‘cells to indicate these proportions, and on the | tests, especially the variations of different observers 


basis that a high proportion of reflected light! in selecting the position of optimum focus for lenses 
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HORIZONTAL GILLED-TUBE ECONOMISER. 


CONSTRUCTED BY MESSRS. EF. GREEN AND SON, LIMITED, ENGINEERS, WAKEFIELD. 


Fig. 3. 






Fig.2. 


r 







































Fic. | Low-PressuRE ECONOMISER. 











of small aperture. By the use of the lens inter- 
ferometer, light passing through a lens under test 
is made to indicate errors directly and absolutely 
in terms of interference fringes, so that all observers 
can agree upon focal length and other properties of 
the lens within a few millionths of an inch. In 
the case of lenses used for aerial and terrestrial 
survey work, precise knowledge of their numerical 
characteristics assumes special importance, and the 
Laboratory has been at pains, following the practical 
success of their apparatus, to explain that the inter- 
ferometer indicates precisely the qualities of a lens 
in respect of the photographs it will make, and to 
emphasise the desirability of interferometric methods | 
for testing photographic lenses of high quality. 


(T'o be continued.) 





















@owc) 


THE **PREMIER DIAMOND” HORI- 
ZONTAL GILLED-TUBE 
ECONOMISER. diagonal direction. The low-pressure economisers are} crescent shape subject to internal pressure is analo- 
formed of cast-iron tubes having a bore of 24 in. and| gous to the well-tried hydraulic cup packing, it is 
Messrs. Kk, GREEN aND Son, Limirep, Economiser | with integral gills. They can be made in lengths up to| clear that the higher this pressure is, the more closely 
Works, Wakefield, have recently developed an inter- 12 ft. and are interconnected, as shown in Fig. 2, | sealed is the joint. Further, all expansion and racking 
esting economiser, suitable for both cylindrical and by easy bends. The joints are made between machined | stresses are taken by the butting faces and not by the 
water-tube boilers, which is known as the “ Premier | flange faces, and are bolted throughout, no studs being | joint itself, which enables the joint to be broken and 
Diamond” horizontal economiser. Two designs of | used. It is stated that these joints have successfully | re-made a number of times with the same rings and 
this new boiler accessory are shown in the accom-| withstood a hydraulic test of over 7,000 lb. per! without refacing. 
panying illustrations, Figs. 1 to 5. This important | square inch. The end walls of the economiser casing It will be clear from both Fig. 2 and Fig. 4 that 
advance in economiser practice is both in line with | are formed by a rectangular flange with a groove to | expansion can take place without setting up stresses 
modern developments in boiler pressures and with | hold packing on its periphery, the flanges being in| on the end walls of the casing, etc. It may be pointed 
the requirements of the Factory Act, 1937. In the | contact and resulting in a dust-tight structure. The | out, also, that no expanded joints are employed, the 
first place, one of the designs, which has steel tubes | external bends are readily removed to permit internal | stresses due to the varying temperatures in an econo- 
protected externally by cast-iron, can be employed | inspection of the tubes. It will be evident from Fig. 1 | miser being considered by Messrs. Green to make this 
tor working pressures up to 4,000 Ib. per square inch. | that the tubes are arranged in shallow nests. These type of joint unreliable. There are, moreover, no 
In the second place, the Factory Act requires complete | may be from three rows to six rows high, each nest | pressure joints in the gas chamber ; but in the unlikely 
accessibility for inspection, and it is claimed that in| being surmounted by travelling steam-jet soot blowers. | event of a leak developing it cannot remain undetected 
both of the new designs every portion of tube can be| The gas flow is in a vertical direction in Fig. 1, the for a sufficiently long time to set up extensive corrosion. 
thoroughly inspected. In the other design, the tubes | sides of the casing being removed in this view. It will | The high-pressure economiser does not employ welded 
of the economiser are of cast iron and are suitable | be clear that the ends containing the cross-connection | tubes and there are no caps or doors in either of the 
for working pressures up to 650 lb, per square inch. | bends are provided with access doors. designs. 
Both the high-pressure and the low-pressure designs The high-pressure economisers can be made of 
have the same cardinal features of gilled elements, | greater length than the low-pressure economisers, as 
arranged one above the other in staggered formation | the tubes, which are of 14-in. bore, are made of solid- | . 
= a Te . ge me shaped oe section aaa drawn steel. They can, indeed, be made in angie | FURNACE-COMBUSTION STUDY 
the gills, which are of rectangular contour. The/up to 30 ft., though, with long tubes, intermediate 
sloping sides of the gill interspaces present no resting | supports are fitted, as will be evident from Fig. 4. BY CINEMATOGRAPH. 
places for dust and ash, as their .nclination is much} The cast-iron gilled sleeves are shrunk on and serve | Tue value of the slow-motion cinematograph in 
above the angle of repose. The rectangular gills, the | the double purpose of protecting the steel from the | analysing the movement of complicated and rapidly- 
edges of which are close together, form, by their | corrosive action of the gases and of increasing the | operating mechanisms is undoubted. It is equivalent, 
partitioning eflect, gas passages of practically constant | heating surface. The tubes pass at the ends through | in effect, to the stroboscope but it possesses advan- 
area; while the steggered tube formation ensures | machined cast-iron gas-tight gland boxes which form | tages to which that useful instrument can lay no claim, 
adequate gas turbulence, and, therefore, a high rate | the end walls of the economiser. The joint with the | forexample, the movement can be permanently recorded 
of heat transfer bends is made between the up-set ends of both tube | and can be shown to a large number of persons together 
A general view of an assembled low-pressure econo- | and bend, pressure being applied by loose bolted | at any time. A comparatively recent use of the cine- 
miser is given in Fig. 1, two detail views of the low- | triangular flanges. The seal is made by a new type of | matograph is concerned, however, not with the move- 
pressure elements in Figs. 2. and 3, and two detail | steel ring having a cross-section consisting of a cres- | ment of machines, but with what takes place in a boiler 
views of the high-pressure elements in Figs. 4 and 5, | cent-shaped inner surface with a rib on the back. The | furnace, and we give below some account of this use in 
on this page. It will be realised from both Fig. 3| function of this rib is to ensure that the crescent part of | the form of a summary of an excellent paper appearing 
and Fig. 5, that the long axis of the gill interspace | the ring takes up a central position between the two | in the current issue of Mechanical Engineering, the 
‘diamonds " lies vertically and that, while the gas| conical ends of the pipes, the joint being thus/ journal in which are recorded the activities of the 
passages are sufficiently tortuous to secure turbulence, | self-centring. It is also self-aligning, since, when the | American Society of Mechanical Engineers. The 
they enable a clear view of every part of the tubes joint is made, the ends of the pipes butt together,| paper in question is entitled ‘“‘ Photographic Study 
to be obtained by looking through the passages in a compressing the ring slightly in the process. As the | of Steam-Boiler Furnaces in Operation,” and was 
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contributed by Mr. A. A. Markson and Mr. W. H..| 
Dargan, both of Messrs. Consolidated Edison Company | 
of New York, Incorporated. After enumerating the 
advantages of this method of study, the authors | 
point out that the person taking the films, in addition | 
to being a skilled photographer, must be conver- 
sant with what is likely to occur in combustion; in} 
other words, he must first know exactly what he | 
wants to find out, and must then apply his know- 
ledge of photography so that he can record it correctly. 
It is admitted, moreover, at the outset, that the tech- | 
nique of furnace photography is yet in its infancy and | 
that, quantitatively, that technique has not advanced 
to the point of usefulness, furnace-temperature studies, | 
rate of flame-propagation and the like, having not yet } 
proved to be measurable by this means. 

Naturally, the question of the camera to be used 
arises at the outset. For work on mechanical-stoker 
fired furnaces, the authors use a 16-mm. Ciné Kodak | 
Special camera, which can be operated at the rate of | 
8, 16, 32 and 64 frames (exposures) per second. The | 
rate of 16 frames per second is the standard for normal | 
screen projection, so that by using the higher rates | 
in actual photography, slow-motion pictures can be 
shown on the screen; while, by using the lower rate, | 
screen projection can be speeded up, a useful feature | 
where such slow movements as that of a chain-grate | 
stoker or the formation of slag are concerned. ‘ime | 
exposures at rates between 4 frames per second to | 
| frame every 6 seconds are also possible, and inter- 
changeable lenses, ranging from wide-range lenses to 
telephoto lenses, are available. Focussing is assisted by 
the use of a ground-glass screen, and the shutter opening | 
is adjustable. There are certain conditions, however, 
for which even this useful camera is unsuitable, thus, 
a much higher rate of exposure is needed when the 
conditions obtaining in a pulverised-fuel furnace 
are to be studied. For this class of work the authors 
are experimenting with a camera, developed by the 
Eastman Kodak Company and the Electrical Research 
Products Company, which is capable of exposing a 
standard roll of film at speeds as high as 2,500 frames 
per second. In this camera, the intermittent film 
motion and shutter are replaced by a rotating prism | 
which, in effect, causes the image to stand still on| 
the continuously moving film strip. The camera 
does not run at constant speed, the actual frame speed 
attained during an exposure being, however, reco! 
by means of an electric clock. At the highest speed, 
100 ft. of film may be run through the camera in 
approximately 2 seconds, and as this developed film | 
takes 4 minutes to project at the normal screen rate, 
it will be realised that the slowing down should make 
the movements recorded readily analysable. 

_ Some precautions desired for the actual photograph- 
ing are commented on. The authors do not recom- 
mend hand exposure, but, at the same time, disapprove 
the use of the ordinary tripod. In its place they 
employ a frame of welded steel tubing, mounted on 
three wheels and provided with a vertical telescopic 
member having a top which can be set at the desired 
angle. Obviously, long exposure to the heat radiated 
through a furnace sight-hole when making an exposure 
would quickly ruin the camera, a few seconds in such | 
a position being all that is permissible. The exposure of | 
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itself, this consists of a tube surrounding the optical 


system and fitted in front with two quartz windows | 


arranged in series. The water is circulated through the 


annular space between the outer tube and the optical | 
tube and flows over the inner face of the end window | 


and over both faces of the one behind it. 
loss of definition occurs, but this is apparently not 
considered to be serious. The optical part of the system 
is manufactured by Messrs. Bausch and Lomb Optical 
Company. The authors expect that, ultimately, air- 
cooling will be possible, which development should 
extend the usefulness of the instrument and also 


| make it available for visual observation. 


The use of filters is stated to be often desirable and 
the authors observe that they have found the Wratten 
Light Filters made by Messrs. Eastman Kodak 
Company among the best; though, since these are 
of gelatinous composition, they are somewhat perish- 
able. Satisfactory glass filters are made, it is stated, 
by Messrs. Fish-Schurman Corporation, New York. 
With regard to exposure, the position is best summed 
up in the author’s own words, viz., “‘ Exposure in the 
furnace is a matter of experiment” ; for, though they 
recommend the use of a photo-electric exposure meter 
of the Weston type as an auxiliary, they do not rely 
on it for technical work. How this meter is employed 
is, briefly, to experiment with it under known condi- 
tions in order to determine a factor by which its 
readings can be multiplied in order to give fairly 
reliable results, the readings being plotted in a curve 
which can be employed in work in which the particular 
meter, the same filter and the same emulsion are used. 
The latter part of the paper is devoted to a discussion 
on the sensitivity, speed and latitude on the different 
films at present available. From this discussion, it 
would appear that the most difficult part of furnace 
photography lies in the selection of the correct type 
of emulsion for a particular job. This is under- 
standable, since the different parts of a furnace vary 
very considerably in brightness, and anyone who has 
photographed an ordinary interior lighted either by 
windows or by artificial light will realise the great 
degree of care needed to avoid “ halation,” i.e., the 
fogging on the negative of the areas in the neighbour- 
hood of the bright light even when the darker areas 
are under-exposed. In addition, since the interior of 
a furnace contains many different shades of red, a 
colour which with the ordinary emulsion comes out 
as black, it is clear that emulsions of more selective 
type are needed. 

The authors state that two such emulsions are 


| Kodachrome and infra-red sensitive black and white 


films. Kodachrome is a standard product which 
reproduces ordinary objects in natural colours and 
its use for furnace work results in beautiful negatives, 
which, because of their visual colour differentiation, 
are superior to the usual panchromatic black and white 
film to which its spectral sensitivity corresponds. An 
objection to the use of Kodachrome is that develop- 
ment must be done in the film factory and the results 


A slight | 





cannot usually be ascertained until after about a week | 


from the dispatch of the exposures. Of the two types 
of Kodachrome manufactured, viz., that for daylight 
use and for use by artificial light, the authors prefer 
the former type. The infra-red film, on the other 
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| region between 10,100 A.U. and 12,000 A.U., though it 


is sensitive in less degree to other regions. At the 
other end of the scale is an emulsion which is equally 
sensitive to all wavelengths from below 3,000 A.U. to 
5,000 A.U. The question of degree of sensitivity is 
bound up with its range, and where maximum sensi- 
tivity is required the emulsion covering the shortest 
spectral region should be selected. 

The question of latitude, i.e., that quality which 
allows the same final result to be obtained with varia- 
tions in exposure, is also discussed fairly fully in the 
peper, but the normal latitude and that necessary for 

urnace work would appear to differ. For instance, in 
photographing a nest of boiler tubes which is fairly 
evenly illuminated, a considerable variation in the 
exposure is permissible ; but when the same group of 
tubes is taken with a pulverised-fuel burner in operation 
close to it, the brightness of the flame reduces the 
latitude. If, however, a red filter is used to screen off 
the visible light, the flame is affected more than the 
tubes and the latitude may be about the same as in 
the first case. The Kodachrome film is stated to have 
a somewhat better latitude than the black and white 
film, due, no doubt, to its being multi-coated. On the 
whole, it would seem fromt paper that the questions 
relating to exposure, speed, and latitude are not by 
any means completely answered. The authors, we 
think, tacitly admit this in their comments on the 
method of testing different emulsions by standard 
lighting, since this standard lighting differs so widely 
from the conditions obtaining in a boiler furnace. 
Nevertheless, the subject of the cinematographic 
examination of combustion in the boiler furnace would 
appear to have gone beyond the purely experimental 
stage, as witness the statement in the paper that a 
number of films have been taken and exhibited. 
Undoubtedly the field promises to be a fruitful one, 
for, apart from extending the range of observation 
beyond normal visual limits, the film enables condi- 
tions which are evanescent, and, moreover, often 
interpreted differently by different observers, to be 
reproduced at will and studied at leisure. It is possible, 
for example, that the method may detect wrongly- 
placed baffles, or incorrectly-sited secondary-air inlets, 
or may establish the effect of different arrangements of 
water walls, or solve other problems which, though not 
directly associated with the mechanism of combustion, 
do affect furnace efficiency. 








THE HARTLEY MEASURED MILE.* 


Tue first paper read before the North-East Coast 
Institution of Engineers and Shipbuilders was contri- 
buted by the late Sir William White, on December 22, 
1884, and its subject was “Speed Trials of Steam- 
ships.” In the course of the paper he recommended 
that the site of the mile posts off the mouth of the 
River Tyne be changed to a position farther North. 
The posts then in existence had been erected through 
the endeavours of Mr. Wigham Richardson, and they 
had taken the place of previously existing posts; but 
there is no Institution record of who erected these 
earlier posts. As the result of Sir William White’s 


4 film at intervals over a period of some hours, and then | hand, although it gives a black and white result, is| paper, the Council of the Institution appointed a 
running the film through a projector at the normal | considerably more sensitive to the red and can be | sub-committee, on January 23, 1885, to consider and 
rate, eliminates the risk of damage from long exposure. | developed in any laboratory. Experience shows that | report upon the subject of improving the position of 
This method has been adopted by the authors with | this type of film is satisfactory for work in the most | the measured mile. This committee reported to the 
considerable success in studying mechanical-stoker | difficult parts of pulverised-fuel furnaces, that is, in | Council, on September 28, 1885, that a new site had 
fired furnaces. Thus, in some cases, an exposure was | the intensely-burning areas. Furnace haze seems to/| been selected and four posts erected thereon. The 
made at intervals of 3 seconds, and the resultant | be penetrated fairly well by these films. A warning | Admiralty were later asked to certify the distance 
continuous film, when projected at the standard rate | is, however, necessary, for the authors state that in| measured by the posts. It was found to be 6,084 ft. 
of 16 frames per second, showed in 1 minute on the | buying infra-red films the user should not lose sight |The two South posts were accordingly carried 4 ft. 
screen what took place in 48 minutes in the furnace. | of the fact that some so-called ‘ infra-red” films are | North, and on October 13, 1886, it was reported to the 
This method has also been used to study the manner | really only hyper-panchromatic and have little or no | Institution that an Admiralty certificate for the 
in which slag builds up on the furnace walls. In those | sensitivity in the invisible spectrum. | distance of 6,080 ft., i.e., a nautical mile, had been 
cases in which a long period of exposures is necessary,; The limitations of both the human eye and the obtained. 
the camera is protected by using an auxiliary water-| photographic film, are defined in the paper with the, The site of these posts was, within a few feet, the 
cooled Jens system, known as the pyroscope, inter-| now well-known Angstrém unit of wavelength, i.c.,| same as that of the present posts, and the direction of 
posed between the camera lens and the furnace sight- | 10—* cm., as a basis. The eye is sensitive to blue light | the Measured Mile was due North. The posts were of 
hole opening. ; | from 4,000 A.U. upwards, shorter wavelengths than| wood. Repainting and repairs took place in 1888 and 
The pyroscope consists, optically, of the equivalent this lying in the normally invisible ultra-violet, but | 1889. The N.W. post broke, 20 ft. from the ground, 
of two telescopes placed objective to objective, so that | photographic plates to which the light is conducted | in 1893, and both the S.E. and 8.W. posts were blown 
the image is transferred without magnification from | through glass lenses will detect ultra-violet to about | down early in 1894 and were too rotten to be re-erected. 
the collecting lens to the eyepiece lens, this last-| 3,000 A.U. Wavelengths in the region of 5,000 A.U.| As a result of this experience with wooden posts, steps 
mentioned lens being placed close to, but not touching, | are perceived as green by the eye, while those of from | Were taken to replace these by iront posts. A tender 
the camera lens. A diaphragm at an appropriate 5,500 A.U. to 6,500 A.U. are seen as from yellow to/from Messrs. McKenzie and Holland, of Worcester, 
point in the pyroscope enables the effective aperture | deep orange. At 8,000 A.U. the colour is a dark red,| was approved on October 5, 1894, and Mr. Robert 





vw, 


of the system to be varied, without the necessity of | which comparatively few people are able to see, and | Hudson, Junr., of Sunderland, received the contract 
specially-designed camera objectives, so that the | beyond it is the infra-red region, which is principally | for their erection on February 28, 1895. In the following 





maximum aperture is equivalent to f /12 when used with | heat radiation. As regards the photographic plate,| December it was reported that the posts had been 
the limit of the infra-red is 13,000. A.U., though in ‘ erected at a total cost of about 7001. It is not recorded 
practice no plates or films that will discriminate beyond | that an Admiralty certificate for the distance measured 
12,000 A.U. are available. It is important, therefore,| by these new posts was obtained; it was doubtless 
to select that one of the numerous available emulsions | ——-—- — - 
| which will best meet the particular aspect of an expo-, * Appendix to the Report, for 1938-39, of the Council 
| sure that it is desired to bring out on the negative. | of the North-East Coast Institution of Engineers and 
A table is given of 19 emulsion types of Kodak dry | Shipbuilders. Abridged. 
| plates, and this shows a very great range of types.| + Presumably steel ; 
Thus, one emulsion is especially valuable for the spectral ' in the Council minutes. 


a l-in. camera lens. Any type of camera may be 
employed with the pyroscope and is set at infinity. 
The exposure required will vary approximately with 
the square of the focal length, short focal-length lenses 
being placed at great advantage in this respect. The 
pyroscope permits photographs to be taken through 
very small openings, but it has one or two drawbacks ; 
for example, the water-circulating system necessarily 
involves a loss of portability. As regards the instrument 





but “iron” is the word used 
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assumed that, as they were erected exactly on the site 
of the old the original certificate held 
Owing to the subsidence of the cliff, the S.E. post was 
moved 40 ft. inland in 1904 

\ survey in 1912 showed that the posts converged in 
shortest distance between the 


posts, good 


t seaward direction, the 
line of the posts at one mile from the shore being 
6,072-9 ft. Negotiations with the Employers’ Associa- 
tions were opened with the view of having the siting 
corrected The Associations differed, however, as to 
the need for these correct.ons, particularly since the | 
Admiralty had stated that no objection was seen to the 
acceptance of the Hartley Mile provisionally. Accord- 
ingly, nothing was done until after the war (1920-1921). 
The posts had not been painted or repaired in any way 
during the period 1914-1918, and it found that 
the N.E. post was so corroded that it had to be renewed, 
the new post being erected about 130 ft. West and 
slightly over 5 ft. North of the old position, which was 
too near the edge of the cliff for security. The N.W. 
ilso moved about 5 ft. North. By these 
ombined operations, it was hoped to correct the error 
in siting, but the Hydrographer *o the Admiralty, on 
surveying the posts, again reported a slight convergence 
seaward. The Admiralty, however, agreed (1923) to 
accept the Mile for speed trials of Admiralty vessels 
\ new chart of the posts was thereupon prepared and 
copies of it printed and issued to the companies forming 
the members of the Employers’ Associations, who had 
undertaken to contribute to their maintenance 
Inspection of the posts is made at least annually. No 
heavy repairs were necessary from 1922 to 1935, when 
the topmast of the S.W. post was carried away in a 
gale. On examination by the Committee and the 
Institution’s consultants, it was ascertained that the 
wood of the topmast had considerably rotted internally ; 
an examination was made of the only other topmast, 
which was also of wood, and this was found to have 
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deteriorated internally also. Accordingly, the two 


topmasts were replaced by steel ones. These replace- 
ments, and also the complete repainting of the posts, 
were completed in 1937. The delay (1935-1937) was 
due to the necessity of settling questions which had 
arisen on the security of tenure of the sites. A wavleave 
agreement with Monkseaton Urban District Council 


was formally completed in 1937 with respect to one 
| 


| site, and in the same year a lease of the three remaining 


sites was granted by the owners of the land. 

The possibility of improving the visibility of the 
posts has been before the Institution since the very 
earliest days of their existence. 
were increased in height for this purpose. Messrs. 
Palmers, Messrs. Hawthorn, Leslie and Company, and 
Messrs. Armstrong, Whitworth and Company, asked 
permission, on October 5, 1903, to increase the height 
of the S.E. and S8.W. posts by 30 ft. at their own 
expense in order to facilitate the conduct of trials of 
fast vessels in deep water. This request was granted. 
\ solution by other means than heightening was not 
definitely suggested, however, until 1928. The provi- 
sion of electric lights on the posts as an obvious improve- 
ment was considered then, but dismissed on account 
of the high cost of laying electric cables. For the time 


being, experiments were made with different colours of | 


paint, the result being the adoption (1931) of black 
for the whole of the posts (they were at one time 
painted black and white). Sunshine signs were also 
considered, but were not regarded as a practical solu- 
tion. In deciding on the colour of the posts, the views 
of shipbuilding and engineering companies and pilots 
were obtained and formally considered. 

In 1935, Dr. G. 8S. Baker, Superintendent of the 
William Froude Laboratory, recommended that neun 
lights be fitted to the rear posts. After much con- 
sideration and investigation, it was decided to recom- 
mend to the Employers’ Association that 20-ft. lengths 





As early as 1894 they | 
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of neon tubing be fitted to the upper part of the four 
| posts. Competitive quotations were obtained, and the 

North-Eastern Electric Supply Company were able to 
|offer a more favourable quotation than formerly for 
the laying of cables to the posts, these terms including 
an undertaking to grant a rebate as the continued 
| development of land in the region of the posts enabled 
the cable to be used for other purposes. The fitting 
of the neon lights was held up while the question of 
|security of tenure was under consideration, since it 
was obviously undesirable to incur heavy expense 
unless there reason to believe that the posts 
would remain in their present positions for a number 
|of years. It was also considered desirable to investigate 
very thoroughly the condition of the structure of the 
posts, and accordingly they were examined by a firm of 
civil engineers. This report being satisfactory, the 
|Council of the Institution recommended, and the 
| Employers’ Associations agreed, that the installation 
| of the neon lighting should proceed (1938). 

The fitting of the neon lights was completed in 
September, 1938, and they have since proved of great 
|service in enabling ship trials to be conducted in 
atmospheric conditions that, without the lights, would 
have necessitated postponement. They have, more- 
over, made possible for the first time the conduct of 
| ship trials in the dark, and many trials in the night 
| have now been carried out. The lights are still regarded 
|as somewhat experimental, and already it has been 
| found advisable to lower the seaward lights in relation 
|to those on the landward posts. The Institution 
| Committee was (1939) actively engaged in the con- 
| sideration of means for improving the usefulness of 
| the lights, prior to the outbreak of war. When, in 
1885, posts were first erected by the Institution, the 
| shipbuilding and engineering companies of the Tyne 
|and Wear met the cost of the work. The small fund 
appearing in the Institution accounts each year repre- 
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sents a surplus of contributions received from com- 
panies in 1896, and the income from it is applied 
towards the payment of the rent of the sites. In 1911, 
the North-East Coast Shipbuilding and Engineering 
Employers’ Associations undertook to meet the cost 
of upkeep, and to pay the ground rent of the land, at 
the same time asking the Institution to continue its 
custodianship of the posts. This arrangement is still 
in operation between the Institution and the Employers’ 
Associations. 








HIGH-SPEED LIGHT VERTICAL 
MILLING MACHINES. 


THE two vertical milling machines shown in Figs. 
1 and 2, on the opposite page, are primarily designed 
for the very miscellaneous machining required in 
the production of metal patterns, and dies and 
moulds for plastic work. In this latter capacity they 
are handled by Messrs. Alfred Herbert, Limited, 
Coventry, as auxiliaries to the various plastic-moulding 
presses for which this firm are the agents. Both the 
machines illustrated are manufactured by Messrs. 
George Gorton Machine Company, Racine, Wisconsin, 
U.S.A. The machine shown in Fig. 1 is classed by the 
makers as the No. 8-D. Universal Milling Machine, the 
spindle having a swivelling movement of 360 deg. in 
two planes at right angles and being capable of traverse 
relative to the width of the table. Spindle rotation and 
longitudinal table feed are effected by separate motors, 
though the machine can be supplied with hand feed 
only. The capacity is indicated by the facts that the 
table, which has a working surface of 29 in. by 9 in., 
has a longitudinal traverse of 20 in., and a cross- 
traverse of 10 in. The spindle head can be traversed 
10 in. The vertical traverse of the table is 13} in., 
and the spindle has a traverse of 2 in., the maximum 
distance between the spindle nose, with the spindle 
vertical, and the table top being 15$ in. and the 
minimum distance $ in. The distance between the 
centre of the spindle and the back column varies from 
bet to 21 in., according to the position of the sliding 

ead. 

The cutter spindle is driven by gears from a hori- 
zontal shaft running through the sliding head, the 
drive being by a single Vee-belt from a 1-h.p. ball- 
bearing motor situated on top of the head at the rear. 

he pulleys on both motor spindle and horizontal 
shaft have five steps, so that, with a single-speed motor, 
ten speed changes are possible. The actual spindle 
speeds depend, of course, on that of the motor; thus, 
if this is 850 r.p.m., the spindle speed range is from 
300 r.p.m. to 1,350 r.p.m. A motor rynning at 1,725 
—. gives a range of from 600 r.p.m. to 2,700 r.p.m. 
The motor is raised or lowered by means of the hand- 
wheel, so that the belt can be changed over and correctly 
tensioned, the table to which the motor is bolted being 
supported on helical springs to damp out vibration. 





Fig.4. 
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The segmental part seen below the belt guard is a 
weight at the end of the horizontal sleeve carrying the 
cutter spindle assembly. This balances the cutter head, 
which, being off centre, causes a torque on the sleeve. 
The balance is adjusted so as to permit the cutter head 
to be swivelled into any position by very slight effort 
and a simple device permits clamping in the desired 
position. Both the sleeve and the joint which permits 
the swivelling of the cutter head in the direction at right 
angles to it are provided with large ring dials engraved 
in degrees. The sliding head is traversed as required 
by a hand-operated rack and pinion. This head is of 
D-shaped cross-section and slides on a dovetailed 
way. It is clamped by tightening the three nuts seen 
near the bottom edge, the casting having sufficient 
elasticity to enable a secure grip to be made on the 
dovetail. 

The cutter spindle is carried in a sleeve and is mounted 
on precision ball-bearings, being thus supported at 
three points. The device seen on the housing is a 
micrometer depth stop for the axial traverse, having 
a scale graduated in quarters and twentieths of an 
inch and a dial graduated in thousandths of an inch. 
The table-operating mechanism consists of the }-h.p. 
ball-bearing motor seen underneath it, a feed change 
lever at the left of the motor, an elevating handwheel 
with a 6-in. micrometer dial, to the right, and crank 
handles for longitudinal and cross-feed hand traverse. 
The short oval lever at the centre of the table in front 
is the longitudinal-feed engagement lever, and can 
be locked to act as a stop for the longitudinal hand 
feed. The adjustable dogs can be used either as stops 
for this feed or as trips for the power feed. The power 
feed, since it has an independent motor, is independent 
of the spindle speed. Any one of three ranges can be 
provided, viz., from 0-4 in. to 15 in. per minute, from 
0-6 in. to 20 in. per minute, or from 0-9 in. to 30 in. 
per minute. All the ranges have 12 changes. All the 
gears for the table are carefully enclosed, but further 
protection from swarf is given by a leather apron at 
the front of the table and an extensible leather shield 
at the back. There are separate starting boxes for the 
spindle and feed motors on the side of the column. 

The machine shown in Fig. 2 is termed by Messrs. 
Gorton the ‘ Super-speed ” vertical milling machine, 
since, in its standard form, spindle speeds up to 6,300 
r.p.m. are provided, while speeds of as high as 12,000 
r.p.m. are ible with special equipment. Naturally, 
such spindle speeds are intended for use with cutters 
of small diameter only, the three sizes in which the 
machine is made being capable of accommodating 
cutters ranging in diameter from a few thousandths of 
an inch to } in., 1 in. and 1} in., respectively, the 
very small cutters being employed in die and mould 
work approximating to engraving. In this connection | 
it may be pointed out that Fig. 2 does not show and 
machine in its standard condition, as it is there seen 
fitted with a lever-operated table for duplicating, the | 
vertical spindle seen to the right of the main spindle 
being that carrying the tracer point. With this equip- 
ment, a master die or mould under the tracer can be 
repeated indefinitely under the cutter accurately to 





within 0-001 in. The duplicating equipment can be 
readily applied to the standard machine. Its operation 
will be clear from the illustration. Both the spindle 
and tracer point are given vertical traverse by the 
same hand lever and the table can be hand traversed 
in a horizontal plane by the joy-stick type lever seen 
in front of the table, the operator manipulating this 
with one hand while using the other for the spindle 
traverse. 

The super-speed milling machine has a number of 
features in common with the universal machine des- 
cribed above, such as the sliding head, separate motor 
drive for the longitudinal table feed, and so forth, 
but the cutter spindle drive is by a vertical motor, 
transmission being by single belt direct to the spindle, 
which, of course, is always vertical. The arrangement 
of the spindle gear is shown in Figs. 3 and 4, annexed. 
The part of the spindle which passes through the 
driven stepped pulley is splined, a spring-loaded device 
on top of the pulley effectively preventing backlash. The 
vertical traverse of the spindle varies from 2 in. to 
34 in. according to the size of the machine. The pulley 
is provided with a deep sleeve carrying two rows of 
ball bearings, and is dynamically balanced. The gear 
seen on the right in Fig. 3 is a braking and locking 
device, a pair of blocks actuated by a right- and left- 
handed screw gripping the rim of the largest step of the 
pulley. The lower part of the spindle lies in a sleeve 
which carries one row of ball bearings at the top and two 
rows at the bottom, the outer races of the bearings 
being mounted in the traversing sleeve, the weight of 
which is counterbalanced by a helical spring in order 
to give sensitive movement. Traverse is effected 
by rack and pinion and in the smallest size of machine 
by a hand lever with a coiled-spring compensator. 
In the two larger machines, a handwheel feed, with a 
micrometer dial graduated in thousandths, is provided 
in addition to the levers, a clutch being fitted to make 
alternative use possible. It may be mentioned that 
the light cover seen at the bottom of Fig. 4 is only for the 
purpose of protecting the facing on the head to which 
the duplicator tracer gear is attached when required. 

The micrometer depth stop referred to in connection 
with the universal machine is seen to the left of Figs. 
3 and 4. This is made of hardened alloy steel and the 
thread is ground. Thickness blocks can be inserted 
if required, and a clamp prevents accidental rotation. 
The cutter spindle and sleeve is also of hardened alloy 
steel ground both inside and outside. The maximum 
spindle eccentricity at the nose is 0 -0003 in. and there 
is no end play. The construction of the other parts of 
the super-speed machine searcely calls for comment 
in view of their general similarity to those of the 
universal machine, but some particulars of capacity 
may be given. According to the size of the machine, 
the working surface of the table varies from 19 in. 
by 9 in. to 35 in. by 10} in., the longitudinal feed 
from 16 in. to 20 in., the cross feed from 11 in. to 12 in., 
the traverse of the head from 10 in. to 12} in., the 
vertical traverse of the table from 13 in. to 144 in., 
and the traverse of the cutter spindle from 2 in. to 
34 in. The maximum distance from the spindle nose 
to the top of the table varies from 15 in. to 17} in., 
but this dimension can be increased by 6 in., in all 
the sizes of machine by the insertion of a make-up 
piece between the column top and the sliding head. 
This somewhat unusual alteration is possible from 
the entirely self-contained nature of the cutter spindle 
drive. A very wide variety of spindle speeds is possible 
according to the motor speeds, but it is sufficient to 
say that the total range lies between 475 r.p.m. and 
6,300 r.p.m. These are not, of course, all invariably 
obtainable on the one machine, though they are on the 
smallest machine when fitted with a two-speed motor. 
The speed changes per machine vary from 7 to 20, 
the latter being obtained with a two-speed motor. 
There are 12 longitudinal power feeds to the tables, the 
standard range being from 0-6 in. to 20 in. per minute. 





Tne Late Mr. W. B. GuTHRiz.—It is with regret 
that we note the death on Sunday, October 22, of Mr. 
W. B. Guthrie, who was well known as chief buyer for 
Messrs. Bruce Peebles and Company, Limited, Engineers, 
Edinburgh, 5. Mr. Guthrie’s connection with the company 
extended for over 38 years, he having spent the whole of 
his business career with the firm. 





THE SypNEY HarRBoUR BripGE.—During the year 
ended June 30, 1939, the income from the Sydney 
Harbour Bridge amounted to 445,225l. and the expen- 
diture to 423,7691., leaving a surplus of 21,4562. It is 
shown in a recent issue of The Commonwealth Engineer 
that the income was derived from road tolls (278,2681.), 
railway, tramway and omnibus passenger fares; contri- 
butions by councils, and rent from properties. The 
expenditure was made up of interest on loan charges 
(295,0001.), contribution to the sinking fund (41,0001.), 
maintenance charges, the cost of collecting road tolls, 
and administrative and other expenses. 








5! 0 


COMMERCE. 

Durtne the past 20 years Canadian exports to 
Australia have gradually increased, and, in each year 
since 1935, the Commonwealth has been the third 
largest purchaser of products exported by the Dominion, 
it being surpassed by the United States and Great 
Britain only. Statistics published in a memorandum, 
issued recently by the Royal Bank of Canada, Montreal, 
indicate that Australian imports from Canada were 
valued at 33,254,400 dols. in the twelve months ending 
March 31, 1939, and at 32,422,400 dols. in the preceding 
twelve months, both of these figures showing a sub- 
stantial increase over the figure for the year ending 
March 31, 1937, namely, 26,954,800 dols. Canadian 
imports from Australia, on the other hand, have not 
been so well maintained, their total value in the year 
March 31, 1939, being only 8,806,800 dols., | 
against 12,171,000 dols. in the previous year, and 
9,469,800 dols. in 1936-37. The decrease, it is pointed 
out, has been largely due to changes in price levels, 
Australian exports to Canada mainly consisting of 
primary products, such as wool, sugar and fruit, 
whereas Canadian shipments to Australia chiefly com- 
prise manufactured goods, including iron and steel 
products, agricultural and other machinery, motor 
vehicles and parts, timber goods and newsprint paper, 
the prices of which have remained comparatively stable. 

The commerce between Canada and Australia is 
based on reciprocal trade agreements, the first of | 
which came into force on October 1, 1925. This was 
replaced by a second agreement, drawn up in 1931, 
which, in turn, has given place to a third agreement 
brought into operation in 1937. This, which gave 
further concessions to Australia, is still in force. Under 
the stimulus of the preference accorded to Canadian | 
products, the Dominion’s share of Australia’s import | 
trade more than doubled in six years, increasing from | 
2-41 per cent. in 1931-32 to 5-69 per cent. in 1937-38. 
Australian manufactured products, however, are now 
competing strongly with imported goods, and, under | 
the combined effect of increased efficiency in produc- 
tion, a protective tariff and a depreciated currency, the 
trend towards industrialisation in Australia may be 
expected to continue. 


ending 


ENGINEERING TRAINING AND 
EDUCATION. 


Institution of Structural Engineers.—The graduateship 
and associate-membership examinations of the Institu- 
tion of Structural Engineers, which had been post- 
poned, will now take place on February 7, 8 and 9, 
1940, in London, Birmingham, Bristol, Manchester, 
Middlesbrough, Norwich, Edinburgh and Glasgow. 
The examinations will also be held in Australia, New 
Zealand, South Africa, Rhodesia, the Straits Settle- 





ments, Malaya, India, Palestine, and Egypt, on the 
same dates. The July examinations will be held 
on the usual dates, namely, the first Wednesday, 


Thursday and Friday (July 3, 4 and 5, 1940), in Great 
Britain and overseas. Candidates who have already 
registered with the Institution will be notified individu- 
ally of detailed arrangements, while prospective candi- 
dates should apply for full particulars to the secretary 
of the Institution, at 11, Upper Belgrave-street, 
London, 8.W.1. 

Examinations for Sanitary Inspectors’ Certificates. 
The difficulties involved in holding evening classes at | 
the present time are accentuated, in the case of student 
sanitary the amall number who live | 
near institutes holding approved courses. This makes 
it difficult to secure the minimum number of students | 
to justify holding a class, and, in addition, such stu- | 
dents often have to travel much greater distances to | 
their classes than is the case with most other evening | 
students. The Royal Sanitary Institute and Sanitary | 
Inspectors’ Examination Joint Board, 90, Buckingham 
Palace-road, London, S.W.1, have, therefore, reluc- | 
tantly decided that it is impossible, in the present 
circumstances, to insist on attendance at an approved | 
course and have temporarily suspended the third of 
the regulations governing the sanitary inspectors’ 
examination. Neither the standard required from 
candidates, nor the scope of the examination, however, 
will altered. Consequently, intending candidates 
should attend a course if this is possible, but, if not, 
they are at liberty to obtain the instruction, given in 
the ordinary way at approved courses, in any manner 
available to them. As stated on page 470 ante, the 
1939 examination for the sanitary inspector's certificate 
is due to commence, in London, on November 30 and 
to terminate on December 2. } 
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CANADIAN PETROLEUM.—Canada’s production of crude | 
petroleum and natural gasoline totalled 1,272,243 barrels | 
in the first quarter of 1939. 
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CONTRACT. 

Messrs. THE ENGLISH ELECTRIC COMPANY, LIMITED, 
Stafford, have received from the Crown Agents for the 
Colonies an order for 8 Diesel-electric railcars for the 
Ceylon Government Railways. This contract follows 
the successful running and operation of the four-coach 
Diesel trains supplied by the Company in 1937. The 
new order is for single cars, but the power equipment— 
which consists of the firm’s 6H-type engine, developing 
180/200 h.p. at 1,350 r.p.m., and electric transmission— 
will be interchangeable with the power equipments in 
the four-coach trains. Each car will seat 78 passengers 
and will be of welded-steel construction. 








TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, 8.W.1, particulars 
of the undermentioned tenders, the closing dates of 
which are as stated. Details may be obtained on applica- 
tion to the Department at the above address, quoting 
the reference numbers given. 

Locomotive Coaling Plants, mechanical, three. Two 
to have a delivery capacity of 150 metric tons per day, 
and the third of 200 tons per day. Ministry of Railways 
and Automobiles, Athens, Greece ; November 15. 
(T. 27,990/39.) 

Steam-T ube 
and capable of baking at 
in one charge, for Cinderella 
Tender and Board, 
(T. 28,026/39.) 


Baking Oven, coal-fired, double, portable 
125 two-pound 
Boksburg. 
November 


loaves 
Union 
16. 


least 
Prison, 
Supplies Pretoria ; 


Ventilators, Humidifiers and Weaving Machines, com- 


prising eight ventilators with totally-enclosed motors, 
five complete humidifiers, and a loom, two winding 
machines and two dobbies for hand loom. Director- 
General of Prisons, Cairo, Egypt; December 5. (T. 
28,138 /39.) 

Filter Plant, comprising two raw-water centrifugal 
pumps, a coagulating apparatus, two gravity filters, 
a sterilising apparatus and a filtered-water pump, for 
H.M. Royal Nile Yacht Nisr. The Director-General, 


Mechanical and Electrical Department, Ministry of Public 
Works, Cairo, Egypt; November 15. (T. 28,141/39.) 
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in the Manufacture of Electrical Products. Part 1.— 
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PERLMAN and others. Washington: Superintendent 
of Documents. 
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the Electrical Equipment of Ships. 


Crosby 
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Ltd. [Price 


Dr. K. 
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Third edition. 


September, 1939. London: Offices of the Institution ; 
E. and F. N. Spon, Ltd. [Prices 3s. net, cloth; 
2s. net, paper.) 

The Mechanic's Repair-Shop Manual. A Handbook of 


on Everyday Repair Shop 
Dyer. London: Percival 
[Price 2s. 6d. net.) 
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Experience. By H. J. 
Marshall and Co., Ltd. 

The Beginner’s Guide to the Lathe. An Elementary 
Instruction Book Wood and Metal. By PERCIVAL 
MARSHALL. Revised and enlarged edition. London: 
Percival Marshall and Co., Ltd. [Price ls. 6d. net.) 

Strength of Materials. By PRoressor F. V. WARNOCK. 
Fourth edition. London: Sir Isaac Pitman and Sons, 


Practical 


in 


Ltd. [Price 108. 6d. net.) 
The Physical Examination of Metals. By Dr. BrvcE 
CHALMERS. Vol. IL. Optical Methods. London : 


Edward Arnold and Co. [Price 14s. net.) 

The Theory of Impact Testing: Influence of Temperature, 
Velocity of Deformation, and Form and Size of Specimen | 
on Work of Deformation. By D. J. MCADAM, JUNR., 
and R. W. Clyne. Philadelphia, Pa., U.S.A.: Ameri- 
can Society for Testing Materials. 

nited States National Bureau of Standards. Circular 
No. C424. Washing, Cleaning and Polishing Materials. 
By F. W. Smiruer. Washington: Superintendent of 
Documents. [Price 15 cents.) 

nited States National Bureau of Standards. Research 
Paper No. RP1221. Rate of Ovidation of Steels as 
Determined from Interference Colors of Oxide Films. 
Ry D. J. McADAM, JuUNR., and G. W. Gem. Washing- 
ton: Superintendent of Documents. [Price 10 cents.) | 
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PERSONAL. 


s. 


CAPTAIN ALLAN KYLE, MR. H. HOLDEN (who has 
been appointed managing director), and Mr. B. SHARP 
(who has been appointed works director), have joined 
the board of directors of Messrs. Charles Barker and 
Sons, Limited, 31, Budge-row, London, E.C.4. Mr. 8. C. 


IcKE has resigned from the board. 


Mr. ROBERT BLACKMORE, M.I.E.E., who has been the 
Central Electricity Board’s district manager for North- 
West England and North Wales since the adoption of 
the for the area in 1928, has tendered his 
resignation owing to ill-health. He will be succeeded 
on January 1, 1940, by Mr. C. T. S. ARNETT, M.I.E.E., 
who has been operation engineer for the area since 1931. 
Mr. S. E. FEDDEN, M.Inst.C.E., M.I.E.E., who has held 
the position of district manager of the Mid-East England 
area since the inception of the scheme early in 1929, 
has also found it necessary, owing to ill-health, to relin- 
His successor, as from January lI, 
PaskK, M.I.E.E., M.I.Mech.E., City 
Norwich. 


scheme 


quish this position. 
1940, Mr. V. A. 
Electrical Engineer, 

CAPTAIN E. C. Cops, D.S.O., M.P., has been appointed 
Parliamentary private secretary to the Rt. Hon. Oliver 
Stanley, M.C., M.P., President of the Board of Trade, in 
succession to Mr. R. A. PILKINGTON, M.P., who is serving 
with the 

Mr. T. P. N. BurNess, M.I.Mech.E., has recently been 
appointed managing director of Messrs. William Asquith, 
Limited, Highroad Well Works, Halifax, following the 
resignation of Mr. J. L. Munn. Prior to this appoint- 
ment, Mr. Burness was works director of Messrs. Ruston 
and Hornsby, Limited, Lincoln. 


is 


Forces. 


Mr. B. OrcHarD LISLE, consulting petroleum tech- 
nologist, has established his offices at 1472, Broadway, 
New York, U.S.A. 

Mr. WittiaM Lawson Lirncow has resigned his 
directorship with Messrs. The Steel Barrel Company, 
Limited, Phoenix Wharf, Uxbridge, Middlesex, and 


associated companies, to take up a Government appoint- 
ment in connection with the war. 


Mr. ARTHUR SEWELL, director and sales manager, and 
Mr. C. H. B. Price, publicity manager of Messrs. 
Tecalemit, Limited, Great West-road, Brentford, Middle- 
sex, have joined His Majesty’s Forces. 

Messrs. RONALD TRIST AND COMPANY, LIMITED, 
have removed their otlices permanently to their new 
works in Bath-road, Slough, Bucks, to which all corres- 
pondence should be addressed. 

Messrs. CROMPTON PARKINSON, LIMITED, Bush House, 
London, W.C.2, inform us that four of their leading 
officials have been appointed executive directors, namely, 
Mr. C. F. Dickson (sales manager for electric lamps, 
lighting units and rubber cables); Mr. J. Harwoop 
FRYER (secretary) ; COLONEL C. Harpre, D.S.O. (general 
manager, Chelmsford Works); and Mr. T. H. WINDIBANK, 
A.M.I.E.E. (sales manager for engineering products). 
The firm’s associated company, Messrs. THE BRITISH 
ELECTRIC TRANSFORMER COMPANY, LIMITED, announces 
the appointment of Mr. R. Weravine, M.I.E.E., to be 
director and general manager, and the resignation from 
the board of Colonel C. Hardie on his election as executive 
director of the parent company. Other appointments 
include that of Mr. B. HaALLOws GARSIDE to the board of 
Messrs. DERBY CABLES, Liurrep, and that of Mr. 
D. H. CutsHoLM to the board of Messrs. ATLAS SPRINK- 
LERS, LIMITED. Both of the latter firms are associated 
with Messrs. Crompton Parkinson, Limited. 


Hudson, M.P., Secretary of the 


The Rt. Hon. R. 8S. 
Department of Overseas Trade, 35, Old Queen-street, 
London, S.W.1, has appointed Mr. T. G. A. MUNTZ 
to be his private secretary in place of Mr. R. REID- 


ADAM. 








OIL AND COAL PRODUCTION IN THE UNITED STATES.— 
The average daily output of crude oil in the United 
States, during the week ending October 7, were 3,425,850 
with the 
previous week. On the other hand, the production of 
bituminous coal, during the week ending October 7, 
averaged 1,692,000 tons daily, as compared with 1,650,000 


|} in the previous week and 1,318,000 in the corresponding 


week a year ago. 


produced in 


CoaL TRADE IN CANADA.—The coal 
present year 


Canada during the first quarter of the 
amounted to 3,661,415 tons, representing a decline of 
11 per cent. as compared with the figure for the first 
three months of 1938. Moreover, Canadian coal imports 
during the first three month of 1939 totalled 1,436,839 
tons, against 1,472,467 tons in the corresponding period 
of 1938. Whereas, however, imports, this year, from 
the United States declined’ py 3 per cent., those from 
the United Kingdom (althdugh only totalling 72,035 
tons) showed an increase of 21 per cent. as compared 
with last year. 
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NOTES FROM THE SOUTH-WEST. 


CaRDIFF, Wednesday. 


The Welsh Coal Trade.—A brisk demand from con- 
sumers who in recent years have relied upon German 
coals to meet their requirements was again the feature 
on the Welsh steam-coal market last week. Outstanding 
in this respect was the Portuguese trade, in which a 
better inquiry was circulating during the past week 
than has been the case for a very long time past. Several 
large buyers in that country who, during the past few 
years have turned from Welsh to German coals, owing 
to the price advantage the latter enjoyed, have been 
showing keen interest locally since it is now impossible 
to obtain German coal. 
been the Portuguese Railways. Until 1938, these buyers 
bought almost the whole of their coal from Cardiff 
shippers, but in that year they placed the whole of 
their contract in Germany because of the lower price 
quoted. During the past week they purchased about 
80,000 tons locally for shipment up to the end of 
February next. This was in addition to the heavy 
purchase made previously. A similar revival of interest 
was notable in the Greek trade, in which direction, also, 
South Wales has suffered heavily as a result of German 
subsidised competition. Demand from the South Ameri- 
can trades has also heen stimulated owing to the cutting 
off of German supplies. In this direction Germany was 
helped by the barter pact for coffee and coal which she 
held with Brazil. Operations on the market were again 
held in check by the inability of sellers to supply. Prac- 
tically the whole of the production was earmarked for 
deliveries under orders previously booked and prompt 
supplies were accordingly extremely difficult to secure. 
Furthermore, producers as a whole held sufficient orders 
to ensure the steady movement of their potential ontputs 
for some time to come and the general tone was conse- 
quently very firmly maintained. Best large qualities 
remained scarce and were well booked ahead, while the 
dry large sorts came in for a good deal of attention. 
Duff coals were practically unobtainable, while the sized 
sorts also were difficult to stem ahead. 
a steady movement. Cokes and patent fuel continued 
to show good activity. 

‘The Iron and Steel Trade.—Operations in the iron and 
steel and allied trades of South Wales and Monmouth- 
shire were well maintained last week. There was a good 
deal of business available and most works were employed 
to full capacity. 











NOTES FROM SOUTH YORKSHIRE. | 


SHEFFIELD, Wednesday. 

Tron and Steel.—In the absence of steel-output statistics 
such as are available in normal times, it is impossible 
to present a detailed statement of production in Sheffield 
and district. 
however, opinion is general that the gross output has 
attained a new high level. and possibly has reached a 
record for this or any preceding year. This applies 
not only to steel ingots and castings, but to nearly 
all forms of semi-manufactures. A lot of work is 
on hand in the production of billets, shapes, and joists. 
Ship steel, particularly for naval requirements, is a 
stronger line. Large supplies of drop stampings are 
on order. In most cases where these are required for 


heavily-stressed engine parts, high-quality alloy steels | 


are specified. More business is being done in nitrided 
steels where optimum hardness and strength are essential. 
Full employment is being found for plant extended for 
the production of alloy-steel bars for automatic work. 
Most sections of the tool trades are busy, and pge-war 
concentration on the production of micrometers and 
other fine-measuring instruments is fully justified. There 
is @ good trade in hacksaws, twist drills, shovels, dies 
and taps, wrenches, spanners, and vices, and 
inquiries have been received from London distributors 
for hacksaw blades, pocket slide gauges, steel 
calipers, and files, and for a variety of metal goods for 
export. 


Prominent among them have | 


Smalls displayed | 


Among controllers of the largest plants, | 


fresh | 
rules, | 


The possibilities of the expansion of overseas | 





| NOTES FROM CLEVELAND AND | 
THE NORTHERN COUNTIES. 


| MIDDLESBROUGH, Wednesday. 


General Situation.—Conditions are little changed: 
| The aggregate tonnage production of iron and steel is 
maintained at nearly a record level and most firms have 
| contracts to execute that will keep them busily employed 
| for months. Advances in stabilised quotations which 
fell due on the Ist inst., were practically as expected and 
| aroused little interest or comment, as for some time 
past customers needing forward supplies have been 
| placing orders at prices ruling at the time of delivery. 
|A fair number of general commercial inquiries are 
circulating, and as makers of several descriptions of 
| material are managiug to provide rather more tonnage 
| for the usual industrial purposes and delivery licences 
| are becoming less difficult to obtain, some expansion of 
ordinary trade is expected. At the same time, Govern- 
ment requirements still absorb the bulk of the output. 





| The Cleveland Iron Trade.—Though the output of 
Cleveland pig is still suspended, customers continue to 
receive essential supplies and producers see no reason 
to resume the regular make. Their stocks are not 
large but are considered sufficient to deal with actual 
requirements for some weeks. So far as is ascertainable, 
the removal of the import duty on foreign iron has not 
resulted in the purchase of Continental foundry iron, 
the prices of which, for delivery here, are higher than 
quotations for Cleveland brands. North-East Coast 
consumers of foundry pig continue to make increasing 
use of products of other home centres. 


Hematite.—There is a good deal of activity in the East- 
Coast hematite branch of the industry. The furnaces in 
operation are turning out heavy tonnages, but production 
is not equal to the large and expanding demand, with 
the result that stocks are rather heavily drawn upon. 
The tonnage accumulations at makers’ yards, however, 
are heavy, and, with the present output, promise to be 
fully equal to requirements well into next year. Deli- 
veries are mostly to local works, but home consumers 
| elsewhere are calling for larger supplies. A few contracts 
have just expired and been renewed at revised prices, 
Merchants are handling moderate tonnages, but the 
transactions are mostly carried out directly between 
producer and consumer. 





Blast-Furnacemen’s and Ironstone Miners’ Wages 
Reduced.—Under the sliding-scale arrangements, Cleve- 
| land blast-furnacemen’s wages are decreased by 1} per 
cent. from the 5th inst., and a like reduction is made in 
wages of Cleveland ironstone miners on and from 
November 13. 

Foreign Ore.—Consumers of foreign ore have satisfac- 
tory working stocks, and substantial imports are coming 
forward in spite of the unfavourable conditions. 


Blast-Furnace Coke.—There is a quite ample supply 
of Durham blast-furnace coke and deliveries are regular, 
but new business is not large, consumers being extensively 
covered and sellers are not desirous of entering into new 

| contracts. 


Manufactured Iron and Steel.—Makers of semi-finished 
iron and steel are very busy and are increasing deliveries 
to re-rollers who, with supplies of Continental commo- 
dities still coming in, are quite well placed. Finished-iron 
firms have considerable work on hand and producers of 
finished steel are keeping plant running at high pressure 
to comply with the requests of customers. Sheet makers 
have full order books, and manufacturers of shipbuilding 
requisites have extensive contracts to execute; firms 
| making heavy steel are exceptionally busy. 


Scrap.—Available parcels of iron and steel scrap are 
promptly purchased at control prices. 








PANAMA CANAL TRAFFIC.—During the twelve months 
ending August 31, 5,981 vessels passed through the 
Panama Canal, carrying 28,372.000 tons of cargo. 
Corresponding figures for the previous twelve months 
were 5,459 vessels und 26,326,000 tons of cargo. 


trade are indicated by the fact that agencies in Sheffield- ! 


made electrical appliances, tools, and knives of various 
kinds are being sought by distributors in New South 
Wales, Buenos Aires, and North America. 


South Yorkshire Coal Trade.—Industrial fuels move 
freely, mostly at firm values. Pressure in the heavy 
industries and activity in the textile districts account for 
a high consumption of steam-raising sorts. Large 
supplies are required by public utility works. Export trade 
iS more active. Best hards and washed smalls are the 
subject of numerous inquiries, most of which it is possible 
to satisfy, but greater difficulty is found in the cases of 


washed nuts and trebles, owing to the increasing needs | 


of the inland market. Business in central-heating 


coke has expanded with the advent of colder weather. | 


House-coal distributors are finding supplies equal to the 
rationed requirements, and there appear to be few 
complaints of delayed delivery. 


THE COAL UTILISATION JOINT COUNCIL.—At a meeting 
held recently at General Buildings, Aldwych, London, 
W.C.2, Sir Evan Williams occupying the Chair, a resolu- 
tion was formally passed winding up the Coal Utilisation 
Council and providing that its functions should be taken 
over by the Coal Utilisation Joint Council, a new body, 
on which, in addition to the colliery owners and coal 
traders, the coal-burning appliance manufacturers and 
distributors would also be represented. As has already 
been indicated, the scope of the work will be curtailed 
in some respects during the continuance of the present 
national emergency, but essential services will still be 
carried on by the new body. All communications should 
be addressed to Mr. J. S. Williams, Secretary, Coal 
| Utilisation Joint Council, Grosvenor Gardens House, 
' Victoria, London, 8.W.1. | 





NOTICES OF MEETINGS. 


INSTITUTE OF BRITISH FOUNDRYMEN.—Lancashire 
Branch ; Saturday, November 4, 3 p.m., The Engineers’ 
Club, Manchester. Discussion on “*‘ Foundry Problems, 
Especially Those Dealing with Wartime Difficulties,” to 
be opened by Messrs. A. Sutcliffe and A. Jackson. 

INSTITUTION OF ELECTRICAL ENGINEERS.—South 
Midland Students’ Section: Monday, November 6, 
7 p.m., The James Watt Memorial Institute, Birmingham. 
“ Factory Layouts,” by Mr. J. D. Evershed. 

Nortu-East Coast INSTITUTION OF ENGINEERS AND 
SHIPBUILDERS.—Friday, November 10, 5.30 p.m., The 
Mining Institute, Newcastle-upon-Tyne. Andrew Laing 
Lecture: ‘‘ Welding as an Integral Part of Design,” by 
Professor B. P. Haigh. 

JUNntoR INSTITUTION OF ENGINEERS. — Saturday, 
November 11, 1.30 p.m., 39, Victoria-street, West- 
minster, S.W.1. Annual General Meeting. 








NOTES FROM THE NORTH. 
GLasGow, Wednesday. 


Scottish Steel Trade.—No change has to be reported 
in eonnection with the Scottish steel trade, and all 
plant is being kept running at full pressure, with the 
net result that all urgent calls are being met with remark- 
able rapidity. It is a notable fact that the workers 
generally are doing everything possible to speed up 
production, which is being maintained on a high level; 
in few instances is work being held up owing to delays in 
delivery. The tonnage of heavy steel, both special and 
ordinary, now being consumed, is exceptionally heavy, the 
major portion being for Government purposes. The 
demand for steel sheets is at present greater than perhaps 
at any time in the history of the industry, and, chiefly 
because of the enormous tonnage required for defence 
purposes and other priority work, all plant in this district 
is working to capacity. The orders on hand ensure 
full employment for a long time ahead. Structural 
sections are in steady demand. Although home require- 
ments of steel account for most of the current output, 
export is not being neglected, and for certain reasons the 
Government is granting permits for the shipment of 
specified lots. This not only retains old connections, but 
also ensures overseas credits, which are of particular 
importance at a time like the present. Prices are very 
firm at the following :—Boiler plates, 111. 8s. per ton; 
ship plates, 101. 10s. 6d. per ton; sections, 101. 8s. per 
ton; medium plates, 12/. 2s. 6d. per ton; black-steel 
sheets, No. 24 gauge, 141. 15s. per ton; and galvanised 
corrugated sheets, No. 24 gauge, 171. 5s. per ton, all 
delivered at Giasgow stations. 

Malleable-Iron Trade.—The recent ‘mprovement in 
the malleable-iron trade of the West of Scotland is well 
maintained, and employment at the works is very satis- 
factory. The re-rollers of steel bars are continuing to 
run at high pressure in an endeavour to meet the heavy 
present demands. Raw-material stocks on hand are 
ample for requirements and there seems to be little 
fear of any shortage. The following are the current 
quotations :—Crown bars, 121. 5s. per ton for home deli- 
very or export ; re-rolled steel bars, 111. 15s. per ton for 
home delivery, and 111. per ton for export; No. 3 bars 
121. per ton, and No. 4 bars, 12/. 5s. per ton, both for 
home delivery. 

Scottish Pig-Iron Trade.—The demand for Scottish 
pig-iron is steady and the current output is rapidly taken 
up. The steelmakers are pressing for deliveries and 
their requirements seem to be on the up grade, while the 
demand for foundry iron has also increased. The 
market quotations are us follows :—Hematite, 51. 15s. 6d. 
per ton, and basic iron, 4/. 12s. 6d. per ton, both delivered 
at the steelworks ; foundry iron, No. 1, 51. 3s. per ton, 
and No. 3, 5l. 0s. 6d. per ton, both on trucks at makers’ 


yards. 








THe CANADIAN Moror-Car_ INpbustTRY.—Canadian 
motor-car factories produced 14,515 cars during June, 
as compared with 15,706 units in May and 14,732 in 
June, 1938. Exports of motor-cars from the Dominion, 
during the first six months of 1939, totalled 34,763 units, 
as compared with 34,971 units in the corresponding 
period of 1938. 


JoIntT COMMITTEE ON MATERIALS AND THEIR TESTING. 
—As already announced in our columns, the general 
discussion on “‘ The Properties and Testing of Heat- 
Insulating Materials,’ organised by the Joint Committee 
on Materials and their Testing in conjunction with the 
Institution of Gas Engineers and which was to have 
taken place on November 23, has been postponed. We 
now learn, however, that it is hoped to revive the dis- 
cussion when more favourable circumstances prevail. 
The secretary of the committee, Mr. G. H. Ford, is 
available during the day at the temporary offices of the 
Institution of Mechanical Engineers, “‘ The Meadows,” 
Betchworth, Surrey. (Telephone: Betchworth 63). 
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SOME ASPECTS OF ELECTRICAL 
INSULATION. 


It is a common fallacy, held by the average 
electrical engineer, and still more by the layman, 
that electricity is transmitted from the place of 
its generation to the place of its utilisation by means 
of a metallic conductor, and that the object of the 
insulation, with which that conductor is protected, 
is to prevent the escape of energy from the designed 
path in much the same way that a gas or water pipe 
confines its contents. This fallacy is at least 
partly due to the incorrect application of the word 
conductor to that part of the electrical system 
which does not, in fact, conduct. It is more the 
result of a convenient inversion of ideas. It is 
such an inversion that makes us habitually speak 
of the sun rising in the east and setting in the 
west, when actually it is the earth’s inhabitants 
who proceed from west to east in the intervals 
between the nightly black-outs. In this way, 
things are made simpler for everybody, both in 
the astronomical and electrical spheres, and no 
great difficulties or dangers result. 

Nevertheless, we may be allowed to remind our 
readers that it is really the insulation which trans- 
mits electrical energy, the functions of the copper 
or other conductor being merely to hold up the 
line voltage and to control the current. Trans- 
mission, as pointed out by Poynting as long ago as 
1885, is effected through the dielectric by the 
combined action of the electrical and magnetic 
fields. In the case of a cable or overhead line, the 
electricity streams through the insulation parallel 
to the conductor, while in the case of a motor 
it passes from the insulation of the line to that 
round the windings and on to the shaft. The 
motor is, therefore, rotated not by the voltage 
generated in the copper of the windings, but by 
that generated in the insulation surrounding the 











conductors by its own motion across the flux. In 
other words, electrical energy is transmitted through 
the insulation by means of a static strain, which 
varies from the maximum at the high-tension end 
of the winding to zero at earth potential. 

This statement should in itself be sufficient to 
indicate why the electrical engineer ought to pay 
close attention to the nature of insulation and to 
the discovery of the fundamentals upon which 
the right use of dielectric material depends. In 
this task there is even now little guidance to be 
received from general principles and basic theory. 
One result of this, as any one who cares to study 
the appropriate publications can discover for him- 
self, is that while the literature on the subject is 
voluminous, it is rather descriptive and technical 
than scientific in character. From the early days, 
when such natural materials as rubber, paper, oil, 
silk and cotton were used, as they still are, for the 
insulation of cables and wires, and similarly ceramic 
substances and air were and are still being employed 
for the insulation of overhead lines from earth and 
from each other, much research has brought about 
great improvements in the manufacture and quality 
of insulation, with results which have been both 
technically and economically satisfactory. So far, 
indeed, has this work of advancement gone that 
it is unlikely that the combination of paper and 
oil will be at present replaced by any substitute, 
owing to the very low dielectric loss and high 
dielectric strength required from the insulation. 
Of the other possible materials available to-day, 
polymerised hydrocarbons come nearest to having 
the necessary dielectric properties, but they lack 
the required physical qualities. Polystyrene has 
also been used, at least experimentally, for insu- 
lating cable joints and as an aid to the study of 
the manufacture and use of high-voltage cables. 
In other fields, progress has not passed beyond the 
experimental stage. 

Though this is an accurate statement of the 
present position, it does not follow that conditions 
will continue to remain static. For one thing, 
war, as what happened between 1914 and 1918 
has clearly shown, brings about progress in many un- 
expected directions and for that reason may not be an 
unmixed evil. The shortage of one sort of material 
in one country or another will inevitably lead to a 
close investigation of substitutes, unhampered by 
the economic obstacles which are present in more 
peaceful times. The call for better materials 
which is imposed by war conditions will also, in its 
turn, stimulate improvements in old fields and 
advances into new. From this point of view, the 
substitution of natural by synthetic materials 
opens up promising paths for investigation, and 
it will be interesting to see what the immediate 
and ultimate results will be. 

As it is, there is a distinct possibility that paper 
tape might, in case of need, be replaced by a syn- 
thetic tape as an insulating material for cables. 
For some time past several investigators have 
examined the possibilities of employing deriva- 
tives of cellulose for this purpose and the dielectric 
properties of ethyl cellulose have actually been 
measured. Apart from the insulation itself, the 
replacement of the protective lead sheath by a 
synthetic plastic has already been effected success- 
fully on low-voltage cables, and there seems no 
reason to suppose why it should not be equally 
successful on those where the pressure is higher. ~ 
The advantages derived from the point of view of 
weight and ease of handling by this substitution 
are obvious and make a further investigation of 
the subject well worth while, even if there were 
not other factors to be considered. Another applica- 
tion of synthetic materials in cable manufacture 
is to be found in the possibility they offer of con- 
trolling the viscosity of the impregnating oil, 
though this is naturally not of such great importance 
as the other points we have referred to. 

Perhaps it is not going tco far to say that rather 
more progress has been made towards the substitu- 
tion by synthetic material of the rubber that is still 
so largely used on the low-voltage and smaller cables 
and wires. Considering the origin of rubber and the 
difficulties which surround its production, as well as 
the importance of its other applications, this field 
in fact, offersan even better opening for the employ- 
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ment of substitutes than that which paper is 
usually employed for insulating purposes. As it is, 
rubber has already been replaced to a limited extent 
by synthetic materials having rubber-like physical 
but properties, 


as regards re 


In 


chemical 
to oil, ozone and 


properties, improved 


particularly istance 
fire Cable insulation comprising polychloroprene, 
alkyd resins, plasticised polyvinyl! chloride, organic 
polysulphide condensation products, polyacrylates, 
polybutadiene, and similar copolymers, as well as 
derivatives of cellulose and rubber, have all been 
tried Che insulation is of composite 
construction and can be arranged so that the diffe 
rent constitu ire employed to the best advan- 
There of rubber-like 
ynthetic plastics, while synthetic resins have been 


braiding 


resulting 


nts 


tage ire also a number 


used for some time for impregnating the 

with which cables and wires of these types are 
covered. In the United States, indeed, some of 
these substances have been advanced to the status 


where it is possible to provide them with a trade 
name, and at present a great deal of wire ts being 
insulated with a plasticised polyvinyl chloride, 


and is said to be not 


ind water-resistant but to be non-flammable 


which is known as Flamenol 
only oil 


This insulation can be rapidly extended upon the 


wire, require 2no vuleanisation and may be produced 
ina variety of colours 
Similar progress is also being made with the 


insulation of the wire which is now used to so large 


in extent for th ils that form an essential part of 
electrical equipment of the most varied kinds. It 
is 'n this field, in fact, that the greatest progress in 
th 1 ‘ iew substance may b expected, since 
in ite of the man kinds of insulation used and 
th tinual Improvement whi h “are being m ide 
in them, pertection has not | n reached, nor, 
indeed, is it to be expected \t the present time, 
res used for coils of all kinds are insulated with 
tton, sill irtificial silk, asbestos, glass, paper, 
Cellophane, cellulose acetate and baked enamel, as 
well by combinations of these materials. Numer 
us attempts have also been made to provide the 
wire with flexible insulating film of metal oxide 
But whatever the material used, such insulation 
must hav ertain fundamental properties if it 1s 
to be employed with safety in practice lo begin 
vith, it must be sufficiently flexible enough to enabl 
it to be wound into coil It must also be extensible, 
the wire is stretched slightly even with the 
most careful handling during manual winding and 
ertain amount of stretch cannot be avoided in 
machine winding 
Pouwhine j me of the most important require 
nents | 1 botl : manufacture and in use the 
wire may be subjected to incidental abrasion. The 
i ulation must ! ! tabl und have a long life 
over nsiderable range of temperature, since 
most apparatus | me fairly hot in operation 
und the condition of the surrounding atmosphere 
may var reatl Humidity and occasional wet 
t must also be iarded against, these conditions 
being, of course, frequently met by impregnation 
or the use of coatings of waterproof varnish. In 
i1ddition, the insulation em ke ved on these wires 
must, in special cases. be cavable of withstanding 
very high temperatures, strong mineral acids and 
lIkalis, very cold liquids, steam and salt water, 
while in others the dielectric properties must be 
carefull ontrolled, in order that the insulation 
mav b iitable for use in sensitive tuned electrical 
erreut 


however, most tactor 


Perhaps, the 
which has to be considered in deal'ng with this type 


rhough 


important 


of insulation is the space which it occupies 

the thickness of the insulating layer of a single 
wire may be as little as 0-001 in., even that means 
that onsiderable space is occupied by inert 
material where the wire is wound into a coil of 
many turns. The thicker the insulation the larger 
the machin und the ost of th vided copper and 
iron often exceeds by many times the cost of the 
udded insulation. The natural procedure of using 
wire provided with enamelled insulation is, therefore, 


largely followed, and, though this, in common with 
other types of insulation, has been much improved 
of recent years, its mechanical properties are still 
The suggestion has 

might be overcome by 


weakness. been 


this difficulty 


a source of 


made that 
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the employment of a thin film of synthetic resin 
and an insulated wire embodying a thin film of 
resin of the polyvinyl acetal type, particularly 
polyvinyl formal, has recently been produced. As 
this material is very viscous, it is applied by a new 
process in which a floating die is maintained con- 
centric with the wire, so that an accurately measured 
uniform coating is obtained. This substance, which 
is known as Formex, in regular production 
in the United States, and its properties have, we 
are informed, proved to be excellent. 

Sufficient has been said to show that not only 
are improvements in well-tried out materials being 
made, but that the search for new products which 
greater advantages, under special 


Is now 


may 


pe ISSECNS 


‘onditions, is being prosecuted with vigour and, 
some success. So much, in fact, is being done 


that it is difficult to keep track not only of details, 
but of the general that is being made, 
possibly because the subject is mainly of interest 
to the specialist. As, however, its importance from 
the point of view of electrical development can 
hardly be over-stressed, it is to be hoped that some 
public-spirited expert with a literary turn will 
before long provide us with a synopsis of the 
scattered information that is available. 


progress 





LONDON PASSENGER TRANSPORT. 


THE period between the end of the last war and 
the present hostilities was distinguished, among other 
things, by the formation and growth of what may be 
conveniently, if not very illuminatingly, called 
ad hor Of these, the Port of London 
Authority, the London Passenger Transport Board, 





vuthorities 


and the Central Electric ity 3oard all perform 
functions in which readers of ENGINEERING art 
interested, and among these obligations is the 


publication of an Annual Report, in which a more 
or less successful attempt is made to give an account 
of their directorship. It is evident that the value 
of these documents must depend to some extent 
on thy with which they are made 
public \ report which appears months 
six months after the period to which it 
in this changing world, little more than 
historical record, and it is essential, therefore, 
pointed out, if the work 
to be checked, that 
Through no defect 
of its own, however, the latest report of the London 
Passenger Transport Board, which was published 


prom ptness 
twelve 
or even 
refers 18, 
an 
as we have frequently 
of the body 
such delays should be avoided. 


in question 1s 


last week, largely falls into this historical cate- 
gory for though it deals with the twelve months 
ended June 30, 1939, and, therefore, by the 
calendar is not much out of date in the interval, 


so much has happened that its contents bear a 
certain of unreality. Though the outbreak of 
war is officially outside its scope, this occurrence is 
reflected in the unusual brevity of the document, 
a notable omission being the absence of the more 
rr less philosophical reflection on some transport 
problems which has been a feature of its prede- 
of the indications of the 
course that future progress is likely to take will 
realised. Nothing is said about the 
operating problems to which hostilities have given 
nor how these hostilities will affect them, but 
their shadow is evident and may anticipate a 
certain amount of comment matters in 
next year’s report. 

The year 
unfortunate 


air 


Moreove r, some 


cessors. 
hardly be 


rise, 
we 
on those 
under review, it is stated, was an 
for the Board. While there was 
un increase in traffic, the rate of growth continued 
to decline, and the continued to 

From the beginning of the financial year, there- 
fore, it became apparent that the financial position 
not was no longer improving, but was no 
longer In these circumstances, there was 
no alternative but to increase the fares, and after 
the final machinery had been put in 
motion these increases came into effect on June 11, 
1939. Probably for the moment that policy was 
the correct one, for although the increases had no 
effect on the results obtained during the year under 
there are indications, or so it is stated, 
that the Board could have looked forward hopefully 
to a re-establishment of its position. How far this 


one 


expenses rise. 


only 


stable. 


necessary 


review, 
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will be realised now that several stations have 
been closed and so many other disabilities imposed 
by the war is, we should hazard, extremely doubtful. 
Not only were the Board’s expenses higher in the 
year ended June 30, 1939, but the main-line railway 


companies’ expenses chargeable to the London 
Passenger pooling scheme also increased. Moreover, 


the main-line companies’ passenger takings, which 
in previous years had consistently expanded, showed 
a small decrease. As a consequence, the sum which 
the Board received from the Pool was appreciably 
less than in the previous year. 

The total number of passenger journeys originating 
on the Board’s system during the year amounted 
to 3,782,097,853, 58,442,085 more than in 
1937-38. Of these, the "buses and coaches accounted 
for 2,222,695,228, or 59 per cent. of the total, 
railways for 12 per cent., and trams and trolley 
"buses for 14 per cent. and 15 per cent. respectively. 
A slight decline in the railway traffic is ascribed 
to the closing of the under-river tunnels at Charing 
Cross during the crisis of September, 1938, and this 
cause, together with the closing of a number of 
stations, is likely to be even more prominent this 
year. It is estimated that the Board’s railways 
were used by a further 90,000,000 passengers whose 
journeys originated on other railways, making a 
total of 563,000,000 passengers carried, compared 
with 578,000,000 in 1937-38. This aggregate 
number of passengers represents travel at the rate 
of 444 journeys per annum, as compared with 441 
in the previous year. This increase, it is interesting 
to note, took place at a time when the rate of growth 
of population was slackening, and is some indication 
of the convenience, range and attractiveness of the 
services provided. The total receipts from the 
carriage of these passengers amounted to 42,457,7631., 
or 2-332d. per head, a decrease of 0-009d. compared 
with 1937-38. The Board’s share of these receipts, 
after the operation of the pooling scheme, only 
amounted to 30,925,912/., while the working 
expenses were 25,140,163/., or almost 1 per cent. 
in excess of those of the previous year. The oper- 
ating ratio remained undercharged at 81 per cent. 
As a result, the total sum available for appropriation 
was 4,795,787/., which only enabled a payment of 
14 per cent. to be made on the “ C ” stock, compared 
with 4 per cent. in the previous year. 


or 


Toengineers, probably the most interesting portion 
of the report is that dealing with capital works, 
on which 10,761,306/. was spent during the year. 
Of this, 7,983,939/. was on account of the new- 
works programme instituted in 1935 under agree- 
ment with H.M. Treasury and financed out of 
loans from the London Electric Transport Finance 
Corporation. Of the balance, about 1,250,000/. 
represents the conversion of trams to trolley *buses 
in North London, and 719,000/. the replacement 
of rolling stock on the Metropolitan and District 
lines. As regards progress with these new works, 
it is announced that the new tube line from Baker- 
street to Finchley-road is now approaching com- 
pletion, and it is hoped that it will shortly be possible 
to run through trains from the Bakerloo line to 
Stanmore. The completed works include two fly- 
under junctions near Wembley and the reconstruc- 
tion of Harrow station. Contracts have also been 
placed for the widening of the line between Harrow 
and Rickmansworth, though work on this section 
may now have to be postponed. During the year a 
new station was opened at Uxbridge. On the 
Bakerloo line, the main works undertaken were the 
lengthening of station platforms, but a new cross- 
over at Lambeth North was also completed. It 
is reported that the extensions of the Central 
Line to the east and west should be ready for use 
by the summer of 1940. All the tunnelling con- 
tracts between Liverpool-street and Newbury Park 
have been placed and upwards of 15 miles of single- 
line tunnel, out of a total of 19} miles, have been 
completed. At Gants Hill station, which is to be 
in the centre of a road-traffic circulating area, the 
subways have been completed and opened for traffic. 
The construction of further new stations is, for the 
moment, in suspense, but suitable temporary 
accommodation will be provided to enable the 
extension to be opened as speedily as possible. 

Work has also commenced on the reconstruction 
of Loughton, Leytonstone and Hainault stations, 
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on the London and North Eastern Railway, and the 
new rolling stock depot at Hainault is practically 
completed. Current rails up to a total length of 
45 miles have been laid on the existing London and 
North Eastern Railway branch lines which are 
being electrified. On the other hand, delays have 
occurred in connection with the elimination of 
level crossings on the Loughton line, and powers 
have been obtained, therefore, to permit the Board 
to close these crossings should the works not be 
completed by the date the railway will be open for 
traffic. On the western extension, the Great 
Western Railway are proceeding with the construc- 
tion of the new lines between North Acton and 
Ruislip, and it is hoped, again with the necessary 
reservations, that it will be possible to open this 
next summer. The work of lengthening the plat- 
forms on the Central Line and the installation of 
the standard tube track is also progressing satis- 
factorily. The extension of the Northern Line 
from Highgate to East Finchley was opened shortly 
after the date of the report, and the expectation is 
that the new tube station at Highgate will be 
brought into service next spring. The rest of the 
programme in the northern area is being re-examined 
in the light of current circumstances, but it is hoped 
before long to extend the service beyond East 
Finchley. 

As regards other works during the year under 
review, 39 route miles of tramway were converted to 
trolley-’bus operation, making a total of 191 miles 
in all. The enlargement and reconstruction of the 
Acton Works was also practically completed and | 
included a new motor shop equipped with modern | 
plant, in which the overhaul of traction motors, | 
from stripping to re-assembly, can be progressively | 
carried out. It also included a fully-equipped 
armature-winding section and facilities for carrying 
out the necessary testing of both armatures and 
completed motors. The work of enlarging and 
reconstructing Chiswick works as a central depot 
for *buses and coaches is also proceeding. There 
are other new works included in the programme, 


upon which little or nothing has been done. These | 


will, necessarily, be suspended during the period 
of the war to release labour, plant and materials 
for work of national importance. It is hoped, 
however, to be possible to conclude those works 


which are substantially on the way to completion | 


or which are essential to the convenience and safety 
of the existing work of the Board. On the other 
hand, it is to be presumed that certain work autho- 
rised by the London Passenger Transport Act, 
1939, will not be begun for the time being. This 
includes the construction of an additional low-level 
passenger subway at Leicester Square, to give 
improved inter-change facilities between the Nor- 
thern and Piccadilly lines, the enlargement of the 
tunnels at Camden Town, Euston and Kennington 
to provide longer platforms, and the construction 
of additional ventilating shafts at a number of 
stations. 
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THE Metcuett LECTURE. 


THE Melchett Lecture, which Mr. H. A. Humphrey 
delivered to the Institute of Fuel on October 19, 
possessed topical interest to a degree somewhat 
unusual among ostensibly commemorative addresses, 
in that it dealt with 
during the War and the Early History of Billing- 
ham.” It is, perhaps, advisable to explain that 
“the War ” was that of 1914-1918, and presumably | 


| time production of which was a mere 30 tons per 
|month. The story of how this almost negligible 
| output was increased, always under extreme pres- 
| sure of circumstances, to many thousands of tons 
| per week, is a remarkable record of intensive industry 


| in the development of processes, some of which had | 
| hardly progressed beyond a laboratory scale of 


| operation, while others had to be devised and 
| perfected contemporaneously with the organisation 
|of the factories in which they were carried on. 
|The construction of the great chemical plant at 


| Billingham, the account of which forms virtually a | 


| second lecture, was begun during the war, but no 
technical plant had been erected by the conclusion 
| of hostilities, although the expenditure incurred had 


|amounted by that time to more than 1,000,000/. | 


| By what narrow margin and personal exertion the 
| Billingham plant and scheme as a whole was saved 
| from complete dissolution, in the general reaction 


against further capital outlay, was vividly recounted | 
by Mr. Humphrey. In this respect alone he and his | 


| 


| collaborators must be credited with having made 
|one of the most important of all contributions to 
| the present satisfactory position of this country 
| with regard to the production of explosives. In 


| his own words, “ if we had to start again to improvise | 


| means and methods of manufacturing explosives, as 


we did in the last war, the delay and inadequate | 


results would be a catastrophe of the first magni- 
| tude.” 


Tue Buritpine [InpusTRY IN WAR TIME. 


The problems which now face the building 
industry, owing to war restrictions, were laid before 
the Minister of Health and the Secretary of State 
for Scotland last week by representatives of the 
| National Federation of Building Trade Operatives 
|and the Federation of Building Trades Employers. 
| This deputation urged that the Government should 


| but now it has been decided to discontinue this 
method of presentation for the duration of the war. 
Accordingly, the current volume of Section | 
(Engineering Construction), Section 2 (Mechanical 
Engineering) and Section 4 (Mining Engineering) 
has been terminated with the September issues, the 
author and subject indexes being completed to, 
and including, that month. Section 3 (Shipbuilding 
and Marine Engineering), which is compiled by the 
Institute of Marine Engineers in co-operation with 
the ‘Institutions of Civil Engineers and Naval 
Architects, is being continued in its present form 
| until further notice. The publication of the Journal 
| of the Institution of Civil Engineers, it is stated, 
|is to be continued, and in each issue there will be 
included a selection of brief abstracts of important 
papers and articles appearing in the British and 
foreign technical literature dealing with those 
branches of engineering hitherto represented in the 
three sections of Engineering Abstracts which are 
now suspended. Reprints of these portions of the 
Journal will be sent, free of charge, and until the 
end of 1939, to those subscribers, institutions, etc., 
who normally would have received the sections 
mentioned. This arrangement, undoubtedly, will 
relieve the Institution staff of a considerable amount 
| of editorial work without materially reducing the 
value of this service to those who rely upon it 
as a means of keeping in touch with current technical 
progress, especially overseas ; and presumably the 
intention is to resume the separate publication of 
| the Abstracts as soon as circumstances permit. We 
would suggest, however, that when the restoration 
of the normal service is under consideration, some 
attention may be given to the possibility of printing 
the abstracts on one side of the paper only, and of 
restricting their length, to enable them to be pasted 
jon index cards for greater convenience in filing. 
| This practice, while facilitating card-indexing, would 








| do everything practicable during the war to keep | not prevent those recipients, who prefer to bind the 


|the building industry occupied to the maximum 
| possible extent. The Government’s own building 
| programme, it was pointed out, was concentrated 
in a relatively small number of areas and was being 
carried out by methods which did not utilise the 
services of all crafts. In fact, it provided employ- 
ment mainly for the younger operators, who were 
willing and able to travel. It was necessary, 
therefore, if unemployment, loss of productive 
power and the extinction of sources of supplies 


that local authorities and private enterprise should 
continue as far as possible with their normal activi- | 
ties. It was also stressed that if building were only | 
to be carried on under the drastic restrictions laid | 


| 


down by the Ministry of Health, the necessary pool | 





of labour would not be available for the emergency | 
repair of buildings which might be damaged in air 
raids. In reply, the Minister of Health said that the | 
housing activities of local authorities threw a great | 
burden on officials who were at present almost over- 
whelmed by work directly connected with the war. | 
The effective prosecution of the war also made it | 
| necessary to conserve the capital resources of the | 
country and to restrict the borrowings of local | 
| authorities within the narrowest limits. Moreover, 
| direct war work made an immediate demand on | 
| available supplies of labour and material and the | 
| positions as regards materials was still difficult. 
He held out some expectation, however, that | 
|matters might be improved in the near future. | 
|On the other hand, the Secretary of State for | 








“The Supply of Explosives | ¢.4] ras able t » that he had autho-| M-I-Mech.E., Commander J. C. 
sss te mar pre Ae caguaame: 7h ed ar ghey |Mr. K. M. Irwin, and the managers, Mr. J. W. 


| rised local authorities to complete all houses already | 


| begun. 
** ENGINEERING ABSTRACTS.” 


which had been gradually built up were not to occur, | 


several sections in book covers, from continuing to 
do so as at present. 


THE AMERICAN SocreTy OF MECHANICAL 
ENGINEERS. 


| 
| 


The 60th annual meeting of the American Society 
| of Mechanical Engineers will be held at Philadelphia 
from December 4 to 8, and it is expected that 
upwards of 3,000 members will attend. The meeting, 
we are informed, is the first one to be held outside 
| New York City since 1890, and all the functions will 





| be held at the Bellevue-Stratford Hotel. Thirty-five 


technical sessions have been arranged, at which 
105 papers will be presented. The newly-elected 
President and officers of the Society, for 1940, will 
be installed on the evening of December 5, while 
the annual dinner, at which various medals and 
awards will be presented, will take place on Decem- 
ber 6. The meeting is being arranged by a general 
committee, comprising members of the Society 
resident in Philadelphia and district, sitting under 
the chairmanship of Mr. N. E. Funk. ‘The new 
officers have been elected as the result of a letter 
ballot of the entire membership of the Socicty, 
which numbers 15,000. The President for 1940 is 
Mr. W. H. McBryde, consulting engineer, San 
Francisco, who, it may be recalled, attended the 
1931 and 1935 summer meetings of the Institution of 
Mechanical Engineers, held at Cambridge and Bath 
respectively. The newly-elected vice-presidents 
comprise Mr. K. H. Condit, Mr. F. Hodgkinson, 
Hunsaker, and 


Eshelman, Professor L. Helander and Mr. G. T. 
Shoemaker. Mr. Hodgkinson was born in London 


the text of the lecture was prepared before the | | and was sent to the United States in 1896, by 
present outbreak ; but this presumption, if correct,| It is inevitable that the outbreak of war should Messrs. C. A. Parsons and Company, Limited, to 
does not in any way invalidate the author’s expressed | interfere with many of the secondary publishing | superintend the design and construction of steam 
belief that the choice of this topic was “ justified | activities carried on by scientific bodies, not so| turbines. He subsequently remained with Messrs. 
because the subject has interest, significance and| much as a result of any shortage of paper, as on | Westinghouse Electric and Manufacturing Company 
importance for to-day and for the future.” He | account of the considerable labour that is frequently | and retired recently. Commander Hunsaker is an 
might have added that it is a standing object-lesson | involved. We are not altogether surprised, there- | honorary Fellow of the Royal Aeronautical Society 
on the resourcefulness of British industrial tech- | fore, to learn from the Institution of Civil Engineers| and is professor in charge of the Guggenheim 
nicians, and the folly of that attitude of mind which | that certain changes are being introduced in the | Aeronautical Laboratory, Massachusetts Institute of 
persistently prefers to believe that Britain has no | series of Engineering Abstracts from current technical | Technology. Professor Helander is head of the 
chemists to compare with those of Germany. The| periodicals, in the compilation of which this Insti- Department of Mechanical Engineering of Kansas 
crux of the explosives position in 1914 was that the | tution co-operates with other British and Dominion | State College, while Messrs. Condit, Irwin, Eshelman 





principal constituent of the high explosive mainly 


| engineering societies. 


For some time past, the | 


and Shoemaker occupy prominent positions in 


used—amatol—is ammonium nitrate, the peace-| Abstracts have been appearing in sectional form, | industry. 
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THE REPORT OF THE PACIFIC 
LOCOMOTIVE COMMITTEE. 


(Continued from page 477.) 


Cuartrer LV of the Report is devoted to a con- 
sideration of matters affecting the lateral resistance 
of the track, and to factors which, by permitting 
vertical deflections, may initiate oscillation and 
hunting of engines which are sensitive to track 
conditions. Generally surveying these conditions 
as they apply to the Indian railways concerned, 
it is noted that the rails in use on main lines and 
important branch lines vary in original weight from 
75 lb. to 115 Ib. per yard, and in length, from 
30 ft. to 42 ft. The types of sleepers used include 
hard wood, soft (some creosoted), steel 
troughs, and cast-iron pot or plate. Of the two 
last-named, there are numerous designs, each with 
its particular type of fastening for tie bars and rails, 
und calling for individual methods of packing and 
gauge adjustment. This factor adds to the diffi- 
culties of accurate maintenance, especially when 
different types are closely interspersed, sometimes 
within the same gang length. The use of stone 
ballast is almost general, and is in conformity with 
modern practice in other parts of the world. 

A large number of the lighter sections of rail, 
which have served for 40 years or more, still remain 
in main lines; and the fact that they continue 
satisfactorily to perform their function as vertical- 
load carriers is proved by the low incidence of rail 
fractures. In the past, as elsewhere, the ability 
of a rail to carry certain axle loads vertically was 
almost the only criterion by which standards were 
assessed. Some consideration was certainly given 
to impact loads (also vertical in action) and to the 
support under the rail, by the number of sleepers 
which carried it; but, the Committee observed, 
‘it is evident that another essential function of the 
rail, its lateral rigidity, and, in fact, that of the 
track a whole, received comparatively little 
attention.” As a result, however, of many cases 
of track distortion and/or spreading of gauge, which 
occurred after the introduction of the X-class and 
other Pacific engines, research has been undertaken 
and these questions are being analysed. 

Generally speaking, rails in India have not been 
condemned for loss of weight by wear or by attrition 
due to corrosion, except in areas where, owing to 
sharp curvature, high speed, and heavy axle loads, 
noticeable wear has taken place. The renewal of 
rails has been mainly due to crippling or hogging 
at the extremities, particularly where the track was 
carried on a yielding formation. One of the main 
causes of bad running has been lack of attention to 
rail joints. When, owing to yielding formation, 
traflic density, or other causes, the cost of main- 
taining the track to the appropriate standard 
becomes unduly high, the Committee considers that 
replacement of rails by others of a section heavier 
and stiffer than the theoretical minimum may be 
justified. 

“ We understand,” say the Committee, “ that the 
rail standards on which the Locomotive Standards 
Committee in 1924 based their recommendations 
were, for main lines, axle loads up to 22} tons 
and rails of 90 lb. per yard ; and, for branch lines, 
axle loads up to 17 tons and rails weighing 75 |b. 
per yard. We were informed that the above stan- 
dards meant a group of rail sections approximating 
to those weights. It evident that the 90-lb. 
flat-footed section of rail was not adopted as a 
minimum standard for axle loads exceeding 17 tons 
and up to 22} tons; administrations did not con- 
sider the replacement of their lighter sections to be 
justified on their calculations of rail strengths for 
vertical loads, insufficient attention having been 
paid to the lateral rigidity of a rail. 
appreciation of this function of the rail is further 
shown in the Schedule of Standard Dimensions 
(reprinted in 1933) where it is stated that theoreti- 
cally an 85-lb. rail, which had lost weight not 
exceeding 5 per cent., could be considered suitable 
for a 20}-ton axle load “at unrestricted speed.” 
The condemning section of a rail cannot be entirely 
expressed in terms of loss of weight, but must also 
be related to location of wear, e.g., side cutting, 
in the rail section. We were informed, however, 
that the Railway Board have under consideration 


wood 


as 
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the revision of the specification for permissible 
wear of rails, and that it will be based upon the 
results of research which is in hand.” 

Sleepers are divisible into two categories, the 
rigid type, such as the steel-trough and the timber 
sleeper ; and the semi-rigid, such as the cast-iron 
pot or plate with a connecting tie bar. The rigid 
type, say the Committee, is to be preferred, but 
considerations of cost have largely influenced 
administrations in adopting and adhering to the 
semi-rigid type. The metal sleeper, whether rigid 
or semi-rigid, has an advantage over the timber 
sleeper in that, although higher in first cost, its 
residual value is considerably greater. The timber 
sleeper has many advantages, however, and where 
the distance of haul from source of supply is not 
excessive, is much used, particularly on certain 
soils which corrode metal fastenings. The softer 
varieties should preferably be creosoted. 

The position of the tie bar, as in the latest C.S.T./9 
type of semi-rigid sleeper, should be as near as 
possible to the bottom of the rail, in order to resist 
spreading of gauge and tilting of rails under heavy 
flange forces. ‘“‘ We saw instances of hogged and 
bent tie bars, which indicated another disadvantage 
of this type of sleeper, proving that pots can be 
tilted and gauge irregularities produced by uneven 
packing. Further, as flange forces are exerted by 
one wheel of an axle, the resistance of the track to 
side displacement is assumed by only one of the 
two pots or plates until play in the tie bar is taken 
up, in the event, for instance, of loose cotters. 
As resistance, in turn, depends upon vertical load, 
it is obvious that, in this respect, the semi-rigid 
sleeper may have about half the lateral strength of 
the rigid type. It must be recognised, however, 
that pot and plate sleepers have been in satisfactory 
use for many years, and that the mileage of track 
in which they occur is considerable. For instance, 
they are laid, and packed with sand, on the main- 
line section of the Madras and Southern Mahratta 
Railway between Arkonam and Madras, where a 
maximum speed of 65 m.p.h. is permitted and 
consistently attained. On the other hand, we 
noticed the difficulties of efficient maintenance in 
the case of track of this type where the fastenings 
. «. « had become worn. The task of maintaining 
good alignment, level and gauge assumes increasing 
importance when it is realised that differences in 
these respects affect the locomotive to the extent 
that oscillations may be set up, which must, in 
turn, react to the detriment of the permanent way.” 

Reference is made in the Report to a particular 
cast-iron plate known as the D. & O., of which 
there is a considerable mileage, principally on the 
East Indian Railway, and which possesses certain 
uncommon features. It was designed to provide 
head support to double-headed rails, and, by pre- 
venting chair gall, to enable such rails to be reversed 
after permissible head wear had taken place on 
one side. This anticipation was not realised because, 
long before a rail had worn down to the permissible 
section, it had become hogged at the ends, and, 
therefore, was unsuitable for use in the reversed 
position. These sleepers, however, are still in use, 
mainly with 88}-lb. bull-head rail, which is described 
as an 85-lb. double-headed rail converted to the 
bull-head type by the addition of 3} Ib. to the 
head. 

The sleeper comprises two cast-iron plates, with 
a wrought-iron tie-bar connection, on which the 
rails are head-supported by a fixed jaw on the 
outside and a loose jaw on the inside. The latter 
is held in position by a cotter and gib, on which 
the accuracy of the gauge depends. It is necessary 
to loosen the cotters and re-drive them after packing 
is finished ; otherwise, there is a tendency for the 
inner jaws to lift the rails off the outer jaws. In 
practice, however, the loosening and re-driving of 
cotters is liable to be omitted, and gauge adjustment 
is left to be made by unequal packing of individual 
plates ; the result is that the inner (loose) jaws may 
take most of the support of the rail, which thus 
becomes liable to tilting under load. This sleeper 
was designed about 40 years ago and obviously has 
rendered satisfactory service for a long time on the 
East Indian Railway ; and the administration has 
had sufficient confidence to extend its use to 100-lb. 
double-headed rail. Under heavy engines, however, 
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which may exert considerable flange forces, the 
Committee doubt whether a sleeper of this type, 
with worn fastenings, is sufficiently strong to resist 
tilting or lateral movement of the rail. They 
describe the type as obsolescent, and consider that 
its early removal is desirable from main lines 
carrying heavy and fast traffic. 

The C.S.T./9 type of cast-iron plate sleeper has 
been introduced recently for use with 90-lb. flat- 
footed rails. While it has certain disadvantages 
inherent in the semi-rigid type, its fastenings are 
superior, and the adjustment of gauge can be made 
with steel wedge keys without resort to changing 
the gib and cotter, so reducing disturbance of the 
track. These sleepers, combined with the rail-free 
Duplex joint sleeper of the 1937 pattern, are 
reported as providing a well-supported track. The 
Committee record that they travelled over such 
track on the East Indian Railway at speeds up to 
60 m.p.h., and were impressed by the smooth 
running. Timber sleepers are extensively used on 
railways which are favourably situated with regard 
to the sources of timber supplies, such as the North 
Western Railway, the Bengal and North Western 
Railway, the East Indian Railway, and the Eastern 
Bengal Railway. On other lines, their use is 
limited by the length and cost of haul from the 
source of supply. The North Western Railway, it is 
noted, has a plant at Dhilwan for creosoting about 
350,000 sleepers per year. The Reupel process is 
employed, and it is anticipated that this treatment 
will increase the life to 21 years, in which case 
greater quantities of such sleepers can be used with 
economy. Steel trough sleepers are also extensively 
used, and, when properly bedded down, are satis- 
factory, offering considerable resistance to lateral 
disturbance. Such sleepers seem to be generally 
suitable for Indian conditions, except, perhaps, on a 
soil known as “ usar,” which contains a high propor- 
tion of nitrate of potassium and has a corrosive 
effect on steel. To resist, as far as possible, any 
tendency for the gauge to spread, the Committee 
recommends four keys per sleeper, as appears to be 
the recent practice. This form of sleeper should 
have a transverse moment of inertia sufficient to 
withstand, without deformation, the bending 
moments set up by irregular packing. 

The Committee express the opinion that con- 
sideration should be given to the extended use of 
rigid-type sleepers where the formation is unstable. 
On black cotton and other weak soils, which are 
incapable of withstanding heavy pressure, the timber 
sleeper may have an advantage over the steel-trough 
sleeper, in providing a cushioning effect against the 
impact of moving loads. Having regard also to the 
knowledge recently gained, that the lateral rigidity 
of a track varies considerably according to the type 
of sleeper used, attention is drawn to the desirability 
of reviewing the practice of using timber sleepers 
over arched bridges or culverts, which often occur 
at short intervals, on track which, otherwise, is 
completely laid with pots or plates. 

The spacing of sleepers on the Indian railways is 
expressed as a function of N, the length in yards 
of a standard 36-ft. rail. The latest standard length 
is 42 ft., and as the number of sleepers per mile of 
track laid with such rails to, for example, an 
““N +3” standard, would be fewer than for track 
laid with 36-ft. rails to the same standard, the 
desirability is indicated of specifying, for each 
standard, the equivalent number of sleepers for 
different lengths of rails. The present minimum 
sleeper spacing related to the 36-ft. rail, as laid down 
in the current Schedule of Standard Dimensions, 
is N + 1 for axle loads up to 17 tons, N + 2 for 
loads up to 18} tons, and N + 3 up to 22} tons. 
“We feel, however,” the Committee state, “ that 
sufficient attention has not been paid to the ade- 
quacy of support in the number of sleepers provided 
to distribute the weight on the various types of 
formation, and to withstand the lateral forces 
tending to spread the gauge and to distort the track 
as a whole. The impression should not be allowed 
to gain ground that the heavier the rail the less 
the need for increasing the number of sleepers. It 
cannot be too strongly emphasised that, within 
limits, the greater the number of sleepers under a 
rail, the greater is the area of formation used for 
bearing the weight and the smaller the load on it 
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per square foot. As a general rule, rails should be 
as long as is economically possible ; in other ‘coun- 
60 ft. is the standard, and 90-ft. rails are 
We understand that this point is 
by the Track Standards 


tries, 
coming into use. 
under consideration 
Committee.” 

For some years it has been the accepted practice 
in other countries that improvement in alignment 
and level of track calls for the use of stone ballast 
graduated down from 1} in. cube, and that the 
best results are obtained with }-in. ballast, intro- 
duced under the sleepers by means of shovel packing. 
This method, although particularly suitable for 
timber sleepers, cannot be used in the case of pot, 
plate, or steel-trough sleepers, or with track laid 
over black cotton or similar soil. Where prac- 
ticable, however, better results are invariably 
obtained from the use of smaller grades of ballast, 
whether shovel-packed or not. In areas adjacent 
to towns such as Bombay and Madras, where the 
electrified sections are laid with timber sleepers, 
the Committee suggest that shovel packing might 
be tried with advantage, and that it should be 
possible to train local labour in this method. Else- 
where, in the case of pot, plate, and steel-trough 
sleepers, packing with bars or beaters is likely to 
hold the field ; it has proved satisfactory, and offers 
little ground for criticism. The standard depth of 
ballast is from 8 in. to 12 in. below the sleepers. 
It is evident that, on black cotton soil, this depth 
is inadequate, but to increase it with more stone, 
which would sink into the soil, is uneconomical, if 
not practically useless. A blanket of ashes, sand, 
or similar material, at least 9 in. thick, under the 
ballast, has been adopted by some railways, and 
has much to commend it. Further investigation 
into the best method of ballasting on various soils 
appears desirable, and the Committee recommend 
systematic research into this problem. 

The Report observes that, on certain sections of 
the Madras and Southern Mahratta Railway and 
of the South Indian Railway, clean sharp sand is 


used for packing pot sleepers, stone ballast serving | 


to box and bind the sand. The running on these 
sections was noticed to be smoother than over 
corresponding sections of pot-sleepered track, bal- 
lasted with stone. These railways are able to obtain 


suitable sand locally. Sand packing fills a pot more | 
effectively than coarse stone ballast, and so affords | 


a more stable support to the track. As stated 
previously, running at high speed over the Arkonam- 
Madras section, on pots packed with sand, was 
quiet and steady; inspection and the Hallade 


records confirmed that the track was good in gauge, | 


alignment and level. The Committee were informed, 
however, on the South Indian Railway, that fine 
stone ballast had replaced sand on some sections, 
as it was found to afford better drainage and was 
not washed away during heavy rain. It was observed 
that joint sleepers (pots) were packed with such 
hallast in otherwise sand-packed sections; in the 
Chief Engineer’s opinion, this had improved the 
running. While it may be said that the components 
of permanent way in India are, in general, of a 
sufficiently substantial character for the traffic 
they have to bear, the major difficulty with which 
Indian Railway engineers have to contend, to a 
greater or less extent, is the measure of support 
given to the track by certain types of formation. 
Of these, the most treacherous is the alluvial black 
cotton soil with loamy clay impregnations, which is 


peculiarly sensitive to the dry and wet seasons. | 


When dry, it shrinks and cracks, and during the 
rains it swells and is particularly liable to sponginess 
at intermediate stages of saturation. 
rules can be laid down for dealing with such forma- 
tion, which calls for special treatment according to 
the local conditions. The appropriate treatment 
can only be left to the engineer conversant with all 
the circumstances. 

Adequate drainage, to remove expeditiously as 
much water as possible from the ballast and forma- 
tion, is one of the essential treatments, and the 


importance of providing free outlets for water | 


pockets, which may exist under the surface of an 
apparently dry track, cannot be overstated. Apart 
from the financial, material and physical factors 
affecting the standard of track maintenance, efficient 
organisation and well-trained supervision are two 
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essentials. Owing to the fact that literate men are LATE 
not generally employed in India in the ranks as | R. V. WHEELER. 
gangmen, mates, etc., the supervisory staff, such | ie ated dt tn ties 60. is Bites 


as permanent-way inspectors, can rarely be recruited | Vernon Wheeler, in Sheffield, on October 28, will be 
from those who have passed through these various | received with regret by colliery engineers and mining 
grades. While recognising the difficulties, the | technologists in all parts of the Empire. Professor 
| Committee consider that this avenue for recruit-| Wheeler, who had held the Chair of fuel Technology 
ment should be explored. | in the University of Sheffield for some eighteen years, 

“‘ We feel, also.” the Committee continue, “ that | @2d was also for long the Director,of the Safety in 
| the use of the void meter, for measuring deflection | Mines Research Board's experimental stations in 
| of track under load, would be of value in certain | Sheffield and Buxton, was the only son of the late 


. : : | Mr. R. J. Wheeler, Chief Inspector of Machinery in the 
places, and should be tried; this was introduced | Royal Navy, and was born on January 8, 1883. He 


| some years ago in France by Lemaire, and is now | received his general education at Plymouth College, 
| coming into general use in England. It consists,|and subsequently entered Owen’s College, Victoria 
|as shown in the accompanying Figs. 9 and 10, of a| University, Manchester. A hard-working student, he 
| graduated scale carrying two hinged pointers and gained a Dalton Scholarship, and was awarded a 
fitted with a clamp for attachment to a bar, which | University Fellowship and the degree of D.Sc. Atter 
‘is driven into the ballast. The pointers indicate on spending three years in post-graduate research work, 


j ay i n > > » » y . 
the scale the extent of the depression of the sleeper in collaboration with the late Professor W. A. Bone, 
F.R.S., on surface combustion and the combustion of 


under load, and this, added to the measurement (by the hydrocarbons, he was appointed fuel chemist. and 
using boning boards) of the visible static inequality subsequently gas-plant manager, to Messrs. Monks, 
| in level of the rail, gives the total lift necessary for| Hall and Company, iron and steel manufacturers, 
| the sleeper concerned.’’ With a view to the more | Warrington, Lancs. Dr. Wheeler later relinquished 
| systematic examination of track under load, the | this appointment, however, to take up research work 
| Committee also “recommend the extended use, | in connection with the prevention of explosions in 
| by civil and mechanical engineers, of the information collieries, and was made chemist to the British Coal 


lls r Just Experiments Committee of the Mining Associa- 
| afforded by the Hallade Track Recorder, or some | tion of Great Britain. In this capacity he collaborated 


} : . 
such device ; by such means frequent comparisons | with the late Sir William Garforth, who was a pioneer 
can be maintained of the effect of traffic on the! in advocating the use of stone dusting to suppress 
| coal-dust explosions in collieries. 
Dr. Wheeler was subsequently appointed chief 

| chemist to the Explosions in Mines Committee of the 
| Home Office, and later became director of the Mines 
| Experimental Station, Eskmeals, Cumberland. In 
| 1921, he became Professor of Fuel Technology at the 
University of Sheffield, and when the work previously 

| carried out at Eskmeals was transferred to Buxton, 
| Derbyshire, he continued to direct this in addition to 
| his other duties. Later, when the extensive laboratories 
| of the Safety in Mines. Research Board, adjoining the 
| Applied Science Department of the University of 
Sheffield, were built and equipped, he was placed in 
charge of the research work carried out therein. Thus, 
Professor Wheeler may be said to have been one of 
the hardest worked men in the coal industry. In 
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Fig. 10. Por Pepe | addition to the work detailed above, he was called 
f weer a . | upon to serve on various committees, including the 
bage [Ry Z | | Gas Poisoning Committee of the Board of Trade, of 





|which he was appointed a member in 1929, the 
| vear of his election to the Presidency of the Midland 
Institute of Mining Engineers. He continued as Presi- 


dent until 1932. 
Some conception of Professor Wheeler's industry 
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og pees: may be gauged from the fact that he was the author, 
“Teo a Ese | or joint author, of upwards of 190 publications, com- 

eis ta prising treatises, reports, and contributions to scientific 
Bae eae and technical journals on the constitution of coal, 

(708s) S33 ; Reefs? blast-furnace coke, coal-mining problems, the combus- 

° Wave | tion of coal, and flame. He was also joint editor, with 


- inte ; Professor S. W. Parr, of the University of Illinois, 
| Permanent way, and of its condition during dry and | 1) 4 of the scientific journal Fuel i iehiens. and 
| ee periods. P So far as speeds are! Practice, Professor Wheeler was a member of the 

concerned, India, in our opinion, is a 55 m.p.h. to| Jron and Steel Institute, the Institution of Mining 
| 65 m.p.h. country, and it is doubtful whether the | Engineers, the Institute of Petroleum, the Institute 
| majority of the travelling public, who provide the | of Fuel and the American Institute of Mining and 
| revenue, expect higher maxima. Moreover, financial | Metallurgical Engineers. He was also a Fellow of 
| limitations generally govern the standard of main-| the Geological Society, the Institute of Chemistry, 
| tenance, and it is unreasonable and economically | #4 the Chemical Society. In February, 1938, in 


ls 4 q Ron s* eal <r recognition of his eminent services in connection 
impracticable edt, emit of operation at working with the application of scientific research to problems 
maxima of 65 m.p.h. to 75 m.p.h. It may be that 


| . of safety and health in coal mining, he was awarded 
the former maxima may even have to be reduced | the Gold Medal of the Institution of Mining Engineers. 
| in the rains in certain parts of the country.” | Furthermore, on October 13, 1938, he received the 
| Generally, the Committee strongly urge “tlie | Melchett Medal of the Institute of Fuel, and delivered 
| necessity for not only avoiding any deterioration in | the Melchett Lecture, entitled ‘‘ The Destructive Dis- 
| the present standard of maintenance, including the tillation of Coal.” Professor Wheeler had been in 
efficiency of supervision and labour, but in certain | failing health for some months ; nevertheless, his death, 
i : it , air . |at the early age of 56, has come as a shock to his 
cases for effecting improvement. This is particularly | Setonda and eslinaaees 
important on the lighter sections of track on which | : —_ 
the heavier engines are required to run, pending | 
renewal to heavier standards.” They emphasise, | o , ‘ teens le pe tatitionh 
“ howe f het ill | NEw Lire-Boat For rL.—A new motor -bo 
sa aa — a ake aan | which the Royal National Life-Boat Institution has had 
. “= . ’ | built for its station at Rhyl, Flintshire, North Wales, 
indefinitely ; there = . datum below which track | has recently arrived at her destination. She is a vessel 
condition provides an inadequate margin of safety | of the surf-boat type, the lightest type in the Institution’s 
for contingencies.” | fleet, and her length is 32 ft. The vessel is just over 
(To be continued.) 4 tons in weight, and she is fitted with two 12-h.p. engines. 
Her Gill-jet propelling machinery gives her a speed of 
64 knots and she is capable of travelling nearly 90 miles at 
INSTITUTION OF STRUCTURAL ENGINEERS.—The usual | full speed without refuelling. She has a crew of seven 
| sessional activities of the Institution of Structura) | men and can take 15 persons on board in rough weather. 
Engineers, 11, Upper Belgrave-street, London, S.W.1, | The boat has been built with the aid of a legacy from 
were resumed as from Monday, October 30. “Members | the late Mr. H. B. G. Warren, of Liverpool, and will be 
lof the Institution are being notified by circular of all | named Gordon Warren. She will replace the last of the 
| tubular type of pulling and sailing life-boats. 














arrangements as rapidly as possible. 
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ELECTRICAL THERMAL-STORAGE 
PLANT. 


Tue use of electricity for the warming of buildings 
by thermal storage continues to make headway in 
districts where power is obtainable at suitable rates 
during “ off peak” periods, and water-heaters of the 
electrode type are now recognised as the simplest 
type of apparatus for use where relatively large quan- 
tities of hot water are required. A recent example 
of plant of this kind is that installed at the new head- 
quarters of the South Metropolitan Electric Light and 
Power Company, Limited, at Lewisham, where well- 
equipped showrooms, with a demonstration kitchen and 
theatre on the ground floor, and offices above, have been 
erected. The central heating of the building is effected 
by hot-water radiators, which are supplied from an 
electrode thermal-storage system. The whole of the 
boiler plant was constructed by the General Electric 
Company, Limited, Magnet House, Kingsway, London, 
W.C.2, the electrical equipment having been manufac- 
tured at the company’s Witton works. 

The boiler-house equipment consists of a 200-kW 
electrode water heater, a 4,800-gallon storage cylinder, 
and the necessary circulating pumps, automatic control 
gear and main switchgear. The equipment is fully 
automatic. The temperature of the flow water to the 
radiators is automatically adjusted to suit the tempera- 
ture of the outside air, this method of control, it is 
claimed, ensuring the highest economy in electricity 
consumption and at the same time preventing the build- 
ing from becoming overheated. The electrode water- 
heater is directly connected to the 400-volt three-phase 
supply mains. It consists essentially of a mild-steel 
horizontal shell with fixed and movable electrodes. 
The load is varied by rotating the movable electrodes, 
which are chain-driven through reduction gear by a 
small motor. The storage cylinder, which is adjacent 
to the heater, is sufficiently large to maintain the hot- 
water supply to the heating system for four or five 
hours after the current has been switched off. 

The hot-water circulation between the heater and the 
storage cylinder and from the latter to the radiators 
is effected by two motor-driven pumps. Considerable 
economy in pipe sizes and a reduction in the heat loss 
are ensured by the use of accelerated circulation through 
the radiator system. A third motor-driven pump acts 
as stand-by to the other two. The temperature of the 
water circulated to the heating system is controlled by 


a mixing valve. The ports of this valve are auto- 
matically adjusted by thermostats to ensure that 
a correct degree of mixing between the hot water 


from the storage cylinder and the return water from the 
radiators obtained. An over-riding control is 
provided in addition, so that the flow temperature can 
be adjusted in accordance with variations in the external 
air temperature. 

The main switchgear consists of a 300-ampere, 400- 
volt oil circuit- breaker, which is mounted in a sheet-steel 
cubicle and is arranged for solenoid operation. The 
control gear for the pump motors is mounted on a 
separate panel and consists of direct-to-line starters 
and change-over switches for the secondary and 
stand-by pumps. As stated, completely automatic 
control is provided for the water heater. This equip 
ment mounted in a sheet-steel cubicle and 
consists of a time switch which opens and closes the 
main circuit breaker at the end and beginning of the 
off-peak period. The primary pump comes into 
operation automatically as soon as the heater is switched 
on. The load-control gear is arranged so that the load 
is automatically reduced to 30 per cent. of full load 
before the main circuit-breaker is opened. Once the 
supply is switched on, the position of the electrodes is 
controlled by a load-regulating relay so that the load 
is kept approximately constant. This relay has tap- 


18 


is also 


pings for 30, 50, 75, 100 and 125 per cent. of full load, | 


and can be actuated by hand to operate at any of these 
points. Manual control of the load is available from 
push buttons when required, a change-over switch 
being provided for this purpose. Full protection is 
provided against electrical faults, the equipment includ- 
ing over-current relays, out-of-balance or earth-leakage 
relays, excess-temperature thermostat and pump and 
motor failure device, all of whic Operate through a 
lock-out relay. In the event of a fault, the plant is 
locked out of operation and the same time a visual 
indication is given to the attendant. 

In addition, a 9-kW, 250-gallon storage water heater 
of the immersed type has been installed for the hot 
water supply in the building. 





ITALIAN -SW188 ELECTRIC TRACTION With the opening 
on Saturday last of the 66 miles between Voghera, Milan 
and Chiasse, the Swiss-Italian frontier, it is now 
possible to travel by electric traction between Basle and 
Reggio, a distance of 900 miles. The line between 
Ancona and Rome, a distance of 200 miles, has also 
been converted to electric traction and was opened on 
the same date. 
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WELDED-STEEL TUNNEL SECTION 
FOR CHICAGO SUBWAY. 


subway system now being constructed in 
includes double line under the Chicago 
river, to form part of the State-street route. Instead of 
driving the tunnel in the usual way, it was decided 
to dredge a trench, 30-ft. deep, across the river bottom, 


Tur 


Chicago a 


and to form the tunnel by sinking a double tube, 
previously constructed in dry dock, in the trench. 
This method of tunnel construction minimises the 
depth of earth covering, which is 5 ft.. as against 


THE NEW ZEALAND GOVERNMENT 
RAILWAYS. 


THE first railway lines in New Zealand were built 
in the early ‘sixties of last century, and until 1870 
they were all of different gauges ; in that year, however, 
an Act was passed ordering all railways in the Colony 
to adopt the 3-ft. 6-in. gauge. At the present time, 
the railways open to traffic in New Zealand comprise 
3,319 miles of line and the system is owned and operated 
by the Government of the Dominion. It is stated in 


|the recently-issued annual report of the undertaking 


15 ft., and has the added advantage that the gradient | 


of the approaches is correspondingly less than would 
necessary with a tunnel bored beneath the river 
bottom in the conventional manner. The section, 
which will be sunk into position during this month, 
is illustrated, nearing completion in the dry dock, in 
the accompanying figure. It is 200 ft. long, 40 ft. wide 
and 23 ft. high, and weighs 6.500 tons. It is a fabri- 
cated structure, the welding throughout having been 
performed by the shielded-are process. The generators 


be 


that the twelve months ended March 31, 1939, con- 
stituted a record year, the gross revenue of the railways 
exceeding 9,000,0001. for the first time in the history 
of the Dominion. In point of fact, the gross earnings 
for the year totalled 9,345,3871., while the gross expen- 
diture was 8,644,324l., the net earnings of 701,0631. 
showing an increase of 68,2661. over the figure for the 
previous year, and representing a return of 1-23 per 
cent. on the capital involved. The gross expenditure 
of 8,644,3241. was 642,93 11. higher than the correspond- 


and electrodes were supplied by Messrs. The Lincoln | ing total for the previous twelve months, and this is 
Electric Company, to whose English associates, Messrs. | attributed mainly to the payment of wages at higher 


The Lincoln Electric Company. Limited, 
Garden City. Herts, we are indebted for the photo- 
graph reproduced and particulars of the scheme. As 
shown in the figure, the double steel tube is provided 
with two rectangular positioning bulkheads at each end, 
and with 14 intermediate frame stiffeners. The walls 
of the tubes are 4 in. in thickness, and are strengthened 
by inside stiffeners, consisting of 34 in. by 4 in. by 
} in. tees, on 4-ft. centres. Holes are punched in the 
webs of the stiffeners at 18-in. centres for the reinforce- 
ment of the inner concrete lining. The outside stiffeners 
are made up of }-in. plate, strengthened by 2}-in. by 
;-in. angles. 

In addition to the inner lining, the tube will also 
be covered with a layer of concrete on the outside. 
The inner concrete lining will be 2 ft. thick at the 
sides and bottom, and an average thickness of 3 ft. 
at the top. Part of the concrete will be poured in 
the dry dock. The tube will then be towed 15 miles 
up Lake Michigan to the lock at the mouth of the 
Chicago river, and through the mouth of the river to its 
location at State-street, where it will be sunk by pouring 
further concrete on the top. Steel cables operated from 
barges at either end will be used to keep the tube under 
control during the sinking operation. When the tube 
is in its final position on the river bottom, the latter 
will be restored to normal by sand and clay filling. 
Part of the temporary sealing doors, for use during the 
towing and sinking operations, can be seen in the 
figure. On location at the site, arrangements have been 
made for each of the two ends of the tube to be fitted 


Welwyn | 


into a large cofferdam, where connections with the | 


adjacent subway sections will be made on dry ground. 


Caissons on each side of the tunnel in the cofferdam | 


will serve as supports for the piers of the new State- 
street bridge, which is to be built across the river at 
the site of the tunnel, 


| 


rates, the higher prices demanded for coal and stores, 
and the cost of handling the increased business. 

The civil-engineering works carried out during the 
year under review mainly consisted of the re-alignment 
of tracks and the easing of grades at various points, with 
the object of speeding up the traffic and allowing heavier 
trains to be hauled. Moreover, lines are being dupli- 
cated in the vicinity of the larger towns and bridges 
reconstructed to enable them to carry heavier loco- 
motives. It is also interesting to note that 36 level 
crossings in main highways have been eliminated 
during the year by the provision of overbridges, sub- 
ways, or deviations, this work being carried out by the 
Railways Department in collaboration with the Main 
Highways Board. Work on the elimination of further 
level crossings is proceeding. In addition to track 
relaying and other maintenance works of a routine 
nature, the permanent way north of Napier, in the 
upper Hawke Bay district, North Island, which had 
been damaged by unprecedentedly heavy floods in the 
autumn of 1938, has now been restored. 

A large increase has taken place in the number of all 
types of wagons owned by the undertaking, particularly 
those needed for the conveyance of general goods and 
livestock. In the past three years the wagon capacity 
has increased by 19,000 tons, and the total number of 
wagons of all classes has increased by the equivalent, 
of 1.729 four-wheeled wagons. During the year covered 
by the report, 1,373 wagons, 30 passenger coaches 
and 5 railcars have been built in the railway workshops ; 
while it is anticipated that, during the present year. 
16 locomotives, 9 electric locomotives, 48 passenger 
coaches, one railcar and 1,292 wagons will be built. 
Of these, 415 wagons, two steam and one electric, 
locomotives, and 11 passenger coaches had already 
been built when the report was issued. In addition, 
40 locomotives and 10 railcars ordered from Great 
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SPOT-WELDING MACHINES WITH IGNITRON CONTROL. 


MESSRS. METROPOLITAN-VICKERS ELECTRICAL COMPANY LIMITED, MANCHESTER. 
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Britain were expected to arrive during the current year. 
At the close of the year under review there were 
15 railears in service, 7 of which are driven by petrol 
engines and 8 by Diesel engines. The total railcar 
mileage run was 388,930, and in paying a tribute to 
their usefulness, the Hon. D. G. Sullivan, the Minister 
of Railways, states that “ in their ultimate development, 
whether singly or as multiple-unit trains, they will 
prove invaluable as an aid to the development of the 
more backward portions of the country in providing 
transport of a frequency, comfort, speed, and conveni- 
ence not conceivable by any other practical means 
in the territories they will serve.” 

A further step in the standardisation of passenger- 
train accommodation in suburban areas was taken 
last February, when all trains on the Wellington 
suburban lines were given one-class accommodation 
only. “The result, it is emphasised, has been a saving in 
haulage and maintenance costs and an all-round 
improvement in the service given to passengers in the 
suburban areas concerned. It is intended to develop 
the system still further and to apply it in other suburban 
areas during the present financial year. Another 
recent reform is the adoption of a simplified tariff 
for merchandise, which was brought into operation 
on July 1 last. The main feature of the new tariff 
is that it introduces a system of rating that has long 
been pressed for by commercial interests, reducing 
the number of classes for general merchandise from 
four totwo. This reduction has had the effect of bring- 
ing the railway tariff more into line with the require- 
ments of present-day trading conditions, and, inci- 
dentally, the rates are stabilised on a lower average 
level. 








SPOT-WELDING MACHINES WITH 
IGNITRON CONTROL. 


THE electric spot welders shown in the accompany- 
ing illustrations have been designed by Messrs. Metro- 
politan-Vickers Electrical Company, Limited, Trafford 
Park, Manchester, 17, for dealing with aluminium and 
especially with Duralumin and other heat-treatable 
alloys of this metal. These machines, which are manu- 
factured in two sizes, are fitted with Ignitron-control 
equipment which, it is claimed, enables an accurately 
timed series of operations to be carried out in a 





100-KVA MACHINE. 
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predetermined sequence. 
The smaller of the two 
machines, which is illus- 
trated in Fig. 1, with the 
control panel alongside, 
has a continuous rating 
of 100 kVA, with an out- 
put up to 390 kVA when used for spot welding. Its 
throat depth is adjustable to a maximum of 3 ft. 
and the throat gap, or distance between the top and 
bottom conductors, is also widely variable. Fig. 2 
shows the larger machine, which has a continuous 
rating of 165 kVA and an intermittent rating of 650 
kVA. Its throat depth is adjustable up to 6 ft., and, 
as in the small model, the throat gap can be altered 
within wide limits. The distance between the top 
conductor and the plane of the electrode tips is made 
somewhat larger than on many machines of this type 
in order to allow formed panels to be welded with 
the curvature upwards. Stiffeners are invariably 
welded on to the concave surface of such panels and, 
for obvious reasons, it is therefore an advantage to 
have the stiffener on the top side of the sheet when 
welding. 

The Ignitron-control panel incorporates a form of 
programme control which enables the welding current 
to be reduced at any instant during its flow. It is 
designed to give a high initial current which is imme- 
diately followed by a reduced current. The former is 
the actual welding current, while the latter gives a 
post-heating or heat treatment effect to the newly- 
formed weld. The values of the initial and final 
currents can be varied independently and, with the 
addition of 20 tappings on the welding transformer, 
a wide variation of current values can be readily 
obtained. In addition, it is possible to apply an increase 
of pressure, or upset pressure, at any desired stage of 
the weld cycle. This is effected by the use of a differen- 
tial air cylinder and valve, which exhausts the lower 
side of the piston at the required instant. The times of 
both initial and final current flow can be adjusted by 
calibrated dial controls which are mounted on the 
hinged cover of the panel. A separate calibrated dial 
enables the actual time of pressure increase to be pre- 
selected. The equipment, as a whole, is controlled 
by a foot switch in conjunction with a small panel 
which is mounted adjacent to the welding head. It is 
possible to employ continuous spot operation with 
speeds up to 20 welds per minute. 

The object of the special control equipment givin 
the “ heat-treatment ’’ period at the end of the wel 
period, during which, as already mentioned, reduced 
current is supplied, is to control the cooling rate of the 
fused zone. The weld zone in aluminium alloys is 
always molten for a certain period, due to the very 
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165-KVA MACHINE. 


narrow plastic stage associated with these materials, 
and it is during the cooling period that cracks and 
unsoundness tend to appear within the weld. It is 
claimed that the control over the rate of cooling 
obtained in the manner described above, together with 
the additional pressure applied to consolidate the weld, 
is most beneficial when high-strength alloys are being 
welded, This is borne out by experimental results 
which indicate that an increase of 30 per cent. in the 
shear strength of spot welds can be expected. 








LICENSING OF MACHINERY 
IMPORTS. 


Tue Board of Trade have issued an Order prohibiting 
the import, except under licence, of machinery and 
plant. The Order came into force on October 25, 
but goods of the kinds affected which were dispatched 
to the United Kingdom before that date are not subject 
to the Order. A notice containing a list of the machi- 
nery, etc., covered by the Order, and giving instructions 
on the form in which applications for import licences 
should be made, can be obtained from the Import 
Licensing Department (Machinery Licences Division) 
of the Board of Trade, at 25, Southampton-buildings, 
London, W.C.2. In making this announcement, the 
Board of Trade explain that there will be no reduction 
of expenditure on imports of machinery as a class ; 
indeed, requirements for the purposes of war-time 
industrial production are likely to result in a sub- 
stantial increase of imports of machinery. It is, 
essential, however, to ensure that these imports are, 
as far as possible, of kinds which are necessary to the 
national war effort and are also not of kinds procurable 
from United Kingdom manufacturers of machinery. 
The present Order has been issued to provide the desired 
measure of import control of any imports failing to 
satisfy these conditions; where the conditions are 
satisfied, however, import licences will be issued freely 
and without delay. 

It is also pointed out that the control of machine tools 
is governed by the Control of Machine Tools (No. 1) 
Order, 1939, and that import licences for machine tools 
will be issued only to importers approved by the 
Controller of Machine Tools, Application should be 
made, in the first instance, to the Controller of Machine 
Tools, Portland House, 14, Tothill-street, S.W.1, 
for inclusion in the list of approved importers. A list 
of items deemed to be machine tools for the purpose 
of import licensing may be obtained from the Controller 
of Machine Tools. In cases where an import licence 
has been granted, the Treasury state that they are 
prepared to consider, under Section 10 of the Finance 
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Act, 1932, applications for duty-free licences in respect 
of consignments of machinery falling within approved 
classes. 
T.N.1, which, together with the necessary application 
forms, can be obtained from the Import Licensing 


Department, Machinery Licences Division, or in the | 


case of machine tools, from the Controller of Machine 
Tools. 





LABOUR NOTES. 


Tue National Joint Industrial Council for the 
Electrical Contracting Industry has had before it, 
inter alia, the question of making some cost of living 
(war) adjustment to the existing wages agreement, 
and the National Federated Electrical Association 
and the Electrical Trades Union have accepted the 
recommendations arrived at and embodied them in an 
agreement. It is agreed between the parties that, 
pending further consideration of the problem, there 
shall be no disturbance of the existing National Stan- 
dardised Wages Agreement. It is further agreed that 
an additional payment of 3s. 6d. per week shall be 
made, commencing on the second pay day in November, 
1939, for the pay period covered by that pay day. 
Such payment is intended by the parties to be a cost of 
living (war) addition, and shall apply to all journeymen 
electricians and assistants over 21 years of age, irres- 
pective of the hours worked, provided (a) The full 
additional payment of 34. 6d. per week shall be made 
when the period of employment is not less than three 
days in any one week ; (b) For periods of less than three 
days in any one week payment shall be made at the 
rate of 7d. per day. 

On Wednesday, last week, the Associated Society 
of Locomotive Engineers and Firemen decided to 
accept the findings of the Railway Staff National 
Tribunal on their claims for higher wages and other 
improved conditions of employment. Under the 
award, the wages of engine drivers will be raised from 
12s. to 13s. a day during the first two years of service 
and remain at the latter figure during the next two 
years. The of firemen and cleaners are not 
changed, except that some cleaners of 21 years of age, 
will benefit from the raising of the general minimum 
wage. Sunday duty pay also increased. In the 
Society's opinion, the decision * does not give adequate 
satisfactior, on the claims submitted, but it was recog- 
nised by the executive committee that circumstances 
had changed in many ways, and for this reason it 
decided to accept the findings. The future interests 
of the members will be watched,” the executive stated, 
‘in the light of circumstances, and policy will be 
determined accordingly.” The Tribunal’s findings as 
they affect the National Union of Railwaymen are to 
be considered by a delegate conference of that body 
on Wednesday next week 


wages 


Is 


By a majority of 89,000 in a total vote of 595,000, 
a delegate conference of the Mineworkers’ Federation 
decided to accept the offer of the coalowners of national 
flat-rate wage increases of 8d. a shift for men and 4d. 
a shift for youths. The resolution accepting the offer 
which was moved by Mr. Edwards, the general secretary 
of the Federation—also authorised the executive 
to continue the negotiations with the coalowners 

with a view to securing wage advances which shall, 
at the minimum, compensate for the increased cost of 
living.” Mr. Edwards pointed out that the Federation 
was backing the national effort to resist aggression 
and, in the coal industry itself, the effort to increase 
production. The advance now offered was on a 
national basis. It would not prevent districts making 
applications of their own for advances, nor would it 
prevent increases arising out of the periodical ascertain- 
ments of working results. The present offer would be 
operative to the end of the year, and in January, the 
position could be reviewed in the light of the cost of 
living figures at that time. Three of the Federation's 
largest district associations, viz., Yorkshire, South 
Wales, and Scotland, voted against acceptance of the 
offer. 


The proposed constitution of the Council of Industry 
has now been approved by the General Council of the 
Trades Union Congress, and the body met for the first 
time this week. It is composed of 15 representatives 
of the Trades Union Congress and 15 representatives 
of the British Employers’ Confederation, and its object 
will be to advise the Government on all matters in which 
employers and workers have a common interest. Mr. 
Ernest Brown, Minister of Labour, is chairman of the 
Council, and the trade union representatives are : 
Messrs. H. N. Harrison, E. Edwards, G. 
A. Conley, M. Hodgson, J. Bell, W. J. 
Kaylor, G. Chester, H. Marchbank, J. 
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The weekly organ of the International Labour Office 
at Geneva states that the leader of the National Organi- 
sation of the German National Socialist Party, Mr. 
| Robert Ley, has given instructions for the adaptation 
| of the organisation and working of the Party and its 
| subordinate bodies to the circumstances arising out 
| of the war. The German Labour Front is entrusted 
| with the social assistance of the workers and the 
maintenance of social peace in undertakings. It is to 
co-operate in carrying out the measures taken by the 
authorities to ensure and increase the output of the 


workers. It will be required to co-operate closely 
with the Party welfare institutions, the Union of 
National Socialist Women, the organisation of industry 


and the authorities, in so far as the measures taken by 
these bodies in the and social field have 
direct or indirect in the undertakings. 
It must also maintain the working and encourage the 
establishment of canteens and kindergartens in 
undertakings. It will give assistance and advice to 
workers who, as a result of changes in production for the 
purposes of the war, have temporarily lost their 
employment or been transferred to other employment. 
The ** Strength Through Joy ’’ organisation will give its 
services for the organisation of spare-time activities 
both among civilians and in the field. 


economic 
conseq uences 


The French Hours of Work Decree of September 1, 
it will be recalled, stipulated that hours of work in 
excess of 45 in the week would, in future, be paid for 
at three-quarters of the normal hourly wages calculated 
at one-forty-fifth of the weekly wages previously paid 
for 40 hours of work. It also stated that the remaining 


payment of military allowances to necessitous families 
of men serving with the forces. 


A Decree countersigned by the Minister of Finance 
on Septem ber 22, fixes the conditions for the application 
of this deduction. The Decree applies to workers and 
salaried employees of either sex and any age who are 
employed in any of the undertakings mentioned in 
section 6 of Book II of the Labour Code, namely, 
industrial, commercial, handicraft and co-operative 
establishments or business premises of any kind 
connected with them, whatever their nature, whether 
public or private, secular or religious, even when they 
serve the purpose of trade instruction or are of a philan- 
thropic nature, including public curative establishments 
and mental hospitals. Deductions will be made by the 
employers and paid to the Treasury. They will be 
made on remuneration paid for overtime worked as 
from October 1. The part (three-quarters) of such 
remuneration which is paid to workers and salaried 
employees will be liable to the special national tax. 


Every employer who makes the 25 per cent. reduction 
must enter, in his wages ledger or in a special register, 
full details of all overtime pay earned by his workers 
and of all deductions made from such pay in every 
individual case. All such accounts must be kept intact 
for three years and must be submitted on request 
to the tax collectors. Infringements of these rules 
entail certain penalties. Deductions from payments 
made during a given month must be paid within the 
first fortnight of the following month to the tax collec- 
tor’s office of the district in which the undertaking is 
situated. Each payment must be accompanied by a 
special statement signed and dated by the payer, and 
showing the period for which such deductions have 
been made, the name and address and occupation of the 
employer, the total amount of wages paid and deduc- 
If it is found that deductions have not 
deficiency, plus 25 per cent., 
taxation authorities. In case 
of mistakes affecting a worker or salaried employee, 
the latter may obtain a refund of any over-charge by 
applying within three months to the competent tax 
collector's office. 


tions made. 
been made in full, the 
may be collected by the 


The first Wage Order under the United States Fair 
Labour Standards Act, has been issued by the Wage 
and Hour Administration. It relates to the hosiery 
industry. An interesting feature its provisions 
regarding the employment of learners. Learners 
employed in transfer top knitting and looping in the 
seamless branch of the industry and in knitting, looping, 
seaming and topping in the full-fashioned branch, 
may be employed as such, it is stated, for a total learn- 
ing. period of 960 hours, with a possible retraining 
period of a further 480 hours. The minimum wage 
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varies from 25 cents to 35 cents an hour in the full- 
| fashioned branch and from 22} cents to 29 cents in the 
seamless branch of the industry, according to whether 


G. W. Thomson, J. Brown, W. Holmes (Chairman of | the learner is performing the first or the second 480 


the T.U.C.), and Sir Walter Citrine (general secretary). 


| hours of training or a retraining period of 480 hours, 


| he was unable to perform any work. 


quarter would be paid by the employer to the Treasury | 
as a contribution to a national solidarity fund for the | 
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and whether the learner is on a time rate or a piece rate. 
In other skilled or semi-skilled occupations, the learning 
period is limited to 480 hours. The minimum wage is 
fixed at 22} cents an hour in branch 
and 25 cents an hour in the full-fashioned branch. 


the seamless 


No learner’s certificate shall authorise the employ- 
ment of learners in excess of 5 per cent. of the total 
number of factory workers employed in the plant, except 
that the employment of as many as five learners may 
be authorised in any certificate. These shall be valid 
for a period not exceeding one year. Employment of 
learners in excess of 5 per cent. of all workers in a plant 
may be authorised when the employer can show that 
such authorisation is necessary to prevent curtailment 
of opportunities for employment. These certificates 
will be valid for a period not exceeding eight months. 


The accumulation of granite dust in the lungs of a 
stonecutter during the course of his employment was 
held by the Supreme Judicial Court of Massachusetts 
to constitute a personal injury, under the State Work- 
men’s Compensation Act, when causing incapacity to 
work. The employee had worked as a stonecutter 
for a number of years until May, 1934; during that 
period he was exposed to considerable granite dust. 
The industrial accident board found that the employee 
sustained an injury on May 7, 1934, arising out of 
and in the course of his employment, which resulted 
from the inhalation of stone dust and finally caused his 
total disability on January 1, 1937, and that thereafter 
In upholding the 
award of the industrial accident board, the court 
pointed out that the employee’s condition ‘ resulted 
not from a single incident but from years of work 
performed under conditions that were open and 
obvious and known to the employer.” The court further 
observed that his total incapacity was directly traceable 


| to the condition of his lungs caused by his employment 


as a stonecutter, and that his work after leaving the 
company was not a new, independent, or intervening 
cause. 


Where the employees of a store are not members of a 
union and do not desire a half holiday, the union does 
not have the right to picket the store in order to compel 
it to close on Wednesday afternoons, according to a 
recent decision of the Massachusetts Supreme Judicial 
Court. The union desired the store to close in order 
to make it easier to maintain a half holiday in the 
competing stores in which union members were em- 
ployed. The court declared that the picketing was 
unlawful under the common law of Massachusetts, 
and that * the indirect benefit to the union of making it 
easier to maintain the Wednesday half holiday in 
competing stores, where its members were employed, 
did not justify the intentional inflicting of harm upon 
the plaintiff, who employed no members of the union, 
and whose employees were satisfied with the conditions 
under which they worked.” The court also held that 
the common-law rule has not been changed by the State 
Peaceful Persuasion Act, the State Anti-Injunction 
Act, or the State Labour Relations Act. 


The writer of the editorial notes in the October issue 
of the Journal of the American International Associa- 
tion of Machinists, expresses the opinion that the time 
is ripe for a renewal of the negotiations on the subject 
of fusion between the American Federation of Labour 
and the Congress of Industrial Organisation. He 
desires to see the American Labour Movement function- 
ing again single entity under the American 
Federation of Labour—-of which, of course, the Inter- 
national Association of Machinists is a unit. ‘* It is 
absolutely essential,” he writes, “‘ that the strength 
of our organisations should not only be maintained 
but that efforts should be made to increase our member- 
ships. Organised labour alone represents the workers 
of this country, but its influence is bound to be seriously 
impaired if our forces continue to be divided. Surely 
there must be some common ground on which to meet 
and attempt to bring unity to Labour’s ranks.” 


as a 








THE BRITISH ENGINEERS’ ASSOCIATION.—At a recent 
meeting of the Council of the British Engineers’ Associa- 
tion, 32, Victoria-street, London, S.W.1, Mr. Joseph 
James Carter, managing director of Messrs. Crossley 
Brothers, Limited, and chairman of Messrs. Crossley- 
Premier Engines, Limited, was unanimously elected 
President of the Association for the ensuing year. Three 
new members were also elected to serve on the Council, 
namely. Major Charlies Pratt, M.C., director of Messrs. 
Blackstone and Company, Limited; Mr. Frank Wake- 
ham, joint managing director of Messrs. The Cambridge 
Instrument Company, Limited ; and Mr. David Walker, 
B.A., director of Messrs. Evershed and Vignoles. Limited. 
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VACUUM EXTRACTOR FOR LIGHT 
MACHINE SWARF. 


THE utility of vacuum extraction for industrial 
cleaning is becoming increasingly recognised, and in 
ENGINEERING, vol. 147, page 289 (1939), we described 
and illustrated a simple but effective self-contained 
vacuum extractor for use in removing the dust from 
grinding and polishing machines as it is generated. 
The dust is intercepted by passing it over the surface 
of water in a container, as this dust, comprising both 
that from the grinding wheel and that from the metal 
being ground, is sufficiently heavy to sink in the water, 
so leaving the collecting surface unimpaired. There 
are, however, a number of materials, such as Bakelite, 
Erinoid, and similar synthetic products, which, when 
handled in the lathe or other machine tool, result in 
the production of a very light swarf troublesome to 
remove by ordinary sweeping methods. Obviously, 
such swarf would float on a water surface and quickly 
cover it. Messrs. E. H. Jones (Machine Tools), Limited, 
Edgware-road, The Hyde, London, N.W.9, who produce 
the water-intercepting extractor above referred to, 
have now developed a machine for dealing with this 
light fluffy material, and this machine is illustrated in 
Figs. 1 and 2 on this page. 

In Fig. 1, the extractor is shown with its separating 
element removed so that the deep drawer containing 
the intercepted material can be withdrawn for emptying. 
The exhausting motor and fan are contained in the base 
of the extractor and are accessible by removing a panel, 
held by four screws at the front below the drawer. 
The suction piping is taken from the back of the casing 
and may consist either of two lengths of 2-in. suction 
hose, for two machines, or one having two cutting 
points, or a single 3-in. hose may be fitted. The 
operator in Fig. 1 is holding the separating element 
in his left hand, while it is shown in place in Fig. 2. 
Referring to Fig. 1, the pyramidal structure contains 
six baffle plates in series and terminates at the top 
in a branch to which the discharge pipe of the fan is 
connected. The branch is seen in Fig. 2, and the 
connection is made by a short bend, which slips over 
the discharge pipe and can just be made out near the 
bottom baffle plate in Fig. 1. 

The baffle assembly, when in place, projects down- 
wards into the collecting drawer, so that the light 
swarf is discharged directly into the drawer. Since, 
however, the air may contain a proportion of fine 
light dust which has escaped the separating action 
of the baffles, the air, before escaping to the atmos- 
phere, is passed through a filter consisting of two or 
three layers of canvas. This canvas can be identified in 
both the illustrations by its white appearance and, as 
will be evident from Fig. 1, its intercepting surface is 
readily accessible for cleaning. Withdrawal of the 
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separating element entails only the removal of the two 
thumb screws and bar seen in Fig. 2. Where the 
product from the machines concerned is wholly a 
very fine floury dust the baffle plates and canvas filter 
are replaced by a dust collection bag of appropriate 
material and form. The extractor is mounted on 
swivelling castors so that it can be readily moved 
about the shop. 








THE STRESSING OF ROTATING- 
BLADE AEROFOILS.* 


J. B. B. Owen, M.Sc., B.Se., A.F.R.Aé.S. 


OFTEN in engineering problems, equations arise 
which prove difficult, especially when the numerical 
values of solutions are required. Such is the case with 
the evaluation of the bending stresses in the blades of 
an airscrew, helicopter, or gyroplane. The blades 
themselves are of aerofoil cross-section, and the motion 
of the air relative to them gives rise to the thrust which 
propels the aeroplane or helicopter, or suspends the 
gyroplane. This thrust is distributed along the length 
of the blade, and it is assumed here that its intensity at 
all sections is known, so that attention may be concen- 
trated on the bending of the blade caused by a given 
air loading. Before proceeding with the problem, it is 
as well to look at the general nature of the loads on 
a rotating blade. 

Transverse Loads.—The curved line in Fig. 1, page 
512, indicates the nature of the distribution of air 
loads on a blade. The loads act perpendicularly to 
the length of the blade, i.e., transversely, as indicated 
in the small inset figure. Now gyroplane blades usually 
have a hinge at the root which allows them to flap as 
the lift loading varies, and since the air loading shown 
has a moment about the blade root, the blade is lifted 
up until the centrifugal force m w*r cos 8dr, and 
inertia loads mS rdr, due to the lifting or flapping, 
together with the gravity loads, have a moment about 
the root hinge equal to that of the air loads. The 
distribution of the transverse components of these 
inertia loads for a blade of uniform mass along its 
length, neglecting gravity, is indicated by the straight 
line of Fig. 1. These inertia loads are in the opposite 
sense to the air loads, and it is the difference in the 
heights of the air loading and inertia curves which 
gives the net transverse loading which tends to bend 
the blade. 

In the absence of the inertia loads, this tranverse 
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bending loading is much increased, and wou.d be solely 
that due to the air loads. This is the case when, as 
in an airscrew, the blade is held rigidly at the root 
perpendicular to the axis of rotation and the line of 
centres of gravity of all cross-sections lies on this same 
perpendicular. Use is sometimes made, however, of 
the relief of transverse load effected by the centrifugal 
force component by “ dishing” the blades forward, 
i.e., the line of centres of gravity of cross-sections is 
inclined forwards; but, in all conditions of flight the 
air loads are not in the same direction, and a fixed 
“ dish ” forwards intensifies the effect of the negative 
thrust loads which occur, for example, when the aero- 
plane is diving with the engine throttled. For this 
reason, with the increasing size of airscrews it may be 
necessary to employ a flexible root coupling so that 
the intensity of the transverse loading in all states of 
operation may be reduced, as in present gyroplane 
practice. 

Blade Bending.—Even in a gyroplane blade, with a 
hinge at the root, the nominal bending stresses due to 
the net transverse loads may be quite large, and this 
is also true of many airscrew blades. The centrifugal 
force has, however, a component p, Fig. 2, along the 
length of the blade, and this straightens any curvature 
the blade may tend to have. Thus if M, is the nominal 
bending moment, at a radial distance r from the root, 
which would be caused by the transverse loading, wp, 
Fig. 2, in the absence of the extensional loading, p, 
then M, the true bending moment to which M,j is, as it 
were, “ pulled out,” is given by 


dM dM, 


dr dr (1) 





dy 
> 4! 
+P; 


R 
where P = | pdr =the total extensional pull at a 
r 


radius r, R being the tip radius. For a blade initially 
straight which bends about a principal axis of inertia 

1p ey 

EI Tr 
where y is the true deflection, and E I is the bending 
stiffness of the section at radius r. In practice, it is 
usual to estimate the value of the nominal bending 
moment M, from the best available data, but the 
orthodox series solution of equations (1) and (2), for 
the true moment M, frequently converges quite slowly, 
and to overcome this difficulty the following procedure 
is suggested :— 

Construction of a “‘ Type Solution.”’—Given Mog, it is 
not easy to obtain M from (1) and (2), but if values 
are chosen for the true bending moments M, then the 
| values of the nominal bending moments from which 
\these came are immediately obtainable from (1) by 


M, . ‘ ° - (2) 
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, Root r ? | “ ty ;.”” They are in whi 
since the bending moments vanish at the blade tip, | ann) ‘wweme” called “ type solutions. Chey are solutions in which 
where r = R. In this expression the total extensional | | the true values M, to which bending moments M, are 
pull P at a radius r is sensibly independent of the | soo, Fig. 10. ssmbined Ti : : dy’ 
deflection y, which is small; also using (2) —— “Nomina ype | pulled out, are known. Further, if M’,, M ‘dr’ and M,”, 
e - fr ‘ : dy . . 
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> j . . ‘ > D \ 
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then not specified at any point. “R -R approximately a specified nominal bending moment Mg, 
Solutions for a Blade with a Hinged Root.—Suppose, M, = M Pzdr ‘ | Pdr (6) then the true bending moment M to which this is pulled 
when the blade root is hinged, that the integration of e¢ 7 out is given approximately by the combined M’s of 
M the “* type solutions.” In illustration of the procedure 
eT" made starting from any arbitrary origin. Let But as = blade-root hinge (r 0) the moments | consider the bending of a gyroplane blade. 
“w vanish, so that Gyroplane Blade Problem.—A curve showing a most 
| ~~ dr be the integral so obtained. Then, from *R severe bending load distribution over a gyroplane blade 
El! | Peds lat a tip speed ratio of 0-3 is given in Fig. 3. Here the 
dy L dene of Ps Gleamem vertical intercept between the transverse component of 
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r | . > 
. Having thus found the value of «, the nominal bending -R 
where « is the unknown error made in choosing the| moment M, follows without difficulty from (6), or! and also | Pdr are shown in Fig. 4 The stiffness 


N 
starting point of the BY dr. Substituting this value 
dy 2 
of = im (3) 
dr 


. .d 
alternatively, finding the correct value of q y using (5), 
= 
| from (3). 


Use of “* Type Solutions.”’-For convenience of refer- 


-r 
El and the mass distribution for this blade are 


constant, and the true value M is required to which 
the nominal value M, of Fig. 3 is pulled out. The 
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analytical construction of “type solutions” for this 
blade is not difficult, but graphical methods will he 
employed so that the procedure will be of more general 
application. 

Choice of M Curve.—In constructing a type solution 
for the blade, the curve of M chosen must be such that 
at the blade tip there is no shear, i.e., from (1) 
dM dM, 
dr dr 
hinged root, the moment must vanish. 


given by 
r aft? 2 r\s 
(i) 2(R) . (i) pF © 


is satisfactory in these respects and will serve the present 
purpose as the assumed curve for M. Dividing (8) by 


E I, the 


‘ 
0, atr = R. Also at the tip, and the 


The curve 


a Constant 


M ae : ; . 
grove of Fig. 5 is obtained, and integrating 
this gives the z curve shown. The origin has been 
arbitrarily chosen as the starting point. The P z curve 
of Fig. 6 has been plotted by multiplying the values of 
= by the corresponding values of the total extensional 
=~ P, given in Fig. 4. Integrating this gives the 
Pzd,r curve shown, and the ratio of the root values 
r 
“KR “R 
of | Pzdr and 


er 


Pdr of Fig. 4 now gives, using 


“Tr 





(7), the value of «. This can be used to correct the base 
line of Fig. 5, as indicated, to give the true value of 


of, The value of M, now follows from (3) or (6) and 
the result is shown in Fig. 7, which illustrates the great 
extent to which a particular nominal bending moment 
M, is reduced by the extensional loading of Fig. 4 to 
the true bending moment M. This evaluation of M, 
from M has necessitated several graphical integrations, 
but these can be executed very quickly by the well- 
known “ sum-curve ” method, for example. 

First Approximation.—It is now desirable to make 
use of the “ type solution ” of Fig. 7 to find how much 
of the actual nominal bending moment M, of Fig. 3 is 
pulled out. Reducing the ordinates of the ‘“ type” 
nominal bending-moment curve of Fig. 7, so that the 
ordinate at about 0-4 of the radius from the root is 
equal to the ordinate of the given nominal bending- 
moment curve at that point, produces the result shown 
in Fige 8. It will be observed that the two nominal 
bending-moment curves are very similar. It follows 
that the ordinates of the ‘“‘type’’ true bending- 
moment curve of Fig. 7, reduced in the same ratio as 
the “‘ type” nominal bending-moment ordinates were 
reduced, gives a first approximation to the actual true 
bending moment. This first approximation is indicated 
in Fig. 8. 

Second Approximation.—A closer approximation may 
be obtained in several ways, but perhaps the most 
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straightforward is to choose another curve of M and 
create another “ type solution.” The curve 


seman (§){ (5-26), 


which is the second of the family of curves of which (8) 
is the first, is convenient to take. It satisfies the 
criteria of zero bending moment at the root and the tip 
and zero shear at the tip, and proceeding as before to 
construct a “ type solution,” the result shown in Fig. 9 
is obtained. The “ type” nominal bending moments 
of Figs. 7 and 9 are now combined to give a second 
approximation to the required nominal bending 
moment. This can be done by arranging the combined 
“type solution” ordinates and the actual nominal 
bending-moment ordinates to be equal at about 0-2 
and 0-6 of the radius from the root. If amounts a 
of one and 6 of the other “ type solution” are taken, 
two simultaneous equations give these amounts. This 
procedure gives the result shown in Fig. 10. The 
“type combination” has now produced a bending 
moment which is quite close to the nominal bending 
moment of Fig. 3. Combining the “type” true 
bending moments in the proportion a and 6 then give 
a good approximation to the true bending moment to 
which the given nominal bending moment is pulled 
out. The result is shown in Fig. 10, and is of 
sufficient accuracy for most practical purposes. 
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PUMPING PLANT AT SPALDING 
WATERWORKS. 


Tue Urban District Council of Spalding, Lincs, 
derives its supply of water from boreholes at Bourne, 
some 13 miles distant from the town, and a feature of 
the supply is the high pressure of the discharge. 
The whole of the present requirements are supplied 


from a sealed 13-in. borehole which is taken down 
to the second-strata limestone at 134 ft. below the 
surface. The borehole is tubed throughout and con- 


crete-lined down to 34 ft. below the surface. The 
pressure of the water discharged varies; for example, 
in February, 1937, it was as high as 21 lb. per square 
inch, and in December, 1934, at the end of a dry period | 
extending over three years, it was as low as 10 Ib. per | 
square inch. The yields determined on these dates, 
were 44 million gallons per 24 hours at 21 Ib. per 
square inch and 34 million gallons at 10 Ib. per square | 
inch. Originally water was supplied to the towns of | 
Spalding and Bourne only, but in 1932 the Spalding 
Urban District Council agreed to furnish a supply to 
the East Elloe Rural District Council, and in 1936 to 
the Boston Rural District Council. The estimated | 
total population now served is 59,300, and the total 
consumption for the year ending March 31, 1937, 
amounted to 315,615,000 gallons, this quantity including 
68 million gallons supplied to the Spalding beet-sugar | 
factory Since 1937, however, there 
siderable in the consumption 
Kast Elloe and at Boston. 
The borehole water at 


} 


been 
water at 


have 


of 


con 
increases 


Bourne is led into a covered | 
concrete suction pit of 96,000 gallons capacity, from 
which it is pumped to Spalding along two mains, 
which is six years old, being 16 in. in diameter 
und the other, installed 25 years ago, being 12 in. 
in diameter. At 11 p.m., however, the pumps at 
Bourne Pumping Station are stopped and the borehole 
water turned on to the Spalding supply direct. Prior | 
to the East Elloe extension, Bourne and Spalding were 


one 
ne, | 


served by two 40,000-gallons per hour, oil-engine driven 
reciprocating pumps. These were supplied by Messrs. 
Tangyes, Limited, Cornwall Works, Birmingham, each 
prime mover consisting of a horizontal airless-injection 
oil engine having a cylinder diameter of 17} in. and a 
piston stroke of 23 in. and rated 75 brake horse-power 
it 200 r.p.m. Each engine drives a Tangye horizontal 
three-throw slipper-guided ram pump through a clutch 
and single-reduction double-helical gears, the diameter 
of the three plungers of the pump being 12 in. and the 
stroke 15 in. The pumps work at 40 r.p.m. When 
the extension of the water supply to East Elloe was 
decided upon in 1932, the two mains running from 
Bourne to Spalding were examined and were shown to 
be easily capable of carrying the requisite additional 
flow. It was then decided to build a new pump-house | 
at Bourne to accommodate two 70,000-gallons per hour | 
pumps, one of which was to be installed at once. The 
principal remaining portion of the East Elloe scheme 
comprised the laying of two miles of 9-in. cast-iron | 
pipe from the existing mains to the Weston tower of | 
the Kast Elloe Council, where an automatic pressure- | 
boosting plant was installed. Incidentally, the laying | 
of this 9-in. pipe involved crossing the River Welland, | 
which has a 10-ft. tide. This presented difficulties, 
is the bed of the river and the subsoil are composed of 
what is known as * quick "’ or“ boiling” silt. Further- 
more, the Drainage Board concerned insisted on the 
main being laid 8 ft. 6 in. below the level of the river 
bed. It was decided to lay the pipe in duplicate at 
this point, using interlocking flanged-steel tubes lined 
inside and out with moulded bitumen, this material 
being also moulded around the flanges after jointing. 
In spite of the difficulties involved, the crossing was 
completed in six weeks. Like the two original pumping 
sets, the first 70,000-gallon per hour unit installed in 
the new pump-house, which is shown in plan in Fig. 3, 
On page 513, is entirely of Messrs. Tangyes’ manufacture 
ind also consists of one of their horizontal airless- 
injection oil engines driving a three-throw slipper- 
guided ram pump through a clutch and single-reduc- 
tion double-helical gears. The engine, which is seen 
the right in Fig. 3, is of 82-brake horse-power 
rating and runs at 220 r.p.m., the diameter of the 
cylinder being 174 in. and the piston stroke 23 in. 
Che pump runs at 48} r.p.m., and the plungers have 
a diameter of 14 in. and a stroke of _ 5 in. 

In 1936, as already stated, the Boston Rural District 
Council approached the Spalding Council with regard 
to the provision of a bulk water supply, and, following 
a Ministry of Health inquiry, an agreement was con- 
cluded for the provision of a quantity not exceeding 
360,000 gallons a day. A test undertaken for the 
Ministry showed that up to 124,000 gallons per hour 
could be passed down the existing 16-in. and 12-in. 
mains between Bourne and Spalding. Consequently, 
they were capable of coping with the fresh demand. 
A new 10-in, main was connected to both the 16-in. 
and 12-in. mains at Pinchbeck Bars Bridge, some seven 
miles distant from Bourne pumping station, and carried 
some 50 yards to a Kent Venturi meter. 
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}in length to its Sutterton tower, where there is an 
automatic pressure-boosting plant. To meet the 
increased demand for water resulting from the agree- 
ment with the Boston Council, the second 70,000- 
gallons per hour reciprocating-pump unit was installed 
in the pump-house at Bourne. This unit, which has 
| recently been put into service, is seen in plan, on the 
left, in Fig. 3. It constitutes the fourth similar 
pumping set supplied to the Spalding Council by Messrs. 
langyes, Limited. Fig. 2 shows the side elevation of 
the oil engine, and Fig. | the side elevation of the 
pump of the new set. As in the three units previously 
installed, the prime mover is a horizontal airless- 
injection oil engine, but in this case it is a 111-brake 
horse-power twin-cylinder model running at 250 r.p.m., 


the cylinder diameters being 12? in. and the piston | 


stroke 19 in. As is the case with the other three sets, 
the engine drives the pump through a clutch and 
single-reduction double-helical gears, as shown in 
Fig. 3. The pump, which runs at 48} r.p.m., is of the 
three-throw, slipper-guided ram type, the plungers 
being 14 in. in diameter and having a stroke of 15 in. 

A feature of interest concerning the Spalding Council's 
water system is that the pumping plant, while of the 
positive reciprocating type, delivers into a nominally 
closed system, there being no open towers or reser- 


voirs connected to the mains from the Bourne pumping | 


The Sutterton tower of the Boston Council 
and the East Elloe Council’s Weston tower are both 
fitted with ball valves on the inlets, which are fre- 
quently closed, and, as has been explained above, 
both these towers are additions to the original system. 
It may be thought that such an installation is difficult 
to control, or that, possibly, it is not very efficient in 
operation. We are informed, however, that this is not 
the case. Actually, of course, the pumps are never 
delivering into an absolutely closed system, since at 
all times some draw-off points are open and a certain 
amount of mains leakage always occurs. Moreover, 
air vessels are fitted at the pump discharge and the 
pump by-passes are always cracked open. The instal- 
lation is mainly controlled by regulating the speed of 
the oil engines, but a fine control is provided by the 
by-passes. In practice this method has been found 
effective, simple and economical, and the pressure is 
controlled within reasonable limits without necessi- 
tating constant manipulation of the pumping plant, 
which, we are informed, has proved thoroughly reliable. 
Che engineer to the Spalding Urban District Council 
is Mr. J. Demain, M.1.GasE. 
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NIOBIUM-IRON ALLOYS.* 


By R. Genpers, M.B.E., D.Met., F.1L.C., and R. 
Harrison, B.Sc. 


A PREVIOUS investigation by the present authors, 
described in a paper on ‘* Tantalum-Iron Alloys and 
fantalum Steels,’ presented to the Institute in 1936, 
included some work on steels containing both of the 
sister elements tantalum and niobium. These results 
showed that the tantalum-iron system was of uncommon 
type and indicated that niobium probably formed a 
parallel system. A limited examination of the iron- 
niobium alloys was accordingly made, since no pub- 
lished information on their constitution was available. 
Recently, two papers on the subject have appeared. 
Che first, by Vogel and Ergang, seems to have been 
based on the deductions of Wever from atomic-radii 
curves, and assumed a closed y field bounded by a single 
solid solution; changes in the solid state were not 
examined in detail. The more substantial paper by 
Eggers and Peter gives an equilibrium diagram based 
on the results of thermal analysis and microscopical 
examination of over thirty alloys containing from 
0-5 per cent. to 70 per cent. of niobium. The liquidus 
is in accordance with that of the Vogel and Ergang ; 
the solid phases, however, show no y loop but fall into 
a system of the same type as that of the tantalum-iron 
alloys. That portion of the diagram covering the 
dilute alloys, which are of most practical importance, is 
given only tentatively. In general, the results of 
Eggers and Peter are in agreement with those obtained 
in the Research Department, Woolwich, over the range 
investigated, but there are certain differences and 
discrepancies described and discussed in the present 
communication, which also provides data for the comple- 
tion of the iron-rich end of the constitutional diagram. 

The alloys were prepared by melting electrolytic iron 
(99-95 per cent.) and commercially pure niobium 
(< 99-5 per cent.), obtained as strips trimmed from 
the edges of sheet and as partly forged rod, in pure 
alumina crucibles in a high-frequency induction 
furnace, the general procedure being similar to that 


* Communication from the Research Department, 
Woolwich, prepared for presentation at the cancelled 
Cardiff Meeting of the Lron and Steel Institute. Abridged. 


| point the Boston Council laid a main some eight miles | 


previously described for the preparation of tantalum- 
iron alloys. Twelve alloys containing up to 13-0 per 
cent. of niobium were melted in air and cast into iron 
moulds | in. in diameter by 5 in. long; a further six 
alloys for microscopical work containing from 0-4 per 
cent. to 1-4 per cent. of niobium, and three alloys 
containing 16-4 per cent., 22-7 per cent., and 48-4 per 
cent., respectively, were prepared by melting in vacuo, 
the vacuum being maintained while the alloys were 
allowed to cool in the crucible. The first series of 
twelve alloys contained traces of silicon (average 
content 0-01 per cent.) and of lead, and most of the 
alloys contained some minute foreign inclusions which 
were difficult to distinguish from the iron-niobium com- 
pound particles precipitated on cooling from dilute 
solid solutions. No trace of aluminium was found in 
any of the alloys. The loss of niobium during melting 
was generally in the neighbourhood of 15 per cent. to 
20 per cent. of the amount charged. 

The thermal change points of the alloys containing 
up to 13 per cent. of niobium were determined by 
means of a platinum/platinum-rhodium thermocouple 
used in conjunction with a Carpenter-Stansfield 
potentiometer and Rosenhain plotting chronograph. 
The alloys containing up to 1-67 per cent. of niobium 
showed, in the heating curves, an Ac, change occurring 
over a range of temperature, the limits of which were 
difficult to define; the cooling curves, however, 
showed a recalescence at the beginning of this range, 
with a sharp end-point, and these indications were 
utilised in interpreting the heating curves. The 
results are also shown in the phase diagram in Fig. 2, 
on this page, which includes the boundaries 
indicated by the microscopical work. The thermal 


also 


Fig. » 2 
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points fall into a type of diagram similar to that of the 
tantalum-iron alloys and are in most respects near 
to those of Eggers and Peter. The effeet of alloying 
niobium with iron is to raise the temperature of the A, 
point from 909 deg. to 989 deg. C. at a content of 
1-0 per cent. of niobium, the phase boundary remaining 
horizontal at higher concentrations. The existence of 
the « + y field was indicated by the double thermal 
arrest in curves on alloys containing up to 1-67 per 
cent. of niobium. The points observed at higher 
temperatures relating to the eutectoid and the 5 + 
range are in agreement with those of Eggers and Peter, 
but are interpreted rather differently in view of the 
microscopic evidence. 
The microstructural features of the niobium-iron 
alloys are closely similar to those of the tantalum-iron 
alloys. In both systems a eutectic is formed between 
a compound ¢ (Fe,Nb, and Fe,Ta, respectively) and 4 
solid solution, the latter being resolved by a eutectoid 
transformation into y + «, which is transformed at a 
lower temperature into « + ¢« with connected changes 
in solubility. The boundaries of the § phase were, 
on the bases of the thermal and microscopical evidence, 
drawn to meet the eutectoid horizontal at approxi- 
mately 2-6 per cent. niobium, a figure differing con- 
siderably from that of 10-0 per cent. given by Eggers 
and Peter. The position of the point was determined 
by the structures of two alloys containing 2-1 per cent. 
and 3-5 per cent. of niobium, respectively. The 
positions of the a- and y-phase boundaries were fixed 
approximately by microscopical examination of several 


| alloys of low niobium content. 


The 1-67 per cent. alloy was of particular interest, 
giving a range of structures on heat treatment which 
further illustrate the complexity of the changes in the 
system. The annealed alloy, after cooling slowly from 
1,270 deg. C. (Fig. 24, opposite), although beyond 
the eutectoid horizontal of the diagram as indicated 
by thermal measurement, contained areas of eutectoid. 
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A similar discrepancy between the results of thermal 
analysis and of micro-examination was noted also by 
Eggers and Peter. The position of the 5 + y field 
was confirmed by Fig. 25, which illustrates the structure 
after heating at 1,270 deg. C. for 1} hr. before cooling 
slowly to 1,200 deg. C. (above the Ar point) and then 
quenching in water. While the y portion of the 
structure shows the characteristic rough boundary 
produced by the y-> a change on rapid cooling, the 
5, which has the same atomic structure as a, gives no 
visible indication of the changes 5->y—a and 
appears as a clear background to the y grains. The 
specimen also illustrates the large thermal hysteresis in 
the alloys,* the structure on quenching from 1,200 deg. 

* This feature was further confirmed with a eutectoid 
alloy which showed no eutectoid in specimens cooled 
in the furnace from within the 6 field to temperatures 
above 1,130 deg. C. before quenching in water. 
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Niobiurm .. ~-r Cent. 
C. being the same as that quenched from 1,270 deg. C., 
the §-—» y change on cooling only commencing at 
1,160 deg. C. On heating the quenched specimen 
to 950 deg. C. (a + € range) ¢ is precipitated (Fig. 26), 
and by heating a similar specimen to 1,050 deg. C. 
(y + € range) the structure is transformed into charac- 
teristic quenched y with fine particles of precipitated « 
(Fig. 27). At a still higher temperature (1,100 deg. C.) 
the y is more concentrated and the ¢ particles diminish 
in quantity (Fig. 28), and at 1,175 deg. C. (Fig. 29) 
only slight traces of « remain. These observations 
confirm the position of the y boundary at about 
1,180 deg. C. for 1-67 per cent. of niobium, and are 
in accordance with the slight heat absorption noted 
on the thermal heating curves. The ‘ ghost’ boun- 
daries of the pre-existing 5 crystals are visible in the 
latter two structures. The micrographic evidence 
obtained from a number of low-niobium alloys thus 
agrees closely with the phase boundaries given in the 
diagram, Fig. 2, which ccmpletes in detail the diagram 
given by Eggers and Peter. 

Hardness of the Niobium-Iron Alloys.—Diamond- 
hardness tests (Vickers) were made on small sections 
of a series of alloys after annealing by slow-cooling 
from 1,250 deg. C. The results given in the curve 
in Fig. 30, on this page, show that successive additions of 
niobium produce a progressive increase in hardness up 
to about 700 Vickers diamond hardness. The rate of 
increase in hardness is not constant, showing ranges 
over which the change with increase in niobium content 
is small. These ranges coincide with the alloys in 
which eutectoid and eutectic, respectively, are dominant 
in the microstructure. The results are also recorded 
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in Fig. 31, together with those of tests on the quenched 
alloys and after quenching and reheating to 700 deg. C. 
The quenched alloys give, up to a content of 1-5 per 
cent. of niobium, an increase in hardness due to an 
increasing degree of supersaturation in the « solid 
solution. The reheated specimens showed that 
temper-hardening due to precipitation of ¢« occurs at 
700 deg. C. in alloys containing above 1 per cent. of 
niobium. This limit coincides with the y phase 
boundary and may indicate some connection of temper- 
hardening with that phase. While the practical impor- 
tance of the pure niobium-iron alloys does not appear 
to be appreciable, the system provides scope for much 
interesting work on the relation of the y and « boun- 
daries to precipitation effects, particularly when 
applied to ternary alloys. Work on the subject of 
Nitriding niobium steels is to be published shortly. 

Conclusions.—The niobium-iron alloys containing 
up to 50 per cent. of niobium may be considered as an 
alloy system of iron and the compound Fe,Nb,. A 
eutectic of the solid solutions § and Fe,Nb, (e) is 
formed at a composition of about 18 per cent. niobium. 
The solubility of Fe,Nb, in «-iron is small at room 
temperatures, below 0-36 per cent., and increases to a 
content of about 1-8 per cent. at the peritectoid teme 
perature of 989 deg. C. The solubility in y-iron also 
increases with temperature from about 1-0 per cent. 
at 989 deg. C. up to about 2 per cent. at the eutectoid 
temperature of 1,220 deg. C. The addition of niobium 
to iron raises the hardness progressively. Solution 
of ¢ by heating and quenching produces a small increase 
in hardness, and alloys containing more than 1 per 
cent. of niobium are further hardened by tempering 
at 700 deg. C. after quenching. A phase diagram 
(Fig. 2) deduced from the thermal, microscopical and 
hardness characteristics of the alloys containing up 
to 6 per cent. of niobium, completes in detail that put 
forward by Eggers and Peter. Though in broad agree- 
ment with the work of those authors, the present data 
provide grounds for making some corrections in detail. 
The pure niobium-iron alloys have no present in- 
dustrial significance. Niobium, however, is finding 
a growing field of use as a minor constituent of 
steels, and the information now available regarding 
the constitution of the binary alloys is a necessary 
basis for the further study of more complex materials, 
particularly those, such as nitriding steels, in which 
niobium is necessarily in excess of that required to 
absorb the carbon present. 
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AGRICULTURAL APPLIANCES. 
511,314. Harvester-Binder Apron. The North British 
Rubber Company, Limited, of Edinburgh, and A. Johnston 


ot Edinburgh. (6 Figs.) May 14, 1958.-—-The invention 
of fixing the wooden slats of a binder apron 


ia a way 
to the apron material Hitherto, they have been 
attached by rivets, and the rivet heads tend to damage 
the wooden rollers over which they travel, and burst 


through the fabric The wooden slats a are grooved on 
opposite sides and holes ¢ are drilled at intervals in the 


grooves The slats a are placed on one side of the apron 


——_ <3} ] 





Each slat is secured 
wire, 


material d, about 9 in. to 12 in. apart 
by a number of U-shaped clips « 
which are passed through the apron material and through 
two adjacent so that the horizontal 
part of the clip and the apron material fit snugly in the 
groove on that side of the slat The free ends of the clip 
on the other side of the slat are bent down into the groove 
that there projecting surfaces. 
has been found to be very effective 
breaking 


of galvanised 


holes ¢ in the silat, 


on that side so are no 


Such an attachment 
there is no chance of the apron 
iecepted August 16, 1939.) 


and or 


being cut 
ELECTRICAL APPARATUS 


511,404. Adjustable Cable Bushing. Brookhirst Switch- 
gear, Limited, of Chester, and A. C. Livesey, of Prestatyn. 
(12 Figs.) November 5, In fittings for carrying 
cables into electrical apparatus, the of 
the cable is led through a bushing and frequently the 
alignment of the bushing not correspond to the 
angle at which the cable should enter it, necessitating 
bends in the cable which take up valuable space. The 
invention overcomes this drawback. The fitting 10 
split vertically into two identical parts, each with a rear 
flange 14 by which the fitting is secured to the apparatus 


L958 


insulated core 


does 


is 


into which the cable is to be led Pairs of lugs 16, 17 
20. - 
a1, ws hae S 4 . a 
4h ee 
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and 18 are provided for connecting the parte together. 
The front of the fitting spherical 20 to 
receive the ball end of the bush 22, the two parts of the 
fitting being separated for the insertion of the ball into 
the socket. The together so 
that the bush is free to be adjusted to enable its entrance 
to be brought into alignment with the incoming 
cable. The sheath of a lead-sheathed cable is soldered 
to the bush in the usual manner, The rear part 25 of the 
fitting forms a large chamber flared so that the conductors 
of a multiple-cored cable can be spread out and connected 
to their respective ( decepted fugust 17, 
1939.) 


has a socket 


two parts are clamped 


end 


terminals 


MACHINE AND OTHER TOOLS, SHAFTING, 
ETC. 


509,497. Unidirectional Clutch. 
London. (1 Fig.) November 17, 
is a unidirectional clutch of the kind in which two 
friction surfaces are engaged by a quick-pitch screw 
thread. These clutches are not always satisfactory in 
practice, because a considerable amount of wear is caused 
by intermittent rubbing of the engaging surfaces during 
the free rotation of the clutch, and the object of the 


W. G. Wilson, of 
1937 The invention 


ENGINEERING. 


invention is to overcome this rubbing. The hub of a 
cone a has a screw thread ¢ engaging a threaded driving 
the shaft The 
away from a similar cone g, which forms a part of the 
stationary casing of the clutch. To facilitate the quick 
engagement of the cones a and g, springs m behind the 
hub of the cone a urge the cones into contact, and in 
order to prevent the friction surfaces rubbing together 
during the free rotation of the clutch, a number of 
centrifugal balls n are each carried in pockets on a disc 


sleeve ¢€ on cone a@ moves towards or 








mounted on the hub and butting against a flange on the 


sleeve ¢. These balls press on an oblique surface of the 
cone a, Above a certain speed of rotation the centri- 
fugal force of the balls forces the two coned members 


a and g apart so that there is no rubbing of one coned 
surface upon the other. In operation, the cone a in its 
disengaged position is capable of free rotation in one 
direction, but when rotation is started in the opposite 
direction, the quick-pitch screw thread c, assisted by the 
springs m, moves the cone a into engagement with the 
fixed cone g and stops the rotation of the sleeve e. 

(Accepted July 17, 1939.) 


MOTOR ROAD VEHICLES. 


509,786. Variable-Height Suspension. F. W. Lan- 
chester, of Birmingham. (8 Figs.) January 24, 1938. 
The invention is a mechanism for automatically adapting 
the springing system of a car to variations of load. At 
present, any change in either the magnitude or the distri- 
bution of the load results in the height of the body varying 
in relation to the wheels and it is the object of the new 


arrangement to overcome this difficulty. A ratchet 
wheel A is acted on by opposed pawls carried on the 
rocking lever C, which is connected to the spring by a 
link D \ cam prevents cither pawl] from engaging 
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the ratchet wheel so long as the motion of the lever Cc) 
does not exceed given limits. The ratchet wheel A 
geared to a screw G on which runs the nut H, and a 
bell crank L linked one arm to this nut. The 
ther arm carries the spring shackles M. The mechanism 
is mounted in a box on the chassis. The action is as 
follows : When the spring is deflected beyond the limit 
of normal “ breathing,” the pawls engage the ratchet 
and rotate the screw G that the shackle is 
This has the effect of increasing the height 
(Accepted July 21 


is 


is by 


wheel 80 
depressed. 
of the body relative to the wheels. 
1939.) 


SHIPS AND NAUTICAL APPLIANCES. 


510,790. Servo Steering Gear. M. E. Johnson, of 
Wembley, and S. Barker, of The British Power Boat 
Company, Limited, Hythe. (7 Figs.) February 7, 1938. 

The invention is a quick-acting servo-operated steering 
gear for boats, which incorporates a mechanical standby 
to guard against failure of the servomotor. The boat a 
has three rudders mounted upon separate vertical spindles 
e, the tiller arms being set at slightly divergent angles 
and linked together by a bar. The centre rudder spindle 
is extended above its tiller and fitted with a master 
tiller arm d coupled to the piston of a servomotor cylinder 
A lying athwart the vessel. This cylinder is double- 


acting and oscillates to allow for the radia] motion of the | 
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master tiller arm. An arm i secured to the port rudder 
spindle is connected to the drop arm & of a motor-car 
steering gear by a connecting rod which is divided at 
the control valve, one half being connected to the circum 
ferentially-grooved and the other half to the 
cylinder r of the valve. The relative movement of the 
piston and cylinder is limited, and is controlled by springs 
tending to the piston in mid-position. The 


piston 


maintain 


cylinder is connected by flexible pipes to an exhauster 
and other pipes 


lead from the valve cylinder to the 
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respective ports of the servomotor cylinder h. Upon 
rotation of the hand steering wheel, and during a free 
initial movement determined by the strength of the 
springs in the control valve cylinder r, the control valve 
piston opens the suction to one end of the cylinder / 
so that the piston operates the rudders; the travel of 
the piston is directly controlled by the handwheel, th« 
piston coming to rest as soon as the control valve resumes 


its normal position. Movement of the rudders inde- 
pendently of the handwheel, and sufficient to produce 
additional compression of one of the control valve 


springs, moves the control valve so that power is applied 


to restore the rudders to the position corresponding 
to that of the handwheel. In the event of failure 
of the servomotor, the handwheel transmitting mecha 
nism remains operative.—( Accepted August 8, 1939.) 
MISCELLANEOUS. 
509,179. Anti-Gas Filter. Frederick Braby and 


Company, Limited, of London, F. C. Clarke, and J. E. 
Nicholls, of London. (3 Figs.) May 2, 1938.—-The filter 
is intended for in gas-proof chambers, 80 
designed that the filter cartridge can be renewed from 
inside the gas chamber without admission of unpurified 
air during the operation. The filter container is a 
sheet-metal box a closed by an air-tight cover and held 
down on to a rubber gasket by pivoted bolts and wing nuts. 
It can thus be readily released. The removable filter 
cartridge is a sheet-metal box with imperforate sides 
and sealed in the container a by a gasket. The box has a 
perforated bottom on which is a layer of wool g. Above 
this is a loose perforated partition supporting a layer of 
activated charcoal h, and above this again is a second 


use and is 


am 
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perforated partition. The air-inlet flue / leads into the 
filter container a by a flap valve n. A lever o on the 
flap valve is depressed by the cartridge and opens the 
valve. On removal of the cover, the cartridge can be 
lifted out of the container a, whereupon the flap valve 
n closes by gravity and cuts off the air inlet. The air 
shaft k passes through the roof of the chamber to a 
higher region of the atmosphere which is less liable to be 
contaminated. Air is drawn through the filter by a 
centrifugal fan. Direct communication between the fan 
inlet and the air shaft k is provided by an inlet valve w 
spring loaded so as to be normally shut. The valve is 
held open by engaging a pin on the valve lever with a 
notch in a pivoted arm z. The valve is released by 
knocking the arm z upwards.—( Accepted July 12, 1939.) 
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GYPSUM - ROCK EXTRACTING 

TRANSPORTER FOR MESSRS. 

CAFFERATA AND COMPANY, 
LIMITED. 


Or all the activities of mechanical engineering, 
those connected with the winning and handling of 
raw materials present, perhaps, the most diverse 
problems, since not only do these materials differ in 
character, but their natural disposition varies 
within wide limits. There is little, if anything, in 
common between the slate quarry, the china-clay 
pit and the ironstone mine, for instance. In conse- 
quence, the machines employed are, with the 
exception of grab and drag-shovel.excavators, and 
so forth, anything but stereotyped. A good case 
in point is the transporter here described and illus- 
trated in Figs. 1 to 16, on Plate XIX, and on this 
page and pages 518, 519, and 530. This transporter 
was manufactured by Messrs. Mavor and Coulson, 
Limited, Bridgeton, Glasgow, S.E., for Messrs. 
Cafferata and Company, Limited, Newark-upon- 
Trent. It is employed for the extraction of gypsum 
rock from a matrix of clay. The workings are in the 
nature of a quarry, but the operation differs from 


face is approximately 50 ft. The excavated material 
is a mixture of stiff plastic clay, amounting to 
about 30 per cent. of the total; hard marly clay, 
to the amount of some 58 per cent. ; the remaining 
12 per cent. consisting of lumps of gypsum rock 
varying in size from about 2 ft. cube to about 6 in. 
cube. The object of the transporter is to win a 
maximum amount of the gypsum rock and to 
convey the waste clays to the spoil heap. The 
general design was worked out by Messrs. Mavor 
and Coulson, in collaboration with Messrs. Cafferata’s 
engineers. 

It will be realised from our use of the term 
“trench,” and also from Fig. 8, that the trans- 
former is not stationary. It is capable of moving 
itself backwards and forwards along the quarry 
top as required by the local advances made along 
the working face. This travel is effected by mount- 
ing the machine on four four-wheeled bogies, i.e., 
one bogie at each corner of the undercarriage. The 
arrangement admits of both compensation for varia- 
tions in the ground level and alterations in the 
directions of the track. The track consists of short 
lengths of 80 Ib. bull-nosed rails on sleepers and 








placed on 3 ft. 6 in. centres. When the transporter 








will be clear from the general arrangement drawings, 
Figs. 1 to 3. The undercarriage structure has been 
carefully worked out for the maximum stresses due 
to dead loads, live loads and wind forces, and the 
design has been based on the assumption that the 
track at one corner may be considerably lower than 
the levels on the other three corners of the structure, 
owing either to uneven ground or to the subsidence 
of soft ground, both conditions resulting in in- 
creased corner loading at the remaining three 
bogies. Particular attention was given to the 
internal bracing of the undercarriage to ensure the 
complete retention of its structural shape with the 
minimum deflection and distortion under such condi- 
tions. The position occupied by the boom hoist, 
boom slewing and transporter travelling machinery 
on the undercarriage platform is indicated in Fig. 2. 
but the machinery itself is shown in greater detail 
in Figs. 9 and 10, page 518, and in Figs. 12 to 14, 
page 519. Power for all three motions is derived 
from a 20-h.p. totally-enclosed slip-ring crane-type 
motor made by Messrs. Laurence Scott and Electro- 
motors, Limited, Gothic Works, Norwich. The 
high-tension current supply is by means of a trailing 
cable and a transformer, visible in Fig. 8, is mounted 











Fia. 8. TRANSPORTER IN PosITION ON UNOPENED GROUND. 


most quarrying in that the bulk of the excavated 
material is not taken away. On the contrary, only 
about one-eighth of it is removed, the remaining 
seven-eighths being returned. The operation, in 
short, is somewhat analogous to that of dredging 
gravel for gold, though the proportion recovered is, 
of course, much higher for the gypsum. 

Although the construction of the transporter is 
shown in the drawings, Figs. 1 to 3, Plate XIX, 
and its general appearance is well seen in Fig. 8, 
above, what is implied by the penultimate sentence 
of the above paragraph can only be fully understood 
by reference to Figs. 15 and 16, page 530. In Fig. 15, 
the working face of the quarry is seen to the left, 
with Ruston-Bucyrus drag-line excavators, having 
l}-cub. yd. buckets, at work breaking it down. 
The raw material is dumped into the receiving 
hopper of the transporter and is then screened in 
the machine, the spoil being returned to the back 
of the quarry by means of the transporter boom. 
The view given in Fig. 16 is even more informative 
than Fig. 15. To the right is the working face, 
and to the left the spoil heap, the two being parallel 
to one another and enclosing a gigantic trench, 
which slowly traverses the country in a direction 
at right angles to its length. To give a scale to the 
illustrations, it may be said that the distance from 
the transporter hopper to the discharge point at 
the end of the boom is 100 ft., and the depth of 


has reached the end of a length, and it is necessary to 
move it, a length at the rear is picked up by block 
and tackle, running on a curved telpher track sup- 
ported from the structure, and deposited in front. 
A new section of track being thus prepared, a wire- 
rope system operated from a motor-driven fleeting 
drum, and secured to suitable anchorages, enables 
the transporter to haul itself into a fresh position. 
The bogie arrangement will be clear from Figs. 1 
and 2. The centres of the tracks are 16 ft. apart, the 
centres of the bogies, longitudinally, are 19 ft. apart, 
and the wheelbase of each bogie is 5 ft. The weight 
of the complete machine, without material in 
transit, is 82 tons, which gives a maximum wheel 
loading, with the boom in its most unfavourable 
position, but without allowing for wind, of 8 tons. 
Under similar conditions, and allowing for a wind 
pressure of 40 lb. per square foot, the maximum 
wheel loading is 10} tons. 

Bogie compensation is provided by fitting spheri- 
cally-seated bearings on the centre pins. Since the 
bogies are situated at each corner of the under- 
| carriage and are as widely spaced as possible, com- 
| pensation is available for considerable track varia- 
| tion in both the vertical and horizontal planes. The 
| wheels are double-flanged and are gunmetal bushed. 
They run on fixed axles of high-tensile steel and are 
lubricated through the axles by lubricators of the 
Stauffer type. The construction of the main frame 








adjacent to the motor to give the necessary voltage 
step-down to 440 volts, three-phase, 50 cycles. 

The motor runs at 950 r.p.m., and is direct- 
coupled to a worm reduction gear, the output shaft 
of which carries a pinion meshing with a spur wheel 
on the shaft of the hoist drum, thus effecting a second 
speed reduction. The speed of this shaft is such 
that the hoisting drum, the diameter of which is 
18 in., measured on the rope centres, gives a hoisting 
speed of 48 ft. per minute, the rope being wound 
on to the barrel at this rate. As will be seen from 
Figs. 1 and 8, the hoisting rope passes over a four- 
fall block system, the outer pulleys being anchored 
to the boom, at a point about one-third of its length 
from the delivery end, by a framed bridle. The 
boom can be hoisted from the horizontal to an inclina- 
tion of 18 deg. from the horizontal. The height from 
the top of the conveyor belt on the boom to the top 
of the rails is 16 ft. 8% in., when the boom is in the 
horizontal position, and is 40 ft. 10} in., when it is 
in the raised position, the lift between these two 
positions being, therefore, 24 ft. 2g in. The hoisting- 
drum shaft is mounted in solid gunmetal-bushed 
bearings bolted to the frame plates. The drum 
runs loose upon it, and consists of an open-ended 
barrel bolted to the spigoted flanges of a ratchet 
wheel at one end and of a helical clutch at the 
other, each of these parts being fitted with a gun- 
metal bush. 
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The clutch, seen to the right of the drum, in 
Figs. 13 and 14, is spring-loaded and is provided | 
in order to couple the drum to the shaft when | 
hoisting or lowering is being done. When either of 
the other two motions is being used the clutch is dis- 
engaged and the hoisting drum is stationary. The 
ratchet wheel at the left of the drum and readily 
recognisable in Fig. 12, is, in effect, a safety device to 
prevent the boom “ running away.” It is, of course, 
litted with a pawl, though this is not of the usual 
loose type. The pawl is actuated by hand from the 
central control point and is provided with a friction 
band holding it out of engagement with the ratchet- 
wheel teeth during hoisting, which operation com- 
mences with the engagement of the helical clutch. 
here is, in consequence, none of the usual noise, and 
wear such as is associated with the ordinary type of 
pawl. Should a sudden unexpected lowering take 
place, however, the friction band releases the pawl 
and the drum is held, the spring-loaded helical 
clutch slipping at the same time, so that the drive 
is disengaged. The pawl is held out of engagement | 
by hand from the control point when ordinary | 
lowering of the boom is being done, with the motor | 
running in the reverse direction, the operator 








only having to release a lever to stop the lowering | 
at the desired point, throwing out the helical clutch | 
immediately afterwards. 

It will be seen from Fig. 14 that the drum shaft 
carries, at the end beyond the clutch, a pinion | 
meshing with a spur wheel keyed to a second shaft. | 
Che fleeting wheel is mounted on this shaft, which 
runs in bearings of the same type as the hoisting- 
drum shaft at each side of the wheel and, in line 
with it, is a third shaft running in Croft pedestal 
bearings flanking the slewing brake wheel. This | 
shaft terminates in a bevel wheel, which forms part | 
of the slewing gear, this wheel and the brake wheel 
being keyed to it. The fleeting wheel runs loose | 
on its shaft and has gunmetal bushes. One member 
of a dog clutch is attached to it the other member 
sliding on the shaft to transmis the drive to the | 
wheel. The endless wire rope for effecting the travel 
of the transporter is coiled round the wheel and then | 
led over a block and tackle system at each end of | 
the transporter. The rope comes off the wheel at a 
speed of 40 ft. per minute, but, owing to the employ- 
ment of block and tackle haulage, this does not | 
mean, of course, that 40 ft. per minute represents | 
the travelling speed of the transporter. | 
The third shaft is coupled to the second, or fleeting | 
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wheel shaft, by a dog clutch. Its terminal bevel | rack bolted to the underside of the boom slewing | girders connected at the top by a deep girder 
mast and visible at the bottom of Fig. 11, above. | surmounted by a triangular structure carrying the 
The construction of the slewing mast is best seen | pivot forming the top support of the slewing axis. 
in Fig. 8. It is formed of a pair of vertical lattice |The pivot works in a forging connected to a pair 


wheel meshes with a similar wheel on a vertical 
shaft, the upper end of which carries a cast-stee 
shrouded pinion which meshes with a semi-circular ! 
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of splayed lattice backstays anchored to the main | 
structure. The weight of the slewing mast, boom, | 
ete., is taken on a ball thrust bearing, having an | 
outside diameter of 11} in., in a manner similar | 
to that used in a jib crane. The slewing speed is | 
one-third of a revolution per minute, and the boom, | 
as shown in Fig. 2, can be slewed through a total | 
angle of 85 deg., viz., 55 deg. on one side of the| 
centre line and 30 deg. on the other, this smaller | 
angle being determined by the presence of the | 
boom conveyor-belt drive. As the momentum of | 
such a mass as the boom when being swivelled | 
is considerable, a powerful band-brake is fitted | 
on the third shaft with hand-screw operation. 
A more usual function of this brake is, however, 
the holding of the boom against lateral wind pressure. 

The arrangement of the several drives described | 
above, although set out in the drawings, Figs. 
12 to 14, is perhaps more readily grasped from the | 
views given in Figs. 9 and 10. Fig. 9 shows, at the | 
left, the motor and the worm reduction gear, the 
latter having a ratio of 40 to 1. Between the motor 
and reduction gear is a solenoid brake, manufactured 
by Messrs. E. Holme and Company (1931), Limited, 
Altrincham, behind which is seen the casing of the 
first-motion spur gear with a reduction ratio of 
2-52 tol. To the right of this is the boom hoisting 
drum with its ratchet wheel and pawl on the one 
side and the spring-loaded helical clutch on the 
other. Most of these parts can also be readily 
identified in Fig. 10. In the centre of this illustra- 
tion the spur gear between the first and second 
shafts is visible, this gear having a reduction ratio 
of 2-70 to 1. Next comes the fleeting wheel with 
its dog clutch. The dog clutch on the other side 
of the bearing support couples the second and third 
shafts and beyond it is the slewing brake wheel 
and the slewing bevel gear, the latter having wheels 
of equal diameter. The reduction ratio between 
the slewing-shaft pinion and the semi-circular rack 
is 11-2 tol. The control cabin is seen in the back- 
ground with levers for operating the three clutches 
and the hoisting pawl gear, and, in front, the 
pedestal for the slewing brake-hand gear. The 
controls for the motor and solenoid brake are also 
housed in the cabin, which commands a good view 
of the boom positions and the clutch engagements, 
the latter being under complete control by the 
operation of the solenoid brake. Limit switches 
prevent over-running in raising and lowering the 
boom and in slewing it. 

Before dealing with other constructional details 
of the transporter, it may be as well to trace the 
flow of the excavated material through it. As 
already stated, this is recovered from the quarry 
face by drag-line excavators. These machines 
dump the material into a three-sided hopper at the 
rear of the transporter, the top of the hopper being, 
as will be seen in Fig. 1, 26 ft. 11} in. above rail 
level. The hopper is not rigidly attached to the 
main frame but, in order to minimise shock from 
dumping, is mounted on a braced structure sup- 
ported on two elliptical leaf springs. The hopper 
guides the material on to an inclined tray feeder, 
from the delivery end of which it may follow 
alternative routes. These can be readily made 
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when the clay contains the requisite quantity of 
gypsum rock, the material falls from the tray con- 
veyor, down the chute seen to the left of the boom 


out in Fig. 1. working normally, 


mast, to a pair of Ross roller screens. The impact 
of the fall and the rumbling effect of the rolls is 
sufficient to break up the large lumps of clay. Any 
gypsum rock above 8 in. cube will not pass through 
the rolls and is diverted to a chute seen at the left 
of the rolls on to a troughed belt conveyor running 
parallel to the rails and situated on the main plat- 
form. This conveyor is reversible and extends right 
along the platform, so that it can discharge into 
chutes at either side of the transporter as required. 
The chutes deliver the large gypsum to the ground 
where it is sorted and loaded by hand into 30-cwt. 
trucks. 

The broken-up clay, with the smaller pieces of 
gypsum, after passing through the screen, falls 
down the chute seen immediately below the rolls 
to a distributing chute which deposits this material 
on the belt conveyor of the boom. The small 
gypsum is picked out by hand on this conveyor and 
the rejected clay is carried on, to be deposited 
on the spoil heap. As the gypsum is by no means 
uniformly distributed through the clay matrix, it 
occasionally happens that clay only is delivered 
from the hopper to the tray conveyor. When this 
is seen to be the case by the operator in the cabin 
near the top of the boom mast, he manipulates a 
lever which diverts the material from the tray con- 
veyor down the bent chute seen to the right of the 
mast in Fig. 1, and this discharges into the distri- 
buting chute previously mentioned and thence 
the waste material is carried along the boom to the 
spoil heap. This by-pass system is the alternative 
route referred to above. 

Dealing now with the mechanism concerned 
in the material-conveying part of the transporter, 
the tray conveyor first calls for attention. This is 
36 in. wide and 23 ft. between the centres. It is 











inclined upwards from the hopper outlet at an angle 
of 18 deg. Its construction and drive are shown in 
Fig. 4, Plate XIX. The trays overlap and have 
deep sides, as large lumps of material may be 
deposited on the conveyor. It is, moreover, very 
substantial since any very large piece of gypsum 
has to be broken up on it by means of hammer and 
wedge. The drive is by a 10-h.p, non-reversing 
slip-ring motor through reduction gear and chain 
drive to the head shaft. The motor is situated on the 
screen platform and is controlled from the mast 
cabin, the window of which, commanding a view 
of the delivery end of the conveyor, is seen in the 
background of Fig. 4. The chute seen below the 
return strand of the conveyor in Fig. 5, Plate XTX, 
is that for the discharge of lumps of gypsum above 
8 in. cube from the screen, this illustration showing 
one of the rolls of the Ross screen. The screen 
is 36 in. wide and is chain driven by a 4-h.p. motor 
through reduction gear, an alteration having been 
made since the photographs reproduced were taken. 
The inclined bars seen above the roll mark the 
inlet of the materia] from the tray conveyor and 
distribute this material over the width of the 
screen. After passing through one or other of the 
chute systems previously referred to, the material 
is deposited on the boom conveyor belt. It will 
be gathered from Fig. 6, Plate XIX, which shows 
the full length of the conveyor, that the belt is 
troughed. It is of cotton duck and rubber and 
is 36 in. wide with a distance between the centres 
of the head and tail pulleys of 80 ft. It runs 
at a speed of 184 ft. per minute. 

The belt is carried on five-pulley idlers of Messrs. 
Mavor and Coulson’s fully-protected type. Each 
pulley runs on ball bearings lubricated by means 
of a grease gun through nipples on the carrying 
brackets. Each ball bearing thus receives lubricant 
which is prevented from escaping by a labyrinth 
grease seal. Conversely, the bearings are protected, 
even when the conveyor concerned is carrying sand 
or other fine material with abrasive qualities, by 
any intrusive grit or dirt being entrapped in the 
grease contained in a narrow space between two 
labyrinth washers. The act of recharging the 
bearings with fresh grease, an operation carried 
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out at six-monthly intervals, automatically forces 
out the sealing grease with its intercepted dirt. 
The use of this type of idler unit not only reduces 
friction to the lowest possible amount but the correct 
balance necessary to smooth running is secured by 
proper centring and a special method of casting 
to ensure uniform thickness. The smooth closed 
ends of the pulleys, noticeable in Fig. 6, help 
towards maintaining balance as there are no recesses 
in which possible spoil overflow can accumulate. 
Naturally, also, these smooth ends keep dirt from 
getting to the roller assembly. The return-strand 
idlers are of the single-pulley type. The head and 
tail pulleys are fitted with ball bearings and run 
on fixed shafts as may be gathered from the tail 
pulley seen in Fig. 11. Lubrication of these 
bearings is through the centre of the shaft by means 
of lubricators of the Stauffer type. 

The boom-conveyor belt is driven by a 10-h.p. 
motor through worm-reduction gear. This drive is 
mounted on a platform attached to the lower side 
of the boom, as seen in Fig. 6. The coupling 
between the motor spindle and the input shaft 
of the reduction gear, and also that between the 
output shaft and the belt-driving pulley, is of the 
flexible type. The disposition of the driving and 
tension loops of the belt is seen in Fig. 1, but the 
nature of the tensioning gear is best shown in Fig. 6. 
On the end of the conveyor driving shaft remote 
from the reducing gear end is fitted a non-reversing 
mechanism of the silent-roller type. This safety 
device prevents the belt from running back, should a 
stoppage take place when it is loaded and inclined. 
The boom structure is welded throughout and in 
its design careful attention has been paid to the 
somewhat complex stresses to which it is subjected, 
viz., those due to its weight, which is divided 
between the pivot and the bridle connection ; 
those due to the live load of the conveyed material ; 
and those due to wind. The structure is streng- 
thened in way of the bridle, which is built up of 
flats and braced with angles to avoid distortion. 
The bridle carries a pair of sheaves matching with 
a similar pair at the top of the mast. There are 
thus four strands of rope supporting the boom. 
The downhaul is led over one of the mast sheaves, 
then downwards over a pulley supported from the 
back bracing so that this downward length is 
virtually coincident with the axis on which the boom 
swivels and there is thus no tendency for the 
rope to leave the pulleys whatever the degree of 
swivelling may be. From the last-mentioned pulley 
the rope is led to a pulley, also supported on the 
back bracing, directly over the hoisting drum. 

The construction of the cross conveyor on the 
main platform is shown in Fig. 7, Plate XIX. This 
receives the gypsum separated in the screen at its 
centre by way of the chute seen to the right of the 
illustration. It is inclined at an angle of 10 deg. 
from the centre outwards each way and is 32 ft., 
horizontally, between centres. The belt is 36 in. 
wide and runs at a speed of 60 ft. per minute. It is 
carried on idlers of the same design as those of the 
main conveyor belt, and is driven by a 3-h.p. 
reversing squirrel-cage motor through worm reduc- 
tion gear. The drive and the tensioning gear are 
seen in the lower part of Fig. 7. A reversible flap at 
the bottom of the delivery chute directs the stream 
of gypsum on to one half or the other of the belt, 
according to which side of the transporter it is to be 
discharged from. The whole of the equipment is 
electrically interlocked, so that the several units may 
be stopped and started in the correct sequence. The 
control switchgear, which cons‘sts of oil circuit 
breakers used as starters, was made by Messrs. M. 
and C. Switchgear, Limited, Kelvinside Works, 
Kirkintilloch. The worm reduction gears were made 
by Messrs. Moss Gear Company, Limited, Crown 
Works, Tyburn, Birmingham. 

Some particulars of the performance of the 
transporter, for which particulars we are indebted 
to Messrs. Cafferata, may be appended. Designed 
to handle 100 tons of excavated material per hour, 
the transporter does not work at this rate con- 
tinuously. Taken over a period of, say, one week's 
work, the average rate of feed of excavated material 
to the transporter is 40 tons per hour, out of which 
about 5 tons per hour of gypsum is obtained, 
35 tons per hour of waste material being conveyed 
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to the spoil heap. Owing, however, to variations 
in the rate of excavation, these quantities are, at 
times, doubled. The average power consumption 
is stated to be less than 0-5 unit per ton of excavated 
material fed to the machine, including the power 
used in travelling, and the maintenance cost for 
the past twelve months was 0-08d. per ton of 
material fed. The labour required is one man to 
attend to the oversize lumps on the tray conveyor, 
one man to operate the by-pass chute, and one man 
to pick off the gypsum which has passed through 
the screen on to the boom conveyor. These three 
men also attend to the moving of the transporter 
from place to place. Messrs. Cafferata also state 
that the machine is standing up to the very severe 
conditions for which it was designed in a satisfactory 
manner and that, since no serious breakdowns have 
occurred over a long period of service, they are 


| justified in expecting the performance to be main- 


tained for some considerable period to come. 








EMERGENCY LAW—I. 
By W. SummerrFievp, M.A., B.C.L., LL.B. 


EMERGENCY conditions have so vitally affected 
every activity connected with engineering and 
kindred interests that it is not surprising to find 
that a substantial portion of the emergency legis- 
lation is concerned with that aspect of our national 
problems. The Government have been concerned 
to apportion man-power and materials as best they 
may, so as to ensure the attainment to a maximum 
degree of each of the following essential purposes : 
(1) It is unavoidable policy to call a halt to works 
of construction which, however useful to the 
community in normal times, are not “ essential | 
to its welfare " during the emergency period. Such 
works include road-making and re-housing, to) 
instance two outstanding examples. To  this| 
general proposition a most important exception has | 
been admitted, namely, that in many cases it will 
prove more economical to the community to allow | 
works already begun to be completed. For the 
rest, work must be abandoned until the situation | 
generally becomes clarified. These considerations | 
affect primarily the local authorities, with their 
vast and varied undertakings of almost every 
conceivable kind, and the important contractors | 
through whom they so frequently operate, but | 
the effects of the restrictions filter throughout | 
the network of the industries as a whole. 

Acts and Orders.—Some of these restrictions, it 
is important always to bear in mind, are introduced 
by Acts of Parliament. Many of them, however, 
are laid down in the Statutes in the form merely 
of broad principles, which are implemented in 
detail in the form of Statutory Rules and Orders. | 
Others, again, are not imperative instructions but | 
recommendations, in the form of Departmental 
Circulars and the like, and such recommendations 
vary considerably in their strength and in the| 
extent to which problems are left to be solved at 
the good discretion of the recipients and parties 
affected. It is obvious, therefore, that the engineer 
who desires loyally and patriotically to do his part 
in the national effort while striving to maintain his 
own industry, must render himself, to quite an 
appreciable extent, a knowledgeable lawyer. He 
must familiarise himself not only with statutory 
measures which appear directly to bear upon his 
own sphere, but also with many of more general 
import; for only so will he acquire guiding prin- | 
ciples to aid him in his search for the proper com- 
promise between the apparent sectional interests 
of his own industry and the general interests. 

Uur survey must range over a wide area ; for, in 
the first few days of the war alone some fifty Acts | 
and over a hundred sets of Statutory Rules were | 
brought into operation ; and additions have since 
been, and still are being, constantly promulgated. 

(2) The second broad line of policy which the 
Government felt impelled to pursue was, having 
called a halt to existing programmes of construction, 
to discourage the formulation of new schemes. 
Thus, slum clearance schemes are to be finished, 
where to abandon half-built re-housing estates 
would be false economy; but new slum clearance 
orders are not to be sought. (3) It is essential to 
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maintain in good repair the machinery of the social 
services, for normal life must be continued, but a 
lower standard of efficient maintenance will have 
to be tolerated. (4) The available resources of 
the heavier industries will require to be diverted 
from normal social-service requirements to the 
needs created by war conditions. Thus, building 
materials must be conserved by the Government, 
under Departmental control, so as to be readily 
available in various centres throughout the country 
(“safe ” or “ neutral ’’) for immediate use in making 
good the effect of war operations upon buildings and 
plant. Extensive reconstruction as well as ‘“ patch- 
ing-up” programmes will be necessitated as a 
consequence both of hostile attack and of our own 
defence operations. (5) Works of construction 
and re-construction must be given priority, not 
according to the wishes or resources of those firms 
desiring to have and pay for them, but according 
to the degree in which they may be deemed to 
subserve the national needs. (6) The execution 
of the main lines of policy, adumbrated above, calls 
for extensive re-adjustment of the financial machi- 


/nery ; without sound functioning of that machinery 


all the other principles must resolve into mere 
pious aspirations. 

Let us see, therefore, how policy is reflected in the 
emergency legislation: (a) in the new laws of 
general application, and (6) in the new laws more 
specifically referring to the engineering trades. 

One of the parents of this numerous brood of 
emergency laws is the Emergency Powers (Defence) 
Act, 1939 (Chapter 62). It was passed on August 24, 
1939. The date is significant, as indicating that 
before the war had actually commenced the Govern- 
ment had brought to an advanced stage their main 
points of policy. The Act vests greater powers in 
the Government than they have ever enjoyed before. 
Those powers are almost unlimited. The purpose 
of the Statute is declared to be “to confer on His 
Majesty certain powers which it is expedient that 
His Majesty should be enabled to exercise in the 
present emergency,” and “to make further provi- 
sion for purposes connected with the defence of the 
realm.” Those “ connected purposes "’ are defined, 
in wide terms, by Section 1 (1), viz., (a) securing the 
public safety ; (b) the defence of the realm ; (c) the 
maintenance of public order; (d) the efficient 
prosecution of war; and (e) maintaining supplies 
and services essential to the life of the community. 

For any of those purposes the Act authorises the 
making of Regulations by Order in Council “ such as 
appear to be necessary or expedient.” So far, the 
procedure follows the normal course whereby 
Departmental law-making supplements Parlia- 
mentary legislation. But the procedure has been 
immensely broadened, so as to equip with similar 
powers the new Departments which have been, or 
will be, created and the Boards and other controlling 
bodies which war brings into existence. Hence, we 
find, in Section 1 (3), that it is enacted that those 
Defence Regulations may provide for empowering 
“such authorities, persons or classes of persons 
as may be specified in the Regulations” to make 
“ orders, rules and byelaws ” for any of the purposes 
for which the Regulations may legislate. If the 
Act itself may be regarded as a parent, the Regula- 
tions are the children who, in turn, produce offspring 
by the various “ authorities, persons or classes of 
persons.” That this family will continue to grow 
as the emergency is prolonged must be expected. 
Their maintenance must involve heavy burdens, 
financial and directional, upon the industries 
brought within the wide scope of the Act. If 
those burdens are unavoidable we must at least 
strive to appreciate their nature and volume. It 
would be no exaggeration to say that their combined 
effect is to vest full “ totalitarian” powers in H.M. 
Government, subject, always, to the restraining 
power of public opinion expressed through Parlia- 
ment, and to the representations of the trade 
associations, whose experience of their day-to-day 
operation is recognised as an invaluable source both 
of correction and stimulus. 

In addition to the wide sphere within which the 
Regulations may legislate, Section 1 (2) goes on to 
specify more particularly that they may authorise 
the following :—({a) Taking possession or control 
of any property or undertaking ; (5) acquiring any 
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property other than land—land being legislated for| Which appears across a pole of a circuit breaker | from the direction of the recovery voltage, and at 
separately ; (c) entering upon and making a search following a current zero, when the circuit is being | current zero therefore it proceeds to oscillate about 
of any premises ; (d) amending or suspending any | interrupted. If the circuit were one of unity power | the recovery-voltage wave, starting from this offset 
other enactment—so that the Englishman’s home | factor, current and voltage would pass through| point. As a consequence, the rate of rise is higher 
or business is no longer necessarily his “ castle.” zero values simultaneously and the restriking | and the peak amplitude is greater due to the current 


It is declared that none of the above powers is to be 
taken to include an authorisation to impose “ any 
form of industrial conscription.” A charge, up to 
5l., may be imposed for any licence, permit or 
certificate granted under the Regulations—Section 
2 (5) (a). By Section 3, restrictions or obligations 
in relation to ships or aircraft may cover all British 
ships or craft wherever they may be (unless they 
are Dominion craft). Courts have power to order 
proceedings to be heard in camera (Section 6). 

It is convenient to consider, in conjunction with 
the Emergency Powers (Defence) Act, 1939, above 
referred to, the Courts (Emergency Powers) Act, 
1939 (Chapter 67). This was passed on September 1, 
1939. By Section 1 (1) it is provided that the 
leave of the court is necessary before a judgment 
creditor may proceed to execute the judgment so 
as to recover money awarded him or otherwise to 
enforce an order of the court. Among the excep- 
tions to which this serious restriction does not apply 
is the case where a debt becomes due under a con- 
tract made after the passing of the Act; but a 
contract is deemed to be made before the passing 
of the Act—and so to afford protection to the 
debtor—if it was arrived at by acceptance of an 
option which was offered before the passing of the 
Act. Another exception (where the protection 
is not available to a judgment debtor) is the case 
where a penalty has been incurred for contravention 
of a statutory provision. Many such provisions 
apply to building operations. 

Leave of the court, again, is necessary before 
distress may be levied, possession taken of property, 
or a receiver appointed, or a deposit forfeited. 
The court may refuse leave applied for, or impose 
conditions upon its grant, if satisfied that the debtor 
is unable to meet his obligation immediately “‘ by 
reason of circumstances directly or indirectly 
attributable” to war. Building operations sus- 
pended may be expected to afford ample “ direct or 
indirect circumstances” to such debtors as may 
require or desire to avail themselves of this kind of 
moratorium, throughout the ranks of contractors, 
sub-contractors and suppliers of plant, machinery 
and subsidiary services (including transport of 
materials and the like). Firms affected, whether 
as creditors or debtors, should refer also to the 
Courts (Emergency Powers) Rules, issued on 
September 1, 1939, and to the Courts (Emergency 
Powers) (No. 2) Rules, issued on September 20, 
1939. 








RESTRIKING VOLTAGE IN SERVICE 
AND ON TEST. 


By H. Trencuam, M.Inst.C.E., M.I.E.E. 


MATERIAL progress has been made during the last 
few years towards an understanding of what 
transpires at the time that an alternating current is 
being opened by a circuit breaker, particularly when 
short circuits are being interrupted. Attempts have | 
been made to explain in terms of simple mechanical | 
processes* what actually goes on in arc-extinguishing 
devices of various kinds and these explanations | 


appear to fit in well with the recorded results of | 


| voltage would merely follow the sine curve of the | 
system volts. At any other power factor, the | 
instantaneous value of voltage at current zero will 
be some value other than zero and varying in 
amount up to a maximum represented by the peak 
of the sine wave when the power factor is zero. 
This voltage cannot appear instantaneously at the 
breaker pole. Its possible build up will be governed 
by the constants of the circuit involved and its 
actual appearance on a circuit breaker will also be 
influenced by the performance of the circuit breaker 
itself. 

The foregoing is a general statement which applies 
regardless of where a circuit breaker may be installed 
or of what type it may be, but the circuit conditions 
which obtain in different systems and in different 
parts of the same system produce inherent restriking 
voltage forms which vary through a very wide range. 
Figs. 1 and 2 show typical forms characteristic of 
circuits employed in test stations. Fig. 1 is a 
somewhat complex curve of several frequencies and 
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applies to an 11-kV circuit fed directly from a 
generator, while Fig. 2, which has almost a pure 
single frequency, is a 33-kV circuit in which a step-up 
transformer is employed. These curves are taken 
from a series in which the rates of rise of restriking 
voltage obtained at British circuit-breaker testing 
stations were collated. This review, which was 
made under the recently formed Association of 
Short-Circuit Testing Authorities, showed that there 


| is a considerable measure of consistency as between 


various stations operating in this country and that, 
for a given voltage and breaking rating, the variation 
in respect of rates of rise of restriking voltage, is 
not serious. 

Modifications to the restriking-voltage curve 
brought about by the circuit breaker itself may vary 
very considerably in degree and in amount. If 
circuit opening were a theoretically perfect opera- 
tion, the restriking-voltage transient would be that 
inherent in the circuit conditions at the point of 
operation. In certain special types of circuit breaker 
the rate of rise of restriking voltage may be reduced 
or its peak cut off or diverted by reason of resistance 
introduced in the circuit opening operation and, 
on the other hand, if the are control is powerful 








tests and have assisted very materially in bringing | enough to extinguish the current suddenly at a 
about improvements in these devices. The subject | point prior to the sine-wave zero, the rate of rise 


of circuit severity, however, and its relation to| 


circuit-breaker performance still presents a number | 
of problems, the solution of which must be found | 


and its peak value may be increased greatly. Figs. 
3 and 4, page 522, are cathode-ray oscillograms 
illustrating these two cases. In Fig. 3, resistance 


before it will be possible to express information and | switching is introduced in the operation of an 


ideas thereon quantitatively. An important factor in | air-blast circuit-breaker. 


studying these problems is the rate of rise of re- | 
striking voltage, and owing to the considerable | 


interest which is now being taken in this pheno- | 
| breakdown of the gap to the resistance contact, 
|and the rise of voltage is thereafter slow and uni- | 


menon, some notes thereon will not be out of 
place. 


Restriking voltage is the name given to the voltage 





* “The Mechanism of Alternating-Current Interrup- | 
tion.” By H. Trencham and H.E. Cox. ENGINEERING, 
vol. 143, page 597 (1937). 
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The initial rate of rise 
between points A and B on the curve, when the 
resistance is not in circuit, is quite high. At point B 
the resistance is introduced into the circuit through 


directional except for a small and quickly damped | 
oscillation. Fig. 4, on the other hand, shows what | 
happens when the current is suppressed prior to 
the sine-wave zero. The voltage is first offset, due 





to current supprssion, in the direction opposite | 


suppression. 

The possible variations in the form of the re- 
striking-voltage curve can therefore range anywhere 
between a unidirectional exponential approach to 
the sine-wave value of circuit-recovery voltage, and 
an oscillatory condition about this value having 
one or more frequencies and of amplitudes several 
times as great. The forms inherent at any point 
may be determined by calculation from system 
constants, assumed or measured ; or they may be 
directly indicated by an instrument specially 
designed for the purpose.* The actual occurrences 
during circuit breaker operation can be recorded 
only by a cathode-ray oscillograph. 

Comparatively few of the practical forms of these 
curves are sufficiently simple to be expressed by a 
readily comprehensible equation and much effort 
has been given to finding an acceptable means of 
describing any typical restriking-voltage curve. 
Proposals were made at the Convention of the 
International Electrochemical Commission at Tor- 
quay, and two of these were considered as possible 
methods of description. They were :— 

(1) By giving the different natural frequencies 
the crest amplitudes of which are greater than 10 per 
cent. of the crest of the normal frequency recovery 
voltage, the relative amplitude of these component 
frequencies with respect to the crest of the normal 
frequency recovery voltage, and also the damping 
coefficient of each component ; and 

(2) by giving the crest value of each successive 
maximum point up to the highest voltage reached, 
as a percentage of the crest of normal voltage, and 
the slope, expressed in volts per micro-second, of 
tangent lines drawn from the voltage zero at the 
point of circuit interruption to the restriking voltage 
curve at the points associated with these crest 
values. 

A method almost identical with the second of these 
has been used by test stations in this country to 
some extent ; that is, to quote a compound figure for 
each significant peak of the restriking-voltage curve, 
the first part of the figure being rate of rise of volts 
in volts per micro-second obtained from the slope 
of the line starting at the origin and being tangential 
to the restriking-voltage curve near the peak in 
question, and the second part giving the amplitude 
of the peak in kV. In Fig. 5, page 522, the curve of 
Fig. 1 has been reproduced and annotated in accord- 
ance with this method of description. In this case 
the rates of rise and amplitude would be described as 
1700/17 and 730/21. 

Analytical studies have shown that, in general, 
the conditions in electrical power systems should 
conduce to inherent rates of rise of restriking voltage 
slower than those obtaining in testing stations. 
This has been considered advantageous because a 
satisfactory test station performance would then 
automatically indicate the existence, in the majority 
of cases, of a margin of safety over system needs. 
For this safety to be assured, however, confirmation 
is needed firstly, that the system conditions at any 
point cannot produce a rate of rise higher than that 
encountered in the test station and secondly, that 
the rate of rise of restriking voltage is, in fact, a 
true criterion of the severity of duty imposed on 
the circuit breaker. 

Regarding the first condition it may be said that 
there is available published informationt regarding 
the operation of the various circuit constants and 
their grouping in affecting the rate of rise of re- 
striking voltage. It is possible, therefore, to foresee 
and in some measure guard against arrangements 
which would give extremely high rates. Operating 
conditions will vary, however, and in making studies 
of layouts and their possibilities, all probable 
switching arrangements should be reviewed. Test 








* “ Restriking Voltage and its Import in Circuit- 
Breaker Operation.” By H. Trencham and K. J. R. 
Wilkinson. Journal of the Institution of Electrical 
Engineers, vol. 80, page 460 (1937). 

+ “The Determination of Circuit Recovery Rates.” 
By E. W. Bohne. Electrical Engineering, vol. 54, page 
350 (1935). 
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need to qualify this conclusion This arose by 
reason of tests wherein lesser distress was evident 
with certain high rates of rise than was shown with 
other circuit conditions producing a slower rate. 
It is of interest to note that arising out of these 
circumstances the British Electrical and Allied 
Industries Research Associationt have formulated 
certain revised theories on circuit severity. These 
are based, not on the appearance of voltage across 
the arcing but on the energy which can 
appear in the arcing space and on its change with 
change of resistance in the arcing space. They have 
been able, up to a point, to investigate these theories 
and check their application to one particular type of 
circuit breaker. 

The aim is to give a simple expression for severity 
expressed only in terms of the circuit constants. 
Success in this endeavour will be very welcome, in 
that it will circumvent what appears at present to 
be an insurmountable difficulty : To determine, on 
a continually changing curve of restriking voltage, 
just that part which is limiting as regards severity 
and to evaluate it in terms which can be equated 
to the circuit breaker effort, itself also a variable. 
The known beneficial effect of introducing a resist- 
ance into the restriking voltage circuit can also be 
regarded as the alternative means of circumventing 
the same difficulty, that is, it enables an unknown 
curve of restriking voltage to be changed into a 
calculable logarithmic curve. 


space, 


It is evident that much has yet to be done before | ata . 
: | value since some 75 per cent. of short circuits were 


we shall have a clear picture of exactly what comprises 
circuit severity, how it is related to the various 
circuit constants which govern the rate of rise of 
restriking voltage, and how circuit breakers of 
different types react to it. This state of affairs, 
while it does not indicate any state of peril, does 
call for a measure of caution in attempting to assess 
the value of data respecting rates of rise of restriking 
voltages on test and collating them with those 


which apply in power systems when these are 
available. 

The substantial advances which recent work 
represents indicate that it should be possible 


before long to make a practical approach to the 
problems of definition and standardisation of 
operating severity in the circuit breakers which 
are now being designed and constructed. 


* “ Measurements and Calculation on Restriking 
Voltage Transients at a Sub-Station Fed by Single-Core 
Cables.” By L. Gosland. Journal of the Institution of 
Klectrical Engineers, vol. 84, page 269 (1939). 

“ Restriking Voltage Characteristics and 
rents."" By L. Gosland and W. B. Whitney. 
Journal, vol. 41, pages 117, ef seq (1937). 

* Restriking Voltage at a Transformer Station Supplied 
by a Long Feeder.” By L. Gosland. Journal of the 
Institution of Electrical Engineers, vol. 84, page 672 (1939). 

* “Are Rupture and Circuit Severity: A New 
Theory.”” By A. M. Cassie. Conference Internationale des 
Grands Réseaux Electriques 4 Haute Tension. Paper No. 
102 (1939). 
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A PAPER entitled tesearches on the Clearing of 
Short-Cireuits on Overhead Networks by Means of 
Ultra-Rapid Pneumatic Circuit Breakers,” was contri- 
buted by Mr. H. Thommen, of Messrs. Brown, Boveri, 
of Baden. In the introduction to his paper, the author 


pointed out that interruptions of supply on important 


transmission lines, for even a few minutes, might 
result in serious inconvenience and loss of revenue. 
It was, therefore, necessary to consider means by which 


such interruptions could be reduced. Both theory and 
tests had indicated that the employment of rapid 
re-closing circuit breakers was a solution of the problem, 
but the application of this method in practice had only 
become possible with the development of modern 
ultra-rapid relays and circuit breakers. Statistics 
which had been collected dealing with interruptions on 
50-kV and 80-kV transmission lines in Switzerland 
agreed with similar figures relating to transmission 
lines in America and South Africa, and showed that 
only 7 per cent. of the interruptions were of a character 
which necessitated the shutting-down of the line. 
the rest, 21 per cent. were either two- or three-phase 


| transitory short circuits and the remaining 72 per cent. 


were transitory groundings. 

In systems in which the neutral was directly con- 
nected to earth, any grounding necessitated the opening 
of a circuit breaker and in such cases rapid reclosing 
had When inductive resistances 


were 


great advantages. 


used on 


transitory. When a short circuit did not affect all 
the phases, each pole could be operated separately, 
the network remaining coupled on one or two phases. 
Two important questions had to be considered in con- 
nection with the subject of the paper: The first was 
the rapidity with which reclosing of the breaker might 
be arranged to take place without the possibility of 
causing a second short circuit; the other was that 
rapid opening and closing of a breaker might disturb 
the stability of the network. 

The time necessary for arc de-ionisation on aerial 
lines was of quite a different order from that necessary 
in circuit breakers, as it was a matter of natural extinc- 
tion. A number of tests had been made on short 
circuits between conductors and across insulators. The 
time depended to a large extent on the position at which 
the are started and the possibilities of its expansion. 
At the tension of 10 kV, the time for de-ionisation 
1 second in the most unfavourable case. 
The time increased with increase of tension and at 
150 kV was of the order of 0-2 second to 0-25 second. 
At low service voltages, the time of de-ionisation was 
independent of the current value, but at higher voltages 
the time increased with the current. These results 
agreed well with some American data which were 
presented to the Conference in 1937. 

Careful research had shown that the method of 
breaking one or two phases of a three-phase circuit 
could not be adopted unless certain precautions were 
taken, as after the circuit was broken a current, due 
to the mutual capacity of the uninterrupted phases, 
passed through the fault. These residual currents were 


amounted to 0 


| particularly important in the case of networks with 


an insulated neutral or with one connected to earth 
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| through an inductive resistance, as it was necessary 
}in order to maintain synchronism not to disconnect 
|more than one of the two phases affected. On the 
| contrary, they were relatively unimportant with net- 
works in which the neutral was directly connected to 
earth, because the position at which the disturbance 
took place was completely isolated from the source of 
the supply. 

Tests were made to determine the influence of the 
| residual currents on the time of de-ionisation of short- 
circuit ares. The circuit in which the arc was formed 
was not completely broken but remained connected 
through a condenser. The strength of the residual 
current depended on the capacity of the condenser 
and could be regulated by means of it. Tests were 
made with varying times between the opening and 
re-closing of the breaker and with various capacities. 
With no residual current, the time of de-ionisation 
was about 0-1 second; with a residual current of 
4-3 amperes and with the short-circuited lines sub- 
| jected to slight rain, the time was increased to about 
|0-15 second. An increase of the residual current to 
| 10 amperes increased the time nearly four-fold and 
with residual currents of 20 amperes de-ionisation 
was impossible. In such cases, the short-circuit could 
| only be extinguished by breaking all the phases. It 
was necessary to decide for each individual case if the 
breaking of one phase only was practicable or if sever- 
| ance of all three phases was necessary. 

Investigations were made on the stability of two 
networks connected by a three-phase line, when the 
line was interrupted and re-connected either on a single 
| phase or on three phases. One of the networks was 
| fed by a 1,750-kVA alternator running at 3,000 r.p.m.. 
the tension being 8 kV, and the decrement characteristics 
|of the machine being of the same order as that of 
}normal two- or four-pole machines of a capacity of 
20,000 kW, or more. The two ends of the connecting 
line were furnished with rapid re-closing circuit- breakers. 
In the three-phase tests the time between the opening 
and re-closing of the breakers was from 0-12 second 
to 0-25 second, the latter figure corresponding to the 
time of de-ionisation for a high-tension arc on overhead 
lines. The time interval between the start of the short 
circuit and the re-closing of the breaker was 0-31 second 
| in the most unfavourable case. Even with the alter- 
nator very under-excited and the turbine fully opened 
out, the machine always took up its parallel operation 
again without difficulty. During the short-circuit 
and the disconnection of the line, the voltage vector of 
the alternator was displaced in reference to the voltage 
vector of the other machines connected to the network. 
For this reason, the alternator did not take up normal 
running immediately the breaker was closed, compen- 
sating currents being set up which lasted until all the 
machines were again in synchronism. On one of the 
tests the current following the closing of the breaker 
reached a value of 310 amperes, or 2-65 times the 
current given by the machine before the short-circuit 
was imposed. After a few fluctuations, the current 
| settled down to its initial value. It was found that 
the current rushes after re-closing were smaller the 
stronger the excitation of the machine, and that the 
time interval between the initiation of the short circuit 
| and the re-closing of the breaker also exerted an 
influence. It was important for effective rapid re- 
closure that the inherent time lag of relays and breakers 
should be reduced to a minimum. 

In the tests on the interruption of a single phase, 
one pole of the three-phase line was disconnected at 
each end. Oscillograph records showed that under 
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these conditions the current rush after closure was 
diminished. In view, however, of the 
de-ionisation period, the period of the interruption was 
increased to 0-7 second. It was found that even with 
this relatively long period the circuit could be re-made 
without difficulty. These tests showed that the 
opening of the fewest number of poles possible was 
advantageous, even when it involved an increased 
de-ionisation time, the procedure being inapplicable 
only when the residual currents were too heavy. The 
method of breaking a single phase only was particularly 
applicable to three-phase circuits with an earthed 
neutral, as in such systems the number of shorts on 
one phase was very large as compared with three-phase 
shorts and, as calculation showed, the residual currents 
were relatively small. 

To obtain efficient rapid re-closing it was necessary 
that the breakers at the two ends of a line should 
operate simultaneously. This could be arranged for 
by means of rapid-action distance relays or by differ- 
ential protection. The latter procedure necessitated a 
high-frequency connection, or a pilot wire between the 
two ends of the line, and did not cover faults inside the 
substations, nor those on branch lines. Distance 
relays could be arranged with a continuous character- 
istic, or to operate in steps. A continuous characteristic 


only permitted momentary opening of the circuit if | 


the fault occurred at the end of a section. For this 
reason, step-by-step operation was preferable for ultra- 
rapid protection. With such relays, when the fault 
occurred in a zone comprising 85 per cent. of the length 
of the section, the relay operated in a period of from 
0-05 second to 0-1 second. For defects in the remaining 
15 per cent. of the line, action was delayed. It was 
thus ensured that when the fault occurred in the next 
section, only the breaker protecting that section was 
operated. In order to ensure that the breakers should 
operate with the minimum time limit, the relays were 
set to function when a fault occurred on a length of 
line equivalent to 125 per cent. of the section protected. 
The result of this was that a breaker on the next 


increased | 

















section might also operate, but this was of no importance 
as it would immediately reclose. If the fault persisted, 
the time limit applied only to 85 per cent. of the length 
of the section, so that complete selectivity was given 
for definite isolation. 

It was also necessary that the breakers themselves 
| should operate as rapidly as possible. Numerous tests 
had shown that air-blast breakers, with tubular con- 
| tacts, met the requirements of ultra-rapid operation 
particularly well. It was possible to construct these 
| breakers for operation at the highest voltages with a 
period of break of from 0-04 second to 0-05 second. 
Such breakers eliminated the necessity of employing 
| oil and as they worked at a definite pressure there was 
| no danger of explosion. A diagram of an ultra-rapid 
| pneumatic breaker was reproduced in Fig. 26. The 
| opening of a valve caused compressed air to escape 
| through the insulators to the extinction chambers a, 
the contacts being rapidly opened by air pressure. As 
| both the mass of the material put in motion and also 
its travel were very small, the breaker operated in a 
| much shorter time than those having contacts which 
had to make a long travel. Reclosing took place on the 
extinction contacts, which, at the time they came in 
contact, were in an atmosphere of compressed air, so 
that any spark across at closing was very minute. 
Reclosing might be repeated several times in succession, 
if it were found necessary. The control of the extinction 
contacts was effected by compressed air through a 
tubular insulator b, mounted at the side of the breaker. 
The sectionalising link c, to be seen at the left of Fig. 26, 
operated only when a definite opening of the circuit was 
required, as, for instance, after unsuccessful reclosing, 
or when the breaker was operated by hand. It also 
formed an indicator which would be visible at a distance 














Fig. 28. 


and served to show whether the circuit-breaker was 
open or closed. 

In addition to the current and working voltage, the 
nature of the impulse voltage wave influenced the pro- 
cess of breaking the circuit. Extensive research had 
made it possible to calculate the frequencies which 
were generated in networks by this operation. For 
high voltages these frequencies were always considerably 
below 10,000 periods a second, but with severe voltages 
they might reach very high figures. To prevent 
re-formation of the arc between the contacts with the 
frequencies met with in practice, various methods were 
available. In most cases it was sufficient to make the 
diameter of the contacts sufficiently large to increase 
the effect of the air blast. This, however, increased 
the consumption of air and for reasons of economy 
with large currents at low voltage or for very high 
voltages, other methods might be employed. 

The idea of opening a circuit-breaker in two steps, 
the current being limited in the second step by a 
resistance, was very old. The mechanical control 
of the two breaks was, however, difficult to arrange, 
while in case of jamming of the mechanism, the resist- 
ance might be overloaded or even burnt out. One 
of the most serious explosions of an oil circuit-breaker 
of which the author had knowledge was due to a 
failure of a protective resistance of this kind. The 
blowing-out of the arc on the resistance contact con- 
stituted a valuable improvement on the older system. 
The most recent arrangement of the contacts of an 
air-blast breaker fitted with a shunting resistance 
was shown in Fig. 27. The resistance was not inserted 
into the circuit in normal operation, but only when 
the conditions were particularly severe. The shunt 
was put in circuit across the auxiliary contacts 6 by 
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the metallic vapour, which was carried upwards from 
the main contacts a. The direction of the air stream 
was indicated by arrows in the figure, and it would 
be seen that the arrangement retained all the advan- 
tages of tubular contacts. The shunting of the auxi- 
liary contacts greatly reduced the impulse voltage 
across the main extinction contacts. Owing to the 
action of the cooling tube, the arc between the auxiliary 
contacts was extinguished immediately after the 
extinction of the main arc. This design permits the 
construction of large capacity breakers of moderate 
dimensions, and has the advantage that when relatively 
small currents are being broken, no appreciable rise of 
voltage takes place owing to the action of the auxiliary 
contacts 

In tests on a 750,000-kVA breaker, currents of 
43,000 amperes were broken without difficulty. The 
inherent frequency of the circuit was 4,000 periods a 
second and the time of break 0-04 second. The 
current through the auxiliary contacts was insignificant 
and had no influence on the time of break. For high 
service voltages, it had been found advantageous to 
employ several breaks in series but without shunting 
resistances. An example of 150-kV 
breaker arranged for rapid re-closing was illustrated in 
Fig. 28. It had two breaking contacts per pole mounted 
in the upper part of the columns. The burning of the 
contacts of air-blast breakers was found to be very 
small owing to the short duration of the arc. Renewals 
were very infrequent and could easily be carried out 
with very little dismantling. As the vapours produced 
between the contacts at the time of break were imme- 
diately carried away by the air blast, the instant re- 
closing took place in conditions entirely uninfluenced 
by the preceding opening. 

This type of breaker had been developed for outdoor 
use and during recent years extensive experience had 
been accumulated bearing on this class of service. 
The formation of condensed moisture inside the columns 
was prevented by adequate ventilation. The compressed 


air contained no moisture, and during expansion tended | 

j 
to dry the atmosphere in the expansion chambers by 
Outdoor breakers 


absorbing any moisture present. 
had been operated successfully many thousands of 
times under all sorts of atmospheric conditions. A 
particularly severe test was carried out by exposing 
1 150-kV breaker to a jet of steam which caused strong 
condensation on all the interior walls. It was then 
operated under full voltage, and performed entirely 
satisfactorily. All parts of the breaker are constructed 
of materials unaffected by humidity. Particular 
attention has also been given to the operation of the 
breaker at low temperatures. As the actual movement 
of any part of the breaker is small, and it does not 
contain any complicated mechanism with pivots which 
may be sensitive to frost, its operation is unlikely to be 
iflected by cold weather. 

In order to obtain definite experience on this subject, 
a single pole of a 150-kV breaker and its compressor 
were placed during the winter, 1937-1938, at an altitude 
of 3,460 m the Jungfraujoch, and during the 
following winter a single-pole 87-kV breaker was 
placed at the summit of the Santis at an altitude of 
2,500 m. In this latter position very low temperatures 
combined with high humidity were experienced, result- 
ing in thick deposits of sleet on the outside of the 


on 


breaker. Under these conditions, the breaker operated 
perfectly, even after heavy snow storms and in 
high winds Oscillograph records showed that the 
length of the period of break was not affected. The 


compressor, which was protected by a light wooden 
shed, operated normally and there 
of ice in the pipes nor in the interior of the breaker. 
Che sleet, which accumula‘ed on the upper part of the 
breaker, was completely removed by the air current on 
the first opening of the breaker, the orifices of which 
had been made larger than usual in view of the possi 
bility of the accumulation of sleet. The sectionalising 
arm worked perfectly, both in making and breaking 
circuit, even when the contacts were covered with ice. 
Che contacts were arranged so that the first opening of 
the arm broke away the ice. 
(To be continued.) 
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THREE HUNDRED YEARS OF 
MECHANICS OF MATERIALS.* 


By 8. C. 


HOLLISTER. 


Ir is fitting at a Congress on Applied Mechanics to 
recall a book, 300 years old, that constitutes the 
beginning of this branch of science. This book was 
written by Galileo and published in Leyden in 1638. 
Galileo was born in Pisa on February 15, 1564, the 
year Michael Angelo died in Rome. His father was a 
merchant of good family, though not wealthy. Galileo 


* Published as an Appendix to the papers read at the 
Fifth International Congress for Applied Mechanics held 
at Cambridge, Massachusetts, September 12-16, 1938. 
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lived during a period of struggle involving religious 
convictions. It dominated political and intellectual 
Europe. Luther died eighteen years before Galileo was 
born and the Lutheran Protestant movement had 


become firmly established. In Germany, Spain, France, } 


and the Low Countries the movement grew in intensity, 
provoking a long series of wars. Only in Englan 
under Elizabeth did there seem to be that tolerance of 
thought which gives rise to literary freedom and 
development. This was the England of Ben Jonson, of 
John Lyly and Stow, of Shakespeare and Milton, of 
Walter Raleigh and Francis Bacon. But intensive 
scientific development had not yet come to that country. 
During all this period of bitter religious strife in the 
countries north of Italy, there appeared one great aid 
to scientific development—the foundation of the 
Academy of Science in Paris in 1635. Italy’s chief 
intellectual development was to be found in the 
universities. Bologna, Padua, Pavia, were all more 
than four hundred years old in Galileo’s time. These 
universities devoted themselves to the teaching of 
lawyers, physicians, and others, and gave instruction 
in secular and canonical law, and medicine, philosophy, 
and theology. Mathematics, when offered, consisted 
largely of geometry, although mercantile arithmetic, 
book-keeping by double entry, and algebra to cubic 
equations, were sometimes made available. These 
ancient universities, together with Oxford, Cambridge, 
{the Sorbonne, Heidelberg, Vienna, Basle, Freiburg, 
and others, had, by Galileo’s time, achieved such a 
degree of independence that the students and staff 
were protected from the local populace. In fact, the 
earliest universities were an outgrowth of the organisa- 
tion of a kind of student’s guild, formed for self- 
protection. Thus it was possible for students from 
many lands to come to any one of these universities 
and be saved from bodily harm at the hands of the 
local community. Learning for its own sake had, to 
risen above the pressure of intense 


_~ 


some degree, 
nationalism. 
Such was the kind of world into which Gaileo was 
born. The struggles beyond his own country had 
much to do with the temper of the Church, and its 
| reaction to the proposals of new scientific theory. 
| The marvel is that scientific investigations and thought 
| grew and expanded in spite of the bigotry of both 
sides of the religious strife. Science seemed to be 
clearly developing as a thing apart, although constricted 
in its growth by the intensity of the religious struggles. 
In 1581, when Galileo was only seventeen years old, 
he was sent by his father to the University of Pisa to 
study medicine, the course having been selected because 
it seemed to promise a lucrative career. The young 
student had pursued his studies only a year when he 
made his first important discovery, namely, the fact 
| that a pendulum swings with equal intervals of time 
regardless of the amplitude of swing. He had only 
| his pulse with which to measure time. It was natural 
that he should at once apply this principle to the 
| measurement of the pulse rate and devise what was 
known as the pulsilogia. A year later Galileo formed 
| the friendship with Ricci, tutor in mathematics at the 
Court of the Grand Duke of Tuscany. By him he was 
| introduced to the study of Euclid, of whom he had 
never heard, although he was then nineteen years of 
age. During the following two years he studied mathe- 
matics under Ricci, while pursuing his medical studies, 
and then abandoned the latter to enter in earnest upon 
the study of mathematics and physics under the same 
tutor. This terminated Galileo's formal education. It 
is interesting to note that at that time mathematics 
was not taught to any extent in any of the universities 
of Italy. Only recently had Commandino, Tartaglia, 
and Cardano revived interest in the mathematics of 
Euclid, Aristotle, and Archimedes, by publishing trans- 
| lations of the ancient manuscripts. These had not been 
| sufficiently absorbed at that time to become the basis 
for instruction. Tartaglia and Cardano in Italy, who 
had succeeded in solving cubic equations, and Vieta in 
France, had contributed much to the development of 
algebra, although untll Vieta (“In artem analyticam 
isagoge,”’ Tours, 1591), it had continued to be treated 
rhetorically rather than by means of equations. Follow- 
| ing the publication of these translations, which were the 
earliest in book form, independent writings began to 
| appear in the field of mechanics. These were chiefly 
founded on the works of Archimedes. The theory of 
| the lever, the balance, the pulley, and the centre of 
| gravity had been obtained from the ancient writers. 
} To this Benedetti (** Diversarum Speculationum Mathe- 
maticarum et Physicarum,” Turin, 1585) added that a 
body under centrifugal force would, when released, 
travel along the tangent to the circle of motion rather 
than along the radius, as some others had held. Guido 
Ubaldo del Monte published a work on mechanics 
‘* Mechanicorum Liber,” Pisauri, 1577), which treated 
of the balance, the lever, the pulley, the wedge, and the 
screw. In discussing pulleys, he used, for what appears 
to be the first time, the principle of virtual velocities. 
He also reduced the problem of the helical screw to the 
He also showed the 








action of worm-gear drive to be compounded of the 
helical screw and the windlass. Although his solutions 
were not always correct, the concepts were both correct 
and very important. 

Tartaglia, in his book The New Science, published in 
1537, ineffectively discussed falling bodies and the 
flight of a projectile. In the latter problem, he broke 
away from the notion of the ancients that the projectile 
followed a straight path until its force was spent, 
after which it dropped vertically. He argued that it 
followed a straight path for a time, then moved on the 
are of a circle until its direction was vertical, and then 
fell freely to the ground. He gave no quantitative 
analysis, but stated, without proof, that the firing angle 
of 45 deg. gave the greatest horizontal range. In 
Holland, Stevin published a remarkable book on 
statics in 1586, in which he used the triangle of forces 
for the first time, and applicd it to problems of levers, 
inclined planes, and funicular polygons. This work 
(Beghin.elen der Weegkonst Statica, Leyden) was 
published in Flemish, and in such form was not likely 
to have reached Galileo. It was published in Latin 
in 1608, however, and in French in 1634, either of 
which translations might have been known to Galileo, 
although be seems not to have mentioned them. 

Such was mechanics when Galileo entered the field. 
He began at once the study of falling bodies, of projec- 
tile motion, and motion along an inclined plane. By 
1590, when only 26 years old, he wrote his first manu- 
script as a series of sermons on the motion of bodies. 
These sermons were not published in complete form 
until modern times, but the general conclusion there- 
from are to be found in his Two New Sciences. Among 
other things, he asserted that a body falling freely, 
regardless of the time of falling, could acquire only a 
certain maximum velocity, and thereby showed an 
accurate graph of the action of a resisting medium in 
which the fall is taking place. Galileo prepared these 
writings as the result of experiments. This is, perhaps, 
his most significant contribution, namely, that he 
resorted to experiment on every principle to which 
he gave his attention. Up to that time, most writers 
had contented themselves with purely philosophical 
conclusions, which conclusions were frequently erro- 
neous. There has been much discussion in recent 
years concerning the accuracy of the traditional story 
of his experiments on falling bodies from the Leaning 
Tower of Pisa. Whether his experiments were made 
from this tower or some other structure is unimportant 
when compared with the fact of his resorting to experi- 
ment to determine the fundamental law. It was at 
this time that Galileo announced the principle that 
if the resistance of air is neglected, all bodies fall from 
the same height in equal times. He found the law 
to hold also with bodies rolling down inclined planes. 
In 1592, Galileo was appointed to the chair of mathe- 
matics at the University of Padua. The chair had 
been vacant for four years. He wrote a number of 
treatises for the use of his pupils, which were supplied 
in manuscript form and dealt with mechanics, the 
construction of sun dials, and military architecture and 
fortifications, in addition to mathematical subjects. 
His Mechanics, which was written in 1593 or 1594, 
deals with the balance, the lever, the windlass, the 
screw, the pulley, cogged wheels, and the endless screw. 
At a later date he added a note on the force of percussion 
(Le Mechaniche, Opere del Galileo, Bologna, 1656). The 
book was finally printed in 1634, in French, by Mercenne, 
in Paris. In this work, he used the principle of virtual 
velocity which had been used by his friend and patron, 
Ubaldo del Monte. In 1597, Galileo invented the 
geometrical and military compass now known as 
Gunter’s scale. He wrote a treatise on its use whereby 
computations on the rule of three, calculation of interest, 
the extraction of the square root, the finding of the 
mean proportional, and the extraction of the cube 
root could be made. (/1 Compasso Geometrico e 
Militare, Padua, 1606.) He also extended the use 
of the quadrant for the purpose of vertical triangula- 
tions. Thisinstrument was in such demand that Galileo 
set up a shop in his home where he constructed many 
for sale. 

From 1604 to 1609, Galileo made further studies of the 
inclined plane and of naturally accelerated motion, 
of the strength of beams, and of the motion of projec- 
tiles. He planned by the end of that period to publish 
a book on these subjects, but it was at this period 
that his attention was drawn to the invention of a 
telescope in Holland. He also had planned at this 
time to write on what he called the “ Composition of 
Continuous Quantity,” having already prepared an 
essay on that subject. The essay, unfortunately, 
has been lost. One of his students, Cavalieri, also 
wrote upon this subject, but deferred publishing his 
book in the hope of seeing Galileo’s book first printed. 
Cavalieri finally published his book on the Method of 
Indivisibles at Bologna, in 1635. This book has been 
recognised as an important forerunner of the invention 
of fluxions and of the calculus. Galileo was now entirely 
absorbed with his astronomical researches. He pub- 
lished the Messenger of the Stars (Sidereus Nuncius) in 
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1610, in which he discussed sun spots, the surface of the 
moon, and the discovery of four of the moons of Jupiter, 
their revolution around that planet, and the revolution 
of Jupiter around the sun in twelve years. 

It is illustrative of the times to note the reception 
among the leading scientific men of Galileo’s announce- 
ment of finding the first four of the Jupiter’s satellites. 
Kepler, in a letter to Galileo, pointed out that, in 
his Mysterium Cosmographicum, he had concluded 
that Euclid’s five regular solids would not allow more 
than six planets round the sun. He said he longed 
for a telescope to anticipate Galileo, if possible, in 
discovering two satellites around Mars, six or eight 
around Saturn, and perhaps one each around Venus 
and Mercury, which, he said, was the proportion that 
seemed required. Much later, in 1659, Huygens 
discovered a satellite near Saturn, and declared that 
no more would be found, since that one, the four 
discovered by Galileo near Jupiter, and the earth’s 
moon, made up the number of six, which was exactly 
the number of planets then known and which, together, 
made twelve, the first perfect number. This book 
was the beginning of the acrimonious discussion of the 
Copernican doctrine, which Galileo supported, as 
opposed to theological doctrine supporting the Ptole- 
maic system, in which the earth was regarded as the 
centre of the universe. As Galileo’s discoveries were 
successively published, the difference of opinion grew 
more sharp, until, in 1616, Galileo was admonished to 
abandon his opinions, and to abstain altogether from 
teaching or defending such opinions or even from discuss- 
ing them. Galileo continued his publications, however, 
ind the storm broke with the appearance of his T'wo 
Systems of the World, in 1632, in which he stoutly 
defended the Copernican doctrine as against the 
Ptolemaic. He was summoned before the Inquisition in 
the following year, and charged, at the age of 70, 
with having rendered himself strongly suspected of 
heresy. It was ordered that the book be prohibited 
and that the author be condemned to formal imprison- 
ment. He was also required to recant his views 
concerning the Copernican system. Instead of being 
imprisoned, he was paroled to the custody of the 
Archbishop of Siena. This episode concluded the 
work of Galileo in the field of astronomy. In 1934 
Galileo moved to Arcetri, where, for the next two vears, | 
he wrote his Two New Sciences (‘‘ Discorsi e Dimo- 
strazioni Mathematiche, intorno & Due Nuoue Scienze,” 
Leide, 1638), constructed from the notes of his investi- | 
gations made during the first decade of the century. | 
There was difficulty in obtaining a printer, but finally, 
the book appeared from the press of the Elzevirs, at 
Leyden. During the next four years Galileo’s health | 
gradually failed him. Soon after his book appeared 
he lost his sight, but just before the darkness came | 





to him he discovered what is now known as the libration 
of the moon. Learned men from all parts of Europe 
came to do honour to the blind, ailing master. Among 


|the many who visited him was John Milton. Galileo 


died on January 8, 1642; in the same year Isaac 
Newton was born. 


It is a matter of conjecture whether Galileo would 


| have returned to his earlier subject of mechanics if 


the Inquisition had not terminated his astronomical 
writings. Great as those writings were, it has long 
been conceded that his book Two New Sciences 
was his crowning achievement. He constructed the 
book in dialogue form, after the manner of the 7'wo 
Systems of the World, and he continued the use of the 
same three characters. The dialogue extends over 
four days, each of which relates to a major division 
of the work. During the first day, the characters 
discuss direct stress and friction, especially as it relates 
to the strength of a rope. Cohesion and internal 
resistance of materials to external tension was thought 
to arise from minute vacua between the particles. 
The author discusses the geometrical significance of 
indivisibles, and gives a clear modern conception of 
the nature of continuity of indivisibles to form curved 
lines. He also considers the nature of light and con- 
cludes that it involves motion at a high rate. The 
subject of pendulums is next discussed, including the 
statement that a pendulum will swing at equal intervals 
of time regardless of the are of its motion. Then 
follows considerable discussion of the resistance to the 
motion of falling bodies because of the media through 
which they fall and because of their form. The result 
of this discussion is the conclusion that a body con- 
tinually falling in a resistant medium will eventually 
acquire a uniform velocity. The day closes with the 
discussion of a number of experiments on strings and 
plates in vibration in the sonic range. 

The second day is devoted entirely to the strength 
ofa beam. The strength of a cantilever beam carrying 
a load at its outer end was first investigated. It 
was assumed that the bottom edge of the rectangular 
cross-section served as a fulcrum; that the entire 
cross-section contained tensile stress uniformly disposed 
and hence with its resultant at the centroid of the 
section. It is apparent that the reasoning proceeded 
from making tests upon brittle materials. The problem 
of proportionate strength and flexure of prisms of the 
same form but of different proportions is discussed. 
The form of a beam with a load at the end was said 
to have uniform strength throughout its length when 
its width is constant and its depth varies as ordinates 
to a second-degree parabola. The discussion for the 
days concludes with a consideration of the relative 
strength of solid and hollow cylinders. 

The dialogue for the third day begins with a consi- 
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deration of theorems relating to velocity, time interval, 
and distance. Following this, there appears for the 
first time the Law of Falling Bodies, namely: The 
spaces described by a body falling from rest with a 
uniformly accelerated motion are to each other as the 
squares of the time intervals employed in traversing 
these distances; also, that a body falling from rest 
will traverse spaces in successive equal intervals 
of time which will bear to one another the same ratio 
as the series of odd numbers, 1, 3, 5, 7, etc. There 
follows the application of these principles of motion 
to motion along an inclined plane, in which it is pointed 
out, among other things, that if a body falls freely 
along smooth planes included at any angle whatsoever, 
but of the same height, the speeds with which it reaches 
the bottom are the same. Many applications of these 
fundamental principles are then discussed. Con- 
spicuous among them is the attempt to determine the 
path of quickest descent, which Galileo held to be the 
are of a circle rather than the cycloid as later deter- 
mined by Jean Bernoulli, about 1690. 

The fourth day deals with the motion of projectiles, 
in which it is proved that a projectile which is carried 
by a uniform horizontal motion compounded with a 
naturally accelerated vertical motion describes a 
path which is a semi-parabola. During the course of 
this discussion, there is implied Newton’s Second Law 
of Motion and all of the principles now commonly 
used in the resolution of compound motions to simple 
ones. For example, the author states that when the 
motion of a body is the resultant of two uniform 
motions, one horizontal and the other perpendicular, 
the square of the resultant motion is equal to the sum 
of the squares of the two component motions. 

This book is not only monumental because of the 
principles which are enunciated for the first time 
therein ; in all of the writings of that time, it stands 
alone in its continuous emphasis of recourse to experi- 
ment. It stands, therefore, as a monument to the 
experimental method as contrasted with the philoso- 
phical and metaphysical approach of the ancients. 
Of this book, Lagrange, in his Mécanique Analytique, 
says, ‘‘ Dynamics is the science of forces accelerated 
and retarded, and of the various movements which these 
forces can produce. This science is due entirely to the 
moderns, and Galileo is the one who laid its foundations. 
Before him, philosophers considered the forces which 
act on bodies in a state of equilibrium only; and 
although they could only attribute in a vague way 
the acceleration of heavy bodies, and the curvilinear 
movement of projectiles, to the constant action of 
gravity, nobody had yet succeeded in determining the 
laws of these daily phenomena on the basis of a cause 
so simple. Galileo made the first important steps, 
and thereby opened a way, new and immense, to the 
advancement of mechanics as a science.”’ 








BATTERY-OPERATED TIERING 
TRUCK. 


Tue photograph reproduced on this page shows a 
recent design of electric-battery operated tiering truck 
made by Messrs. Ransomes, Sims and Jefferies, Limited, 
Orwell Works, Ipswich. The truck, as its name 
implies, is used for piling or stacking goods trans- 
ported from, say, the manufacturing shops and packing 
rooms to the warehouse, or for similar duties, and is 
identified by the firm as Type TNU. The maximum 
capacity is 2 tons and the power provided is such that 
this weight can be elevated to a height of 5 ft. from the 
floor in less than 1 minute, the top of the platform 
when in its lowest position being 11 in. from the 
floor level. The travelling speed is between 4 m.p.h 
and 5 m.p.h. on the flat, but the truck can be used at 
a lower speed, with full load, on gradients up to 
1 in 6. The platform surface is 4 ft. 6 in. long by 
3 ft. wide. It will be recognised from the illustra- 
tion that the truck is carried on four wheels. The 
front pair have standard solid rubber types, 10 in. in 
diameter by 5 in. wide and the rear, or driving, pair 
has the same type of tyre, 20 in. in diameter by 34 in. 
wide. All the wheels are mounted on ball bearings 
and four-wheel Ackerman type steering is provided, 
the tiller for which is situated to the right of the 
driver’s platform. Ball-joints are used throughout the 
steering gear so that operation is easy. The structure 
of the frame will be clear from the illustration, welding 
being largely used. The driving axle is carried in horn 
blocks fitted with helical springs. 

The drive is by a 2-5 brake horse-power series-wound 
totally-enclosed motor, designed and constructed by 
the firm for this particular form of traction. The 
armature runs in ball bearings and both the brushes 
and the windings are of ample cross-section. The 
motor is rigidly mounted on the axle housing, which 
is of cast-steel, and the power is transmitted through 
double-reduction spur and helical gearing. A four- 
pinion differential is incorporated and the shafts 
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drive the wheels through heavy universal ball joints. | 
Ball bearings are used throughout and the whole of the 
gearrunsinoil. The travelling controller is of the drum 
type and provides four speeds in either direction. The 
truck cannot be started unless the controller handle is 
first placed in the “ nentral”’ position. The control, 
however, is operated by pedal which has to be kept 
depressed while the truck is working so that power 
is automatically cnt off when the driver leaves his 
platform. The pedal also operates the brake, which is 
of the external contracting type and is attached to 
the motor shaft, the shoes being mounted on the motor 
cover The brake, when the truck is at rest, is in the 

on” position, and an interlocking device makes 
it impossible to operate the controller without the | 
brake having been first released. An auxiliary pedal | 
enables the drive to be cut out so that the truck can 
be coasted’ down hil) with a consequent saving in 
current. A button let into the platform enables the 
driver to sound a warning gong by foot pressure. 

rhe load platform is operated by a separate motor 
The platform itself is flanged mild-steel plate carried 
on cast-steel cantilever brackets to which the guide 
rollers are attached. These rollers run in vertical 
channel members forming part of the main frame. 
The platform is traversed by a steel wire rope running 
over large pulleys and wound on and off a grooved 
barrel. The barrel is driven, through double-reduction 
gear, by a one brake horse-power series-wound totally- 
enclosed motor, the whole driving unit being mounted 
on \ platform ibove the battery container The 


motor is of Messrs. Ransomes’ own construction, and, 
like the travelling motor, has been designed with 
special reference to its specific duties, a high torque 
for short periods being one of the requirements met 
Control is by means of a drum-type switch situated 
within easy reach of the operator and provided with 

up” “down” and “stop” positions. Automatic 
cut-out devices, which operate when the platform 
reaches either of its extreme positions, eliminate any 
possibility of an accident occurring through over 
running The battery supplied, unless other types are 
desired, consists of 20 Exide Lronclad cells, type IMV.5, 
of 161 ampere-hours capacity, and of 40 volts. The 
battery is housed in a steel container in which it is 
secured by wooden packings. Rollers are fitted to the 
underside of the container, the rollers running in chan 
nels attached to the main frame of the truck and enab 
ling the container to be withdrawn from either side. A 
removable cover is provided. A charging plug and 
receptacle are included. With the exception of the 
motor, the bearings of which have grease cups, all parts 
of the truck where lubrication is required are provided 
with nipples for use with a Tecalemit grease gun. 


Two-Crank COMPRESSOR. 


} air compressor is particularly suitable for pressures up 


SINGLE-STAGE DOUBLE-ACTING 
AIR COMPRESSOR. 


THE accompanying illustrations, Figs. 1 to 4, on this 
and the opposite pages, show an example of a new 
range of two-crank single-stage, double-acting air com- 
pressors, built by Messrs. Broom and Wade, Limited, 
High Wycombe. This series consists of eight standard 
sizes, the displacements ranging from 850 cub. ft. to 





6,500 cub. ft. per minute, at a maximum pressure of 


The single-stage, double-acting 


60 Ib. per square inch. 


to and below this maximum, and when there are two 
cranks, as in this case, the discharge is very uniform, 
since both cylinders deliver into a common main. The 
two cylinders being of the same diameter require few 
spares, no intercooler is needed and the symmetrical 
design results in more uniform dynamic and static 
stresses. As regards external appearance, it will be 
realised, from Fig. 1, that the design is neat and work- 
manlike, and in some respects resembles that of the 
firm’s more widely known two-stage double-acting 
compressor. An examination of the sectional drawings, 
Figs. 2 to 4, will show the careful attention that has 
been paid to detail, and should result in both efficiency 
and reliability. j 

Referring to the sectional views, Figs. 3 and 4, it will 
be seen that the bedplate has a widely-spread base in 
order to ensure stability and to prevent rocking. The 
three main bearings are carried on stiff transverse webs 
and are of ample length to give low loads. The bearings | 
ire of normal split type lined with white metal and | 
fitted with caps. As shown in both Fig. 1 and Fig. 3 
the compressor is arranged for direct motor drive : 
when multiple Vee-belts are used, a separate pedestal | 
bearing is provided outside the flywheel. Pressure | 
lubrication is provided by the simple but ingenious | 
little pump seen on the right in Figs. 1 and 3. The 
pump is driven from a crankpin attached to the end 
ot the crankshaft, the plunger working in an oscillating 
evlinder, the pivot of which is formed as a rotary 
valve. This uncovers the suction and delivery ports 
ilternately at each oscillation It will be clear that 
the suction port in the valve is on the outlet side of an 
oil strainer, the inlet side of which communicates with | 
the bedplate sump. A relief valve by-passes the oil if 
the pressure should rise unduly. The crankshaft drive 
naturally ensures an oil supply proportional to the | 
speed of the compressor. The eccentric seen to the left 
of the oscillating pump actuates a ratchet mechanism | 
on a mechanical sight-feed lubricator delivering through 
non-return valves either direct into the cvlinders, as 
shown in Fig. 1, or into the air suction inlet, as shown 
in Fig. 3. The connecting rod big and little ends are 
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pressure lubricated from the crankpins. The big ends 
have white-metal lined bearings, while the little ends 
have a bronze bush. The lubricating pressure is indicated 
by a gauge on top of the crankcase and connected to 
the last main bearing. Throw-off rings are turned on 
the crankshaft bevond this bearing. 

The crankcase is a single casting with large doors 
at each side and having the crosshead slides at its 
upper part. These are splash-lubricated from the sump. 
The crankshaft has balance weights on each web, and 
the flywheel is attached to it by a flange. The cylinders 
are mounted on open-sided distance pieces on the 
crankcase. ready access being afforded to both the 
piston-rod glands, which have United States-type 
metallic packing, and to the garter spring-type piston- 
rod wipers below them. The cylinders are water 
cooled and have exceptionally deep water jackets 
at both bottom and top, the latter being formed in the 


| detachable head which is also arranged with a passage 


to the bottom discharge valve. The valve chamber, 
except for the connecting passage, etc., is cooled from 
the cylinder-water jacket. The cylinder head and 
both top and bottom of the valve chamber are provided 
with covers. The valves, which are shown in detail 
in Fig. 2, are of the Rogler Hoerbiger plate type and 
are situated so that the cylinder ports are as short 
and straight as possible. Delivery is into the branched 
main at the left of Fig. 4, the similar main prominent 
in Fig. 3 being for the air inlet and being fitted with 
the control valve shown in detail at the right of 
Fig. 4. This valve is of the spring-loaded double-beat 
type, the spring holding the valve open during normal 
working. The valve spindle is prolonged downwards to 
carry a plunger working in a small chamber to which 
air is admitted through a governor valve trom the 
receiver. A fall of pressure in the receiver reduces the 


| load on the plunger and the spring forces the control 


valve open and admits more air to the cylinders. 
Conversely, a rise of pressure in the receiver above the 
pre-determined limit closes the control valve and the 
compressor runs unloaded. 








THE INSTITUTION OF STRUCTURAL ENGINEERS.—The 


| Secretary of the Institution of Structural Engineers 
|} informs us that all communications for the Institution 


should now be addressed to the headquarters at 11, 
Upper Belgrave-street, London, S.W.1, as heretofore, and 
not to the emergency address at Speen, Aylesbury, noted 
in our issue of September 8, on page 282 ante. 


THE PROTECTION OF IRRIGATION-CANAL BANKS.—The 
planting of willows on the sloping banks of irrigation 
canals, to prevent the occurrence of erosion, is recom- 
mended in a recent bulletin issued by the United States 
Reclamation Bureau. The species used for the purpose 


|} is that known as the brittle-willow and not that popu- 


larly known as the “ weeping willow.’”’ The former 
produces fine roots which come to the surface and 
constitute a protective mat which retains the soil. 
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THE ROLLING OF SHIPS UNDER 
WAY. 


Tue desirability of decreasing the rolling of ships 
was realised long before there seemed to be any possi- 
bility of effecting it, but this possibility was seen to 
exist as soon as the naval architect abandoned his old 
rule-of-thumb methods for more scientific procedure. 
The fitting of a bilge keel was one of the earliest methods 
adopted ; later came the Bessemer suspended saloon, 
various tank systems, gyroscopic steadying, such 
devices as movable fins external to the hull, and other 
expedients. But the success of such anti-rolling 
mechanisms is obviously dependent, to a greater or 
less extent, on the form of the ship herself; it is not 
much use trying to steady a vessel if her structure is 
inherently conducive to dynamic instability. The results 
of some rolling experiments made in recent years on ship 
models under way at their service speed at the William 
Froude Laboratory have cast some new light on the 
problem. These results and the methods of obtaining 
them are recorded in a paper entitled “ Rolling of 
Ships Under Way; The Decrement of Roll Due to 
Hull and Bilge Keels,” presented by Dr. G. 8. Baker, 
O.B.E., at a meeting of the North East Coast Institution 
of Engineers and Shipbuilders, on Friday, October 27. 
We give below a brief summary of the paper. It has 
been necessary to omit the diagrams which accom- 
panied the paper, and to condense the information 
contained in the tables, but those interested will obtain 
from the digest some idea of its scope. 

in the first place, it must be understood that the 
paper is not concerned with the effects of any anti- 
rolling mechanism, but deals only with the extinction 
of rolling due to the form of the hull and its keels. 
Dr. Baker points out that most of the data hitherto 
published on the rolling of ships have been obtained 
from experiments with models and actual ships at 
rest. All rolling experiments at the William Froude 
Laboratory have been made with the models under 
way at service speed, as well as at rest, since it has been 
found that tests at rest might show some feature of 
hull or keels as having an advantage which is much 
modified when the model is under way. In general, 
the decremental values of such features when the vessel 





is under way are not related to their decremental values 
when it is at rest, and the latter are, in consequence, 


no real criterion of anti-roll values. The models used 
for the tests were of the usual paraffin-wax smooth 
surface and varied in length from 16 ft. to 18 ft. 6 in. 
They represented normal 400-ft. ships, having breadths 
varying from 55-3 ft. to 60-6 ft., draughts from 19-75 
ft. to 23-2 ft., and displacements from 7,110 tons to 
10,150 tons. Each model was ballasted to the normal 
load waterline. An inclining experiment was then 
made and the ballast moved vertically until the desired 
metacentric height was arrived at. The ballast weights 
were then “ winged ” horizontally until a rolling test 
at rest gave a period of roll corresponding with the 
desired radius of gyration. In two of the models 
the radius was determined by the Laboratory from 
analysis of the rolling of two passenger ships of fine 
form in the North Sea. For the radius of most of the 





other models the value used was that given in the 
instructions received from the firms concerned, six 
of the tests having been made for various firms to 
obtain the effect of speed, bilge keels and metacentric 
height upon rolling under way. The remaining five 
tests were made independently, and with a single 
model in which hull changes were made in order to 
determine the effect of such changes upon roll extinction. 

The first six models were towed along the tank by 
la wire attached to the fore-end a little above the 
| water surface, the other end of the wire being fixed 
| to a stiff spring. A system of guide rollers, attached 
| both to the travelling carriage of the tank and to the 
model itself, maintained the model in the correct 
fore-and-aft line without interfering with rolling. The 
last five models were tested with a second wire at the 
stern in place of the guide rollers, tests being carried 
out to ensure that the wires did not affect the roll. 
Each model, when it had acquired its steady speed, 
was heeled to about 10 deg. and then suddenly released. 
The subsequent rolling was recorded on a moving 
paper by two pens actuated by very light vertical rods 
placed in a transverse plane at about amidships, one 
rod being attached to the model at the middle line 
and the other 11 in. from it transversely, both at the 
level of the centre of gravity. The time in half-seconds 
was recorded on the paper. The tests were usually 

















made at two or three speeds of advance, and with 
some models at rest also, and all runs were repeated. A 
set of typical curves of roll angle to base of number of 
rolls is given in the paper. The tést concerned in this 
set of curves was of the first modification of the special , 
model, but, while the whole series was of considerable 
interest, only an example of one point of plotting can be 
dealt with here. The model at rest made a roll of 6 deg. 
on each side of the vertical, there being 11 complete 
rolls, i.c., port-starboard-port. When travelling at 
a speed equivalent to 12-06 knots, the same number 
of complete rolls was made, but the inclination was 
only about 2-15 deg. from the vertical. At a speed 
of 17-49 knots the inclination was about 1-3] deg., 
slightly greater at 15-68 knots, and slightly less at 
19-3 knots. 

Several factors resist and modify the motion when 
an upright vessel proceeding on a straight course is 
rolled to one side and released. These are: The skin 
friction ; the energy required for the streamline motion 
on each side ; the downward and lateral movement of 
the midships body ; the lateral movements of the ends 
of the ship and the diagonal movement of the bilge 
keels. These do not act independently of each other, 
but the methods of arriving at the effects of each are 
described in the paper. Briefly, both the deadwood 
at the ends and the bilge keels may be regarded as 
approximating to plane surfaces advancing at the 
ship speed and at any moment moving laterally with 
a different velocity. Formule are established for 
estimating the pressure on such a surface and the 
moment resisting rolling. The centre of roll is taken, 
for the purpose of the calculations, as lying in the water 
plane. The method of making the calculations for 
these parts is fairly straightforward, but not so the 
assessing of the hull action of the middle body. In 
this case a convention, which seems quite legitimate, 
is employed. Taking a section of the vessel below the 
water plane, a semi-circle, struck from the centre of 
that plane and of radius equal to the draught of the 
vessel at the chosen section, will represent a bull form 
having no effect in decreasing rolling. If a line is 
drawn from the centre of the semi-circular section to 
the turn of the bilge, i.e., the greatest distance radially 
from the centre, then that part of the line between the 








525 
periphery of the semi-circle and the bilge turn may be 
taken as representing a wide bilge keel, and its effect 
in damping the rol! may be computed. Only one side 
of the vessel is taken into account, as only one side of 
this ** keel vorking at any given moment. For the 


frictional effect of the hull the same treatment is 
with the exception of one action of the 
hull, namely, the energy absorbed in the disturbance of 
the stream lines, to connect any 
ment in rolling obtained on the model with a value 
obtained by an easily-handled equation. It is remarked, 
however, that this connection breaks down when the 
initial assumption, that the lateral velocity is small 
relatively to the ahead velocity, becomes untenable, 
and that the effect of such features can then be dealt 


possible, and, 


it is possible decre- 


with by assuming speed to be zero 
No solution has yet been found for the problem of 
the the disturbance of the streamline flow 


when rolling, but a general idea of its character may be 


eflect of 


sathered from the following comments. The paper of 
Dr. Baker and Miss FE. M. Keary,* read betore the 
Institution of Naval Architects, entitled Effect of 


the Longitudinal Motion of its Statical 
Transverse Stability,”’ showed that, at moderate speeds, 
models gained, while others lost, stability, and 
ted that the 
having cither high ratios of beam to draught, or high 
centres of gravity, the data being inconclusive on this 


a Ship on 


some 


suyve increase was obtained with vessels 


point Che paper of «Mr. M. P. Payne,t also read 
before the Institution, and entitled, *‘ Results of Some 
Rolling Experiments on Ship Models,” showed a gain 


in stability with some battleship models of the wide 
beam-to-draught type of hull. In all these tests the 
degree of stability was determined by measuring the 
inclination produced by a fixed moment in smooth water 
it various speeds, and included not only the effect 
ahead motion on the stream flow but also the 
elflect of transverse inclination, The former is a pure 
speed effect, but the latter depends upon, and varies 
the roll angle. 


of any 


with, 

his variation of stability with speed is due to several 
causes, i.e., the sinkage of the hull, and the fall of the 
level of the water against the hull, affect the heights 


of the centre of buoyancy and hence the metacentric 


height The increase of virtual gravity in wave 
hollows and its diminution at wave crests has an effect 
which, although very small with ordinary cargo and 


passenger ships, becomes important at really high speeds 
and leads to loss of stability before © skimming” is 
I'ransverse inclination produces a transfer 
of pressure, and of wave-making from one side to the 
other, particularly towards the ends, and this transfer 
varies with the inclination for all moderate speeds. 
When held at a fixed angle it shows itself as an apparent 
variation in stability, and was included as such in the 
results given in the two papers cited above. In reality, 
or assistance as the case may be, to 


achieved 


it is a resistance, 


rolling, and in a rolling experiment would show itself 


as such rhat these changes of pressure can be serious 
is shown by the fact that a high bow wave will destroy 
the longitudinal stability of some old-class submarines, 


has been reduced by partial submergence, 


when this 

#0 that they are bound to nose-dive; also that some 
seaplane floats at a transverse angle, even at a small 
positive fore-and-aft angle, nose-dive violently, and 
that planing vessels have capsized transversely due 
to want of stability as they stop planing, usually on a 
turn, when somewhat inclined. More research is 


required to determine this, or even to show on what 
features it essentially depends. 

The paper concludes with a statement of the results 
obtained from the tests, all the data being presented 
in tables and plotted in curves. The changes of hull 
form made in the five tests with the special model 
ire also described and their effect on the results is dis- 
cussed. It is considered that, in the main, the general 
consistency of the plotted results shows that the method 
very brietly outlined above can be used for comparison 
of hulls or for estimating bilge-keel effects. The plotted 
curves indicate that the most effective wav of 
increasing the decrement of roll, apart from fitting bilge 
keels, is to diminish the metacentric height as far as 
sta bility will allow. The diminution 
has the etfect of increasing the al scisse of the diagram. 
Dr. Baker points out, however, that the plotted results 
ire only valid for loaded ships under way at a reasonable 
speed and for ships in which the metacentric height is 
at least 0-5 ft. for a 400-ft. ship. 

A result of practical importance is shown in the 


also 


considerations 


diagram. Some of the curves are marked “* split,” 
1 term which denotes that the bilge keels are not con- 
tinuous but are interrupted. The William Froude 
Laboratory has, for several years now, when the 


streamline flow around the bilge of any hull has shown 
any marked diagonal movement, suggested to firms 
that the bilge keel should be broken into two parts, the 
after part being stepped above or below the forward 


irt as the streamline indicates is necessary. It was 
* ENGINEERING, vol, 105, page 545 (1918). 
t ENGINEERING, Vol. 117. page 745, ef seg (1924). 
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found convenient with two of the models to test the 
anti-rolling validity of this suggestion, ¢.e., whether 
any such break affected the anti-rolling qualities of the 
keels. In general, the * split ” bilge keels showed a small 
advantage, except at low speeds, where there was a 
small loss on one model. Those responsible for ship 
design and construction will have found that often a 
bilge keel passes a horizontal hull seam at a very acute 
angle, which may involve difficulties in riveting. When 
this occurs the bilge keel can be cut and displaced so 
that the two parts are not in line. This will leave the 
hull seam unaffected and the angle or other fastening 
of the keel can be properly secured to the hull at all 
points. The method involves no disadvantages from 
the point of view of decrease in rolling; if anything, 
a small improvement in effect would result. 

In conclusion, it may be repeated that this summary 
does not claim to do more than give some idea of what 
may be found in Dr. Baker's paper, without going into 
the subject in any detail. Perhaps the best summing 
up is that given in the synopsis of the paper itself, 
viz. : “* An attempt has been made by normal statistical 
methods, to formulate a rough approximation for 
determining the extinctive value of any hull, and a 
fairly close approximation for any bilge keels on any 
normal ship at its service speed in load condition. The 
criterion for this assessment is also the criterion for 
maximum roll in synchronous waves and has a double 
importance.” 








ENGINEERING TRAINING AND 
EDUCATION. 
Ramsay Laboratory, University College, London. 
In view of the importance of chemical engineering 
at the present time, the Ramsay Laboratory, Depart- 


ment of Chemical Engineering, University College, 
Gower-street, London, W.C.1, has beer re-opened. 
Students will be recepted for training in chemical 
engineering and research forthwith. Application 


should be made to the secretary of the College at the 
address given above. 

The Institution of Civil Engineers of lreland.—The 
Laurence J. Kettle Premium, which consists of a 
prize of 15 guineas and a plaque, is awarded annually 
by the Council of the Institution of Civil Engineers of 
Ireland for a paper or thesis on a subject selected by 
the President of the Institution. The candidates 
must be either associate members or students not over 
the age of 35, and papers should reach the honorary 
secretary of the Institution not later than the morning 
of March 1, 1940. The subject for the 1939-40 session 
is Recent Trends in Engineering Design and 
Practice,’ and candidates may deal with it on broad 
lines or may select some specialised branch or part of 
engineering design for intensive treatment. A some- 
what similar award is the President’s Medal, offered 
by Mr. J. A. Ryan, for the best paper submitted by 
an associate member or student not over the age of 30. 
Papers, which should deal with an experimental 
engineering problem investigated by the author, or 
with the construction or reconstruction of a work, 
should be received by March 31, 1940. Further parti- 
culars regarding the Kettle Premium and the President’s 
Medal may be obtained on application to the Registrar 
of the Institution, 35, Dawson-street, Dublin. 


BOOKS RECEIVED. 


Department of Scientific and Industrial Research. Fuel 
Research. Technical Paper No. 50. Low Temperature 
Carbonisation. Narrow Brick Retorts at the Fuel 
Research Station.— Part I1 By ENGINFER-CAPTAIN 
J. F. SHAW London H.M. Stationery Office. [Price 
ls. net 

l'nited States Department of the Interior. Bureau of 
Vines. Bulletin No. 420. Coal-Mine Accidents in the 
United States, 1936 By W. W. Apams, L. E. GEYER 
and M. G. Parry. [Price 20 cents Bulletin No. 422. 
VWetal-Mine Accidents in the United States During the 
Calendar Year 1936 By W. W ADAMS and M. E. 
KoLHOos. Washington: Superintendent of Documents. 
Price 10 cents. | 

United States Department of the Interior. Bureau of 
Vines Technical Paper No. 596. Carbonizing Pro- 
perties and Petrographic Composition of Pond Creek 


Bed Coal from Majestic Mine, Majestic Pike County, 
Ky. By A. C. FIELDNER and others. [Price 10 cents.] 
Technical Paper No. 598. Burning of Coal in Down- 
Draft Kilns and Burning Characteristics of 
Some By W. E. Rice and C. R. AUSTIN. 
{Price 10 cents Technical Paper No. 599. Carbonising 
Properties and Petrographic Composition of High Splint 
Bed Coal from Closplint Mine, Closplint Harlan County, 
Ky. By A. C. FIELDNER and others. [Price 10 cents. 
Washington : Superintendent of Documents. 
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Ohio Coals. 


NOV. 10, 1939. 


PERSONAL. 


MESSRS. BROADWAY ENGINEERING COMPANY, LIMITED, 
Carlisle-road, Hendon, London, N.W.9, have been 
appointed agents in this country for Messrs. The 
Fray Machine and Tool Company, Glendale, California, 


sole 


U.S.A., manufacturers of a new all-angle back-geared 
milling attachment. 

Mr. R. B. PoTTerR, who became a director of Messrs. 
Simon-Carves, Limited, Cheadle Heath, Stockport, in 
1931, has recently been appointed chairman of the 
Company. Mr. Maurice PATTON has been appointed 


sales manager for Great Britain of Messrs. Simon-Carves’ 
water-tube boiler department. On November 1, he 
opened an office at Bush House, London, W.C.2. 





TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, particulars 
of the undermentioned tenders, the closing of 
which are stated. Details may be obtained on applica- 
tion to the Department at the above address, quoting 


the reference numbers given. 


dates 


Electric-Lighting Plant, comprising a crude-oil engine- 
driven prime mover, alternator, switchboard panel for 
alternator with automatic-voltage regulator, addition to 
overhead network, cables and all accessories. Town 
Clerk, Municipality of Bothaville, Orange Free State 
Province, South Africa; November 17. (T. 28,258/39.) 

Semi-Rotary Pumps, 729, quadruple-acting, 1} in. inlet 
and outlet. South African Railways and Harbours, 
Johannesburg ; November 30. (T. 28,267/39.) 

Air-Compressing Installation._-With reference to the 
call for tenders on the part of the Ministry of Public 
Works, Main Drainage Department, Cairo, Egypt, for an 


air-compressing installation, noted on page 168 ante, we 


now learn that the closing date has been extended to 
November 28. (T. 25,709/39.) 
Water Meters, 1,000, the size of opening ranging from 


} in. or 12 mm. to 1 in. or 25 mm. General Section, 
Bangkok Waterworks, Department of Public and Muni- 
cipal Works, Bangkok, Thailand (Siam); November 25. 


(T. 20,745/39.) 








NOTES FROM THE NORTH. 


GLasGow, Wednesday. 


Scottish Steel Trade.—In the Scottish steel trade no 
effort is being spared either on the part of the workers 
the to maintain production at the 
highest The exceedingly large output at 
by many 


lmanagement 
level. 


or 
possible 
absorbed 


the present time is being rapidly 
industries as the requirements of the different Govern- 
ment departments are of a very varied character. The 


shipyards being very busy, there is a steady demand for 
plates, sections, etc. Makers of drums and other con- 
tainers are also ordering freely, while structural engi- 
neers are consuming a large tonnage of material on the 
many structures they are erecting. Makers of black- 
steel sheets are very fully employed and are finding 
difficulty in satisfying all their buyers. Under the new 
Control of Iron and Steel (No. 4) Order, 1939, prices 
have been increased by 20s. per ton. Despite the higher 
cost of production, which has prevailed during the past 
month or two, owing to increases in the prices of raw 
materials, largely due to the higher freights on imports, 
prices have been stable since the beginning of this year. 
Although the members of the British Iron and Steel 
Federation have felt inclined to make an application for 
an advance in prices as from the date of the expiry of 
the present voluntary stabilisation figure, this has been 
held back owing to the present conditions. The increase 
of 20s. per ton now to be paid by consumers does not 
rank as an advance in prices, as it will be allocated to a 


central fund to cover the additional costs—freight, 
insurance, etc.-—arising from the import of raw and 
semi-finished materials under war conditions. The 
current prices are now as follows :—Boiler plates, 
121. 8s. per ton; ship plates, 1L1ll. 10s. 6d. per ton; 
sections, 111. 8s. per ton; medium plates, 131. 2s. 6d. 


per ton; black-steel sheets, No. 24 gauge, 16/1. 2s. 6d. 
per ton; and galvanised corrugated sheets, No. 24 gauge, 
18/. 12s. 6d. per ton, all delivered at Glasgow stations. 

Malleable-Iron Trade.—-Active conditions continue to 
prevail in the malleable-iron trade. The re-rollers of 
steel bars are extremely busy, but they are quite for- 
tunate in having ample supplies of raw materials to cope 
with the urgent calls of buyers. 

Scottish Pig-Iron Trade.—No change has to be reported 
except that steel makers are pressing for larger deliveries. 
Hematite and iron are in urgent demand, and 
foundry iron is also being freely taken up. Under the 
new Control Order (No. 4), pig-iron has been excepted 
from the various exemptions from licence, and, therefore, 
iu every case a licence is now required. 


basic 
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NOTES FROM THE SOUTH-WEST. 


CARDIFF, Wednesday. 

The Welsh Coal Trade.—¥Following the Government 
Order, announced last week, increasing the pit-head 
price of coals, it was expected that quotations for South 
Wales descriptions would be advanced by about 1s. 4d. 
per ton. The Order, which increased the prices as and 
from November 1, was in respect of Ils. per ton in all 
cases where coals were supplied under contract, either 
without break clause. Where there was a 
clause, the increase would ls. 4d. per ton. 
Almost the whole of South Wales coals have been sold 
under the break clause, which provides that, in the 
event of war or of Government intervention, the supplier 
can give notice that a contract has come to an end and 
that there a variation in price. The matter is 
under consideration by the local Coal Control Board, 
and operators are awaiting their decision on the matter. 
The increases have necessitated by the higher 
costs of production, following higher wages and higher 
costs of pitwood. The Government’s scheme to ration | 
coal has been subjected to a good deal of criticism locally. | 
Representatives of the South Wales miners have described 
it as wholly unreasonable. The general secretary of the 
Miners’ Federation, Mr. Oliver Harris, in an interview | 
during the week, said that there were still plenty of men 
unemployed who could produce all the coal that was | 
necessary. A sufficient surplus of coal could be produced | 
to meet the requirements of any market that the district | 
might gain through the war. Arrangements for the | 
issue of joint instructions regarding the operation of the | 
national wage increase in the coalfield were made at a | 
meeting between the Miners’ Federation and the coal- | 
owners during the week. The Federation have now | 
stated that they reserve the right to raise the question 
of wages at the appropriate time. Demand continued 
active on the market throughout the week. The amount 
of new business that could be concluded, however, 
remained limited, owing to the restricted supplies that 
sellers had to offer. Following the recent activity in | 
the market there was little coal available over some | 
months ahead, although occasional small parcels were 
available for prompt loading. Operators had no diffi- | 
culty in disposing of these, and the general tone was very | 
firm. Duff coals were extremely strong features and | 
sellers had almost completely disposed of their potential 
outputs of these kinds for several months ahead. Best 
large qualities were also well stemmed with orders, while 
sized descriptions were favourably placed. Smalls were 
moving off satisfactorily. Cokes remained active and 
patent fuel was busy. 

The Iron and Steel Trade.—<Active ruled 
in the iron and steel and allied trades of South Wales 
and Monmouthshire. Producers in the various branches 
again encountered a brisk demand, but new business was | 
difficult to negotiate, as outputs were almost entirely 
booked for some time in advance. 


with 
break 


or a 


can be 


been 


conditions 





PENSACOLA DAM BRIDGE, U.S.A. \ new highway 
bridge has recently been completed for the Grand River 
Authority at a point 25 miles upstream from the 
Pensacola Dam, Oklahoma, U.S.A.. and across the 
reservoir site. The bridge, which is 2,500 ft. in length, 
is supported on concrete piers ranging from 90 ft. to 
100 ft. in height. A carriageway 24 ft. wide is provided, 
flanked by two 4-ft. footpaths. It is stated in a recent 
issue of Engineering News-Record that, included in the 
structure are fifteen 120-ft. deck truss spans and twelve 
60-ft. I-beam spans. 


Dam 





\ND COMPANY. LIMITED.-—We have 
Davidson and Company, Limited, 
Sirocco Engineering Works, Belfast, a brochure, dealing 
with Air Conditioning.’’ Like other recent 
publications by Messrs. Davidson and Company, this is 
much more than a catalogue, containing a considerable 
amount of useful technical data, in addition to outline 
diagrams of typical installations. At the end of the 
booklet, which bears the reference number SF. 245, is a 
table giving the relationship between dry-bulb and wet- 
bulb temperatures, and relative humidity; and this is 
followed by two summarising the ruling 
conditions in various industrial and other premises. 


MESSRS. DAVIDSON 
received from Messrs. 


Sirocco ’” 


appendices, 


ZINC DEVELOPMENT ASSOCIATION.—The Zine Develop- 
ment Association informs us that it is continuing its 
activities, during the war period, at its new offices at 
Lincoln Buildings. 15, Turl-street, Oxford (Telephone : 
Oxford 47988). In addition to continuing its normal 
technical services, the Association will be pleased to give 
relevant advice and information on official procedure and 
regulations concerning the supply and use of zinc during 
the period of hostilities. This last service will prove of 
value to many users of the metal, who might otherwise 
have some difficulty in understanding the new regulations. 
Copies of all the Association’s publicatione still remain 
available free of charge. 


| of hematite at 124s. 6d., delivered to North of England 


| Re-rollers, in addition to receiving better deliveries of 


| next year, producers of shipbuilding requisites have very 
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NOTES FROM CLEVELAND AND | 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

General Situation.—The extent of the rise in stabilised 
values of iron and steel did not exceed expectations and 
has not checked negotiations. The usual customers need 
supplies, and slightly changed conditions encourage hopes | 
of some expansion of general commercial business. Pro- 
ducers of several commodities, after meeting priority 
delivery claims, continued to provide a better tonnage 
for ordinary industrial purposes, and distribution licences 
are to be issued with little delay. 

Cleveland Iron Trade.—With ample supplies of foundry 
qualities of pig iron from other producing centres, North- 
East Coast producers of Tees-side brands do not find it 
necessary to resume their regular make. Output has 
been suspended for some time, but the moderate stocks 
at the blast-furnaces are still sufficient to cover actual 
requirements, and furnaces running on other iron could 
be promptly changed to production of foundry descrip- 
tions should the need arise. Prices of Continental iron 
remain too high to tempt consumers of foundry qualities 
to resume the use of products from abroad. Fixed figures 
for Cleveland pig are now based on No. 3 grade of iron | 
at 108s., delivered to local buyers. 

Hematite.—-The demand for Fast Coast hematite pig 
is large and increasing, and the substantial production 
does not fully cover current needs. Steady withdrawals 
from the heavy stocks, however, are not at all disturbing. 
Tonnage accumulations at makers’ yards and the present 
rate of output promise to meet requirements as far ahead 
as need be considered. Producers’ own consuming de- 
partments are absorbing increasing quantities of iron, and 
customers dependent on the market for supplies have 
renewed extensive contracts. Merchants are still handling 
moderate parcels and regularly distributing tonnage 
among users. Market values are ruled by No. 1 quality 


areas. 

Basic Iron.—The quotation for basic iron is 101s. 6d., 
but is nominal, there being none for sale. Producers 
adjacent steelworks continue to absorb the whole of the 
large output. 

Foreign Ore.—-The cost of importing foreign ore is 
stated to have risen by 75 per cent., but satisfactory 
supplies are arriving. Consumers are heavily bought and 





have little occasion to discuss new business, which is 
difficult to put through. 
Blast-Furnace Coke.——Deliveries of Durham blast- 


furnace coke to local users continue to be ample and 
regular. The rise of 5s. per ton was fully expected. Con- 
sumers are extensively covered, and business is quiet. 
Quotations are governed by good medium qualities at 
29s. 2d. at the ovens. 

Manufactured Iron and Steel.—-Semi-finished iron and 
steel firms are turning out increasing tonnage and pro- 
ducers of finished materials are very busily employed. 


home-made semis, continue to obtain supplies of Conti- 
nental products. Sheet makers are fully sold well into 


substantial contracts to execute, and manufacturers of 
finished steel have heavy order books and as much work 
on hand as they can deal with. For the home trade 
soft steel billets are now quoted, 8l. 7s. 6d.; hard steel 
billets, 81. 10s. ; heavy finished steel products, 111. 108. 6d.; | 
joists and sections, 111. 8s.; black sheets, No. 24 gauge, 
161. 2s. 6d.; and galvanised corrugated sheets, No. 24 
gauge, 181. 12s. 6d. 


Scrap.—Users of iron and steel scrap readily pay 
control prices for available parcels and are pressing for 
larger deliveries. 








THE CRUSHING OF COLLIERY PITHEAD REFUSE.—As is 
well-known, the combustible matter present in colliery 
pithead refuse tips is liable to take fire, and burning 
pit heaps are not only a serious nuisance to local inhabi- 
tants, but their glow might enable enemy aircraft to 
locate industrial centres. Hence, it is now illegal to 
allow these pit-refuse tips to continue to glow. A method 
which is being adopted, and is giving excellent results 
in certain collieries, is to crush the refuse before passing | 
it on to the tip. This creates a certain amount of 
fine stone dust, the presence of which considerably 
lessens the risk of combustion. In this connection, 
Messrs. Edgar Allen and Company, Limited, Imperial 
Steel Works, Sheffield, 9, inform us that some months 
ago Messrs. Newton, Chambers and Company, Limited, 
installed one of their No. 3 K.B. rotary granulators for 
dealing with pithead refuse at the Thorncliffe Colliery, 
near Sheffield. The machine, which requires 25 h.p. to 
drive it, has an output of 90 tons a day, with a peak 
load of 30 tons per hour. It has been found that | 
excellent results are obtained if the refuse material is 
crushed to particles each less than 1 in. in size. 


| mills, 
| deliveries coming to hand against contracts ; 
| re-rolling mills could take bigger tonnages. 


| Sheffield firm has booked orders 


NOTICES OF MEETINGS. 


RoyaL InstitutTion.—-To-day, 2.30 p.m., 21, Albe- 
marle-street, W.1. ** Infra-Red Spectra and the Structure 
of Molecules,” by Drs. W. H. J. Childs and H. A. Jahn. 
Tuesday, November 14, 5.15 p.m., “ Transmission of 
Radio Waves Over the Ground,” by Mr. R. L. Smith- 
Rose. Wednesday, November 15, 2.30 p.m., “ Thermo- 
dynamics and the Structure of Matter,” by Mr. A. R. 
Ubbelohde. Thursday, November 16, 5.15 p.m., ** Trans- 
mission of Radio Waves Over the Ground,” by Mr. R. L. 
Smith-Rose. Friday, November 17. 2.30 p.m., “* Infra- 


Red Spectra and the Structure of Molecules,”” by Drs. 
W. H. J. Childs and H. A. Jahn. 

NorTu-East Coast INSTITUTION OF ENGINEERS AND 
SHIPRUILDERS.—To-night, 5.30 p.m., The Mining 
Institute, Newcastle-upon-Tyne. Andrew Laing Lec- 
ture: “‘ Welding as an Integral Part of Design,”’ by 


Professor B. P. Haigh. Student Section: Wednesday, 
November 15, 7 p.m., Bolbec Hall, Newcastle-upon-Tyne. 
** Welding,”” by Mr. H. W. M. Townshend. 

Saturday, Nov- 
Annual 


JUNIOR INSTITUTION OF ENGINEERS. 
ember 11, 1.30 p.m., 39, Victoria-street, 8.W.1. 
General Meeting. 

BRADFORD ENGINEERING Society.-—-Monday, Novem- 
ber 13, 7.30 p.m., The Technical College, Great Horton- 
road, Bradford. ‘“ Scale Models in Engineering,”’ by 
Mr. J. G. Jagger. 

ROYAL SoOcIeTy Or ARTS.—-Wednesday, November 15, 
2.30 p.m., 18, John-street, Adelphi, W.C.2. “ The 
Charcoal-Iron Industry,”’ by Mr. H. Gwynn Jones. 

INSTITUTION OF ELECTRICAL ENGINEERS.—Thursday, 
November 16, 12.30 p.m., Savoy-place, Victoria-embank- 
ment, W.C.2. Ordinary Meeting. Corporate Members 
and Associates only. 

INSTITUTION OF MINING AND METALLURGY.—Thursday, 
November 16, 2.30 p.m., The Geological Society’s Rooms, 
Burlington House, Piccadilly, W.1. Ordinary General 
Meeting. ‘“‘ Ore Reserves,”’ by Mr. J. H. Fennell. 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—-The principal development of the 
week is the increase of 1/. per ton in the price of steel 
billets and heavy An advance was generally 
anticipated, and the amount of the rise accords with 
expectations held in many quarters. All sections of the 
bulk steel trades are affected, and it will be necessary to 
pass on the advance to consumers in constructional- 
engineering departments, representing a wide range of 
activity. While everyone is anxious to prevent 
inflation, further advances, it is pointed out, are likely 
to take place in the future. As the cost of fuel is adjusted 
to meet the increased cost of living in the coal-mining 
and related industries, this must, inevitably, find a 
reflex in the main consuming industries. Comprehensive 
inquiries do not, however, reveal the slightest setback 
in iron and steel production ; on the contrary, increased 
efforts are being made to enlarge outputs of basic and 
semi-manufactured materials in order, as far as possible, 
to keep pace with the rising demands of the finished 
sections. With such a consistent drain on supplies some 
delay in delivery is unavoidable; hence, urgent 
contracts are having to stand in abeyance. Rolling 
forges, foundries readily put into use all 
some of the 
The demand 
for bright-drawn steel, cold-rolled strip, and acid-steel 
increases, and there is a heavy run on magnet stecl from 
industries supplying the electrical and wireless trades. 
Constructional engineers are endeavouring, with appreci- 
able success, to maintainexporttrade. Inseveral directions 
busfness could be expedited if the run on semi-manufac- 
tured products for other purposes were less marked. A 
for a large calcining 
plant for a firm in the Midlands, a Héroult electric furnace 


steel. 


price 


less 


and 


| for a London firm, and large rotary plant for a chemical 


firm in the south. Orders for mining drill stee) for the 
Dominions are under execution. The Dominions and 
Colonies have also ordered oil-hardening steel, high-speed 
steels, and stainless steels. Rhodesian distributors are 
anxious to get into touch with local firms prepared to 
export steel products to the Union of South Africa, 
Rhodesia, and the belgian Congo. 

South Yorkshire Coal the exception 


Trade.—-With 


| of house coal, where the position is a shade easier, the 


general tone of the market is firm. Rising outputs at 
Yorkshire collieries enable most contract demands to 
be met promptly. Steel and engineering concerns in 
this area, whose requirements are at a record level, 
have little cause for complaint. Gas coal moves freely, 
while there is a steady demand from electricity under- 
takings, despite decreased consumption resulting from 
the lighting restrictions. Locomotive fuel is a_ brisk 
market, and there is a strong inquiry for coking sorts, 
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WILLIAM MURDOCK, 1754-1839. 

In 1777, when twenty-three years of age, William 
Murdock left his native county of Ayrshire and 
entered the service of Boulton and Watt at Birming- 
ham. Watt had joined Boulton in partnership only 
two years previously, and the firm was but just 
getting into its stride as the makers of condensing 
steam pumping engines incorporating Watt’s 
epoch-making invention of 1769. For years progress 
was hampered by many difficulties, one of which 
was the scarcity of competent and reliable workmen. 
The engines were designed, and the principal parts 
made, at Birmingham, but a great deal was left 
to be done on the engine site, and the task of the 
erector provided ample scope for ingenuity, resource 
and skill. Mechanical engineering was in its infancy, 
and such workmen as were available came from the 


ranks of smiths and millwrights. The letters of 


Watt and Boulton are full of references to the 
failings of those they employed, and it was a stroke 
of good fortune when Boulton sized up the character 
of Murdock and gave him a trial job. Of all those 
who served the firm, none gained a higher reputation 
than Murdock. and from the day when he entered the 
works at the princely salary of 15s. a week, he proved 
that Boulton’s choice had not been misplaced. As 
early as 1779 Boulton was writing “‘ I think Wm. 
Murdock a valuable man and deserves every civility 
and encouragement.” In that year, Murdock was 
sent to Cornwall, and on one of his visits, Boulton, 
in 1782, wrote “ Murdock hath been indefatigable. 
Ever since they began he has scarcely been in bed 





or taken necessary food, for everyone seems helpless 
in comparison of him.” Two years later, Boulton, 
again in Cornwall, wrote in still warmer terms that 
‘““We want more Murdocks, for of all others he is 
the most active man and best engine erector I 
ever saw...” Itis, perhaps, no wonder that the 
mine owners tried to lure Murdock from the service 
of the firm, but he remained loyal to it until the 
end of his days. 

Murdock was born in a cottage in Lugar, Ayrshire, 
which, to-day, bears a bronze portrait medallion, 
erected in 1913 by the North British Association 
of Gasmakers. He died in his house, Sycamore 
Hill, Handsworth, on November 15, 1839, and was 
buried in Handsworth Church, beside Boulton and 
Watt. In the church is a marble bust of him by 
Chantrey. These are not his only memorials, for 
at the celebration of the centenary of his invention 
of gas lighting, in July, 1892, a bust of him was un- 
veiled in the Wallace Monument, Stirling, by Lord 
Kelvin ; while, on the house which he first lit by 
gas, in Redruth, is a granite tablet erected by Messrs. 
Tangye Brothers. The second son of John Murdock, 
a millwright, he was trained by his father and, before 
he came south, was employed in the construction 
of a bridge over the River Nith, Dumfriesshire. 
Little, it is true, is known of his early days, and his 
biography has never been written. It may be 
assumed, however, that a search through the great 
collection of Boulton and Watt papers, preserved 
in the Birmingham Library, would throw much 
light on his character. For nearly twenty years 
he remained in Cornwall installing, improving and 
supervising steam engines, and at the same time 
upholding the interests of his firm against the 
attacks of the pirates of whom Watt wrote so dis- 
paragingly. In Cornwall, too, he married, built his 
historic model steam carriage, and began his work 
on gas lighting. On page 718 of our issue of June 16, 
1939, we gave a full account of Dr. E. F. Armstrong’s 
Murdock Centenary Lecture to the Institution of Gas 
Engineers, on June 6, and there is no need, therefore, 
to dwell on the development of the industry which 
has sprung from Murdock’s pioneering work. By 
1803, he had installed gas lighting in the Soho 
manufactory, and the manufacture of gas-making 
plant became a distinct branch of the business of 
the Soho Foundry. In 1808, Murdock contributed 
a paper to the Royal Society on “‘ The Application 
of Gas from Coal to Economical Purposes,” and was 
appropriately awarded the Rumford Medal. In this 
paper he described his experiments at Redruth 
on the qualities and quantities of the gas produced 
by distillation from different mineral and vegetable 
substances, and said, ‘“‘ My apparatus consisted of 
an iron retort, with tinned iron and copper tubes, 
through which the gas was conducted to a con- 
siderable distance . . . The experiments were made 
upon coal of different qualities, which I procured 
from different parts of the kingdom for the purpose 
of ascertaining which would give the most economical 
ea 

Of Murdock’s many inventions a sketch was 
given in October, 1850, to the Institution of Mecha- 
nical Engineers, by William Buckle, of Soho, who 
exhibited to the meeting the original model steam 
carriage, then the property of Murdock’s only 
surviving son, John. Historically, Murdock’s little 
locomotive comes midway between Cugnot’s steam 
car and ‘Trevithick’s more fruitful experiments. 
In his paper, Buckle referred to Murdock’s patent 
for boring stone pipes, his experiments with a 
steam gun, his invention of cast-iron cement, and 
his applications of compressed air for driving 
machinery and working lifts. In a patent of 1799, 
Murdock described an improvement in cylinder- 
boring machines, a method of making “ Steam 
Cases for Cylinders,” the well-known D slide valve, 
a cylindrical slide valve and a rotary steam engine. 
Even this list, however, does not exhaust the 
record of his ingenuity. 

When he returned to Soho in 1798, the partnership 
between Boulton and Watt had yet two years to 
run. He was then but forty-four years of age, 
and when the sons of the partners took over the 
business Murdock’s position was one of greatly 
increased responsibility. There can be no question 
that he was intimately concerned with the develop- 
ment of the system of co-ordinated manufacture 
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at Soho, which the late Professor Burstall said was 
probably as important as the development of power. 
Given a salary of 3001. per annum in 1800, by 1810 


his total income was 684/. He was then put 
on the footing of a partner in Soho Foundry and 
in lieu of his share of profits elected to take a salary 
of 1,0001. a year This he enjoyed up to the age 
of seventy-fiv For a number of years after his 


return from Cornwall he lived in a house in the 
works, but the latter part of his i vas passed 
it the pleasant house, Sycamore Hill, which he 


had built in 1816 


ELECTRICITY IN MINES. 
lus report of H.M. Electrical Inspector of Mines 
for the year 1938, which was recently issued by 
H.M. Stationery Office,* is the last of a series. 
During the period under review we were still nomin 


lly at peace und though the coal industry was not 


free from its problems, it was still, in the main, 
operating unhampered by shackles that hav 
since been imposed he report for 1939 cannot 
fail to deal with entirely different conditions, 
for, during that time, the movement towards 
control by central authority gradually a lerated, 
until, in the last three months, the hand of bureau 
racy lay heavy over the entire industry. Even if, 
happily, peace should come quickly, the return to 
normal must inevitably be slow, and the painful 
steps by which this recovery must be reached will 
heve their reflection on the matters with which 
Mr. J \ Bb. Horsley has dealt etlectively tor so 
many years 


As regards general development, the number of 


mines at work during the year under review was 


2,125, or tive more than in the previous twelve 
month Of thes 1.425 were using electricity, 
compared with 1,358 during 1937. Correspondingly, 


the horse power of the motors installed increased 
from 2,162,015 h.p. to 2,243,087 h.p.. or 3°79 per 
cent Of this, 1,198.26] h.p. was below 
und $1,045,726 h.p. above ground. Of the total 
presented by 
ilternating-current motors mpared with S4-6 


ground 
horse - pow r. Sw per een Wiis r 


per cent. during 1937, thus continu a tence ney 


which has been noticeable for many years. Actually, 


in 1027, the percentage ot alternatu irrent motors 
was 7i-S lhe number of ectrically-driven 
oal-cutting machines also increased from 4,997 
in 1937 to 5,106 in 1938, while during the sam 
period the number of these machines operated by 
ompressed air fell from 2,784 to 2,623. Since 1933, 
the number of electrical machines has increased 
by 895. while the number of compressed-air machines 
has tallen by 315 Nevertheles the quantity 
of mineral cut by electri ! hines fell from 
07-127 million tons in 1937 to 95-504 million tons 
during 1938, though in 1929, only 47-784 million 
tons wet obtained by this mean During the 
ame per l of ten vears, tl quantity f mineral 
ul bv compressed-air driven n hines increased 
from 24-675 million to 39-784 m n tons, while 
the proportion of the tota u it « yineral got 
by machine cutting increased from 27-3 ent 
to 57°9 per cent As regards the employment ot 
onvevyors and loaders, thet SS in nerease in 
the number of electrically-driven ma nes of tl 
type in use from 4,703 in 1937 to 5,230 in 1938, 
while during the same period the number of 
vevors and loaders § driven \ ym pressed -all 
engines increased from 3.238 to 5.362 During the 
last ten years the number ot electrically-driv 
convevors and loaders has increased from 1,617 to 
230, and the number of compressed-air driven 
onvevors and loaders from 1,956 to 3,362. During 
the same period, the quantity of coal conveyed by 
both types increased trom 7°2 million to 122-9 
million tons, the spective proportions of the total 
tput of n t bet 14-0) per cent nd 52-6 pet 
ent In 1938, about 61 per the coal con 
veved was handled \ ecu al | n machine 
\s usual msiderable portion of the report 
is tak up Ww i sidera t th i 1dents 
ind dangers rren s ASS ited with tl ise of 
* Report of 11.M. Electr Taanect f Mines for the 
lear 1938. London H.M. Stationery Office Price 
id. net. 
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electricity and the lessons that may be drawn from 
them. This is as 


nteresting and informative 
as usual. In a general statement on this question, 
Mr. Horsley says that. except for the serious loss of 
life in the explosion at Markham No. | (Blackshale 
Colliery), North Derbyshire, on May 10, 1938, in 
which 79 men were killed and 40 injured, owing to 
the direct ignition of coal dust by a spark, the 
number of accidents due to electrical causes would 
have borne comparison with those of recent years, 
notwithstanding the greater amount of electrical 
n use. Actually, during 1938, there 
were eight i cidents ittributable to the use of elec- 

Four of 
these accidents were cases of electric shock in which 


equipme nt 


tricity, resulting in the loss of 99 lives 


six persons were killed here were three ignitions 
of fire-damp or coal dust. in which 84 lives were lost, 
und nine men died in consequence of a fire due to 
electricity. One of the electric shock accidents 
occurred on the surface, but all the other accidents 
took pla below ground. The three explosions 
were due, respectively, to a plug connector that 
was not of flame-proof design, to a cable coupling 
box that was broken by runaway tubs, and to the 


use of testing lamps at the coal face. In addition 
there were 53 accidents involving injury, more or 
less serious, to 55 persons, and 11 reportable dan 
gerous occurrences that did not result in personal 
injury ‘here were also 62 persons injured in 
five of the fatal accidents. Of these 64 accidents 
and dangerou urrence no less than 54 are 
onsidered to have been due either to faults of 
maintenance, nis-use or me glige ee 


\s an illustration of an accident of this kind. 
mention may be made of one which occurred at 
Dumbreck Colliery, Stirlingshire, 
L938 Ihe 


of fire in a cable box following on a short-circuit, 


on January 30, 
1use of this accident was an outbreak 


ind the result was the loss of nine lives. The 
electrical system was of the earthed concentri 
type, supplying direct current at 500 volts, but 
the ble-junction box in which the short-circuit 
f unsuitable design for an electric 
ible, in that it lacked the essential fittings for the 
ittachment of the conductors Che short-circuit 
iused the wooden lagging behind the 
in the intake airway to ignite, 


0 urred wis ¢ 


steel arches 
so that the men who 
were working inbye of the fire were overcome whil 
Dealing with this and ten 
other fires, which did not, 


ittempting to esc Lye 
however, have such 
serious consequences, Mr. Horsley points out that 
the subject of fire risk calls for more critical study 
than it has vet received, especially with regard t 


cable fires He adds that where a fire originating 
in a cable has had seriou nsequences, this result 
has usually been due to t proximity of timber, and 
so long as this condition persists the electrical 


ineer can only env ge solutions which involve 


the di very of 





suitable non-ignitable insulating 
materials and the application of means to control 

the duration of the electric are which is the initiatin 
wise of the fir 


The use of non-ignitable insulation for colliery 


ibl is not vet practicabl] und even if it were, 
large-scale replacement would be economically 
impo \n proximation to instantaneous 
interruption th how , is possible with 
existing types of automatic circuit-opening devices 
kexperiment to this end have, in fact, been made in 
everal llieries removing the retarding devices 
from two of the thre r-current trip coils in a 


three-phase circuit breaker. The object in view is t 


idjust the settings so that the unretarded trips 
shall permit reasonable working, but will at onc 
bring the switch out if a short-circuit occurs at 


lled, while the retarded 


trip will operate if any component of the circuit is 


inv point in the circuit cont 


subjected to injuriou verload not amounting to 
short-circuit conditior 

While a large number of the accidents are due to 
the extraordinarily difficult conditions under which 


the electrical equipment used in mines has to work, ! 


suflicient experience should now be available largely 
to counteract these difficulties Chere is, neverthe 
less, evidence to show that all the apparatus is not 
suitable, either because it f wrong design or 


because it has been tampered with after installation. | 
For instance, a fireman and a stripper were killed 
and two strippers received severe shocks while 
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sliding a section of a conveyor pan over the top 
of a switch. As a result of this manceuvre, the 
armoured cable was detached and one live core 
came into contact with the pan, making the sheathing 
alive. When the damaged switch box was examined 
it was seen that the cable armouring had become 
detached from the draw gland because one of the 
$-in. studs had been drawn out of the box 
casting when the conveyor pan struck the box. 
The threads of the screwed hole in the casting, 
ind also the threads of the studs where it entered 


two 


the casting, were stripped. The conditions of these 
threads suggested that this stripping had occurred 
at some previous time and tests that were made 
indicated that a similar screw in sound condition 
could not be torn out of the casting by any force 
that could have been applied at the time of the 
accident. Indeed, these and the other accidents 
described in the report indicate that the design of 
electrical equipment for mining purposes, not less 
than its use and maintenance, must be matters of 
constant vigilance. 


NOTES. 


ConTROL OF [RON AnD STEEL. 

THe Minister of Supply has made an Order, 
entitled the Control of Lron and Steel (No. 4) Order, 
1939, which is dated October 31, and has been in 
operation from November |. The Order fixes new 
prices for iron and steel products. It may be recalled 
that the prices in operation prior to the outbreak of 
the war, for the principal classes of products, had 
been fixed until October 31 by the British Lron and 
Steel Federation, with the approval of the Import 
Duties Advisory Committee. Moreover, as stated 
on page 363, ante, they were continued at their 
pre-war level by the original Order made by the 
Minister of Supply and dated September 1, and the 
Control of Iron and Steel (No. 2) Order, dated 
Se ptember 22. The new prices now in force take 
vccount of the increased costs of the principal 
imported raw materials, including the higher freight 
Broadly speaking, the effect 
of the Order is to increase the prices of billets and 


charges in operation. 


heavy steel by ll. a ton, with corresponding adjust- 
ments in the prices of the various finished products. 
rhe Order also brings within the schedule of maxi 
mum prices, home-produced iron ore and a number 
of iron and steel products not hitherto covered by 
the statutory control. In the case of home- 
produced iron ore, which includes Cumberland, 
Lancashire, and Glamorganshire hematite, and 
jurassic and calcined ores quarried or mined in 
Lincolnshire, Leicestershire, Northamptonshire, 
Oxfordshire, and Rutland, the maximum price: 
fixed are based on those at present in operation. 
Che prices of those iron and steel products, not 
hitherto included in the statutory control, are 
generally on the same basis as those of the main range 
A further 
development is that, under Direction (No. 1) which 
is attached to the new Order, pig irons, as well as 
high-speed steel containing 14 per cent. or mor 
of tungsten. have 


‘ 


of products already subject to control. 


been excepted from the various 
xemptions fron licences and, therefore, in every 
ise, a licence is now required Copies of the Orde 
may be obtained from H.M. Stationery Office, York 
House, Kingsway. London, W.C.2 

He BAKERLOO EXTENSION TO FINCHLEY-ROAD 

It is satisfactory to be able to record that the 
xtensive new-works programme of the London 
Passenger Transport Board, which was inaugurated 
with ‘Treasury assistance in 1935, is to be carried 
m as circumstances permit, and especially that 
those projects on which considerable progress has 
been made are to be brought to conclusion. Among 
the most important of these is the extension of the 
Bakerloo line from Baker-street to Finchley-road, 
which is to be opened on Monday, November 20. 
At the latter point, a connection will be made with 
the Metropolitan line, so that through running will 


i be possible between Stanmore and Wembley Park 


und the west and south of London. This project 
has necessitated the building of two fly-under 
junctions near Wembley and the reconstruction of 
Finchley-road station to facilitate the interchang 
of passengers. From Finchley-road, the new lin 
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to Baker-street has been laid in a cut-and-cover 
tunnel under the highway to a point just north of 
Swiss Cottage, where there will be an interchange 
station with the existing station of that name on the 
Metropolitan line. From this point the new con- 
nection is continued in tubes for a distance of about 
two miles as far as Baker-street, there being a 
second intermediate station at Acacia-road, which 
will enable the existing Marlborough-road station 
on. the Metropolitan line to be closed. At Baker- 
street, the trains from Stanmore will run to a new 
platform beyond which a junction will be made with 
the existing line from Watford, but in the other 
direction both Watford and Stanmore trains will 
use the same platform. The works have been 
complicated by the presence at the Finchley-road 
end of a number of water, electricity and gas mains, 
and connections, as well as of sewers; while the 
alterations of the running arrangements already 
mentioned have necessitated the breaking down 
and diversion for some distance of the tunnels 
carrying the Metropolitan Railway. At the Baker- 
street end, matters have been rendered difficult 
by the closeness of the Metropolitan Railway to 
some of the sub-surface works. The construction 
has been carried out by Messrs. J. H. Mowlem and 
Company, Limited, 91, Ebury Bridge-road, London, 
S.W.1, and Messrs. Charles Brand and Son, Limited, 
Charles-street, London, 8.W.1, to the designs 
of Sir Harley H. Dalrymple-Hay, M.Inst.C.E., and 
Mr. W. T. Halcrow, M.Inst.C.E., 17, Waterloo-place, 
London, 8.W.1, the Board’s consulting engineers. A 
further minor, but important, addition to London’s 








traftic amenities will be the opening next week of 


some of the stations which were closed at the 
beginning of the war in order that precautions might 
be undertaken against air-raid damage. The details 
of this work have already been described in ENGr- 
NEERING. The stations immediately affected are 
Marble Arch, Tottenham Court-road, and Kings 
Cross, and these are shortly to be followed by 
Oxford-circus, Clapham Common and Oval. 


THE NEuTRALITY AcT AND AMERICAN SHIPPING. 


The domestic politics of other nations are normally 


ENGINSESIES __ 


Mr. Cordell Hull, Secretary of State, has intervened 
to prevent the proposed transfer of U.S. ships to 
the Panama registry, while admitting that outright 
sale to foreign owners is “an entirely different 
matter’; and that, meanwhile, the United States 
Lines are advertising for British crews to man the 
ships which they are seeking to transfer. 


RELEASE OF SKILLED MEN FROM THE ARMY. 

During the war of 1914-18 the mistake was made 
of allowing, and even encouraging, men whose 
services would have been of more use in civilian 
occupations, to enlist in the army. ‘The production 
of munitions, using the term in the widest possible 
sense, was thereby hindered, and it was only after 
fierce internecine warfare between the Government 
departments concerned that towards the end of 
hostilities the survivors were released to employment 
where their skill could be fully applied. It would 
appear that this mistake is not to be perpetuated 
during the present war, for it is announced that a 
comb-out of skilled men in occupations with the low 
age reservations of 18, 21 and 23, who enlisted in 
the Territorial Army or who were called up with 
the first group of the Militia, is in progress, and that 
the men concerned will either be employed at their 
trades in the services or be returned to civil life 
so that they can re-enter industrial employment. 
Men below the ages of reservation in these occupa- 
tions will, however, be retained in the army, if 
already there, or, if still in civil life, will be liable 
to be called up in the ordinary way. In either case, 


the army may use them in the service trades. 


| This comb-out, it is announced, will not apply 


to commissioned or non-commissioned officers. In 
any event, the comb-out will have the dual effect of 
releasing men who will be better employed elsewhere, 
and of preventing the competition for skilled trades- 
men which is now taking place between the army and 
industry. The Amalgamated Engineering Union 
is assisting in the comb-out by supplying the names 
and units of skilled men who are in infantry batta- 
lions. The matter is of importance not only from 


| the point of view of munitions supply, but from that 


far outside the ambit of a technical journal such as | 
ENGINEERING, but the possible repercussions on the | 


shipping position of the Neutrality Act, recently 
signed by President Roosevelt, are sufficiently un- 
usual to warrant some comment. The Act provides 
that belligerent nations may purchase munitions 
from the United States, but only on a “cash and 
carry”’ basis; no ship under the United States 
flag may enter a “ belligerent port ’’ or operate in 
waters which are prescribed as ‘“ combat zones,” 


nor may any United States citizen travel under a} 


belligerent flag. The actual interpretation of the 
term ‘“‘ combat zone” and “ belligerent port” has 
the effect that no vessel of the United States mer- 
cantile marine may enter any port in Great Britain, 
France, Germany, Ireland, Denmark, Sweden, Hol- 


land, or in the Baltic, and only those Norwegian | 


ports north of Bergen. Neutral ports in the Medi- 
terranean and the Black Sea are open to them, and 
apparently trade in the Pacific and Indian Oceans is 
not restricted. 
be regarded as outside the “ combat zones.” The 
net result is that, in the desire not toexpose American 
ships and crews to possible enemy action, President 
Roosevelt is prepared to immobilise some 90 vessels, 
aggregating about 600,000 tons, at an annual loss 
to the United States of many hundreds of millions 
of dollars. In the circumstances, it is not surprising 
that American shipowners are proposing to transfer 
their fleets to other flags as an alternative to being 
forced out of business. In view of the immense 
sums that have been spent by the United States 
Government in maintaining overseas trade connec- 
tions by services of American ships, and the serious 
loss of money and goodwill involved in their sudden 
abandonment, the position is one of much concern 
to those who are directly affected, and the situation 
promises to develop features of some piquancy. 
Fortunately, there is no lack of Allied and available 
neutral tonnage, so that the withdrawal of the 
600,000 tons of United States shipping is not likely 
to embarrass either Britain or France in the use they 
may make of American manufacturing resources. 


The latest developments, as we go to press, are that ' For engines of the original design, it is evident | 


Canada and South Africa appear to | 


of maintaining our export trade. 








THE REPORT OF THE PACIFIC 
LOCOMOTIVE COMMITTEE, 


(Continued from page 507.) 


THE characteristics of the Pacific locomotives and 
of the track on which they run are discussed, in 
Chapter V of the Report, in the light of the practical 
experience gained on the footplate, and of the coach- 
riding records taken, during the Committee’s tour in 
India. Daily continuous graphs of track conditions 
were made with a Hallade track-recorder situated 
over the centre of a coach bogie ; and notes were 
also made of the riding of a bogie inspection coach, 
which was included in the special train, weighing 
353 tons, in which the Committee were accommo- 
dated. To enable the appropriate maximum oper- 
ating speeds to be gauged within reasonable practical 
limits, speed restrictions over sections of the lines 
concerned were relaxed for the special train. In 
this manner the Committee were able generally to 
appreciate the varying reactions between engine and 
track, and were assisted in forming opinions with 
respect to the fourth term of their reference, namely, 
the suitability of the engines for the track on which 
they are required to run, and, conversely, the 
suitability of the track for the engines. The Report 
is careful to stress, however, that the impressions 
so gained correspond in no way to a close analysis, 
which can be achieved only by research and extended 
trials ; and that they relate to conditions during 
the latter part of the monsoon, when the weather 
and the track formation were at their worst. 

The experience and records relating to the X-class 
Pacifics in their original condition, which are briefly 
recorded in the Report, illustrate how sensitive 
these engines are to track irregularities, and show, 
also, why the reports of different Administrations 
on their performance were often contradictory and 
of a baffling nature, where full recognition was not 
given to engine conditions and track maintenance. 
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unr 
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that such conditions materially affect the riding at 
speeds exceeding 45 m.p.h. On the other hand, 
X-class Pacifics which had been modified in accord- 
ance with the instructions of the Railway Board 
revealed, with only one exception so far as the 
Committee’s trials were concerned, that ‘“‘ these 
engines were free from appreciable tendency to 
nose or hunt; if the sensation, therefore, on the 
footplate were taken as the only criterion, the 
modifications made could be said to have been 
successful in damping out oscillation.” 

One XC-type engine, operating over the 235 miles 
between Kotah and Dohad, on the Bombay, Baroda 
and Central India Railway, was specially modified 
to the requirements of the Pacific Locomotive 
Committee. This engine had done 800 miles since 
repairs and alterations. It had a bogie of the 
laminated-spring type with roller bearings, and had 
new springs, giving 5 tons initial control and 8 tons 
final control. It also had side bearers, without any 
friction material. ‘The hind truck had flat slides 
and Ferodo. ‘The drawgear was of American type, 
and the German buffing gear was modified by 
removing the inclined slides and fitting flat buffer 
heads, working against Ferodo faces on the tender 
buffer beam. Distance pieces had been fitted to the 
buffer spindles, so that only one buffer was in 
operation at a time. Apart from these special 
requirements of the Committee, the engine had 
been fitted previously with diagonal diaphragm 
plates, stiffened with angles from the throat plate 
to the cylinders, thus giving better staying between 
the cylinders and the leading coupled wheels than 
was usual with the I.R.S. design. The portion of 
the hind track which slides on the horns had been 
deepened, and Ferodo faces fitted on the horn 
guides, to reduce wear. There were Timken roller 
bearings on the tender and the engine bogie. 

The Committee report of this engine that “ the 
running was particularly smooth and steady at 
speeds up to 60 m.p.h., over a road with considerable 
curvature. Though there was no opportunity to 
record flange forces, it appeared that the use of 
adequate bogie-centring force, without material 
friction, gave as steady riding as the Railway Board’s 
modification with high friction and low centring 
force. The running over steel sleepers was, on the 
whole, better than that over pot sleepers; the 
highest speed, 70 m.p.h., however, was attained 
over a length of pot sleepers, where the engine rode 
well. Generally, on the pot-sleeper road, joints 
were felt and it was noticed that some tie-bars were 
kinked up and down. This type of pot has an old 
fastening, which is wedge-held and permits of 
varying gauge.” 

In introducing Chapter VI of the Report, which 
deals with engine maintenance, the Committee 
remark that design for India ‘‘ must have regard 
to lower standards of maintenance, and, for the 
same degree of oscillation and sensitivity, relatively 
more attention to side-clearances should be given in 
India than is found necessary in Great Britain, 
where track conditions are better.” Nevertheless, 
they gained the impression that the general stan- 
dard of maintenance, as seen in the shops and sheds, 
“was not on the whole unsatisfactory ; nor was it 
inadequate, where supervision was efficient.” 

The forms of wear and play which affect hunting 
are discussed in the Report under four main heads, 
namely, (1) increase of clearances between (a) bogie 
pivot-pin and hole in bogie centre casting, (b) bogie 
slide and side control-spring stops, (c) axleboxes and 
horns, (d) bearings and journals, (e) flanges and 
rails, (f) top and bottom of Cartazzi slides, and (g) 
Cartazzi slides and their casings ; (2) play arising 
from lack of care in assembly, which can cause the 
control springs, in the standard type of bogie, to 
work in opposition over the beginning of their 
stroke ; (3) play due to weak or unequally matched 
bogie-control springs; and (4) play due to flexi- 
bility in the bogie and main frames, if these are not 
adequately stayed. 

The types of wear under (1) (a) to (e), inclusive, 
are common to all locomotives on all railways. 
With normally designed engines, wear in these parts 
increases gradually between shoppings, but, if it is 
allowed to become excessive, an uncomfortable and 
rough-riding engine results; hunting, however, 
rarely occurs in consequence, without other contri- 
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For 


severe wear in the bogie pin and in the 


butory factors relating to engine and track. 
instance, 
bogie axleboxes can bring about an inch or 
of uncontrolled but, sufficient 
side control is provided, the mass of the engine is 
after the free 
control 


more 
movement ; where 
brought up against a firm resistance, 
movement taken up. Where 
weak and the spring has a flat load-displacement 
curve, the bogie frame mects a yielding resistance 


sick 1s 


Is 


after the clearances have been taken up. The 
amplitude of the front-end movement is thereby 
increased, throwing more of the work of guiding 
the engine on to the leading coupled flanges, with 
the undesirable results already pointed out. This, 
the Committee consider, is one reason why the 


X-class Pacifics are particularly sensitive to deteri 
oration in maintenance ; but, if the side clearances 
in the bogie and hind track 
possible, one of the factors predisposing to hunting 


are kept as low as 
is thus suppressed. 

The Cartazzi slides, referred to in (1) (/) and (1) (g), 
are also susceptible to the effects of inferior main 
tenance. ‘Theoretically, the slightest displacement 
from the centre line should cause the weight at the 
k end to rise up the inclined planes, thus exerting 
takes 


bac 
an immediate centring force ; but when weal 
place in these slides, free movement can occur, and 
this is added to the 
bearings, and of the 
Cartazzi axleboxes also induce 
wear in the horns and on the journals. 

I'wo other features, Nos. (2) and (3), above, have 
the effect of increasing the uncontrolled movement 
at the front end of the engine, and these may be 
described as points of design which make good main 
tenance difficult. Figs. 11, 12, 14 and 15, herewith, 
show, diagrammatically, the of the 
side control springs as fitted to the standard bogie 
X-class Pacific In these 
x represents the distance over the plungers in the 
free position, and y the distance between the frames ; 
for correct adjustment, « should equal y. Initial 
control is obtained by screwing up the plungers by 
means of the central bolt and nut e. ‘The correct 
initial compression is shown at f, in Fig. 11. Under 
conditions of correct adjustment, the slightest dis- 
placement on either side of the centre line immedi 
ately brings in the full initial control on one or 
the other spring, as shown in the side-play and cent 
ing-force diagram, Fig. 13. 


play of the journals in their 
axleboxes their horns. 
a great deal of side 


in 


arrangement 


on engines. diagrams, 


lo avoid any chance of clearance being left 
between the face of the buffer plungers and the 
frame (which would give free movement), it is 


usual to allow } in. increase in length over the buffet 
that, when in position in the frame, 
between the nuts and the 
In these 


plungers, so 
there is clearance web 
in the bogie casting, as shown in Fig. 15. 
circumstances, one spring can act against the other, 
largely nullifying the initial control over the distanc 
of this clearance a. It is a defect in the design 
of this control gear, that any such clearance 
to be provided. As the importance of this point 
is not fully realised, however, car not always 
taken in the shops to adjust the screwing-up of the 
plungers to close limits, and a clearance of } in. 
giving an uncontrolled 
amount, apart 


has 


is 


is not uncommon, 
of this 
rhe effect is shown in the side-play 
and Fig. 16, from which 
it will be seen that, assuming a movement to the 
right, the spring ¢ is being compressed and thus is 


or more 


side movement from any 
other features. 


centring-force diagram, 


while spring d is released, 
taken rherefore, the 
ind the actual 


offering initial resistance, 
until the 
spring d is acting against the sprinz ¢, 
control obtained is that indicated in the diagram. 

The 


maintenance 


a is un 


distance 


makes good 


the 


second point in design, which 
difficult, the fact that 
control springs, when in position, are invisible. 
When there any falling-off in the standard of 
mainte hance, weak or even broken springs may be 
assembled during repairs, and there is no means to 
check this until such time as the engine returns to 
Moreover, if a spring becomes weak ot 
detected unless 


sic 


is 


the shops. 


broken in service, the fact cannot be 


the bogie is dismantled; and even the highest 
standard of maintenance is nullified when there 
are no means, Other than this, of discovering that 


there are defects. 
In fact, side-play in any of the elements of the 
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bogie or hind truck encourages a nosing tendency 
a contributory 


in any engine, and such play is 
factor in hunting in locomotives which are especially 
to maintenance conditions, are the 
X-class Pacifics. On the other hand, side-play 
in coupled-wheel axleboxes is not quite in the same 
category For a given amount of side-play in the 
bogie and hind truck, an engine with large play in 
the coupled-wheel boxes will exert lower coupled- 


with small play in these 


as 


flange forces than on 

boxes ; a fact which was amply demonstrated in 
the records of flange forces taken by the Railway 
Board from engines in different conditions. In 
practice, however, undue play in these boxes is 


undesirable for other reasons, and good maintenance, 
which that the coupled-axlebox side-play 
remains within low limits, is emphasised by the 
Committee to desirable, although less directly 
affecting the problem of hunting. 

Just as the behaviour of engines is affected by 
maintenance, so this, in turn, is influenced by the 
way in which it The Committee 
observe that they were aware, on many occasions, 


ensures 


be 


organised. 
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of “a lack of continuity in the means of bringing 
to the attention of the Chief Mechanical Engineers, 
and of the Railway Board, what was happening 
on engines in service It is of the greatest impor- 
tance for the proper maintenance of locomotives, 


and particularly for the early location of troubles | 
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that the C.M.E. should have prompt 

information to the behaviour of 
engines in service. He should, in turn, be able to 
disseminate his advice to the running staff without 
di lay ™ 


These considerations, the Re port continues, point 


as they arise, 
accurate 


und as 


to the necessity of having someone available in the 
sheds, who is able to take a wider view with regard 
to the various features which develop on engines in 
service, and to interpret them in the light of the 
behaviour of the engine when running. “It is 
not, however, sufficient to observe and interpret. 
Means must be found of getting the information 


direct to the C.M.E. without delay, so that preven 
tive action be The diftic ulty of 
collating information of the 
reasons why the root of the trouble with the X-class 

not investigated earlier; and the 
conclude the « hapter ** Engine 
’ with the following recommendations, 


can initiated.’ 


promptly was one 
Pacifics 
Committee 
Maintenance 
designed to avoid delay in the future : 

‘(a) It would appear desirable to appoint young 
practical officers as Mechanical Inspectors, directly 
responsible to the Chief Mechanical Engineers. 
They should be free of routine work, and their 
duties should be to visit sheds at any or all hours, 
to advise on the best methods of maintenance of 
locomotives, to bring back direct to head 
quarters particulars of troubles experienced, either 
on the footplate or in running sheds. 

““(6) If adequate arrangements do not already 


was 
on 


and 
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exist, it would also be of great value, in the Divi- 
sional organisation, if a Mechanical Inspector could 
be attached to the Divisional Mechanical Engineer, 
in order to keep the latter more closely in touch 
with the purely mechanical side of locomotive 
operation ; he should take the earliest opportunity 
for advising the Chief Mechanical Engineer of any 
difficulties. 

““(c) These young men should collaborate with 
motive power officers and staff; their aim should 
be to help in all the practical difficulties in the 
maintenance of locomotives required for operation. 
Their reports should not be interpreted as being 
necessarily condemnatory. It desirable that 
these officers should make periodical visits to the 
main workshops in order that they may remain in 
|touch with the latest practices, methods and tools 
used for repairing engines. 

*(d) Further, it for 
to be supplied promptly to the Railway Board...” 

In Chapter VII, which deals with ** Research and 
Development,” the Committee remark that 
undertaking of the size of the Indian Railways 
can afford to be without a properly-organised and 
active Research Section, fitted to give authoritative 
comfort and 


is 


is necessary information 


ho 


opinions on matters affecting safety, 
economy, and which require careful investigation, 
testing and analysis. They draw attention to the 
important research that has been effected already 
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by the Standards Office in India; the officers of 
which, after examining into the stresses in rails 
and fishplates, had been dealing with the more 
difficult problems of disturbance in the track, as 
set up by the X-class Pacific engines. The Com- 
|mittee recommend “that this essential work be 
continued ” ; adding that, ** without it, our recom- 
|mendations could not have been made so confi- 
dently, having regard to all the prevailing circum- 
stances.” 

Before proceeding to describe and discuss the 


| 





}research work that has been carried out in India 
in relation to the riding performance of Pacific 
| locomotives, the Committee summarise a number 


| of investigations into the reactions between engine 
and track, which have made in America, 
England, France, Germany and South Africa. 
|In India, research has been undertaken both by 
|the Bombay, Baroda and Central India Railway 
and by the Railway Board, acting independently. 
The work of the former, initiated in 1930, following 
| displacement of the track by XC-class engines during 
the monsoon, involved (a) designing a recording 
mechanical oscillograph for 
| (b) making a series of records for engines in different 
| conditions of bogie and hind-truck control, and in 
different conditions of maintenance ; and (c) explor- 
ing the relation between the packing of the track 
land engine oscillation, making use of whitewash 
to record track defects. 

Trials of an engine known to hunt at speed, over 


been 


bogie movement ; 
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a stretch of line a quarter of a mile in length, showed 
that successive packings of the track gradually 
reduced the tendency to hunt. Thus it was demon- 
strated that hunting can be practically cured if 
intensive attention is paid to the track; and the 
investigation was of especial value in showing 
that the B.B. & C.I.R. authorities were thinking 
along the right lines, so far as concerned the inter- 
dependence of track and engines. The fact that, 
in the words of the Report, “this desirable result 
for these particular engines requires a standard of 
track maintenance financially impracticable does 
not detract from the value of the experiments, which 
establish an important relationship between track 
maintenance and engine hunting.” One beneficial 
effect of these trials was that attention was focused 
on track, and the B.B. & C.I.R. accelerated their 
programme for the replacement of some 200 miles 
of wooden sleepers with steel troughs and 90-lb. 
flat-footed rails. Since these measures have been 
taken, the XC-class engines are reported to have 
given no further trouble in this respect. 

The experimental work upon X-class Pacifics 
was extended by the Railway Board, in 1935, to 


Fig. 17. 














determine, in the first place, the actual flange 
forces exerted and, secondly, to ascertain the 
resistance of different tracks to those forces. Two 
officers from the Civil Engineering Staff, allocated 
to this special duty, designed apparatus to fit 
between the axleboxes of a locomotive and enable 
the flange pressures imposed on the rails to be 
electrically recorded while the engine was travelling 
at speed. An optical recording seismograph was 
used for testing lurch movements. This instrument 
was described in a paper read before the Institution 
of Civil Engineers,* and also in the 11th Report 
of the Indian Bridge Standards Committee. The 
equipment on the locomotive also included scribers 
and scratch-plates, for indicating the maximum 
amplitudes of the bogie slide and of the hind- 
truck axlebox movement. For the purpose of 
electrical recording, a five-element electromagnetic 
strain-gauge recorder was employed. Three of the 
five elements recorded movements relative to the 
engine frame, such as those of the bogie slide, bogie 
pivot, coupled axlebox, hind-truck axlebox and 
hind-truck axle. The remaining two elements were 
designed to record flange pressures. 

The principle adopted for measuring relative 
movements or deflections is shown diagrammatically 
in Figs. 17 to 22, herewith. The bracket a, carrying 
a cantilevered spring-steel strip, is securely bolted 
to the first member in such a position that any 
relative movement of the second member will be 





* Appendix II to ‘“* Moving-Load Stresses in Short- 
Span Railway Bridges,” by W. E. Gelson, B.Sc.(Eng.). 
Proc.Inst.C.E., vol. 237, page 354 (1933-34, Part I). 








normal to the cantilevered strip. An oqeseting | 
bracket b, incorporating two rollers, is bolted to the 
second member, so that relative movement induces | 
a bending strain in the strip, closely proportional 
to the relative movement between the two members. 
The electromagnetic strain-gauge detector e, shown 
in greater detail in Fig. 18, is located at a position | 
along the cantilever strip where the range of strain | 
is of a magnitude suitable for recording. The 
electromagnetic principle is the same in both | 
movement or deflection detectors and flange- 
pressure detectors, but in the former case the 
apparatus consists of separate units. 

The elements for recording lateral forces consist of | 
weighbars in the form of tubular struts, and are | 
illustrated in Figs. 20 to 22. They are fixed in| 
pairs between the axleboxes, the channel liners of 
which are planed down at x to give sufficient 
clearances to ensure proper functioning of the 
weighbars. The arrangement requires that the 
path of the lateral forces between the flanges and 
the locomotive frame shall be via the weighbars or 
struts. The thickness of metal of the tubular struts 
is reduced to 0-19 in. over the length gg, and strain 
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on this length is detected by an electromagnetic 
strain-detector assembly. In the assembly are 
three wound laminated cores of Rhometal, separated 
by air gaps of 0-020 in. The central core, on which 
is wound the energising coil, is rigidly connected 
to one end of the gauge length by means of a forked 
plug of Duralumin. The two outer cores, with their 
windings connected in opposed series to give the 
difference of the voltages induced in them, are) 
rigidly connected together and to the other end | 
of the gauge length by means of Duralumin frame | 
plates and plugs. When a load is applied to the | 
weighbar, the strain on the gauge length closes the | 
air gap on one side of the central core and opens | 
it on the other, thus increasing and reducing the | 
induced voltages of the respective outer-core | 
windings. As arranged for use, the number of 
turns on each of the outer coils is different, so that, | 
under no load, the difference of the induced voltages 
is 5 volts, decreasing with load. Up to the maximum 
load, the variation of voltage is very closely linear. 
The weighbars are made in matched pairs, and are | 
retained between the axleboxes by means of hemi- | 
spherical sockets. The net induced voltages from 
a pair of weighbars are added, so that the total of | 
the two net induced voltages varies linearly with 
the total load on the pair of weighbars, and is 





independent of the actual distribution of the load 
between the weighbars. 

The energising power is obtained from an oscilla- 
tor-amplifier, delivering about 6 watts to 7 watts at 
6,000 cycles per second. The whole of the electro- 
magnetic strain-detector assemblies are connected in 
parallel, and this parallel group is connected in 
series to a condenser to form a_ series-resonant 
circuit which presents a load of pure resistance to 
the amplifier. The impedance of each assembly is 
practically constant for the working variations of 
the air gaps. From each pair of weighbars and each 


| deflection meter the net induced voltage is applied 


to the grids of a pair of valves, arranged for rectifica- 
tion. The anode current from each pair of valves 
is filtered and passed through an adjustable resist- 
ance to a Duddell-type oscillograph tube. The 
filters are designed to cut off at about 60 cycles in 
the case of the weighbars, and 20 cycles in the case 
of the movement or deflection meters. 

The battery of oscillograph tubes, with their 
electromagnetic direct-current field coils, are ar- 
ranged at one end of a light-tight box which repre- 
sents the bellows of a camera. The film box is set 
at the other end of, but not touching, the bellows 
box, the connection being made by means of a 
labyrinth light trap. Images of a straight filament 
are thrown on to a cylindrical lens in front of the 
film by the oscillograph mirrors, the lens reducing 
this line image to a point image on the film. A slit, 
0-010 in. wide, is placed across the film to protect 
it from stray images and dispersion, and the film 
is wound past the slit at any required speed by a 
small motor. The bellows box is mounted on a 
sponge-rubber mat, 1 in. thick, to protect the 
oscillograph tubes against possible vibration from 
this motor. The whole group, consisting of oscilla- 
tor-magnifier, rectifying valves and camera-oscillo- 
graph, is mounted on a board and slung from the 
roof of a bogie vehicle by rubber ropes. The sus- 
pension has been found satisfactory in practice. 


(T'o be continued.) 








THE LATE MR. C. H. COLSON, 
C.B.E. 


WE regret to announce the death of Mr. Charles 
Henry Colson, C.B.E., which took place at Harbour 
Bar, Shoreham-by-Sea, on October 29. He was 
seventy-five years of age. Mr. Colson’s whole career 
was occupied in civil engineering work for the Admiralty, 
and in the course of it he rose from the position of a 
draughtsman to that of Deputy Civil Engineer-in-Chief. 
His father, Charles Colson, who had previously occupied 
the same position, was the author of the well-known 
work, * Notes on Docks and Dock Construction,” 
published in 1894. Mr. Colson was born on April 24, 
1864, and was educated privately at Portsmouth. At 
the age of twenty, he became a draughtsman in the 
old branch known as the Department of the Director 
of Engineering and Architectural Works, of which 
Colonel (afterwards General) P. G. L. Smith, R.E., was 
then the head. Passing through the grades of clerk 
of the works and assistant civil engineer, Mr. Colson 
served in various dockyards at home and abroad, and 
in 1902 was appointed Superintending Civil Engineer 
at Malta, a post held twenty years before by his father. 
Between thirty and forty years ago, a great deal of 
dock construction and extension was being carried out 
under the Admiralty, and Mr. Colson was connected 
with many important schemes. After serving for some 
time at headquarters, he was lent in 1914 for three 
years to the Greek Government as one of the Naval 
Mission to Greece, of which Admiral Mark Kerr was 
the head. On returning home, he resumed work in 
what had then become the Department of the Civil 
Engineer-in-Chief and a year or two later became 
deputy to Mr. (afterwards Sir) L. H. Savile, the Civil 
Engineer-in-Chief. Mr. Colson was made a Commander 
of the Order of the Redeemer in recognition of his 
work in Greece. He was elected an associate-mem ber 
of the Institution of Civil Engineers in 1890, was 
transferred to the grade of Member in 1901, and 
contributed a paper to the Proceedings, dealing with 
the Naval docks at Malta. 








OIL WELLS aT BAaku.—We are informed that four 
new wells yielding, on an average, a total of 1,500 tons 
of petroleum a day, have recently been sunk in the Kirov 
district of Baku. Two further wells are being sunk in 
the district. 








LETTERS TO THE EDITOR. 


THE PROTECTIVE ACTION OF 
LUBRICANTS FOR WIRE ROPES. 
To tae Eprror or ENGIngERING. 

Sir,—I am interested in the correspondence which 
has appeared in your journal upon the above subject, 
and venture to disagree with both correspondents, 
inasmuch as neither of them approaches the matter 
from a practical point of view. 

Dr. Mayne has assumed too much from his laboratory 
experiments, while “ Bonomi" raises points of view 
which, in my opinion, are hardly relevant to the main 
subject, i.¢., lubrication. 

The cutting action of strands laid over other strands, 
in certain constructions of wire can never be 
overcome by any known lubricant, and the plastic flow 
of metals is not in any way caused by lack of this 
“unknown” lubricant; surely this is a “ material” 
or “steel quality” question and it is very difficult 
to obviate either. I do, however, quite readily agree 
with * Bonomi "’ when he states that a really efficient 
method of cleaning and lubricating wire ropes is not 
carried out in actual practice at very many mines, 
though I do know of several heavy winding shafts 
where greater care taken to and lubricate 
ropes, with very satisfactory results. 

It has been stated many times that a large percentage 
of rope failures are due to internal and 
external, but this fact does not appear to be as fully 
appreciated as it should. With regard to the use of a 
lubricant containing asphalt and pitch, earried by a 
good mineral oil, this does prove effective where very 
severe corrosive elements exist, but the rope must 
not be heavily coated with lubricant, which prevents 
the adhesion of the asphaltic compound. The use of 
this compound undoubtedly protects the outside of 
the rope and prevents the original lubricant used in 
the manufacture of the rope from exuding, so protecting 
the rope internally. 


ropes, 


is clean 


corrosion, 


Yours truly, 
* INTERESTED.” 
October 30, 1939. 





THE UNACCOUNTED OF 


AIRCRAFT. 
Epitor OF ENGINEERING. 

Sir,—The series of articles by Dr. F. W. Lanchester 
which have appeared in your columns during the past 
few months have very clearly enunciated certain funda- 
mental principles which put limits to the possible effi- 
ciency of the aeroplane. These ought to be more 
familiar than they sometimes are to the aeronautical 
engineer, and no one has a better title than Dr. 
Lanchester to remind us of them. It however, 
important to draw general attention to the fact that 
in aeronautical, as in other branches of engineering, a 
satisfactory design for a given purpose is invariably 
& compromise between a number of conflicting require 
ments, and that, in general, the designer has to depart 
very widely from such limit conditions as are indicated 
by theory. Thus, except in the case of machines 
designed for record-breaking purposes, the aircraft 
designer can never afford to approach, at the operating 
speeds called for to-day, the conditions of flight at 
which the maximum ratio of lift to drag is obtained. 
In practice, take-off requirements determine the 
minimum wing area possible ; and for operating speeds, 
engine cooling and operational facilities, the minimum 
body resistance possible, and the sum of wing-profile 
drag and body drag, at the required high operating 
ire invariably many times than the 
induced drag at the said speed. 

In his last article, on page 403, ante, Lanchester 
deals with a now fairly familiar criterion—the so-called 
‘ cleanness factor "’—which is the ratio of the total 
drag of an aeroplane at operating conditions, to the 
drag of a clean aerodynamic form of equal * wetted 
area,” subject only to skin friction, at the same speed. 
[ think it is desirable to point out that this ‘ cleanness 
factor,” despite its appearance of sweet reasonableness, 
is, in fact, an exceedingly misleading criterion of the 
efficiency of a given aeroplane. Consider the case of 
two aeroplanes both designed to meet the same specifi 
cation and both fitted with the same engine. It is to 
be assumed that the specification calls for a definite 
useful load, for certain specific operational facilities, 
and calls for a cruising speed at a specified engine 
output, which must not be less than N miles per hour. 
At the specified engine power and the specified speed, 
there is a minimum drag which must be faced to provide 
engine cooling. Moreover, to provide the necessary 
operational facilities, which will include adequate 
vision for the pilot, and, in the case of military machines, 
vision for other members of the crew and an adequate 
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ENGINEERING. 


field of fire for armament, will entail a further cost 
in drag, which will not, in general, be skin-frictional 
drag. 

Assume that, in the two machines in question, the 
designers have succeeded in providing a cooling system 
for the engine, and a body lay-out which is adequate 
for the operational requirements of the specification, 
and that the total * extra to skin-friction * drag is the 
same in the two cases. Then the only differences in 
drag which can exist between the two machines are : 
(a) induced drag, and (6) skin-friction drag. For 
modern military machines, induced drag is always 
negligible at top and cruising speeds, so that any 
practical difference must be in skin-friction drag, and 
the machine with the larger “‘ wetted area’ will have 
the larger total drag, and hence the lower speed. 
But it will be just this slower machine which will show 
the better “ cleanness factor.” To improve the “ clean- 
ness factor” of a given design, all that is required is 
to increase the “ clean” part of the wetted area, which 
may be done by increasing wing area, or by enlarging 
the clean part of the body. The aeroplane goes 
slower in consequence. 

The real measure of the success of any given design 
is the ratio of the weight of total useful load (including 
fuel and operating equipment) to the drag at design 
operating speed, but this figure is only directly com- 
parable for machines to similar specification and having 
equal design speeds. 

I am, Sir, 
Yours faithfully, 
W. H. Savers. 
Wolverhampton. 


October 30, 1939. 





THE FLOW OF LIQUIDS THROUGH 
BEDS OF GRANULAR MATERIALS. 
To 

Sir,—--A_ frequently occurring fallacy 
repeated in the British Association paper on “ The 
Flow of Liquids Through Beds of Granular Materials,” 


ruk Epiror or ENGINEERING. 


has been 


by Mr. W. H. Ward, reprinted in your issue of Octo- 
ber 20, on page 435. In Appendix II it is stated that 
“if A, is the total cross-sectional area, then from 


dimensional considerations the 


voids cross section is 


average aggregate 





Ap = Ap al, 
hence the characteristic velocity will be 
vb... 
"p » ete. 
xi 


This implies that the free area of voids varies as the | 
volume voidage to the two-thirds power. 
Consider a cube, side L, of the bed of granular | 





material, with a random distribution of voidage, 
containing » voids each of statistical dimension 1. 
Then, 
i 
(1) voidage n i" 
(2) Area of a typical void = P. 
Probable number of voids falling on a plane 
l 
n ° 
L 
Probable free area Probable number of 
voids area of void 
l 2 | 
n” 
L 
i 
n 
L 
, , B | 
Fractional free area n - 
L L2 | 
B 
n ° 
L3 


(3) Length of typical void = /. 
Probable number of voids falling on any line 
l l 
” . 
LL LL 
L? 
pe 
Probable free length n i3 xl 
B 
n 
L; 
Fract l free } th . 
Fractional free ieng ” 
LY? L 
/3 
n 
L? 
Thus the fractional free length (in equation 9 of | 


| remove 
hardness number is to be not less than 800 
|is approximately equivalent to 62 on the Rockwell C 
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the paper) and fractional free area (in equation 7) are 
both equal to the voidage. Actually, as voidage is 
dimensionless, the index to which « is raised only 
alters the value of a constant. As a matter of interest 
it may be noted that the average free area may be 
worked out easily for spheres in cubical packing and 
the fractional free area is the same as the voidage. 
I am, Sir, 
Yours faithfully, 
Horace E. Rosr, 
B.Sc., A.C.G.1. 
20, Water-lane, 
Brixton, London, 8.W.2. 
November 1, 1939. 








ROAD AND RAIL TRANSPORT 
PROBLEMS. 


To tae Eprror or ENGINEERING. 


Sir,—Your leading article in ENGINEERING, of 
October 20, raises a number of interesting problems in 
connection with the proper co-ordination of road and 
rail transport established in war time. It has long 
seemed to us that the position in this country was such 
that it would be vitally necessary to make use of a 
home-produced fuel if undue restriction of road trans- 
port in war were to be avoided. 

It is for this reason that the development of the 
Brush-Koela producer-gas plants has been undertaken. 
There is no doubt that, but for the unfair restrictions 
in regard to taxation and speed-limit categories from 
which the producer-gas propelled vehicles has suffered 
in this country, much greater progress in the number 
of vehicles so equipped would have been made, but 
now that war is actually upon us, these restrictions 
should be removed without delay. This step involves 
no decrease in revenue from commercial vehicles, but 
if the concessions are refused (they have already 
been granted in respect of electrically-propelled and 
steam-propelled vehicles), the revenue will fall as 
vehicles are no longer kept on the road. 

Yours faithfully, 
Per pro THe Brusu ELEcTRICAL ENGINEERING 
Company, LIMITED, 
Bosworth MONCK, 
Producer Gas Department. 
October 28, 1939. 








STANDARD ENGINEERS’ STEEL 


PARALLEL BLOCKS. 


Ix conformity with the now established practice, 
the British Standards Institution has recently issued a 
draft Standard Specification for the steel blocks used 
by engineers for parallel settings, and invites technical 
comment on it, before it is finally adopted as a British 
Standard. The specification is entitled ** CF(ME) 4081. 
Draft B.S. for Engineers’ Parallels (Steel),” and has 
been prepared by the Technical Committee ME/59 
Measuring Tools, in response to a request received from 
the Institution of Production Engineers. It applies 
to parallel blocks classified in two different grades 
of accuracy. Grade A covers 7 blocks of sizes ranging 
from } in. by } in. by 4 in. to 1} in. by 3 in. by 12 in. 
This grade has a high degree of accuracy and has a 
ground and lapped finish, the blocks being primarily 
intended for purposes of inspection. The material 
is of high-quality steel, hardened and heat-treated to 
internal The diamond pyramid 
, which 


stresses. 


scale. The tolerances on the thickness and width 
are proposed to range from + 0-001 in, for the smallest 
size to 00-0002 in. for the largest size. The error 
in parallelism of these two dimensions is not to exceed 
0-00005 in. to 0-0002 in., and the maximum permissible 
errors in straightness from the mean true plane are 


| of the same dimensions, plus or minus, the two figures 


being applicable to the smallest and largest sizes, 
respectively. The two parallels of a pair, when taken 
together, shall be accurate within the same limits as 
those for parallelism. 

The grade B blocks, which are primarily intended for 
general tool-room work, are also of hardened and heat- 
treated steel, but are finished by grinding and are not 
lapped. The diamond pyramid hardness number for 
this grade when finished is to be not less than 640+-. 
i.e., approximately equivalent to 56 on the Rockwell C 
scale. There are nine sizes of block in this grade, the 
smallest being } in. by $ in. by 4 in., and the largest 
2 in. by 4 in. by 16 in. The tolerances are, naturally, 
somewhat larger than those of the Grade A blocks, 
those for thickness and width ranging from + 0-00025 in. 
to +0-0006 in. for the smallest and largest sizes 
respectively. Similarly, the error in parallelism of 
thickness and width, the maximum permissible error 
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MESSRS. THE HUNSLET 


NARROW-GAUGE OIL LOCOMOTIVE. 
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connections, the couplings and drawgear of the overseas 
vehicles being of Continental pattern, with special-type 
steam couplings, for use with French locomotives. 
|They are steam-heated—each heater being under 
separate contro) —while in addition, independent heating 
is fitted in cars for the staff and personnel who may 
be required to live on the train at periods when no 
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steam is available. The staff cars are provided with 
| bedrooms, dining rooms and bathrooms for the medical 
officers and nursing sisters. 

The organisation of each train is carried out from an 
administrative car, or, in the case of overseas trains, 
from a pharmacy car. This comprises a treatment 
|room, office for the medical officer in charge, and 

stores for medical supplies, and, on the home trains, a 

compartment for sick officers, together with a kit 

|store. The ward cars are fitted with cots supported 
on the body side in tiers of three, with a central aisle 

for the passage of stretchers and attendants, while 

| ash trays, paper racks, and brackets to support portable 
fans, are provided at the side of each patient. At the 

end of each car is a small compartment equipped with 

a sink and cupboard, in addition to lavatory accommo- 

| dation. Adequate cooking and water-heating facilities 
| are installed in the kitchens which supply meals for both 
| staff and patients, and there is ample accommodation 
| for linen, food and domestic stores. Two such vehicles 
|are provided in the overseas trains, one of which 
|embodies a compartment for sitting sick officers. 
There is a large-capacity storage for water in each car, 

while drinking water is available throughout the trains. 

A special car is set aside for sitting cases, on the 

| lines of a corridor coach but having washable uphol- 
stery, while in the same car are two padded compart- 
ments for mental cases. Lighting is by electricity, 
and arranged in such a manner that various combina- 
tions of lamps may be switched off or dimmed as 
; desired, and fans are fixed in all cars, in addition to 
-3 | portable fans in each ward car. The floors and whole 

of the interior are finished in such a way that the train 
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in straightness from mean true planes, and the 


departure from the same dimensions of the two parallels | 
of a pair, all range from 0-0001 in. to 0-0004 in., the | 


error for straightness being plus or minus. The parallels 
are always to be supplied in pairs, each pair of Grade A 
blocks being stored in a protective box. In both 
grades the ends of the blocks shall be finished by milling 
or grinding within + j; in. of the nominal length. All 


sharp edges shall be rounded off or bevelled, and the | 


maximum errors in the squareness of the adjacent 
faces shall not exceed 0-0001 in. for Grade A parallels 
and 0-0002 in. for Grade B parallels. 


Certain recommendations for packing and marking | 


are included in the Draft Specification, copies of which 
may be obtained from the British Standards Institution, 
28, Victoria-street, London, 8.W.1, by those who feel 
that they can offer constructive criticism. Such 
comments should be sent to the Institution, quoting 


the title of the Specification, as given above, before | 


January |. 1940. 





78-H.P. NARROW-GAUGE OIL LOCO- 
MOTIVE FOR SOUTH AFRICA. 


Messrs. THe Hunstet Encrne Company, LIMIteD, 
125, Jack-lane, Leeds, 10, have recently shipped to a 
South African mining company a small oil-engined 
locomotive for 2 ft. 6 in. gauge work, which represents 
a convenient balance of power, weight and speed 
for light railway duties. The line on which this 
locomotive is to work involves a long gradient against 
the load, and it was imperative that a reasonably 
high speed should be maintained on this gradient, 
while axle load was to be kept moderate and all excess 
weight, which would deduct from the possible payload, 
eliminated. The locomotive has a factor of adhesion 
of 4-3 to 1. This has proved ample for working 
conditions and, combined with careful weight distri- 
bution, has resulted in a remarkably powerful loco- 
motive for the service. 

The power unit employed is the Gardner 6L2 airless- 
injection engine, capable of developing 78 brake horse- 
power at 1,300 r.p.m. Great care has been taken to 
protect all wearing parts from the dust present at the 
site, and very thorough filtering of the fuel oil, lubri- 
cating oil and the air supply has been arranged. The 
air filters have been so located that the driver can clean 
and replace them in a few moments without taking 
off the engine-room side covers, thereby ensuring that 
they receive the necessary attention. The cooling- 
water temperature is controlled by thermostats, the 
water being circulated by pump through a large sectional 
radiator having quickly-detachable and interchangeable 
elements. The plate-type friction clutch is of large 
size, self-cooling, and capable not only of standing up 
to considerable slipping when shunting cars, but also 
of transmitting over 100 per cent. overload. The 
three-speed gearbox has ratios specially selected by 
the mining company’s engineers to suit their conditions. 





; ‘ | can be easily kept clean, and with the exception of the 
It follows the standard Hunslet practice, combining | staff, sitting cases, kitchen and guards’ compartments, 
the change-speed gearbox with the reverse gears and | the interior finish is chiefly in white enamel. Large 
final-drive jackshaft. While it is possible to split | red Geneva crosses are painted on each side of the 
the gearbox on the various shaft lines, so that any | khaki-painted exterior and in the centre of the roof. 
shaft may be lifted straight out, yet the whole gearbox | The trains, which may be described as hospitals on 
may be lowered out of the frame as a unit. The total | wheels, are in keeping with the high tradition of carriage 
weight of 8 tons 1 ewt. is an excellent figure for a 78-h.p. | construction of the British railways, and it is an 
locomotive having a maximum tractive effort of| undoubted achievement that six trains—comprising 
4,190 Ib., especially as this has not been achieved at the | a total of 82 vehicles of various types—were completed, 
expense of even distribution, the 2-ton 17-cwt. maxi- | marshalled and handed over to the Military authorities 
mum axle load being noteworthy in the circum- | jn Jess than three weeks from the outbreak of war, 
stances. The length over the buffer beams is 13 ft. 9} in.. | while work was proceeding simultaneously on a number 
the wheel-base is 5 ft. 3 in., and the diameter of the | of further trains. . 
coupled wheels is 2 ft. The maximum speeds on th: | A number of trains, each of twelve vehicles, have 
three gears are 5-9 m.p.h., 11-5 m.p.h. and 18-7 m.p.h. | now been completed by the four main-line railway 
| companies for the evacuation of civilian casualties 
| from first-aid or clearing stations to the base hospitals, 
|and these are stabled at suitable points throughout 
ae ; _|the country. Each train consists of two corridor 
| Tue British railways have completed a number of! third brakes, nine brake vans and a vestibule vehicle. 
ambulance trains for use both at home and overseas, | The third brakes are equipped for the storage of domes- 
the work upon different types of vehicles having been | tic, food and medical supplies, and with cooking 
| entrusted to the various companies’ works at Derby, | facilities, and compartments are provided for the 
Wolverton, Swindon, Doncaster, York, Eastleigh | accommodation of train staff. The nine brake vans 
}and Lancing. Each train is fully equipped with cars | are fitted with brackets on both sides of the body 
for the accommodation of travelling staffs of doctors, | work to take stretchers, of which more than 30 can 
nurses and R.A.M.C. orderlies, as well as with wards | he carried in each vehicle. The cars are fitted with 
for lying, sitting and mental cases, and travelling | additional steam-heating pipes, and bell communication 
| Pharmacies, while kitchens and cars for infectious is provided throughout the train. The vestibule car 
cases and stores are also provided. The details of | is to be used by the train staff for mess and recreational 
| design had been previously completed by the L.M.S./ purposes. The exteriors are in the railway companies’ 
on behalf of all the companies, and at the outbreak | own standard colours and no special finish is given 
of hostilities the companies had already decided on | jnside. Although the necessary equipment was already 
| the types of vehicles they would convert. The general | on hand prior to the outbreak of war, the order to fit 
difference in this procedure from that adopted during up was given only on August 30, and all the trains were 
the war of 1914-1918 was that, instead of each company | assembled and dispatched to their appointed stations 
converting complete trains of each type of vehicle, | within two days of war being declared. 
they specialised in particular types, which were subse- . 
quently sent to a central point to be marshalled into 
trains. This procedure minimised the variation and | 
quantity of materials and fittings to be provided by 
each works, and thus permitted complete trains to be 
formed within the shortest possible time. The L.M.S. 
Company was responsible for the purchase and manu- 
facture of material, which was forwarded to each 
works within a few hours. Further, the whole of the 
vehicles converted were selected from L.M.S. coaching 
stock, and were located and forwarded to each company 
immediately, to enable the work to be put in hand. 
| In addition to fittings already on hand, each company 
| manufactured a large amount of others, including 
| furniture, this work proceeding concurrently with the 
| stripping and reconstruction of the cars, many of which 
| had to have new side sections, embodying double doors, 
new partitions and interior casing. 
Each home train is composed of nine vehicles of seven 
types, while there are sixteen vehicles of nine different 
| types in each overseas train. All vehicles are 57 ft. 0 in. 
| long, mounted on four-wheeled bogies, and have side 
buffers, screw couplings and communicating gangway 


| 
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Gas-FIRED BOILERS FOR HOT-WATER SUPPLY.— A range 
of natural-draught gas-fired boilers for hot water supply 
and central heating has been developed by Messrs. 
Autocontrol Boilers, Limited, Victoria Station House, 
London, 8.W.1, as a supplement to the firm’s “‘ Vesta ”’ 
gas-fired boilers previously described in these columns. 
The new boilers are constructed of a metal resistant to 
acid condensate and are provided with full cleaning 
facilities to both the flues and water passages without the 
removal of the main casing, which is finished in a variety 
of ways in order to meet instances where appearance is 
of importance. The gas is consumed in luminous-flame 
burners and the supply is controlled by a thermostat. 
Primary ignition is effected by a small pilot flame and, 
once lighted, the operation of the boiler is entirely 
automatic. The capacity of the boilers, which are 
identified as the L.F. type, ranges from 30,000 B.Th.U. 
to 100,000 B.Th.U. per hour, there being four sizes 
altogether, the above outputs representing the smallest 
and largest of the range, respectively. 
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LABOUR NOTES. 


At the request of the Amalgamated Engineering 
Union for an opportunity to raise certain questions 
concerning wages, an informal meeting took place last 
week between officials of the Engineering and Allied 
Employers’ National Federation and the executive 
council of the union. According to the practice of the 
industry, six months have to elapse between any altera- 
tion in wages and the re-opening of the matter. As 
the last advance in wages was made in June, the six 
months will not expire until the middle of next month. 
Only procedure, it is stated, was, therefore, discussed 
at the meeting. The Confederation of Shipbuilding 
and Engineering Unions have asked for similar 
meeting with the engineering employers. 


a 


tepresentatives of the Confederation of Shipbuilding 
and Engineering Unions and representatives of the 
Shipbuilding Employers’ Federation met at Carlisle 
last week for the purpose of giving further considera- 
tion to questions relating to production in war-time, 
including the speeding up of output, overtime and 
nightshift work, and adaptations necessary to adjust 
conditions to the “ black-out ”’ regulations. The dis 
cuasions are to be continued later. 


The wages of dockers in both large and small British 
ports are to be increased by Is. a day as from Monday 
next. The terms of the agreement are as follows : 
On and after November 13, the daily wages of men on 
time rates shall be increased by Is., and the minimum 
daily wage on the half-daily basis shall be, for the 
yreater ports, 14s. and, for the smaller ports, 13s. For 
men covered by Clause 6 (6) of the agreement of May, 
1920, the same increase of Is. a day shall apply. Per- 
manent men whose wages are paid weekly shall be 


paid the increased rates from November 13. Piece 
workers shall receive the same monetary advance as 
time workers—namely, 6d. a half-day, with conse- 


quential increases during overtime periods. The 
employers and the unions are to approac h the Ministry 
of Labour with the suggestion of an arrangement for 
a trial period, of a daily of unemployment 
in ports where this procedure is not now followed. It 
ix recognised that the arrangement must safeguard the 
supply of labour required at both the morning and 


pre ot 


midday calls 


The National Joint Advisory Council, whose function 
to advise the Government on matters in which 
employers and workers have a common interest, held 
its first meeting last week. The Minister of Labour 
was in the Chair, and there was a full attendance of the 
nominated by the British 
Employers’ Confederation and the Trades Union 
Congress General Council. The subjects under con- 
sideration included the Schedule of Reserved Occupa- 
tions, the Control of Employment Act, the question 
of the Cost of Living Index figure, and the possibility 
of reducing the black-out period. Upon the subject 


is 


representative members 


! 


of the achedule of reserved occupations, the Council | 


decided to draw public attention to the fact that the 
schedule merely places certain restrictions upon enlist- 
ment or enrolment in the defence services. Nothing 
in the schedule affects the freedom of any person to 
change his civil occupation. The Council will hold 
its next meeting on December 6. 


Industrial News, a publication of the Trade Unions 
Congress, states that, a result of consultations 
with the Ministry of Supply, the T.U.C. 
that a Trade Union Advisory “ommittee 
set up has been accepted. Further liaison 
the General Council and the Ministry is to be considered 
later in the light of the working of the Advisory Com 
mittee. The Government has, however, agreed that 
direct contact with individual executive directors of 
the Ministry of Supply will be freely afforded to the 
General Council. The Ministry of Supply, it is ex- 
plained, deals almost exclusively with War Office 
requirements, and the Air Ministry and the Admiralty 
are not within its purview. At the Prime Minister's 
suggestion, the Trade Union Advisory Committee 
to the Ministry of Supply will act in a similar capacity 
to the Air Ministry. The Government feel that it 
not necessary, at the present moment, to extend the 
to the Admiralty. The following have 


as 
suggestion 
should be 
bet ween 


Is 


arrangement 


been appointed to the Advisory Committee by the 
General Council :—Messrs. E. Bevin, J. Brown, H. 
Bullock, A. Conley, J. Hallsworth, M. Hodgson, W. 


Holmes, J. Kaylor, and F. Wolstencroft and Sir Walter 


Citrine 

The General Council has pressed the employers 
and the Ministry of Labour to the need 
for the complete establishment of collective bargaining 
in the industries where this is now lacking or only 
It is emphasised in /ndustrial News 


recognise 


partly effective. 
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that the setting up of the Advisory Council to the 
Ministry of Labour will not in any way interfere 
with the existing arrangements whereby the General 
Council and its affiliated unions are able to send 
deputations to, and establish contacts with, various 
Government, Departments on matters concerning their 
members, At the same time, provision has been made 
that, at the meetings of the Advisory Council, other 
Government Departments, in addition to the Ministry 
of Labour, will be able to send representatives as 
necessity arises, to discuss such broad questions of 
principle as may be found to be common to all industries. 


Judging from recent articles in Soviet newspapers, 
the Stakhanov movement is making strong headway 
in industry. Stakhanov instructors are now available, 
information and experience are being exchanged over 
a wide area, and schools are being formed for various 
industries. A new form of the system has recently 
appeared in two mechanical engineering undertakings 
at Sverdlovsk and Kharkov, where in June, 1939, a 
number of workers began to operate several machine 
tools at the same time. This form of organisation of 
work has since been imitated in several other establish- 
ments of the same industry. The central organ of the 
Communist Party of the U.S.S.R. states that if such 
methods are used, the working premises must be care- 
fully arranged, since the machine tools must be disposed 
in such a way as to avoid waste of time by the workers 
operating them. It also points out that the workers in 
question must be carefully trained for work on several 
machine tools, and that the managements of the under- 
takings must secure as complete as possible a mechanisa- 
tion of the process of production, together with ration- 
alisation. The officers of the Central Committee of the 
union of workers employed in the manufacture of 
machine tools decided, on September 22, to request 
affiliated organisations to apply these new methods, to 
make them known among the workers, and to call on 
engineers and technicians to help those workers who 
operate several machine tools at the same time. 


The Stakhanov movement, readers will recall, started 
in the second half of 1935 in the coal mines of the 
Donetz basin, and was distinguished, particularly at 
the outset, by the high output of individual workers 
employed either in industry or in transport or agri- 
culture. At the end of 1937, the attainment of a 
record output by individual workers was still the chief 
object of the movement in a large number of under- 
takings. By Order of December 28, 1937, the 
Central Committee of the Communist Party of the 
U.S.S.R. condemned this tendency and pointed to the 
need for an increase in the number of Stakhanovists. 
In his report to the Eighteenth Congress of the Com- 
munist Party in March, 1939, Mr. Molotov described 
the extension of the movement as partly responsible 
for the fact that the increase in labour productivity 
during the second five-year period (1933-1937) had 
exceeded the Plan figure. The increase in industry 
had been, he said, 82 per cent., as against 63 per cent. 
according to the Plan; and in building, 83, as against 


75 per cent 


According to the weekly organ of the International 
Labour Office at Geneva, an organised campaign to 
increase the number of women wage earners is now 
in progress in the Soviet Union. Measures were taken 
recently, it is stated, to train over 100,000 women 
tractor drivers and an appeal was made to women to 
take up mining work. Further appeals were launched 
lately in towns and villages with a view to increasing 
the number of women workers—estimated at about 
nine million in January, 1939—and to persuade women 
to take up occupations hitherto reserved for men. In 
this connection, the main Press organ of the Communist 
Party of the Soviet Union points out that 44 women 
are already employed as engine-drivers and 4,500 as 
assistant drivers. Over 23,000 women have completed 
special courses enabling them to work on the railways, 
and it is proposed to increase to 100,000 the number of 
women to be engaged by transport undertakings. An 
appeal has also been made by the People’s Commissary 
for Maritime Transport with a view to the employment 
of women in shipbuilding yards. 


There is also a movement in favour of the employ- 
ment of female labour in the iron and steel trades. 
This was started by a number of women in the Magnito- 
gorsk Works. It is suggested that 50,000 women 
should be trained for employment in this branch of 
industry. The People’s Commissary for the Iron and 
Steel Industry recently declared that in order to realise 
these plans it was essential to improve the technical 
qualifications of women and to organise classes, Stak- 
hanovist schools, ete., for them. Party committees, 
trade union committees, and communist youth com- 
mittees should endeavour, it is stated, to organise 
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working conditions so as to encourage productive work 


by women. The system of day-nurseries, children’s 
playgrounds, canteens, wash-houses, etc., should be 
extended so as to free women as far as possible from 
household cares. Women are also asked to take a more 
active part in forestry work. 


Employment, housing, health, education and insur- 
ance are declared to be five of the major fields in which 
social problems affect adversely the negroes in New 
Jersey, who, in 1930, numbered 208,828, or 5-2 per cent. 
of the population of the State. This information is 
given in a report of the New Jersey Temporary Com- 
mission on the “ Condition of the Urban Coloured 
Population,” published early this year. The Commis- 
sion found that, as a result of a heavy rate of unem- 
ployment and long continuous exclusion from higher- 
paid jobs, negro families usually had very low incomes. 
In 1931, their average family income per annum in 
New Jersey was found to be 1,052 dols. The Commis- 
sion’s finding for 1938, based on questionnaires for 
5,303 coloured families in 14 municipalities, showed 
a drop to 880 dols. The same 1938 schedules showed 
that 30 per cent. of these families had annual incomes 
below 600 dols., 75 per cent. incomes under 1,200 dols., 
and only 2-5 per cent. incomes over 2,400 dols. 


As a result of its study, the Commission recom- 
mended (1) that the State Civil Service Act be amended 
to provide against racial discrimination in appointments 
and promotions in the competitive class of the Service 
and against the labour class on public jobs; (2) that 
insurance laws be amended to prohibit racial discrimi- 
nation in the issue of life insurance and of liability 
insurance for automobile accidents ; (3) that provisions 
* be included in a State labour relations act so as to 
deny the protection of that act to any union refusing 
to admit workers to membership on account of race or 
religion’; and (4) that a study be made by the legis- 
lature ** of regulations providing for a merit system to 
be instituted as part of the employment practices of 
public utilities.” 


The Committee appointed by the Norwegian Govern- 
ment, in March, 1938, to inquire into and report on the 
need for special legislative provisions concerning the 
conditions of remuneration of salaried employees in 
private employment, has issued its report. Most of the 
members of the committee propose the introduction 
of a system of supervision under which, in every 
commune which so desired, a board would be set up 
which would keep itself informed of the conditions of 
remuneration of salaried employees and make wage 
orders in such cases as were deemed to be “ manifestly 
unreasonable.” The decisions of the local boards would 
be reviewed by a national wage council composed of 
five members appointed by the Government, two of 
whom would represent the employers and two the 
employees. _ 

Arbeiderbladet, the principal organ of the Nor- 
wegian Labour Party, commenting upon the Com- 
mittee report, maintains that the proposal for the 
introduction of minimum wage legislation is intended 
to counteract the organisation movement among 
employees. The salaried employees have already 
passed the stage of organisation when minimum wage 
legislation can be considered expedient, and there can 
be no question now of returning to such a primitive 
system of fixing meagre minimum wages, which, in 
practice, tend to become bad maximum wages. On 
the other hand, there may be a need for a system of 
public wage supervision as a measure against abuses 
in this field. Among commercial employers, opinion 
seems to be much divided on this question, and support 
has been expressed, during the discussion of the Com- 
mittee report, both for a minimum wage and for a 
wage control system, while many object to any public 
intervention in this field. It is estimated that the 
proposed regulation would cover some 75,000 employees 
(40,000 women and 35,000 men). 


According to Mr. Fred Smith, the general secretary 
of the Amalgamated Engineering Union, certain 
members of the organisation who are in front-line 
regiments are to be withdrawn, and employed as 
military tradesmen or sent back to work in Britain. 
To enable such men to be traced, the A.E.U. is taking 
a special census of its membership. Mr. Fred Smith, 
the union’s general secretary, said during last week- 
end :—** A great number of our young men have 
been put into the line. While, as a union, we do not 
want any distinction made between our members 
and other workers, it will be a case of throwing away 
good labour if the country does not make proper use of 
its skilled engineers. An undertaking has been given 
that such men will be withdrawn from the line.” 
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THREE-THROW VERTICAL HYDRAULIC PUMP. | ‘tuscnmatrectine term rerpimecny 


cope  f . ete ’ ; in Figs. 1 to 3, on this e, is manufactured by 
MESSRS. T. H AND J. DANIELS, LIMITED, STROUD, GLOS. Messrs. T. H. and J. Daniele, Limited, Lightpill ron 
Works, Stroud, Gloucestershire, for use with an accumu- 
lator in the operation of hydraulic presses. It will be 
noticed that there is a difference in the drive between 
the sectional views, Figs. 2 and 3, and the external 
view, Fig. 1. In the former case, the pump is arranged 
for a multiple Vee-rope drive and in the latter it is 
driven by a motor through reduction gearing The 
method of drive is, of course, an optional one, but it 
may be stated that the multiple-rope drive has been 
found very suitable for heavy reciprocation-pump 
work and is somewhat more silent in operation than the 
worm drive. With a crankshaft speed of 100 r.p.m., 
the delivery is 5-5 gallons per minute at a pressure of 
one ton per square inch. 

The construction will be clear from Figs. 2 and 3. 
The frame is a rigid one-piece iron casting with the pump 
bodies bolted to the base cross connection and the 
cylindrical crossheads working in the upper cross 
connection. The crankshaft is machined from a steel 
forging, and runs in two large plain bronze bearings. 
The same type of bearing is adopted for both en's of 
the connecting rod, except that the bearing for ihe 
small end is of the bush type. The gudgeon pins 
are fixed in the crossheads. The main bearings are 
ring-lubricated, the shaft having oil throw-off collars. 
For the other working parts lubrication is provided 
by a small pump mounted on the crankshaft end 
cover. A drip tray under the crossheads returns 
the oil to the suction tank. The pump bodies are 
independent, and are made of cast steel. The plungers 
are of stainless steel and work in bronze liners and 
glands. The plunger diameter is 1} in. and the stroke 
3in. The valves are of bronze and the seats of stainless 
steel. Both the suction and delivery branches consist 
of manifolds bolted to the bodies, a common inlet and 
outlet being thus secured. The valves and the plunger 
glands are all readily accessible. The pump is a 
reliable and effective machine, and, as will be seen from 
Fig. 1, the crankshaft is provided with a removable 
guard. 














THE THERMAL CONDUCTIVITIES OF 
SOME INDUSTRIAL ALLOYS OF 
COPPER AND OF NICKEL.* 


By J. W. Donatpson, D.Se. 





THis paper gives briefly the results of tests on some 

‘ industrial alloys of copper and nickel used for high- 
Fic. 1. Pomp wire Gargp-Moror Drive. duty and re. Ponce. The tests were carried out 
to obtain reliable data on alloys prepared according to 
™ definite commercial specifications, data which are not 
_ available in the many papers published on the thermal 
\, conductivities of non-ferrous alloys, and which, when 
given for some of the alloys in certain tables of physical 








constants, are vague and unsatisfactory and of little 


, use to engineers and other users of such alloys. For 
all the alloys, the therma! conductivities were deter- 
\ mined over a range of temperature ; for some, deter- 

. | 





minations were made in the cast and in the worked 
conditions of the material in order to determine the 
—-—- —-— - | influence of work on this property. 

The alloys tested were divided into three groups. 
In the first group were two high-tensile brasses of 
approximately the same composition, one cast and 
one rolled and annealed; two aluminium bronzes 
f/ containing aluminium approximately 8-5 to 10, man- 
ganese 2 per cent., and the remainder copper, one cast 
and one rolled and annealed; and a third cast alu- 
minium bronze having the approximate composition 
aluminium 9-5, manganese 2, iron 3, nickel 4 per cent., 
remainder copper. The second group included six 
alloys high in nickel.t These were a cast Monel metal ; 
a cold-rolled Monel metal; a K Monel metal, rolled 
° and annealed; two cast silicon-Monel metals, con- 
taining approximately 2-75 and 3-75 per cent. silicon, 
respectively ; and an Inconel alloy rolled and annealed. 
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' ; ! [enh ail The third group consisted of four cast nickel-bronzes, 
fa-= 4 pa ===] S 1 | W----FE==- mmm the first containing approximately nickel 5, tin 5, zinc 2 
! 1! c- 4 4 per cent., remainder copper ; and the other three, tin 10, 
i — | ' H zinc 1 per cent., with 15, 30 and 50 per cent. of 
--——— 9’ ols —-- —_— ' I ' Z i i i 

11 my eo eee ee A nickel, respectively, remainder copper. Most of the 

=== = [a ba) oe al : AY alloys were to Admiralty specifications, where such 
(@se6.x.) a specifications existed. Only the results obtained for 








: the cast high-tensile brass and for the cast Monel metal 

small type. The opalescent light shades previously | have been previously published by the author. The 

employed were replaced by black shades, which throw compositions of the various alloys are given in Tables 

the light down directly over the passenger seats, while | [ to IIT. on page 540 ih e 

London Midland and Scotti » Sethe : on the outside of the windows is painted a 4-in. black ¢ ceca! 

unten tn Memetennanteenn on ilway’s 4.50 p.m.|border. In addition, close-fitting blinds are provided,| * Paper prepared for presentation at the cancelled 

The cnpesteneut f cna @ oe asamp October 30. | which are kept drawn during the hours of darkness. It| Glasgow autumn Meeting of the Institute of Metals. 

the railway com “ weg a investigations carried out by | is emphasised that the success of the experiment depends Abridged. 

the Home oehen, —~ a ee of Transport, and | to a large extent on the co-operation of the travelling + The names of the alloys in this group are registered 

elude aaliieek uaa I ndard of lighting tried out public. Later, it is hoped that these improved lighting | trade marks of Messrs. The Mond Nickel Company, 
ctent interior illumination for reading, even | facilities will be available on all main-line trains. Limited, London. 


IMPROVED LIGHTING ON MAIN-LINE TRAINS.—-The 
first test of experimental methods for the interior lighting 
of passenger compartments on long-distance trains 
during the black-out hours was carried out on the 
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The apparatus used in determining the thermal 
conductivities has been fully described in various 
papers*; no further description is necessary beyond 
stating that it is based on the guard-ring method, is 
designed for use in a commercial laboratory, and com- 
bines fair accuracy with fairly rapid manipulation. A 
consideration of the sources of error that may occur in 
using the apparatus shows that, provided that the 
test-bar is made to accurate dimensions, the apparatus 
properly used, and the thermocouples accurately cali- 
brated, the results obtained cannot vary by more than 
2 per cent. Determinations for each alloy were made 
over four varying temperature ranges from 40 deg. to 
520 deg. C., and a period of 6 hours was allowed in 








TABLE I.—Percentage Compositions of High-Tensile 
Brasses and Aluminium Bronzes. 
High- Tensile Aluminium 
Brass Bronze 
Alloy 
| } 
Cast Rolled Cast 1 Cast 2 | Rolled 
Cu 58-91 8 az 81-09 89-56 
Zn 37-68 i7 +78 Nil Nil 
Al 0-45 } 0 4¥ 0:77 8-66 
Mu 0-76 0-66 i 1-95 | 1°75 
be 1-24 1-09 >. 06 race 
Ni Nil Nil | $71 Nil 
Sa 0-78 0-85 | Nil Nil 
Pb 0-10 0-28 Nil Nil 
Tape I1.—Percentage Compositions of High-Nickel 
Alloys. 
Cast Cast 
Cast Rolled Cast K ¥ . 
Alloy.| Monel | Monel | Monel | Silicon | Silicon | Cast 
J Metal. | Metal Metal Monel Monel Inconel 
— get | | Metal 1. | Metal 2 
2.08 2.4 ..2 | 
Ni 67-05 67-34 66-73 | 65°30 | 64-04 | 80-08 
Cu 20-07 29-46 20°76 25°71 28-32 0-18 
ke 2-68 1-79 0-35 1-36 2°15 | 6-31 
Mn O-84 lll : 1-54 1-74 0-24 
si 0-30 0-07 | O-25 2-09 3-37 0-15 
‘ | 0-21 0-20 0-41 0-38 0-067 
Al 2-50 
cr | 12-97 


TABLe ILI.—Percentage Composition of Cast Nickel- 
Bronzes. 
Alloy No l | 2 3 4 
Cu 87-93 73-28 58-00 87-36 
sn 4-06 9-67 10-29 9-91 
Ni 5-44 16-06 30-71 51-37 
An 1-65 0-o9 1-00 0-86 
Pb Nil Nil Nil Nil 
Fe Nil Nil Nil Nil 


each range to obtain a heat balance and to establish 
equilibrium conditions. Three sets of readings were 
taken, and the average values obtained were used in 
caloulating the thermal conductivities for the two 
different temperature ranges in which measurements 
were made. 

Consideration of Results.-Table 1V gives the thermal 
conductivity values of the various alloys at 100 deg. 
and 400 deg. C., as determined from curves plotted to 
show the variation of thermal conductivity with the 
mean temperature. The investigation has shown that 
in all cases the thermal conductivities of the alloys 
increase as the temperature increases and that the 
increase in temperature is fairly regular and uniform. 
The high-tensile bronzes show an increase of approxi- 
mately 25 per cent. between 100 deg. and 400 deg. C., 
while the increase in the aluminium bronzes is even 
greater, the cast aluminium-bronze containing nickel 
showing an increase of over 50 per cent. and the other 
two inoreasing by 35 per cent. All the high-nickel 
alloys and the nickel-bronzes show increases varying 
from 30 per cent. to 40 per cent. over the 300 deg. C. 
range, with the exception of the cast Inconel, which 
only increases by 22 per cent. The results also indicate 
that there is little difference between the thermal 
conductivity of an alloy in the cast state and that in 
the wrought condition, a point which has hitherto not 
been brought out. Determinations on high-tensile 
brass, aluminium bronze, and Monel metal all show 
little variation between the values obtained for these 
alloys in their cast and rolled conditions, although the | 
value for the rolled material is slightly the greater 
in each case. This increase may be due to the slight 
variations in the compositions of the alloys in their 
different states, but increases for such variations do not 
seem probable, particularly in the case of the high- 
tensile brass and Monel metal, where differences in 
composition in the two conditions of the alloys are 
slight. Increase in thermal conductivity is more 


* See J. W. Donaldson, J. Inst. Met., vol. 34, page 43 
(1925), and Metallurgia, vol. 1, page 151 (1930). 


| conductivity of 0-065 at 100 deg. C., 
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probably due to the fact that rolled material has a 
denser and more compact structure. From these 
results it may be assumed that work does not alter 
materially the property of these alloys for conducting 
heat. 

Considering the values obtained for the various 
alloys, that for an approximate 90: 10 copper-alumi- 
nium alloy containing a small proportion of manganese 
(aluminium bronze) is about 20 per cent. less than that 
of 0-185 at 100 deg. C., obtained for an approximate 
60 : 40 copper-zine alloy containing small proportions of 
manganese, iron, and aluminium (high-tensile brass) ; 
it shows, further, the influence on the thermal conduc- 
tivity of alloying copper with 10 per cent. of aluminium 
as against 40 per cent. of zinc. A further addition 
of 3 per cent. iron and 4 per cent. nickel to the alumi- 
nium bronze reduces the thermal conductivity by 
another 30 per cent., a value of 0-082 being obtained 
at 100 deg. C. This alloy has heat-conducting pro- 
perties very similar to those of the nickel-bronze 
containing approximately tin 10 per cent., nickel 
15 per cent., zinc 1 per cent., with remainder copper. 

In work on an Admiralty gunmetal containing 
copper 87-24 per cent., tin 10-02 per cent., zinc 2-18 
per cent., lead 0-35 per cent., and iron 0-21 per cent., 
the effect on the thermal conductivity of gunmetal 
of the replacement of approximately 5 per cent. of the 
tin by 5 per cent. of nickel is shown by the values of 


TABLE IV.—Thermal Conductivities at 100 deg. and 
400 deg. C. 


K, c.g.s. units. 


Alloy. —— pe fe ——— 
100 deg. C. | 400 deg. C. 
| | 
Cast high-tensile brass 0-185 | 0-232 
Rolled high-tensile brass 0-188 0-239 
Cast aluminium-bronge 1 0-140 | 0-191 
Cast aluminium-bronze 2 0-082 | 0-126 
Rolled aluminium-bronze 0-144 | 0-197 
Cast Monel metal 0-064 | 0-084 
Rolled Monel metal 0-066 0-087 
Rolled K Monel metal 0-046 0-060 
Cast silicon Monel metal (2-75 per | 
cent. Si) 0-050 } 0-067 
Cast silicon Monel metal (3-75 per | 
cent. Si) 0-047 | 0-064 
Rolled Inconel 0-037 0-045 
Cast nickel-bronze 1 O-11l =| 0-148 
Cast nickel-bronze 2 0-087 0-120 
Cast nickel-bronze 3 0-074 0-096 
Cast nickel-bronze 4 0-050 | 0-066 


0-138 and 0-111, respectively, obtained for the gun- 
metal and for nickel-bronze 1 at 100 deg. C. The 
thermal conductivities of the other three nickel-bronzes, 
containing, approximately, tin 10 per cent., zine 1 per 
cent., and nickel 15, 30, and 50 per cent., respectively, 
with the remainder copper, are still lower, and decrease 
uniformly as the nickel content increases, a value of 
0-050 being obtained at 100 deg. C. for the 50 per cent. 
nickel alloy. The value of the conductivity of this 
bronze is somewhat similar to those obtained for 
the group of alloys containing approximately nickel 
65-67 per cent., copper 30 per cent., with other ele- 
ments. In this group, Monel metal, with a thermal 
has its value 
reduced to 0-046 by the addition of 2-5 per cent. of 
aluminium, and to 0-050 and 0-047 by the addition 
of approximately 2-1 per cent. and 3-4 per cent. of 
silicon. Inconel (approximate composition nickel 
80 per cent., chromium 13 per cent., and iron 6-5 per 
cent.) has a very low thermal conductivity, values of 
0-037 and 0-045 being obtained at 100 deg. and 400 deg. 
C., respectively. 

The author's thanks are due to Mr. James Brown, 
C.B.E., and the other directors of Messrs. Scotts, 
Shipbuilding and Engineering Company, Limited, 
Greenock, for permission to carry out the experiments 
described in this paper. He thanks Mr. F. Hudson, of 
Messrs. The Mond Nickel Company, Limited, London, 
and Mr. C. H. Meigh, of Messrs. Meigh High-Tensile 
Alloys, Limited, Cheltenham, for samples of the non- 
ferrous alloys tested. 








Tue LIVERPOOL ENGINEERING Socrety.—We have 
received a copy of the October issue of the Bulletin of the 
Liverpool Engineering Society. This has been enlarged 
to include the first of the papers in the revised syllabus 
of the Society. As it is deemed unwise to hold the usual 
meetings, the papers will be made available to all mem- 
bers by means of the monthly Bullelin. Those interested 
may send in written comments, which will be sent to 
the author for reply, and the whole printed, as usual, in 
the Society's annual Transactions. The prizes awarded 
in respect of last session are being sent by post to the 
recipients. These include Dr. 8. F. Dorey, who receives 
the Derby Gold Medal; Messrs. L. J. B. Forbes and 
Cc. E. Fairburn, between whom the Society’s Premium 
has been divided; and Mr. E. 8. Hibbert, who receives 
the Sir John Larking Medal and Premium. 
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THE DICKSON ALL-METAL 
LAMINATED GASKET. 


THE accompanying illustrations, Figs. 1 and 2, 
show the Dickson all-metal patent laminated gasket 
distributed in this country by Messrs. Howard Clayton- 
Wright, Limited, Tiddington-road, Stratford-on-Avon, 
but it should be understood that they are largely 
diagrammatic in that the actual gaskets are composed 
of such thin laminations that it is impossible to repro- 
duce them in precise relationship so as to make clear 
the constructions. The laminations, indeed, are only 
0-010 in. thick, the complete gasket being usually 
0-04 in. to 0-06 in. thick for such purposes as the air 
inlet and exhaust joints of internal-combustion engines, 
and from 0-05 in. to 0-06 in. for the cylinder head 
joints of such engines. It would appear at first sight 
that a gasket made of thin metal laminations was 
incompressible under any normal tightening of the 
joint and that, in consequence, such a joint would not 
be sufficiently elastic to effect a seal under the varia- 
tions of joint pressure between a hot and a cold engine. 
Actually, however, there always remains a very thin air 
film between the laminations, and this forms the elastic 
element so that when the joint pressure is relieved by 


| the cooling of the cylinder block and head the gasket 


expands and makes a complete seal. Conversely, the 
increase of pressure under hot conditions is met by 
compression of the gasket without actual crushing of 
the material. Access to the spaces between the 


Fig. 1. 
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laminations is prevented by a fold round the edges 
where openings are cut in the gasket. 

It is this freedom from crushing that Messrs. Clayton- 
Wright, Limited, claim as constituting an advantage 
over the compressible composition-asbestos gasket, but 
they also state that sealing is obtained with less 
pressure; that the all-metal laminated gasket pro- 
vides immediate heat transfer between parts; that it 
cushions and absorbs vibration ; and that it is unneces- 
sary to use cement, adhesives or any kind of sealing 
compound. It is also claimed that the composition- 
asbestos gasket, particularly the type with inserted 
steel sheet, may be a source of trouble owing to small 
particles from the cut material finding their way into the 
cylinder. The openings in the Dickson all-metal 
laminated gasket are finished as shown in the illus- 
trations. Where such openings as those for combustion 
chambers are concerned, the edges of the hole are 
finished as shown in Fig. 1. Where openings are close 
together, as in the small water-passage openings con- 
tiguous to the combustion-chamber openings, this 
construction is not possible and the finish is as shown 
in Fig. 2. It will be evident that this method does not 
involve so much cutting back of the inner laminations 
as is required by that shown in Fig. 1. The flanges 
of Fig. 2 are pressed into the outer laminations of the 
gasket after all the laminations have been assembled. 
The gasket is made uniform in thickness over its whole 
surface in either case. 

Where studs pass through the gasket it is not 
necessary to have flanged laminations, the stud holes 
being drilled straight through the gasket and left thus, 
as indicated towards the left of Fig. 2. The material 
used for the laminations varies with the service for 
which the gaskets are required. Thus for marine 
petrol engines and aircraft engines the whole of the 
laminations are of copper. The so-called terne plate, 
i.e., cold-rolled steel sheet covered with an alloy of 
20 per cent. of tin and 80 per cent. of lead, is also used, 
wholly in some cases and in combination with copper 
and aluminium laminations in others. Copper-alu- 
minium combinations are used for motor-car engines, 
while Diesel-engine conditions are best met by copper 
alone or by combinations of copper and terne. Messrs. 
Clayton-Wright state that they have found, from actual 
test, that the diametral distortion of cylinder bores 
which usually occurs when cylinder-head studs are 
screwed up, does not develop when the Dickson lamin- 
ated gasket is used. It follows from this that distortion 
in working, with possible cracking of cylinder heads, 
and so forth, is also absent. 
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PURPOSES. 


To meet the demand for portable lamps which shall 
be suitable for use by A.R.P. personnel, Messrs. Ceag, 
Limited, Windsor House, Victoria-street, London, 
S.W.1, have introduced two new models, one of which 
is fitted with a lead-acid and the other with an alkaline 
battery. Both batteries are, of course, rechargeable, 
and, though the lamps are higher in first cost than 
would be the case if they were fitted with primary 
batteries, it is claimed that in comparison with the 


latter their upkeep is negligible, even taking into | 


account the occasional charging that is necessary. 

The lamp which incorporates the alkaline battery is 
known as the Superlite chest lamp, and its general 
appearance will be clear from the accompanying illus- 
tration. 
positive electrodes and is of sufficient capacity for 
18 hours continuous use. It is claimed that it can be 
left standing for any length of time without damage 
to the battery, which has a normal life of six years. 
The case is constructed of stainless steel, as are the 








contacts and spray-proof vents, and care has been 
taken in its design to ensure that the only attention 
required is the usual charge and occasional topping up. 
The bulbs are of a special double-filament type, which 
are made in the Ceag factories and have a rated life 
of 600 hours (300 hours on each filament). They are 
brought into action by a three-way switch, so that 
should one filament fail the other can be illuminated 
without it being necessary to replace the bulb in the 
dark. The Jellac lamp, on the other hand, incorporates 
an unspillable jelly-acid battery and a low consumption 
double-filament bulb, which enables a good light to 
be obtained for a continuous period of 15 hours. The 
battery is housed in a cast-aluminium case, and the 
battery itself is in a thick Bakelite moulding which 
incorporates a change-over switch. The lamp is 
weatherproof and is fitted with toughened diffusing 
glass so that it is capable of withstanding mechanical 
shock. A cowl is also fitted, which, in conjunction with 
the diffusing glass, directs the light forwards and down- 
wards. Both patterns of lamp are designed for strap- 
ping to the person at chest height, so that both hands 
are left free. A light webbing harness with spring 
hooks for easy attachment is supplied for this purpose, 








TRANS-ATLANTIC AIR SERVICES.* 
By Major R. H. Mayo, O.B.E. 


I bousr whether any individual could justly claim | 


to be competent to deal with all aspects of this vast 
subject, and I most certainly do not make any claim 
of that kind. I shall attempt only to review cursorily 
some of the broader technical problems, and to put 
forward a point of view as to the formulation of a more 
definite policy. If I can succeed only in clearing the 
air a little, I shall feel that the effort will be well worth 
while. It was in 1919, just over 20 years ago, that the 
first successful flights over the North Atlantic were 
made. In May, 1919, Lieutenant-Commander A. C. 
Read, of the U.S. Navy made the first Atlantic crossing 
by air in an N.C.4 flying boat ; the crossing was made 
in stages from Trepassey Bay, Newfoundland, via the 











* Paper read before Section G of the British Associa- 
tion, at Dundee, on Friday, September 1, 1939. Abridged. 
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PORTABLE LAMPS FOR A.R-P. | Azores to Lisbon and took eleven days. In the 


following month the first direct crossing from New- 
foundland to Ireland was made by Alcock and Brown, 
;in the British Vickers-Vimy twin-engined biplane—a 
| military type provided with additional petro] and oil 
|tanks. My first association with Atlantic aviation 
| arose through this flight, because I was deputed to go 
| to Ireland on behalf of the Royal Aero Club in order to 
| verify the aircraft and welcome the crew on the com- 
| pletion of their great effort. By flying across Ireland 
|from Dublin I managed to arrive at Clifden about 
| two hours after they had landed. I found that the hull 
|of the aircraft had sunk into the peat bog upon 
| which they had landed and a certain amount of damage 
| had been done. The seals which I had to examine 
were inside the pilot’s cockpit, and I was astonished 
to find that I had to dip my arm deep into petrol in 
order to reach them. The tank had been damaged 
in the landing and the petrol had not yet percolated 
away. There was no way of measuring the amount of 
petrol left, but it was obvious that Alcock and Brown 
could have flown many hundreds of miles farther if 
they had wanted to do so. My first impression was 
that the North Atlantic could not be so difficult a 
proposition after all if it could already be flown with 
so much margin in hand. I soon realised, however, 
that the real lesson to be learnt was just the opposite. 
The fact that so much petrol was left showed what a 
strong westerly wind the flyers had experienced. The 
time taken for the crossing, namely, 16 hours 12 minutes, 
indicated an average ground speed of approximately 
125 miles an hour. Alcock told me that when he 
realised he was to have so strong a following wind he 
throttled right down so as to ease the engines as much 
as possible; he thought his air speed could not have 
averaged much over 65 m.p.h., in which case the average 
westerly wind must have been not far short of 60 m.p.h. 
Subsequent investigations have shown that winds 
exceeding about 40 m.p.h. are comparatively rare at 
that time of year, so that Alcock must have chosen an 
exceptionally favourable day for his crossing. But 
the fact that such formidable winds were liable to occur 
was the outstanding lesson to be derived from this 
great flight, and throughout the succeeding 20 years 
of gradual progress towards the conquest of the 
Atlantic this strong prevailing westerly wind has been 
the dominating factor. 

It was some eight years later than Lindbergh made 
his famous solo flight from New York to Paris. He also 
| derived great advantage from the prevailing westerly 
| wind, and made the distance of 3,600 miles in 33} hours. 

He probably could not have gone more than about half 
the distance in the opposite direction. In this and the 
following years various North Atlantic flights were 
made, some successful and some not, but all the 
| time range and speed were gradually increasing and 
|the day was drawing nearer when serious efforts 
| towards the establishment of a commercial service 
| could be begun. One notable contribution was the 
| first east to west crossing by the German pilot Koehl 
and his associates in 1928. They made the crossing 
from Ireland to Greenely Island, Labrador, in 37 hours. 
Another was the flight of the French pilots Codos and 
Rossi, in 1934, from New York to Syria, a distance of 
5,659 miles. 

In 1936, several successful flights over the North 
Atlantic were made by the German airship Hindenburg, 
but this great airship eventually came to an unfor- 
tunate end at Lakehurst where she was destroyed by 
fire. That disaster brought to an end the attempt to 
establish a service over the North Atlantic by airship, 
and it cannot be said that there is, at present, much 
prospect of any revival in this direction. The fire 
risk can, perhaps, be eliminated at a heavy sacrifice 
in weight and cost but, apart from this, the speed 
offered by the airship is far too low to permit of a 
successful service in face of the strong prevailing winds. 
Future developments may conceivably alter the picture, 
| but for the present the airship must be dismissed as a 
| serious factor in Atlantic aviation, and hopes for the 
| future must be based on heavier-than-air aircraft. 
| It was not until 1937 that the first exploratory 
| flights with heavier-than-air aircraft of a commercial 
| kind were attempted. In that year five return flights 
between Southampton and New York via Foynes 
(Ireland), Botwood (Newfoundland) and Montreal, 
were made by Imperial Airways on Short Empire-type 
flying boats. In the same year, 1937, several return 
flights between New York and Southampton were also 
made by Pan American Airways, these being partly 
via the northerly route (Botwood-Foynes) and partly 
by the more southerly route (Bermuda-Azores). No 
commercial load was carried on these experimental 
flights, because it was all the aircraft could do to get 
| the range when loaded to capacity with fuel and oil. 
But invaluable experience in regard to meteorological 
conditions and radio requirements was gained and it 
was on this experience that the present experimental 
mail service has been . 

In 1938, only one British flight across the North 
Atlantic was made, namely, the flight by Mercury, 
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the upper component of the composite aircraft, but 
this flight was significant in that it was the first Atlantic 
flight made with a commercial load. Mercury was 
launched from the lower component, Maia, at Foynes, 
and made the first non-stop crossing to Montreal in 
spite of head winds averaging about 25 m.p.h. over 
the Atlantic and from 40 m.p.h. to 50 m.p.h. between 
Newfoundland and Montreal. Mercury flew on with 
most of her commercial load to New York, and London 
newspapers of July 20 were thus on sale in New York 
on the following day. The return flight was made via 
Botwood, Horta (Azores) and Lisbon, because no 
lower component was available on the other side, and 
with normal take-off Mercury’s range was reduced 
by more than half. Now, in 1939, 20 years after Alcock 
and Brown’s flight from Newfoundland to Ireland, 
we have the first attempts at regular scheduled services 
carrying mails, These were started by Pan American 
Airways with their large Boeing 314 flying boats, first 
by the more southerly Azores route and then later by 
the Botwood-Foynes route. The service was scheduled 
as a once-weekly service in each direction and the sche- 
dule has, on the whole, been well maintained. The 
corresponding British service with Short 8.30 flying 
boats was intended to start up on June | via the Foynes- 
Botwood route, but the start had to be delayed for 
various reasons until August 5. At the time of writing 
this paper, two weekly services have been successfully 
completed and there seems every reason to hope that 
the schedule will be substantially maintained for a 
period of about two months, After that it must 
shut down until the elements consent to its resumption 
next summer. 

So, after 20 years’ resistance, the Atlantic has yielded 
a little, but is still very far from being conquered. 
The stage has not yet been reached when an attack 
during the winter months can be attempted and much 
remains to be done before that stage can be reached. 
Complete success will not have been achieved until a 
reliable, regular and frequent all-the-year-round 
service has been established, and no one is really 
qualified to predict how long that will take. If I had 
to make a forecast it would not be less than another 
10 years, and in saying that I am certainly not belittling 
the great efforts which have already been made, 
particularly by the pilots and crews who have risked 
their lives in this great enterprise. 

Alternative Routes.—The selection of the most suit- 
able route or routes for the operation of a North 
Atlantic service is a very complex problem. Many 
factors have to be taken into account, including 
weather, length of maximum stage, total distance 
between the terminals, total time, harbour or airport 
facilities available, and political considerations. The 
extreme northerly route via Iteland and Greenland 
was once thought to be attractive because of the com- 
paratively short stages involved. It was explored by 
von Gronau in 1930-32, but any serious thought of 
developing it has long since been abandoned owing to 
bad weather, remoteness and inaccessibility of the 
possible bases, and the long total distance and time 
involved. The available intermediate stopping places 
on the feasible routes are Newfoundland, Bermuda and 
the Azores. Unfortunately each of these suffers from 
at least one acute and irremediable disadvantage. 

It has been possible through the combined efforts of 
the Governments concerned to establish in Newfound- 
land both a marine base and a land aerodrome relatively 
free from the prevailing fog which is the bugbear of 
Newfoundland as a whole. But the marine base at 
Botwood freezes in during the winter months, and this 
renders it unusable by marine aircraft for more than 
six months in the year. The land aerodrome at Hatties 
Camp will suffer from the disadvantage of heavy snow 
during the winter months, and although various 
methods of dealing with this difficulty have been 
proposed, it seems probable that it will be a handicap 
to regular operations. Apart from these particular 
considerations, it has to be admitted that Newfound- 
land is in a bad weather area and is likely to be subject 
to severe ice-forming conditions in the air. This factor 
seems likely to be a formidable obstacle to regular 
operations through the winter. 

Bermuda offers a magnificent harbour for marine 
aircraft operations and its climatic conditions are on 
the whole admirable. The misfortune of Bermuda is 
that it offers no possibility of establishing a land 
aerodrome. The Azores would provide a valuable inter- 
mediate refuelling point for Atlantic operations if it 
were not for the remarkable fact that in all this group 
of islands there is not a single harbour suitable as a 
base for marine aircraft, nor, apparently, a single strip 
of land suitable to form an aerodrome for long-range 
aircraft. There are, practically speaking, only two 
harbours in the Azores, namely, Ponta Delgada and 
Horta. The protection offered by either is negligible 
so far as aircraft are concerned. Horta has the advan- 
tage of geographical position and the water outside 
the harbour is less exposed than that at Ponta Delgada. 
For these reasons, Horta is the only marine base at 
the Azores which need be considered in connection 
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with Atlantic services. The frequency with which 
Pan American Airways have been able to use Horta 
during the summer months has demonstrated that the 
conditions there are, on the whole, reasonable during 
these months. It is certain, however, from observa- 
tions made, that the conditions at Horta will, on many 
occasions, be impossible for the operation of marine 
aircraft during the winter months. It is suggested that 
under such conditions an alternative bay offering 
sufficient protection can nearly always found, 
communication with the base at Horta being main- 
tained by surface craft. It may be possible in this 
way to maintain a service through the winter, but it 
appears to me inevitable that considerable delays will 
involved and that considerable risks will have to 
be run. 

These are the characteristics of the possible inter 
mediate positions on the North Atlantic routes. Men- 
tion should be made at this stage of the relationship 
of Eire to these routes The of Eire 
about 350 miles to the west of Southampton, which, 
unfortunately, must be regarded as the home base for 
British services with marine aircraft I say unfortu- 
nately because Southampton is quite unsuitable for 
this purpose and with the best will in the world cannot 
he made suitable owing to congestion of shipping 
Strangely enough, however, it is the only base available. 
\ the of Eire thus offered the 
obvious advantage of reducing the length of the direct 
crossing to Newfoundland by approximately 350 miles, 
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TABLE I Southampton- Montreal Routes 
Lougest Total 
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Botwood - New York ZAnM $420 
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Southampton - Horta - Ber 
muda - New York 2,070 4.420 
~euthampton Lisbon 
Horta - Bermuda - New 
York i TLL iano 
Southampton - Horta - Bot 
wood - New York LOTS tio 


and the Eire Government co-operated in establishing a 
base on the mouth of the Shannon. During the experi- 
mental services of the last two years, the base has been 
located at Foynes, which offers admirable protection 
for marine aircraft. The new base, which will comprise 
also a land aerodrome, is on the opposite side of the 
Shannon at Rynanna. Thus, although the land aero- 
drome is not yet completed, this base, to which I shall 
refer as Foynes for convenience, can be considered as 
available for future services by either marine or land 
type aircraft. 

It Will now be convenient to summarise the stages 
and total distances involved in the various alternative 
routes. From the British point of view it is necessary 
to consider both Montreal and New York as western 
terminals, it must be our purpose both to 
complete the chain of Empire air communications 
by linking up Canada with Great Britain and to 
participate in the development of services over the 
great traflic route between New York and Europe. 
In Tables I and LI, and subsequently in this paper, 
Southampton is taken, for convenience, as the British 
terminal base for either marine or land type aircraft. 
It is not implied that Southampton would, necessarily, 
the base for land-type aircraft, but the figures 
would not be substantially different for an alternative 
base nearer to London, Neither Foynes nor Botwood 
are far off the Great Circle routes to either Montreal 
or New York, and it will be seen that calls at these 
intermediate bases do not materially increase the total 
distance to be flown. Such calls do, however, appre- 
ciably increase the total time involved, because every 
refuelling stop involves a minimum loss of time of, say, 
half an hour to an hour, and is a potential cause of 
considerably more loss of time due to other causes, 


beca use 


be 





| degree of flexibility is greatly increased. 
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| 
such as bad local weather surface conditions, 
| mechanical trouble, ete. 

I have mentioned, in referring to the Azores, that 
if the terminal of a long stage does not remain serviceable 
at all times there must be an alternative base within 
reasonable distance ; otherwise, if the aircraft is delayed 
by exceptionally bad weather or some other cause it 
may be unable to make a safe landing before its depleted 
reserve of fuel is exhausted. This argument applies 
with particular force to Newfoundland, which must 
be reached after the 2,000 mile ocean crossing, and 
points to the great difficulty which is likely to arise 
in the regular operation of land-type aircraft to Hatties 
Camp during the winter months. The Azores-Bermuda 
route would offer a good alternative for winter opera- 
tions, with a maximum stage substantially the same 
as that of the more northerly route, if only reasonable 
harbour facilities were available at the Azores. Unfor- 
tunately, such facilities are not available, and although 
some people think it will be possible to maintain a 
regular service by using alternative bays according to 


or 


the local conditions, my own view is that such opera- | 
tions will not prove to be sufficiently safe or regular | 
to make them worth while. This same difficulty of lack | 


of facilities at the Azores is a bar also to the establish- 
ment of a regular service from Southampton to Montreal 
or New York via the Azores and Newfoundland. As 
regards maximum length of stage, this route is at a 
very substantial advantage over any alternative route. 
It will be seen from the tables that the maximum 
stage 1,575 miles against the 2,000 miles of the 
Foynes Botwood route and the 2,070 miles of the 
\zores-Bermuda route. The Azores-Newfoundland 
route is, of course, longer in total mileage, but this 
extra mileage, namely, about 760 miles, is appreciably 
less than that involved in the wholly southern route. 
The saving of more than 25 per cent. of the fuel required 
for a given power output and the corresponding reduc- 
tion in size of aircraft required, would go a long way 
towards providing the extra 30 m.p.h. to 35 m.p.h. 
in cruising speed which would be required to effect the 
longer total distance in the same time. However, 
consideration of this alternative route of little 
practical value owing to the lack of facilities at the 
\zores and the bad conditions prevailing at Newfound- 
land during the winter. 

All these considerations point with unmistakable 
directness to the outstanding advantages of providing 
sufficient range for the direct crossing from Southamp- 
ton to Montreal or New York. The provision of this 
range presents a formidable problem to the designer, 
but it can be done and it appears to me that only 
by doing it can a really successful Atlantic service 
established. Once the design problem has been 
faced and solved, not only are the prospects for a 
fast and regular service enormously improved, but the 
The bases in 
Eire and Newfoundland will provide invaluable emer- 
gency landing places, while the ability to reach a point 
1,000 miles or so beyond the first landfall will open up 
a reasonable prospect of being able to reach some 
other alternative base in the event of bad conditions 
at the regular terminal. 

Even if and when the necessary range is provided 
for the through flight, the marine aircraft will be at a 
disadvantage under winter conditions. Montreal is 
put out of action by ice during the winter months 
and even New York is not immune from this difficulty. 
However, the period during which New York is likely 
to be out of action is comparatively short, and it 
may in the future become possible to stretch the range 
of the marine aircraft by the further 200 miles required 
to reach Baitimore, which remains open throughout 
all but the severest winters. A shuttle service from 
New York or Baltimore to Montreal could be main- 
tained with land-type aircraft. Even the land-type 
aircraft will have to face difficult conditions at Montreal 
during the winter months, chiefly on account of snow. 
But the general conditions at Montreal are likely to 
be far more favourable than those at Hatties Camp, 
and if it proves to be feasible to deal with the snow 
difficulty by one of the methods proposed, it should 
become possible to operate to Montreal with land-type 
aircraft with regularity throughout the year. 

I have mentioned above that no attempt has yet 
been made to explore the possibility of regular opera- 
tions over the North Atlantic during the winter months. 
It is certain that very strong winds will have to be 
faced and it is reasonably certain that severe icing 
conditions will be prevalent over considerable sections 
of the route. It is not an inviting prospect for the 
personnel who will have to carry out such services, 
and it will only be justifiable to explore the possibilities 
of such winter services when, apart from the provision 
of really adequate safeguards against icing, a very 
amplo margin of range has been provided. It is 
impossible at this stage to say what that margin must 
be for regular operations ; a good deal will depend on 
the extent to which Hatties Camp and other alternative 
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them a safe haven in case of exceptional conditions 
it may prove to be sufficient for the through service 
|to provide only for a continuous adverse wind of 40 
m.p.h., plus the usual allowances fortake-off and landing. 

Nature of Services Required.—The value of air 
transport must always depend on the other means of 
transport which exist over the route concerned. The 
Queen Mary and the Normandie can make the Atlantic 
crossing in less than five days, and in doing so they 
provide a very high standard of comfort for the passen- 
gers. The Queen Elizabeth will increase the frequency 
of these high-speed steamship services. A passenger 
air service over the Atlantic cannot hope to offer a 
comparable standard of comfort, and to make up for 
this it must offer a very substantial saving in time. 
I venture to think there will be, in the long run, com- 
| paratively few passengers who will be prepared to 
| sacrifice the amenities of their ocean crossing by liner 
|unless the air service will get them across safely and 
| reliably within 24 hours. In the case of mails, I do 
not see how an air service can successfully compete 
with the present mail, cable and telephone facilities 
|unless it can be cut down to an overnight service or 
something very closely approaching it. But high 
speed is not everything; the air service must also 
have a high frequency if it is to succeed in competition 
with surface transport. My own view is that, so far 
as mails are concerned, the aim should be a daily over- 
night service throughout the year between London and 
Montreal and London and New York. The present 
temporary weekly service is a demonstration and a 
trial, and no one would suggest that such a service 
would meet requirements for the future. So far as 
mails are concerned, the service must run daily if it 
is to be really effective. 

The requirements for a passenger service are, | 
venture to think, somewhat different. On the one 
hand, passengers demand and expect to get the highest 
standard of comfort which air transport can offer, and, 
on the other hand, they do not expect to pay for it. 
Air transport for passengers has, in fact, developed 
under a system of heavy subsidisation, direct or indirect, 
by all the principal nations, and although only a very 
small proportion of the travelling public can or do take 
advantage of the facilities provided, the system has 
been accepted without much complaint by the tax 
payers. They feel that they get value for their money 
in national prestige and the general benefit to the 
community as a whole. But the carriage of passengers 
by air is vastly more costly than the carriage of mails 
and the passenger is asked to pay only a relatively 
small proportion of the cost. The actual weight of the 
average passenger is about 165 Ib., but for long-range 
travel he must be given an allowance for baggage 
which will bring his gross weight up to about 250 lb. 
But this figure by no means represents the total weight 
which the aircraft must carry per passenger. When 
allowance is made for the provision of spacious saloons 
and their furnishings, decoration, ventilation, heating 
and soundproofing, and the elaborate equipment which 
must be provided for the safety and general comfort of 
passengers, it will be found that the total weight 
involved in the accommodation of each passenger 
amounts to a formidable figure. This figure will vary 
somewhat according to the size and type of aircraft, 
but in general it will certainly not be less than 250 Ib. 
per passenger. This brings the total effective weight 
per passenger to at least 500 Ib. 

With the normal limiting weight of half an ounce per 
letter, it is found that an average of about 40 air-mail 
letters go to the pound, and on this basis each passenger 
carried is equivalent in weight to about 20,000 letters. 
In the case of the present experimental Atlantic mail 
service, the charge per }-oz. letter is ls. 3d., and it 
will be seen that the equivalent passenger fare for the 
single journey should be 1,250/. It is not, of course, 
contemplated that a fare of this order should be 
charged or that it could be obtained if it were charged. 
It is too early to predict what the ultimate passenger 
fare will be, but it seems unlikely that it will be more 
than about one-tenth of the figure mentioned. It ean, 
of course, be argued that if air transport is to be 
provided in any case, the aircraft can be made large 
enough te carry a certain number of passengers in 
addition to mails, and that any revenue obtainable 
from passenger fares will help in the general budget. 
This argument may be sound up to a point, but it is 
apt to lead to false conclusions as to the size of aircraft 
required. It does not break down the general principle 
that provision for passenger accommodation in, the 
design of the aircraft very greatly increases the cost 
of long-range air transport. 

(T'o be continued.) 














AMERICAN MoTor-CaR PRODUCTION.—Motor-car firms 
in the United States produced 78,210 cars during the 
week ending October 28, compared with 70,114 units 


emergency bases farther on can be used in emergency.| in the preceding week and 73,335 in the corresponding 


If such alternative bases can be shown to offer between! week of 1938. 






































NOV. 10, 1939. 





ROTARY 


MESSRS. F. AND J. EDWARDS, 


E INEERING. 


se 


SHEARING MACHINE. 


LIMITED, ENGINEERS, LONDON. 

















ROTARY SHEARING MACHINE FOR 
SHEET METALS. 


Messrs. F. anp J. Epwarps, Limirep, 359-361, 
Euston-road, London, N.W.1, have recently added to 
their range of sheet-metal working machinery a new 
tool, viz., a 42-in. rotary shearing machine, a photo- 
graph of which is reproduced on this page. The machine 
is driven, through multiple belts, from a 2-h.p. motor, 
running at 920 r.p.m., and carried on a bracket at 
the rear of the main casting. This casting is of box 
form, with particularly stiff arms, as the depth of gap 
is sufficient to admit 42 in. of the sheet being operated 
on. This dimension enables sheets of considerable 
dimensions to be shaped to either straight or irregular 
contours. As shown, the machine has a detachable 
table in place, this table being used for handling flat 
plates, but when it is removed, the recessed shape of the 
arms will allow pressed parts, such as those of the motor- 
car wings and panels and aircraft details, to be readily 
manipulated for trimming. The cutters on the machine 
consist of two small discs placed at an angle to each 
other in order to facilitate the cutting of curved shapes. 

Mild-steel plates up to 14 gauge can be cut, but the 
machine is provided with a gearbox which gives a 
variation of from 6 ft. to 36 ft. per minute of feed, so 
that different thicknesses can be cut at the appropriate 
rate. The top cutter and drive is carried on a vertical 
sliding head actuated by a hand lever and links, the 
object of this arrangement being to enable the cutter 
to be raised out of the way for the work to be inserted 
and placed in position when holes are to be cut in the 
sheets. The control from the motor drive is by means 
of a friction clutch actuated by a pedal, but hand gear, 
situated near the head, is also provided so that the 
operator can exercise a very precise control when very 
small curves or intricate shapes have to be cut. Norm- 
ally, however, the pedal is sufficiently sensitive and 
has the advantage that it leaves both hands of the 
operator free to guide the work. The cutters are, of 
course, in full view when cutting to a marked line. All 
the shafts run in ball bearings and details are finished 
on orthodox machine-tool lines. The machine weighs 
23 ewt. net. It will be observed that the main casting 
is In a single piece and is bolted to a separate baseplate, 
an arrangement which makes for handiness in erecting 
since the baseplate is readily adjusted on the holding- 
down bolts. : 


, THE YORKSHIRE, NOTTINGHAM- 

‘SHIRE AND DERBYSHIRE COAL- 

FIELD: ANALYSIS OF COMMERCIAL 
GRADES OF COAL. 


coal produced in the Nottinghamshire and Derbyshire 
area, forming part of the general survey of the national 
coal resources being carried out by the Fuel Research 
organisation of the Department of Scientific and 
Industrial Research, was published recently.* This 
report, which is the second to deal with this area, 


17 collieries. The seams included are the Kilburn, 
Silkstone, Tupton, Piper, Deep Hard, Deep Soft, 
Waterloo, Top Hard, various seams of the Hazel 
group and the Clowne (High Main). 
seams, the larger grades are almost invariably separated 
by hand into “ hards” and “ brights,” the former 
being more suitable for steam raising and locomotive 
use and the latter for house coal. This practice is 
adopted even with seams that contain only thin hard 
bands. The types of coal obtainable in this area 
include those suitable for metallurgical and furnace 
cokes, high-grade house coals, coals for gas making, 
locomotive and bunker fuels, and free-burning coals for 
steam raising and industrial purposes. 

Generally speaking, the work of the survey falls under 
two headings ; in the first case, the seams as they occur 
underground are dealt with, while in the second, this 
raw material, after passing through various processes 
of blending, cleaning and grading, requires to be 
sampled and analysed to obtain information regarding 
the types of coals available for consumers. The 
present report is of the latter nature. Samples of the 
grades were collected by standard methods from a 
moving stream immediately before the coal was 
delivered into wagons, either at the side of the picking 
belts or from the end of the loading jib. 
coal was to be stored in bunkers, sampling was carried 
out, wherever possible, as the coal entered the top of the 
bunkers. A period of three or four hours was usually 





* Fuel Research Survey Paper No. 48—The Yorkshire 
Nottinghamshire and Derbyshire Coalfield——Notting- 
hamshire and Derbyshire Area—Analysis of Commercial 
Grades of Coal—Part II. London: H.M. Stationery 
Office. Price 3s. net. 
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required, but this was increased to five or six hours 
when there was evidence that a grade was of a hetero- 


| genous nature, sO as to ensure a representative sample 


gives the results of analyses of 277 grades of coal from | 


With composite | 


When the | 


being obtained. 

As the average ash content of the grades was unknown 
before sampling, a larger number of increments than 
that required by the British Standard Specification 
was taken. For grades up to | in., 2-lb. increments 
were taken every two minutes; for grades from | in. 
to 2 in., 4-lb. every five minutes ; and for medium-sized 
grades, 10 lb. every five minutes. Grades over 5 in. 
could not be sampled by means of scoops or shovels, 
and 10 lb. increments were therefore obtained by 
breaking off representative sections of several lumps, 
at right angles to the bedding planes, taken at random 
every five minutes from the moving stream. The 
gross sample in each case was between 24 cwt. and 4 cwt. 
The gross samples were crushed and reduced in bulk 
at the colliery. The equipment used consisted of a 
sampling coal crusher mounted on a 35/40-cwt. Morris 
commercial chassis fitted with a low-built van body, 
arranged to open all round to provide a large working 
platform while sheltering the crushing plant. The 
grinder, is driven by the lorry engine at a speed of 
100. r.p.m., and can be set to deliver a sample comprising 
5 per cent. to 20 per cent. of the crushed coal. In 
practice, the machine was set to give a 20 per cent. 
sample of approximately } in. size, which was re-passed 
through the machine until 10 lb. to 14 lb. was obtained. 
This was then conveyed to the laboratory for further 
grinding and reduction to produce the laboratory sample, 
the final reduction being carried out in ** Cascade ”’ 
sampling machines. 

At each colliery, all the commercial grades were 
sampled and analysed, and in the report the results 
are grouped in sections dealing with individual collieries. 
The screen size and description are entered opposite 
the recognised commercial name of each grade, the 
method of preparation, uses, and seam from which 
obtained being stated. The analytical data follow. 
Proximate analyses, total-sulphur and calorific-value 
determinations were carried out on each grade, and an 
ultimate analysis was made of each of the grades des- 
cribed as “ selected,” includings* hards;” and “ brights ”’ 
where these occur in the same seam. The fusion point of 
the ash and the chlorine content of the coal were 
determined on grades particularly suitable for steam 
raising in locomotives, boilers, etc., or on the smaller 
sizes of fuel used for general industrial purposes. 
Phosphorous determinations were made on grades 
suitable for coke manufacture, or on the finer sizes. 
Laboratory carbonisation assays at 600 deg. C. were 
also carried out on these coke-producing grades, as 
well as on some of the “ selected ’’ grades. 








CATALOGUES. 


Electric Motors and Fans.—Messrs. Delco-Remy and 
Hyatt, Limited, 111, Grosvenor-road, London, 8.W.1, 
have sent us copies of their latest price lists of electric 
motors and fans. 

Hydraulic Presses..-We have received from Messrs. 
The Dominion Engineering Company, Limited, Lachine, 
Quebec, a leaflet describing the heavy hydraulic presses 
manufactured by them for various industries. 

Sewage Treatment.—Messrs. The Paterson Engineering 
Company, Limited, Windsor House, Kingsway, London, 
W.C.2, have sent us a copy of their publication entitled 
“Chlorine Treatment of Sewage and Trade Effluents.’’ 


Unit Heaters.—-We have received from Messrs. The 
Cressall Manufacturing Company, Limited, Eclipse 
Works, 31-32, Tower-street, Birmingham, 19, a leafiet 
giving particulars of their electric unit heaters. 

A.R.P. Vehicle—From Messrs. H. and J. Quick, 
Limited, Chester-road, Old Trafford, Manchester, 16, 
we have received a brochure containing particulars of a 
vehicle designed for general application in A.R.P. work. 

Protection and Preservation of Metals.—Messrs. Inter- 
national Auto Aero Specialities, Limited, 44, Packington- 
road, London, W.3, have sent us a list of their products 
for the protection and preservation of metals, and for 
soldering purposes. 

Repair of Trailing Cables.—Messrs. British Insulated 
Cables, Limited, Prescot, Lancashire, have sent us a 
copy of a booklet containing complete details of the 
repair of trailing cables in accordance with the regulations 
of the Coal Mines Act. 

Motor-Car Headlamp Masks.—Messrs, Trico-Folberth, 
Limited, Great West-road, Brentford, London, have sent 
us leaflets describing their Trico headlamp masks, 
which are made to the final design of the Home Office 
for vehicles of various types. 

Paint-Spraying Equipment..—_We have received from 
Messrs. B.E.N. Patents, Limited, Hughenden-avenue, 
High Wycombe, Bucks, a publication describing paint- 
spraying plant suitable for painting the large areas 
involved in camouflage operations. 
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** ENGINEERING ’’ ILLUSTRATED 
PATENT RECORD. 


ABSTRACTS OF SPECIFICATIONS RECENTLY 
PUBLISHED UNDER THE ACTS OF 1907 TO 1939. 
The number of views given in the Specification Drawings 

is stated in cach case; where none is mentioned, the 

Specification is not illustrated. 

Where inventions are communicated from abroad, the 
Vames, etc., of the Communicators are given in italics. 
Copies of Specifications may be obtained at the Patent 
Office Sales Branch, 25, Southampton Buildings, 

Chancery-lane, London, W.C.2, price 18. each. 

The date of the advertisement of the acceptance of a 
Complete Specification is, in each case, given after the 
abstract, unless the Patent has been sealed, when the 
word “* Sealed’ is appended. 

Any person may, at any time within two months from the 
date of the advertisement of the acceptance of a Complete 
Specification, give notice at the Patent Office of 
opposition to the grant of a Patent on any of the 
grounds mentioned in the Acts. 


INTERNAL-COMBUSTION ENGINES. 


511,366. Two-Stroke Engine. Armstrong-Whitworth 
Securities Company, Limited, of Slough. A. H. Cornish, 
and M. Kadenacy, of Slough. (3 Figs.) February 16, 
1938.—The engine is of the kind in which the exhaust is 
discharged as a mass and the suction created draws 
« fresh charge into the cylinder through a non-return 
valve. These valves are usually fragile and have a 
short life, and the invention aims at removing this 
drawback by arranging that the 
only during starting. The piston 11 reciprocates in a 
cylinder which has a poppet exhaust valve 13. The inlet 
17 towards the bottom of the cylinder are sur- 
rounded by an air belt which is connected through the 


orifices 


valve chamber 18 either to the atmosphere via the silencer | 


The 
with cut 


iv? or to the crankcase compressor 20. 
ber 18 valve 22 


away 


houses an oscillatory 











and masking portions and a portion 25 carrying non- 
return valves 26. To start the engine, the valve 22 


is set at the position shown by the lever 28, and air under | 


pressure is supplied to the cylinder from the crankcase 
compressor. The non-return valves 26 prevent the 
escape of air from the compressor to the atmosphere. 


Aa the engine gains speed the suction exerted at the inlet | 


orifice 17 by the mass exit of the exhaust gases opens 
the non-return valves and draws air through the silencer 
19 into the to supplement the air delivered 
by the crankcase compressor. When the engine has 
attained ita normal running speed, the supply of air 
under pressure becomes no longer necessary and the valve 
22 is turned until the lever 28 is in the position shown at 
29. In this position the portion 25 is moved out of the 
passage leading to the silencer 19 and the passage to the 
masked. The air thus has a 
(Accepted August 17, 1939.) 
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free passage to the cylinder. 


compressor 


511,491. Ignition Distributor. Joseph Lucas, Limited, 
of Birmingham, and A. Massey-Allen, of Birmingham. 
(4 Figs.) February 19, 1938.—-When operating at high 
ultitudes, the electrical discharge passes between the 
and stationary electrodes of a distributor more 
readily than when it is near the ground and also tends 
to persist, thus causing irregular ignition. The present 
design minimises this effect of low atmospheric pressure 
and compact construction for use with 
multi-cylinder engines. The distributor consists of an 
insulating body split horizontally into two parts, and a 
rotor the spindle of which is supported at both ends in 
bearings. In the upper body part are embedded a pair of 
are-shaped metal strips to which electrical impulses are 
fed from a pair of magnetos or ignition coils operating 
alternately. The strips are formed into radial and equally 
spaced input electrodes z, y, respectively, each set sub- 
tending nearly one-half of the rotor. The lower body part 
carries two sets of output electrodes s, ¢, which are 
mounted in different planes from each other and from 
the electrodes z, y. There are four electrodes s, and three 
electrodes ¢, the latter being situated centrally opposite 


rotary 


also gives a 


non-return valve is used | 


valve cham- | 


| transmit the 
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ENGINEERIN 
the gaps between the electrodes s, and the pitch of each 
set is twice that of the electrodes z or y. In the rotor 
are embedded four connecting electrodes 3, 4, 5, 6. The 
portion of each of these electrodes within the rotor is 
cranked, but their ends all lie in the same line parallel to | 
the axis of the rotor. The electrode 3 is cranked so that | 
one end lies in the plane of the electrodes z and the other 
end in the plane of the electrodes ¢. Similarly, the other 








| electrodes are cranked so that the opposite ends of 4 lie 
| respectively in the planes of the electrodes z, s; of 5 in 
| the planes of the electrodes t, y; and of 6 in the planes 
of the electrodes s, y. During one half revolution of the 
rotor, the impulses fed to the electrodes y are conducted 
lto the output electrodes ¢ by the connecting electrode 5, 
| and those fed to xz are conducted to s by the electrode 4. 
| During the other half revolution the impulses fed to y 
| are conducted to s by the electrode 6 and those fed to z 
are conducted to ¢ by the electrode 3. In this way, the 
output electrodes s, t are, in each complete revolution of 
| the rotor, supplied with impulses from the two sources 
| alternately, these being so timed that, in the interval 
between two impulses fed to, say, the electrodes z, the 
| rotor moves through an angle corresponding to twice their 
pitch. (Accepted August 21, 1939.) 


MINING, METALLURGY, ETC. 





511,388. Coal Cutter. Mavor and Coulson, Limited, of | 
| Glasgow, and J. B. Mavor, of Glasgow. (4 Figs.) May 30, | 
} 1938.—The invention is a conveyor for removing cuttings | 
| from the cutter chain of either undercutting or overcut- | 
|} ting machines. The coal-cutting machine has a gear head 
| B, eutter-chain C and helical conveyor for cuttings. The 
conveyor consiste of a helix 3 operating within a cylin- 
| drical housing 2, and is arranged on the leading side of, | 
and tangentially to, the cutter-chain where the latter 








passes round the driving sprocket. It is attached | 
at en 

rae 

a. | 
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(511,388) 


to the machine on the under side of the gear head B, 
where it is engaged with one of two couplings 8 which 
drive from the motor of the machine. 
The housing 2 is open at the side next the cutter-chain 
to receive cuttings, and the helix carries these cuttings 
along and ejects them at the open end of the housing 
The conveyor unit is fitted at the side of the machine 
away from that at which the jib C is cutting. If the jib 
is to cut at the other side of the machine, the unit is 
detached from the machine, the jib swung to the other 
side, and the unit secured to the under side of the gear 
head and connected to the other coupling 8.—( Accepted 
August 17, 1939.) 


RAILWAYS AND TRAMWAYS. 


511,385. Drawbar Coupling. London Passenger 
Transport Board, C. I. Birkbeck, and A. C. N. East, of 
London. (6 Figs.) May 6, 1938.—The invention is a 
modification of the usual drawbar between permanently- 
coupled underground railway coaches to form a support 
for the coupling cables and hoses. The drawbar 6 
consists of two main double arrow-head trays, k being 
the upper tray and m the lower inverted tray. A spacer | 


1939. 


bar separates the central portions of the trays when they 
are riveted together back to back, and the tray ends 
forming the double heads are separated by the web of a 
housing for the roller bearing on the drawbar pin c. 


Fig.1. 























(5,385) 


The coupling cables A and the hoses i and j are clamped 
to the webs of the trays by detachable cleats. The 
double arrow-head form of the trays allows the cables 
and hoses at each end to be laid in a smooth curve on 
either side of the drawbar pins.—( Accepted August 17, 
1939.) 


TEXTILE MACHINERY. 


511,598. Warp-Beam Drive. I. L. Berridge and Com- 
pany, Limited, of Leicester, C. S. Martin, S. L. Kilbourn, 
and L. H. Colton, of Leicester. (3 Figs.) November 19, 
1937.—The invention is an intermittent drive mechanism 
for the warp beam of a knitting machine. Modern high- 
speed warp knitting machines knit as many as 500 courses 
a minute, and hence the friction clutch generally employed 
has to be engaged and disengaged 500 times a minute, 
which throws a severe strain upon it. In the present 
arrangement the warp beam is driven from the main 
camshaft through a differential gear. The drive 
transmitted by chain to a sprocket and internal gear 
which rotate freely on the shaft 17. Planet pinions 
supported by the carrier 19 mesh with the internal gear 
and with asun wheel. The sun wheel and a brake drum 21 
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are secured to the shaft 17, while the carrier 19 and a 
second brake drum 22 attached to it are free on the shaft. 
If the drum 22 is locked and the drum 21 released, the 
shaft 17 is driven, whereas with the reverse arrangement 
the carrier idles. The brake drums are controlled by 
external contracting brakes, each consisting of a pair of 
pivoted levers 25, 125, 26, 126. The brakes are applied 
by springs. The brake levers carry at their free ends 
adjustable tappets 25', 1254 and 26' and 126", respec- 
tively (Fig. 2). Two levers 28 and 29 are secured to the 
pivot shaft 30, the lever 28 operating the tappets of the 
drive release brake 25, 125, and the lever 29 operating 
the tappets of the drive brake 26, 126. The levers 28, 29 
are connected to the thread bar by a link. When the 
thread bar falls the link rises and the lever 28 forces 
brake levers 25, 125 apart to free the drum 21, while 
simultaneously the lever 29 permits the brake levers 26, 
126 to close on the drum 22. Thus the drive is trans- 
mitted to the warp beam. Conversely, when the thread 
bar rises, the brake on drum 21 is applied, while the 
drum 22 is freed and the drive to the warp beam is 
interrupted. The release brake 21 prevents the warp 
beam over-running when the drive is interrupted. 
(Accepted August 22, 1939.) 
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ENGINEERING. 





THE NEW WATERLOO BRIDGE, 
. LONDON. 


THE construction of the new Waterloo Bridge, 
London, which was begun by the London County 
Council in October, 1937, has been delayed, though 
it is to be hoped not seriously, by the outbreak 
of war. There has been some difficulty in obtaining 
the necessary steel and timber, and many of the 
workmen were called up for national service. The 
position with regard to material is now, however, 
improving, and new men have been taken on. Asa 
result, work is going forward as quickly as cireum- 
stances permit, and it is hoped that the bridge may 
be opened some time next year. The temporary 
bridge, which has done such yeoman service, will 
remain in use for the duration of the war. 

We recently had an opportunity of inspecting the 
progress of the work on the new bridge. This has 
now reached a stage which makes it of the greatest 
interest to a student of bridge construction. Con- 
struction is most advanced at the Surrey side, where 
the retaining wall, which now forms the end of the 





the one nearest the Victoria-embankment, has also 
been completed up to jacking level. A general 
view of the works looking towards the Surrey side 
is given in Fig. 1, while Fig. 7, Plate XX, illus- 
trates the position at the northern abutment, where, 
as will be seen, a retaining wall has been built at 
the end of Rennie’s-viaduct under Wellington- 
street. This retaining wall is pierced by an opening 
visible on the right, through which the London 
Transport trams obtain access to the subway 
under Kingsway, and like its counterpart at the 
other end has been strengthened by raking struts. 
Three of these struts can be seen on the left of the 
illustration. It is proposed to construct a passenger 
subway giving access from one side of Wellington- 
street to the other and to the embankment above 
the tram subway. 

It may be recalled that the new bridge is being 
erected on almost the same centre line as the old. 
It is to be constructed entirely of reinforced concrete, 
and will have only five spans, compared with the 
nine spans of Rennie’s bridge. Navigation in 
a difficult reach of the river will, therefore, be 
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embankment under Waterloo-road, and its raking 
struts have been completed. The two piers nearest 
this shore have also been completed and faced, 
while the spans across them are in an advanced 
stage of construction. The same may also be said 
of the cantilever portion of the structure which 
extends from the last arch to the Waterloo-road 
abutment. A view of a part of these two spans 
is given in Fig. 4, Plate XX, which shows the 
concrete arch ready to receive its Portland stone 
facing and gives a good idea of the reinforcement. A 
general view of this part of the bridge, taken from 
Waterloo-road, and showing the reinforced concrete 
ribs which carry the vault and deck slabs, appears 
in Fig. 8, on page 556. Good progress has also 
been made with the centre span, as will be clear 
from Fig. 5, Plate XX, which is a view of the 
top of the ribs taken from near No. 3 pier, and 
from Fig. 6 on the same Plate, which is a view of 
the superstructure looking from No. 4 towards 
No. 3 pier ; that is, in a northerly direction. No. 2 
pier has been constructed up to springing level, as 
illustrated in Fig. 9, on page 556, which also shows 
the cross-members in position. No. 1 pier, that is 








clear from Fig. 9, on page 556, consists essentially 
of an internal bearing wall on which the super- 
structure is carried. This wall is 2 ft. 3 in. thick 
and 83 ft. long. Surrounding it is a hollow shell 
of reinforced concrete, which is 14 ft. wide and 106 ft. 
long. This shell is faced with granite taken from 
the old bridge and is provided at each end with cut- 
waters surmounted by turtle backs. Both the shell 
and its bearing wall are built on a common founda- 
tion, and the lower portions are connected together 
for a height of 8 ft. Above that level they form 
separate structures and both are reinforced. The 
two halves of the shell.are connected together by 
ties which pass through holes in the bearing wall 
and are stiffened by internal cross walls. These 
walls are bonded together by horizontal ribs. The 
main reinforced members forming the twin arches 
are continuous on two spans but cantilever beyond 
the abutments and into the centre span. The canti- 
levers themselves are arranged to carry a suspended 
section and consist of box members each of which is 
formed of four reinforced-concrete ribs with vault 
and deck slabs. They are connected by a soffit 33 ft. 
wide of beam and slab construction, illustrations of 
which are given in Figs. 8 and 9, on page 556. The 
construction of the arch members will be clear from 








GENERAL VIEW OF WorRKsS FROM THE NORTH. 


rendered easier, while, in addition, the new piers 
will only be 14 ft., instead of 20 ft. wide. Three of 
the spans will be 252-7 ft. long, while the two shore 
spans will be 242-2 ft. in length. Road traffic will | 
also be facilitated by the fact that the width is | 
being increased from 42 ft. 6 in. to 80 ft. The 
general design of the new bridge will be clear from 
the elevation and plan given in Figs. 2 and 3, page 
546. It may be noted that the first span from 
the northern side passes over the Victoria-embank- 
ment to the first of the river piers, and though 
the pier which originally formed part of the 
embankment wall did not obstruct the road 
traffic, its removal will give increased light at this 
spot. As will be seen from Fig. 3, the embankment 
wall will now be carried through under the new 
bridge. The increased width of the new structure 
also necessitated the diversion of a short length of 
the tunnel which takes the tramway from Aldwych 
under Wellington-street to the Embankment, and 
the position of this is also shown in Fig. 3, as well 
as being illustrated in Fig. 7, Plate XX, as already 
mentioned. 

Each of the piers, the appearance of which will be 





| Figs. 4 and 6, Plate XX. 

| As regards the methods of construction, the rein- 
| forcing bars, of which, as will be clear from the 
| illustrations, a very large number are being employed, 
are stored on an open space on the south bank of the 
|river just below the present temporary bridge, 
|while the materials necessary for making the 
| concrete are brought in by barge and are unloaded 
|at Grelliers Wharf, a little upstream of the new 
| bridge, into special bins. From these bins they 
| are elevated by a bucket conveyor, with a capacity 
| of from 30 tons to 40 tons per hour, to a batch and 
| weighing plant. Here the material is mixed in a 
|mixer having a capacity of 1 cub. yd., which 
| discharges into bottom-dumping skips. The latter 
|are lifted by cranes on to wheel trucks which 
| run along a gantry that has been constructed across 
the river just below the site of the new bridge. 
| This gantry, which is visible in Figs. 3, 5 and 8, 
| consists of steel beams which are supported on 
| timber trestles, the trestles being, in turn, carried 
on piles driven into the river bed. On the southern 
side, the trestles are placed at about 50 ft. centres 
and are spanned by steel beams so as to leave a 
clear opening of about 32 ft. On the northern side, 
where it was necessary to provide two navigation 
openings, each with a clear width of 136-5 ft. 
and a headroom of 21-5 ft. at high water, the 
openings were spanned by steel truss girders 138 ft. 
6} in. long between supports, which were specially 
constructed for the purpose by Sir William Arrol 
and Company, Limited, Glasgow. The gantry 
has not been carried over the embankment end, the 
material at this point being handled by a crane 
erected on timber trestles on the landward side 
of the roadway. The crane platform and the 
gantry are connected by a service gangway. Seven 
7-ton electric travelling derricks are in use, the 
general appearance of which will be gathered 
from Fig. 8, on page 556. These run on rails 
which are laid at 34 ft. 3 in. centres, and between 
them, at a lower level, is a platform for the trucks. 
The cranes themselves are of the tripod type, 
two legs being supported on the outer track and one 
on the inner. 

At the northern end, the superstructure is being 
erected on steel centring, the construction of which 
can be seen in Fig. 9, on page 556. This centring, 
which was necessary in order that a free passage 
might be left for navigation, was constructed on 
outriggers built out from the gantry and was then 
rolled into position on the tops of the piers. Timber 
shuttering of conventional type was next built on 
them to take the reinforcing steel and concrete 
for the spans. At the southern end of the bridge, 
where it was not necessary that openings should 
be left for navigation, sets of timber falsework, 
as shown in Fig. 4, Plate XX, were erected between 
the piers and the shuttering was laid on these. 
All the reinforcing bars are electrically welded 
together and all the concrete is vibrated. 

Messrs. Rendel, Palmer and Tritton, 55, Broad- 
way, London, 8.W.1, are the engineers responsible 
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available, and (c) “all other circumstances.” In 
respect of all of these debatable issues, again, the 
expert knowledge of constructional problems and 
the possible means of adaptation, both of buildings 
and of their equipment, which the engineer can 
place at the disposal of clients will be invaluable ; 
especially so when “ all the circumstances ” have to 
be considered, including the standard of fitness 
being maintained at the material time in analogous 
works or buildings. In cases where 75 per cent. of 
the value of the land is not attributable to buildings 
or works, the premises are to be deemed “ unfit ” 
if the tenant cannot reasonably be expected to 
attempt to use them within the terms of his lease. 

Since so many technical questions of construction 
or adaptation may arise under this Act, it is pro- 
vided, by Section 23, that the Court may appoint 
an assessor to inspect, and to report to the Judge, 
so as to assist him in his findings. The assessor is 
to be remunerated “ officially”; that is to say, 
not by the parties, but “out of moneys provided 
by Parliament.” 

The Housing (Emergency Powers) Act, 1939 
(Chapter 73).—This measure was passed on Sep- 
tember 1, 1939, and, in conjunction with its provi- 
sions, reference should be made also to the Housing 
(Repair of War Damage) Regulations, issued on 
September 4, 1939, and to the Housing (Repair of 
War Damage) Regulations (Scotland), issued on 
September 5, 1939. Where war damage has accrued 
to a buildirig, whether it is a “‘ house” or not, so 
as to render it in any respect unfit for housing 
purposes, the provisions of Section 1 take effect, 
if the following factors are present : (1) The building 
can, at a reasonable cost, be rendered fit for housing 
purposes ; (2) there is lack of housing accommoda- 
tion in the area; and (3) “the person having 
control” of the premises is unable or unwilling to 
execute the works rendered necessary. In those 
circumstances, the local authority may, after notice 
has been given, enter and execute the works, or, 
where “temporary repairs are immediately neces- 
sary to avoid danger to health,” they may act 
without waiting to give notice. No demand for 
expenses incurred by the local authority is to be 
made until the end of the emergency period. The 
Act is to be read in conjunction with Part II of 
the Housing Act, 1936, with the modification that 
references in the earlier Act to “houses” shall be 
taken to include “ buildings.” 

Workmen’s Compensation.—Those engaged in 
industries, such as engineering, and are thus fre- 
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quently concerned with the administration of the 
Workmen’s Compensation Acts, 1925 to 1938, or of 
the Employers’ Liability Act, 1880, will note with 
interest the provisions of Section 3 of the Personal 
Injuries (Emergency Provisions) Act, 1939 (Chapter 
82). It is enacted that compensation or damages 
shall not be payable to, or in respect of, a person who 
sustains a “war injury ”’ where special provision 
is made under this Act. ‘‘ War injury” covers a 
wide field, for it includes physical injuries caused 
by (a) the discharge of any missile, including liquids 
and gases, or (b) the use of any weapon, explosive 
or “ noxious thing,” or (c) “‘ the doing of any other 
injurious act.” The causa cavsans may be (1) acti- 
vities of the enemy, or (2) activities of combating 
the enemy, or (3) “‘ repelling an imagined attack.” 
“War injury” may be caused, also, by impact of 
aircraft (whether our own or of the enemy) upon 
@ person or property. Moreover, if an employee 
receives war-injury allowance during a period when 
he is incapacitated for work, the employer is liable 
to pay him (as a maximum) only the difference 
between that allowance and the wages or other 
emoluments which would otherwise have been 
payable. The employer may be required to furnish 
th@ Ministry of Pensions with particulars of the 
earnings of an injured employee and to produce 
wage books or other documentary records in order 
to assist the assessment of the allowance to be 


made in respect of war injury. Similar modifications | g 


regarding workmen’s compensation and employers’ 
liability are to apply in respect of “ war service 
injury ” for which the Act makes special provision, 
i.e., injury sustained by a civil-defence volunteer, 
which arises “out of and in the course of” the 
volunteer’s performance of his duties as a member 
of a civil-defence organisation and not of his employ- 
ment in any other capacity. 








TEMPORARY WAR-TIME ADDRESS.—Messrs. La Mont 
Steam Generator, Limited, have moved to temporary 
offices at Stoke Abbott, near Beaminster, Dorset. 
(Telephone : Broadwindsor 213.) 





THE AMERICAN WELDING SOCIETY.—Two awards were 
presented at the recent annual meeting of the American 
Welding Society at Chicago, namely, the Miller Memorial 
Medal to Mr. C. J. Holslag, President and general manager 
of Messrs. Electric Arc Cutting and Welding Company, 
Newark, New Jersey, and the Lincoln Gold Medal to 
Messrs. G. O. Hoglund and G. S. Bernard, Junr., for their 
paper dealing with the shear strength and structure of 
spot welds in aluminium alloys. 
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SOME NEW INVESTIGATIONS ON 
OLD COMBUSTION ENGINE 
PROBLEMS.—II.* 


By Professor Dr.-Ing. G. ErcHELBERG. 


Heat Fiow tn CyLinpER WALLS AND Pistons. 


10. Measured Heat-Transfer Rates.—It is not 
surprising that the experimental heat-transmission 
coefficients (gas to cylinder walls) vary greatly 
during one cycle, since they depend on the pressure 
and the temperature of the working gas, which have 
a wide range. In a theoretical discussion published 
in 1923,+ I chose a heat-transfer rate varying about 
proportionally to the density of the gas. At the 
same time Nusselt} proposed a formula for «, 
the rate of heat transfer, as the sum of the influence 
of convection and radiation. At present it is 
practically impossible to describe the influence of 
convection in a theoretically correct manner. When 
I published the first experimental « curves measured 
on a marine Diesel engine,§ I tried to show the 
difficulties arising. The influence on « of the gas 
velocity along the cylinder walls is one of the main 
difficulties, as it is impossible to describe correctly 
the movement of the burning gas. Furthermore, the 
as temperature during combustion is not uniform 
throughout the whole cylinder, as we assume it to be 
when calculating with a gas temperature given by 
the gas equation for the instantaneous pressure- 
volume condition of the indicator diagram. What 
we take is a mean value of the instantaneous gas 
temperature for the total mass of the gas. The 
real gas temperature, for example, near the piston, 
is probably much higher than the mean value for 
the total mass, and much more heat will be trans- 
mitted to the piston because the real temperature- 
difference is greater. The influence of radiation 





* Second of a series of five lectures delivered before 
the University of London, at the Institution of Civil 
Engineers, on January 26, 1939, by Professor Dr.-Ing. G. 
Eichelberg, Professor of Mechanical Engineering in the 
Swiss Federal Institute of Technology, Ziirich. 

+ G. Eichelberg, Temperaturverlauf und Wairmespann- 
ungen in Verbrennungsmoteren. V.D.I. Forschungeheft 


263 (1923). 
t W. Nusselt. Der Wiarmeiibe: g in der Verbrenn- 
ungskraftmaschine. V.D.I. Forschungsheft 264 (1923). 
§ G. Eichelberg. Zeitlicher Verlauf der Wirmetiber- 


tragung im Diesel motor. V.D.I. Forschungsheft 300 
(1928) and Sulzer Technical Review, 1926, No. 2. 
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from the gas is the factor in the expression for « 
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of which most is known, but it forms but « small| INVESTIGATIONS ON INTERNAL-COMBUSTION ENGINES 


percentage of the total effect. It could be repre- 
sented by a greater effect of the temperature in the 
convection term of the « formula. Allowing a 
greater effect for temperature and a smaller effect 
for pressure would also express the effect of a higher 
gas velocity during air intake. 

On the basis of our experimental results, I propose 
to express the temperature influence by the square 
root of absolute temperature T (instead of by the 
cube root as Nusselt proposed) and the pressure 
influence by the square root of p, the pressure, 
instead of by pt. It will never be possible to 
describe the rate of heat transfer « by an exact 


formula, but for the theoretical comparisons of , 


different running conditions and different working 
processes an approximate value is needed. 

Let us make a theoretical comparison between 
four-stroke and two-stroke cycles on the basis 

x t4/pT 

An indicator diagram for a two-stroke and four- 
stroke engine on full load is shown in Fig. 16, page 
547. The temperature at the beginning of the com 
pression stroke, ¢,, is 70 deg. C. ; adiabatic compres- 
sion takes place from 1 atmosphere to a pressure, pe, 
of 35 atmospheres; the ratio of total gas in the 
cylinder to the clean air in the cylinder, A,, is 2 ; 
the heat loss to the walls is 17 per cent. ; and the 
The ratio 


mean piston speed, ¢, is 7 m. per second 


of stroke to bore, 4. For the two-stroke 
? 

diagram, 25 per cent. of the stroke is covered 

by the exhaust ports. From the pressure-volume 


(indicator) diagram, the temperature-crank angle 
diagram is plotted and from these the « and at 
eurves are drawn. ‘The mean values of temperature, 
t 16, and these 
and the mean values on a heat-flow basis, fres. are 
given in Table I, opposite. The mean value of the 
rate of beat transfer «,, for the total cycle is 243 kcal. 
per sq. m. per hour per deg. C. for the four-stroke 
and 340 for the two-stroke cycle. The resulting 
mean gas temperature for heat transfer tres is much 
higher than the mean temperature on time ¢,,. 
For a wall temperature ¢t,, = 280 deg. C. the heat 
loss per hour for a given cylinder surface, 


m,: On & time basis are shown in Fig. 


q Xm (trea — tw), 

is higher for the two-stroke cycle, but as the output 
is higher too, the heat loss per output is, on a first 
approximation, the same. 

As Table I gives «,, and tres for the inlet and com- 
pression strokes of a simple compression diagram 
without fuel, we can, by assuming a linear interpola- 
tion, propose for normal diagrams 


where 
cis the mean piston speed in metres per second, 
p ia in atmospheres, and 
T is absolute temperature. 
The value of the constant factor in this equation 
P or . P 8 
is determined by c. The form adopted 2-1,/¢ 
accords sufficiently well with experimental results. 
Using this equation then : 


For a four-stroke engine 


Tm = Te (1°34 + 0-124p,) 
Tres To (1-80 0-198p,) 

Qe yn iad 
Lem (4-4 + 0-35 p,) 4 ry / ¢ 


where p, is the mean effective pressure in atmospheres. 
For a two-stroke engine— 


Tm =~ Ty (1-49 + 0-180 p,), 
Tres = Ty (1-92 + 0-28 p,) 
‘Len (6-1 0-65 P)) V Ty Hy ¢. 


In Fig. 17 the measured mean values a,, for the 
piston surface (see Fig. 15, page 465, ante) and 
eylinder head of our two-stroke engine are compared 
with the «,,-line on the basis of the above equation. 
The measured values are all reduced to c 5 m. per 
second and t, = 100 deg. C. 

11. Heat Transmission from the Piston the 
Liner.—-We now know the heat transfer between the 
working gases and the cylinder walls. But to 
calculate and to draw a quantitatively exact tem- 
perature field in cylinder walls, for example, in a 
cooled or an uncooled piston, we must also know 


to 


the heat transmission from the piston to the liner. | 
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The temperature of an uncooled four-stroke piston | (116,000 kcal. per sq. metre per hour per deg. ©.) 
(Fig. 2, page 463, ante) shows that a good deal of | will drop to 25 per cent. of its value for a point 
heat flows out of the piston to the piston-rings but of the liner which is protected by the piston 


a certain amount also passes beside them. 


during the first 15 per cent. of the stroke. It falls 


The piston-ring temperature shown in Fig. 2/to 15 per cent. at 40 per cent. stroke and to 


falls rapidly from 120 deg. at a depth of 5 mm. to/ 10 per cent. at 100 per cent. stroke. 


As, at full 


107 deg. at 2 mm. and 98 deg. at 0-5 mm., showing |load, the first ring had a surface temperature of 


that the ring is well cooled by the liner. 


Every | only about 95 deg. C., it will meet a higher tem- 


part of the running piston surface passes over the | perature in the upper part of the liner and a lower 


liner from the hot top end to the colder lower end 
Fig. 18, page 547, shows the temperature and heat 


.| temperature in the lower part. 
.| corresponding wall temperature on a crank-azgle 


If we draw this 


flow distribution along the liner when the piston | basis, as shown in Fig. 19, we can find its mean value 


temperatures are as in Fig. 2, where the i.m.e.p. = 
2-5 m. per sec. The heat entering | the ring surface is given by the measured tempera- 


7-5 at. and c = 


on time. As the heat-flow inside the ring towards 


the unprotected surface of the combustion space! ture drop. it is easy to calculate the mean value of 
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the heat transfer rate between ring and liner. The 
values are very high: 20,000 keal., 40,000 kcal. or 
60,000 kcal. per square metre per hour per deg. C. 
They are plotted in Fig. 20 as a function of the oil- 
film temperature. A higher oil-film temperature 
results in a lower viscosity and a thinner oil film ; 
that is to say in a better heat transmission. In the 
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Fig. 26 


ty" yor iV Woo, 















































































































































— aap 3) 
= spemnentdieinnge c= oer ow Wi 
30) ———. ioe 
20 > ri 
, Cast, my | 
S 10 Best | 
; er 
: “0700 200 300 400 600 600 700 
= Deg.C. 
Pa 60 ae | 
- Cast Steel | 
= 50 ———--{——— — - 
: 
& | | | 
3  %O—%00 200 %O 400 600 G00 “700 
S 200 
§ 
a os) ot 
15 
: 2 oe 
‘ mn iat | _ Light Alloy 
/ \W. Mannchen's | 
1*——_— Results -+—— | = 
50 | + — | | +~ ! 
| ee. a 
| 
oO; a | ~———__1 
=200 -100 oO 100 200 “300 40 500 600 
(6860.N.) Deg.€ “ENGINEERING” 


in Fig. 21 lies reasonably near to the experimental 
values. The heat transmission coefficient is only 
150 kcal. to 400 kcal. per square metre per hour per 
deg. C., because the oil film is about a hundred times 
thicker than the corresponding film on the ring 
surface. 

We measured the temperature fluctuations in the 























Four-stroke engine i.m.e.p. (p,) = 100 Ib. per Two-stroke engine i.m.e.p. (p,) 
sq. m. (7 atm.). = 80 Ib. per sq. m. (5-5 atm.). 
_ adicessaenigie a L BLP Ue - 
Inlet | Compr. hs Expans. =| Exhaust Total Compr. | Expans. Total 
| Stroke. Stroke. | Stroke. | Stroke. Cycle. | Stroke. y he Stroke. . Cycle. 
Man temperature on time basis, in | 
deg. C. (tm) 138 253 | 1,044 | Sil | 487 | 237 | 926 | 582 
>» 2 ee eee eee Wee oe me mes wee maeeere er i- 
Mean temperature on heat-flow basis in | | | | 
deg. C. (t,4,) . - | 166 | 1,170 514 828 385 | 1,158 | 915 
Mean rate of heat transfer, in keal. per | | 
8q. m. per deg. ©. (cm) .-| 80 231 | #547 | 113 243 213 | 467 i oe 
in saiatanneeinediats LDL denbaee! witless aaibons, oqililinten GPreis weetiqe rs 
part of the piston above the first ring, heat is) ring for both the two-stroke and the four-stroke 


transmitted by an oil film of a thickness A. As A 
diminishes with increasing piston temperature « will 
increase in accordance with the relation 

A 

A’ 

where A is the coefficient of heat conductivity of 
the oil. The curve plotted from this relation shown 


a 








engines.*{ The results for the four-stroke engine are 
plotted in Fig. 22. 





* Fr. Salzmann. Warmefiuss_ durch Kolben and 
Kolbenring. Diss. E.T.H. Ziirich, 1932. 

+ K. Hug. Messung und Berechnung von Kolben- 
temperaturen in Dieselmotoren. Mitteilungen aus dem 





Institut fiir Thermodynamik und Verbrennungsmotorendau 
Z.T.H. Zirich, 1937. 





From them the temperature variation of the ring 

| surface as well as the heat-flow through the ring 
| surface to the liner can be found by Fourier series. 
They are plotted in Fig. 23, for the case in which 

the i.m.e.p. = 7-5 atm. It is only near the upper 

dead centre that heat flows from the hot top end 

‘of the liner to the ring ; lower down, much more 

| | heat flows from the ring to the colder parts of the 
liner. As a result it can he said that, in our four- 

| stroke engine engine with an uncooled .piston, the first 

| piston ring, at all loads, leads off to the Jiner about 


| 40 per cent, of the heat that enters the piston. In 
‘addition to this heat transferred from the piston 
| to the liner, the first ring takes a certain amount of 


| the heat from the upper part.of the liner and delivers 
‘it to the lower part. The amount of this trans- 
mission is about _]0 cent. of the total piston 
‘heat loss. The heat transfer coefficients are very 
high, varying from 50,000 kcal. to 100,000 keal. per 
| Square metre per hour per deg. C. «-curves for diffe- 
| rent loads are shown in Fig. 24. The dotted lines are 
| calculated for an oil-film thickness varying theo- 

| retically with the piston speed. 

| As the heat transfer from the ring surface to the 

jliner is very good, the temperature of the ring 


» | surface is only a few degrees higher than the mean 


| liner temperature. As, however, the piston around 
| the ring groove is much hotter, there must be an 
| important temperature drop between the piston 
| and the ring, and in the ring itself. With special 
| thermocouples inserted in the piston-ring we found, 
for our two-stroke engine, the temperature and 
| heat-flow shown in Fig. 25. The diagram on the 
left is for full load where p, = 6-97 atm., 
|¢ = 4-6 m. per sec. and r.p.m. = 300; and that 
|on the right for an overload, where p, = 7:76 
jatm., c=6-3 m. per sec., and r.p.m. = 412. 
|For the first case the ring surface has a 
Pye of 135 deg. C. and the inner edge of 
the ring one of 175 deg. The corresponding tem- 
a in the second case are 160 deg. and 
200 deg., so that in both cases there is a difference 
in temperature of 40 deg. The temperature dis- 
| tribution in the ring section appears to be very 
| nearly symmetrical; the temperature of the upper 
and the under side of the ring are about the same, 
169-9 deg. and 169-3 deg., but the corresponding 
temperatures of the piston groove differ by more 
than 100 deg. The heat transfer must be much 
better on the under side, where the ring touches 
the piston, than on the upper side. This is shown 
by the temperature diagrams, Fig. 26, for the case 
in which p,=7 atm. and c = 4-6 m. per sec., which 
shows the same condition for the surface of the piston 
and the upper side of the ring but not for the lower 
side of the ring. The heat transmission is much 
better for the underside of the piston ring and 
becomes very important near the upper dead centre, 
when the ring is pressed down by the high gas 
pressure in the cylinder. On the results of these 
tests on piston-ring heat flow, the practical mean 
values shown in Fig. 27 can be determined. As 
indicated in the diagram on the left-hand side of the 
figure, the approximate mean value of « between 
the piston and the surface of the cylinder above the 
liner is 300 kcal. per square metre per hour per 
| deg. C. ; that from the piston through the piston ring 
|to the liner is 3,000; and that between the ring 





| surface and the liner is 30,000. The curves on the 


| right of Fig. 27 show the values of « for the piston 
ring expressed as a function of p,, and the i.m.e.f, in 
atmospheres. As will be seen, « for the upper side 
of the ring varies from 400 to 600; for the under 
side of the ring it varies from 5,500 to 14,000 ; and 
on the running surface from 24,000 to 45,600. 

12. Heat Conductivity of Cylinder Materials.— 
When the ratS of heat transfer are known, the 
temperature field in the cylinder walls can be cal- 
culated. To do this, however, the heat conductivity 
A of the cylinder material must be determined. As 
A was not known for high temperatures, we measured 
it for various cast irons, for cast steel, and for a light 
alloy, for temperatures uo to 600 deg. C.* In an 
electrically-heated copper mass a cylindrical piece, 
4 in. diameter, of the material to be tested, was 
heated at one end some degrees above the mean 
temperature. The temperature drop along the 
cylinder was observed with thermocouples. The 








* K. Hug, Ibid. 
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isolating of the test-piece was not easy and only 
possible by a very high vacuum in a metallic 
closed box. At temperatures above 520 deg. 
gas diffusion occurred, so that a certain vacuum 
was also necessary around the box. The arrange- 
ment is shown in Fig. 28. The results are given in 
Fig. 29. It is of interest that cast iron always 
showed a discontinuity at 433 deg. C. This did not 
appear with cast steel and light alloy, the latter of 
which showed a conductivity three to four times 
higher than that of the cast iron. 

13. Calculation of the Temperature Field.—The 
calculation of the temperature field and the heat- 
flow in cylinder walls is practically possible only 
for stationary temperature distributions in two 
dimensions. The general heat-flow equation 

06 Os C8 Ot 

50 9 (sae Sat a) 
gives the temperature in terms of time and the 
three dimensions. For a stationary and rotation- 
ally symmetrical field as shown in Fig. 30, the 
temperature can be expressed in two dimensions, 
z and r, thus: 


: oS 1 68 a. 
‘ oe’ r'ér oe 


Instead of these we can introduce new co-ordinates 
aand b, which are drawn in the directions of constant 
temperature and of heat flow. The equation can 
then be transformed into the simple form : 

As 

At 


t.c., the heat-flow between two lines of the rect- 





AQ@=2ar.Aa.a 
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angular net is proportional to the section, the rate of 
heat transfer and the temperature drop. To this 
inner field condition we must add the surface 
condition. In this way the temperature field can 
be found graphically, as I have shown in an earlier 
publication* of which an example is reproduced 
in Fig. 31, the i.m.e.p. being 7-2 at 100 r.p.m. Fig. 
32 gives a more recent result of such calculations 
for an uncooled piston.+ It also shows the surface 
conditions assumed, the mean value of « and the 
resulting mean temperature corresponding to a 
two-stroke engine at full load. The temperature 
field in the liner is first determined, so that 
the corresponding liner mean temperature can be 
drawn for every part of the piston-skirt. The rate 
of heat transfer to the crankcase air is assumed 
as «a = 50, which is a good mean value of the 
measurements made. For a cast-iron piston of 
300 mm. diameter, the highest temperature in 
the middle is 604 deg. C. This shows that this 
material is not practicable for a heavily loaded 
two-stroke piston. The same piston in light alloy 
will, under the same conditions, have a temperature 
of 400 deg. C., as against 600 deg. C. for cast iron 
as shown in Fig. 33a. Diminishing the diameter 
from 300 mm. to 150 mm. reduces the maximum 
temperature to 300 deg. C, as shown in Fig. 330. 
The shape of the piston has great influence on the 
temperatures. Fig. 34 shows three cast-iron pistons, 
all of 150 mm. diameter. As piston a has better 


* G. Ejichelberg, /bid. 
t K. Hug, Jbid. 
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sections for heat-flow than b, the temperature reaches 
only 478 deg. C. instead of 530 deg. C. The pistons 
a and c are of similar shape, but in c the piston-rings 
are set lower down, so that the first ring is better 


| protected. The temperature of this ring is about 


15 deg. C. less than in the case of piston a, but this 
gain is obtained at the cost of 35 deg. C. higher 
temperature in the middle of the piston. 

Fig. 35 shows the streamlines of heat flow in a 
piston head, a heat quantity of 100 kcal. per hour 
flowing in every channel. It will be seen that 
about one-third of the piston heat passes through 
the first piston-ring. The result of a better heat-flow 
to the crankcase air is shown in Fig. 36. It is 
assumed that in this case the heat transfer co- 
efficient is changed from 50 to 180 by forming 
cooling fins on the piston. The maximum tem- 
perature in the middle of the piston falls more than 
60 deg. C. to 540 deg. C., as compared with the 
piston of Fig. 32. Such results are of great interest 
from the point of view of design. The maximum 
piston temperatures increase very quickly with the 
bore, as shown in Fig. 37 for a two-stroke engine on 
full load. This heat loss, for the same bore, is 
higher when light alloy is used. 








Roap ACCIDENTS IN THE BLack OvrT.—Sir John 
Anderson, Minister of Home Security, and Captain Kuan 
Wallace, Minister of Transport, held a conference at the 
Home Office on Monday with representatives of various 
road organisations and of the police on the subject of 
road accidents in the black out. The steps that might 
be taken to reduce the serious increase in the number 
of road accidents since the introduction of the black out 
were considered, and a number of suggestions were put 
forward. 

Fvet LuncHEoN CLUB.—As already intimated, on 
page 457, ante, the next meeting of the members of the 
Fuel Luncheon Club will take place at the Connaught 
Rooms, Great Queen-street, London, W.C.2, on Thursday, 
November 16, at 12.40 for 1.10 p.m., when an after- 
luncheon address on “ The Development of Modern 
Engines for Liquid and Gaseous Fuels” will be given ° 
by Mr. W. A. Tookey, M.Inst.C.E., M.I.Mech.E. The 
Chair will be taken by the President, Lt.-Col. W. A. 
Bristow, M.1.E.E. 
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THE INSTITUTION OF CIVIL 
ENGINEERS.* 


THE moment at which I take my place as your 
seventy-fifth President is one of the most critical in 
the history of our country and in the life of our Insti- 
tution. With every effort that can be summoned, we | 
are fighting for our freedom—freedom of thought and 
conscience, and freedom to continue the great work of 
civilisation. All those things which make up life as 
we have known it are at stake—the state of peace 
throughout our commonwealth of nations, ‘“‘ wherein,” 
as King George V said, “‘ every man may eat his bread 
in peace without anyone to make him afraid,” the 
ideals with which we have been brought up from our 
earliest youth, our liberty, and our religion. Among 
these things there is that which must always be para- | 
mount to us as engineers, the right to use our knowledge 
and experience to further the arts of peace and the 
progress of the human race. This right, which is 
inherent in the very foundations of our profession, we 
have jealously guarded since our forefathers established 
it and procured its expression in our Royal Charter, 
and we are mow determined to fight for it until it is 
secured for all time. Among all professions and callings 
which, in so great diversity, make up our national life, 
engineers are as deeply concerned as any other citizens 
in fighting with all the resources at their command 
for the establishment of conditions in which they can 
work for the preservation and progress of mankind, 
rather than for mankind’s destruction. 

I had intended to tell you something of the cultural 
history and development of our Institution, and to 
draw from that history some conception of the future 
shaping of our work. Instead I will give you the 
picture I have in my mind of the duties which have 
now to be taken up by the Institution as a corporate 
hody and by its members as individuals. In peace- 
time the work of the Institution tends to become 
stereotyped. With the routine of holding meetings 
for discussion, of examinations and elections, of setting 
up committees for investigation and research, and of 
publishing the Journal, the essential functions of a 
body such as ours are apt to be obscured and overlaid 
by a species of ritual. War, and the upheaval of our 
normal life which war brings to us, give us the incentive 
and the insistent need to hark back to the principles 
of our Charter, to examine our activities, and to bring 
them into line with the necessities that face us. 

We are enjoined by our founders to devote ourselves 
to the advancement of mechanical science and “ the 
art of directing the great sources of power in nature 
for the use and convenience of man.” Out of this 
somewhat simple formula there has arisen the organisa- 
tion as we know it to-day, with its roll of over 12,000 
engineers bound together by a common allegiance to 
self-imposed standards, its manifold activities in 
furthering advances in engineering science, and its 
widespread influence amongst engineers throughout 
the world. In many directions these activities must 
be curtailed by the exigencies of war conditions. For 
the present it will not be possible to hold regular 
meetings for the discussion of papers. Certain time- 
honoured ceremonials, such as the annual dinner and 
the conversazione, must be omitted, and the pre- 
occupation of so many members with their national 
duties,-either military or civil, will reduce the volume 
of individual effort available for the direct prosecution 
of the objects of the Institution. Nevertheless, the 
need for carrying on the vital functions of the Insti- | 
tution as the centre of the profession, and the organisa- 
tion for ensuring continuity in standards, and affording | 
its members such support and stimulus as will enable | 
them to increase and enlarge their knowledge, is | 
perhaps more insistent in war than in peace. 

I believe the Institution’s most important functions | 
to be, firstly, the maintenance of high standards, 





| 





| interrupt the plans for holding a Conference on Engineer- 


ing Education and Training early next year, for the 


| discussions that had been planned would have been of 
| great value in the changed circumstances in which we 


now find ourselves. If opportunity occurs, I hope 
it may be possible for the Institution to lend its influence 
in the adjustment of curricula to war conditions. In 
these adjustments I hope it may be possible, for instance, 
for educational authorities, such as the universities 
and colleges on the one hand and the schools on the 
other hand, to arrange for technical studies to be pushed 
on as far as is possible in the years before military 
service has to be given. There are also to be considered 
the cases of young men training for the profession who 
do not go to the university but who carry out their 
training as pupils, apprentices, and assistants under 
agreement, and who study and sit for the Institution 
examination. 

The Institution will continue to exert all the influence 
it can command to ensure that those who are already 
in process of receiving technical education may be 
enabled to continue their training in technical units 
of the forces, and to be employed where their engineer- 
ing grounding will be of the greatest national service. 
It would be lamentable if the essential means of equip- 
ping the rising generation with engineering knowledge 
and experience should be interrupted by military 
necessity. Not only is this younger generation of 
potential engineers a vital necessity for the military 
effort which has to be made, and which may be of 
long duration, but it is even more a necessity for the 
period of reconstruction which will follow when peace 
is secured. If the Institution can use its influence 
to secure this continuity in the process of “ making 
new engineers,”’ it will have succeeded in performing 
a service of great national value. 

The second of the main functions of the Institution, 
to which I have referred, is the encouragement of 
members to contribute their experience and knowledge 
to the common stock of the profession. This was, 
perhaps, the earliest activity of the Institution, and 
at first almost the only one. There has been little 
break in the steady succession of meetings of members 
for discussion of papers during the 121 years of our 
history. Now, however, that the Institution finds itself, 
so to speak, in the firing line, it has been necessary to 
break this continuity. To some extent we can fill the 
gap by continuing the publication of the Journal and 
by inviting written discussion on the papers published. 
It is probable that, with the present suspension of 
many large public works, there may be for some of the 
older members opportunities for recording accounts 
of recently-completed works. Also, in the greatly 
stimulated field of constructional work for military 
or defence purposes, new problems are constantly 
arising and being solved, new methods have to be 
evolved, and work has to be carried out under condi- 
tions of which the implications are largely unknown. 
As an example may be instanced the great and varied 
scope of the problem of providing protection for the 
civilian population against bombing from the air. 
The work that has been done in investigation, design 
and construction during the past two years in this 
direction has, in the view of some, almost added a 
new branch to the profession. In the opinion of 
others, to which most of us will incline, the exercise 
of this new power acquired by man along with his 
conquest of the air, has introduced a factor into all 
branches of our work, which, from the magnitude of its 
effects, may almost be said to have taken its place 
amongst the “great sources of power in nature,” 
control of which is the object of our science. 

Whatever may be the result of the present conflict 
in putting an end to the activities of those who have 
made aggression and terrorism the principal aim of 
national policy, I can see little hope within any 
measurable period of time of obtaining for the human 


| in the affairs of the Institution. 





educational and practical, for the admission of new| race in any part of the world permanent immunity 
members ; secondly, the encouragement of members| from attack from the air by evilly-disposed persons or 
to contribute their experience and knowledge to the | organisations. The possibility of such attack must 
common stock of the profession; and, thirdly, the | introduce into all our methods of design and construc- 
prosecution of research and investigation. There| tion of buildings and public works the additional 
are many activities ancillary to these main functions. | strength and protective devices necessary to enable 
For instance, the maintenance of high standards for | men to carry on their avocations in reasonable security. 
admission implies not only devising the necessary | With the knowledge that has been gained already in 
tests and providing the means of applying them in| the present experimental period, supplemented by that 
the form of examinations. It also involves taking | which will emerge from any ordeal through which we 
an active interest in the education of young men who are | may have to pass, I see no inherent difficulty, either 
aiming at entering the profession, and exercising some | of design or of cost, in providing such reasonable 
measure of supervision and control over their training. | protection for any organised community. We shall 
We have to see how this function can be adequately | look forward to publishing in the Journal whatever 
carried out in war-time. We shall maintain the con- | material may be made available in regard to this aspect 
tinuity of our examinations, the scrutiny of proposals | of constructional work, so that our members may have 
for admission, and the holding of the necessary meetings | the benefit of progress in the knowledge of the subject. 
for election ; but we shall have to take an even closer| We shall also endeavour to utilise the Journal for 
interest than in the past in the means open to our | keeping members informed of progress on other branches 
young men to obtain the necessary education and | of work and encouraging discussion. 
training. It is greatly regretted that we have had to| The local associations, both in Great Britain and 
- | overseas, are being asked to maintain their organisa- 
* Presidential Address by Sir Clement D. M. Hindley, | tions and to take any opportunity that may occur of 
K.C.LE., M.A. Abridged. ' continuing amongst their members an active interest 











In some cases it may 
be possible for them to arrange meetings, and they 
may be assured that the Institution will support their 
efforts to keep members in touch with one another 
and with headquarters. 

I come now to the third main function, namely, that 
of research and investigation. In so far as it is possible 
for the various scientific organisations which have 
undertaken research for the Institution to continue 
their work, the Institutfon will maintain its financial 
support. Some of these researches have already had 
to be suspended owing to the exigencies of National 
Service, but others may be carried on to a conclusion. 
For the present, it may not be possible to commence 
any new work of this kind, but whenever problems 
arise which seem suitable for investigation in the- 
circumstances obtaining, we shall not hesitate to seek 
the necessary means of investigation. The Research 
Committee will remain in being, and will be called 
together when necessary to deal with problems which 
may be suggested to us. As in the past, we shall hold 
our resources in this respect available for any work 
which the Government may consider can best be 
carried out by our members. 

These are the directions in which it appears to me 
that the Institution can best pursue its activities in 
war-time. As regards individual members, their funda- 
mental duties are so obvious as hardly to need re- 
stating. As citizens they will cheerfully and resolutely 
obey any call that may come to them in the national 
interest. As engineers they will give their accumulated 
knowledge and experience to whatever efforts may be 
demanded of them, and in whatever sphere they may 
be called upon to serve. While concentrating all their 
specialised capacity on the furtherance of the national 
effort, they must keep always before them the work 
of reconstruction and advance in the standards of 
civilised life throughout the world that will have to 
be undertaken when the time comes for the human 
race to be freed from the recurring menace of gangster 
nationalism. If we had not that hope of an even 
larger and more spacious freedom than we have hitherto 
known, the outlook would be dark indeed. We may, 
however, be sure that when we have passed through 
the present ordeals and have achieved the victory for 
freedom for which we are now fighting, there will be 
unimagined opportunities for applying for the benefit 
of the human race those advances in science which are 
even now taking place under the stimulus of war. 
It is necessary for all engineers to continue to keep 
abreast of developments in engineering science and 
practice, and so to fit themselves for this great work 
of the future. 

I feel the greatest confidence that members of the 
Institution, and all other engineers, will acquit them- 
selves in a manner worthy of our great traditions, and 
that, so far from allowing hardships and trials to 
master their spirit, they will be able to say with one 
of our famous generals, “‘I thank God that I have 
been permitted to live in the midst of such tremendous 
events.” 








THE ‘* DUROS”’ VARIABLE-CAPACITY 
DIAL-INDICATING WEIGHING 
MACHINE. 


THE principle of the weighing machine in which the 
weight of the load to be measured is read from a 
graduated steelyard will be familiar to every engineer 
and is so simple in construction and so easily manipu- 
lated that the reasons for the increasing use of the more 
complex weighing machine with an indicating dial are 
not immediately apparent. These reasons are, partly 
that the steelyard indicating machine is slow in opera- 
tion and, partly, that it is liable to error and its accuracy 
is limited. The first of these objections is due to the 
fact that the weighman, when using the simplest type 
of machine, has to select a weight which he estimates 
is appropriate to the load being measured and attach 
it to the end of the steelyard. He has then to slide a 
smaller constant weight, the poise, along the steelyard 
until this “ floats”’ between its stops. The position 
of the poise on the graduations of the steelyard gives 
the amount to be added to the end weight. The whole 
cycle of operations naturally takes an appreciable time, 
particularly if the weighman makes a bad estimate of 
his end weight initially. The liability of error lies 
in the possibility of a wrong addition being made or a 
mistake as to the amount of the end weight actually 
in use, these end weights being, moreover, subject to 
damage and loss. The limitation of accuracy is due 
to the fact that, unless the steelyard is very long, 
usually an impracticable condition, the number of 
graduations is restricted and therefore small increments 
of weight cannot be ascertained. 

It is true that the steelyard indicating machine 
referred to above is now only to be found on inexpensive 
platform machines for capacities up to 2 tons. Above 
this, a steelyard machine having, instead of loose 
weights and a single poise, two or more poises, is in 
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All 


moved and this type of machine is still liable to error 


general use these poises have, however, to 


sud is relatively difficult to manipulate, while being 
comparatively in rhis, 
elementary, review of the steelyard indicating machine 


slow operation perhaps 


has been deemed necessary in order to contrast it 
with a modern fully-automatic machine with self 
indicating dial. The dial is used to indicate the total 
load, the actual weighing being done by a combination 
of sliding poises and a pendulum device. The 


former balance off the weight approximately by suitable 
traverse along a steelyard, while the latter automati- 
cally adds the difference between the approximation 
and the true weight by the variation in virtual leverage 


of «a pair of suspended weights when inclined from 
the vertical position they occupy with the machine at 
rest When the machine is a weighbridge which 
may have to deal with a load of, sav, 20 tons, it will 


be obvious that the indicating dial would have to be 


f 
ol 


weighing is 
ulation 


enormous if a high degree of accuracy 


required, since a Board of Trade rv requires 


that the graduations on the dial must be not less than 
} in. apart. The object of this account is to describe 
« “ variable capacity" weighing machine, this term 
denoting a self-indicating dial machine in which the 


major divisions on the dial can be altered to one or 
other of the 
graduations applying to all the ranges and a high degree 


of a number convenient ranges, minor 


of accuracy, together with a reasonable size of dial 
being secured 
The machine in question is the Duros "’ variable 


capacity dial-indicating weighing machine manufac 


tured by Messrs. Ashworth Ross and Company, 
Limited, Midland Iron Works, Scout-hill, Dewsbury 
[t is illustrated by Figs. 1 to 5, on this page rh 
external view given in Fig. 5 shows a machine for a 


twin weighbridge for loads up to 70 tons in 56-lb. divi 
sions, there being 10 major graduations of | ton cach 
and 401 graduations altogether o: the dial. The value 
of the major graduations is not painted on the dial. 
but these figures are carried on a ise mounted behind 
the dial and are visible through small square openings 
in it, which openings have the word “ tons "’ painted 
on the dial near them. As shown, the machin 
is set to read up to 10 tons, and will indicate any 
weight up to this amount within 56 lb. By mani- 
pulation of the handwheel and the lever near it, 
however, the dial can be altered to read up to 20 tons, 


30 tons, 40 tons, 50 tons, 60 tons or 70 tons, the 
first major reading with the 20-ton setting being 
21 tons and so on for the other ranges. With a 


heavy load, such as 70 tons, an accuracy of 56 Ibs.. 
viz., 1 in 2,800, is generally sufficient, but a much 
higher degree is possible with lighter loads. Thus 
a weighbridge for 20 tons, can be constructed to read 
with an accuracy of 34 lb, Expressed as a percentage 








Fie. 5. 


this represents a tolerance of only 0-0078 per cent., | 
or, conversely, an overall efficiency of 99-9922 per cent., | 
the tolerance being only 50 per cent. of that known in 
ordinary commercial use. Compared with a steelyard | 
type of machine, this accuracy is four times as fine, | 
while operation is free from any possibility of human | 
error and, except for the change of range, it is auto- 
matic. Such a 20-ton machine has nine ranges as 
against the six ranges of the 70-ton machine, and the 
graduations, each of which marks 7 |b., are sufficiently 
wide apart to enable the weight to be read to half a 
division, viz., 34 lb., with perfect accuracy. 

The weighing mechanism is shown in Figs. 1 and 2, 
but it must be noted that the particular machine 
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Fig. 4. 
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illustrated in them has four changes only. This is 
well seen in the view of the dial seen in Fig 1. In this 


there are six windows, which are shown as exposing the 
numerals 0, 1, 2, 3, 4 and 5, respectively, the word 
“tons”’ being omitted. The series of figures shown 
dotted will make it clear that when the disc carrying 
them is rotated in a clockwise direction to make the 
first change, the values 5, 6, 7, 8, 9 and 10 will be 
exposed. The last change will read 20, 21, 22, 23 
and 25 tons. The movement of the disc is, of course, 
coupled with that of the poises to alter the various 
lever Tatios to suit the particular range being dealt 
with. Referring to the lower part of Fig. 1, the central 
pendant link a is attached to the weighbridge, while 
the right-hand link carries a “‘ cod” weight balancing 
off the dead weight of the levers and platform, and 
thus reducing the load on the link ¢, which transmits 
movement to the upper beam d. This beam has its 
fulcrum at the left-hand end and suspended from 
a girder attached to the casing. It is coupled by a 
link e at the right-hand end to the beam f, which 
carries the sliding poise g, this beam being even-armed. 
A link h, about halfway along beam d, is coupled to the 
pendulum fractional weighing device in the dial casing. 
the downward pull of link c being thus balanced by the 
upward pull of both links e and A. 

The sliding poise, which bas a travel of 12 in., is 
moved towards or away from the fulerum of the beam f 
by the handwheel ¢. The spindle of this wheel carries 
two grooved pulleys with a spur wheel between them, 
this arrangement being shown in Fig. 2. To the 
larger pulley is anchored a wire rope j, having a weight 
at one end. To the smaller one is anchored a wire 
rope k, the other end of which is attached to the dise 
carrying the major division figures. The geared wheel 
is brought into mesh with a rack attached to an exten- 
sion of the poise slide by means of the hand lever o. 
This extension terminates in a knife-edged projection /, 
which engages with a notched bar m attached to the 
beam f. The function of the projection and notched 
bar is to secure the poise firmly at the required distance 
from the fulerum of beam f to correspond with the 
range selected. Behind the hand-wheel is a disc 
n with as many notches as there are ranges on its 
periphery. The spring-loaded lever o has a pro- 
jecting finger which engages with the notches in 
the dise. The lever p, at the right, has a short arm 
carrying a roller, which roller engages with a lever 
q, free to rotate round the fulcrum of the beam f. When 
the machine is in use, this lever is depressed as shown 
and the whole of the weighing mechanism is free. As 
long as loads within the appropriate range setting are 
being handled, no manipulation of the handwheel and 
levers is necessary, and a weighing can be made in a few 
seconds by any unskilled operator. 

The machine is set in Pig. 1 to weigh and indicate 
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loads up te 5 tons maximum, but where a batch of | to the pulleys tt. To these pulleys are also anchored 


loads of which the weights may be anything from, say, |a pair of steel tapes uu, which, though interrupted | 
10 tons to 20 tons, comes along the weighman turns | for attachment to the crosshead », are finally anchored | 
This movement | to the levers carrying the pendulum weights ww. The 


lever o in an anti-clockwise direction. 


lifts the poise extension so that the projection on it is | tapes near these levers pass over quadrants so that a 


disengaged from the notch and, at the same time, brings | constant leverage is obtained. 


Fine adjustment is 


the rack on the extension into mesh with the gearwheel | obtained by the set-screws seen in the pendulum levers 


on the handwheel spindle. 
the handwheel i clockwise until the new set of figures, 


The weighman then rotates | 


in Fig. 3. The pulleys to which the tapes are attached 


| are suspended by steel tapes which are attached to the 


i.e., from 10 tons to 20 tons, appears in the dial windows. | 


This movement brings the notch in the disc, marked 
10 tons, in line with the finger on lever o and traverses 
the poise to give the required degree of balance. Release 
of both handwheel and lever o permits the poise and 
poise extension to slip back under the pull of the weight- 
loaded rope j and engage with the notch corresponding 
to the range of weights concerned. Any shock of engage- 
ment is taken from the notch by the locking action of 
the lever o on the handwheel diso. 
operation of lever p locks the weigh beam against 
rubber buffers and relieves the mechanism from strain 
by taking the load off connection h. 

The addition of the weight which has to be added to 
that balanced by the poise is effected by the pendulum 
device seen inside the dial in Fig. 1 and illustrated 
on a larger scale in Figs. 3 and 4. The link h is 
coupled to a crosshead r to the ends of which are 
attached steel tapes ss anchored at their other ends 


Anti-clockwise | 


frame by screws at the top of the vertical faces and 
are secured to the pulleys by the lower screws shown. 
[t will be realised that movement of the crosshead r 
is transferred to the crosshead v, to which is attached, 


by means of an S-spring, a rack x meshing with the | 


pinion y of the pointer. Consideration of the mechanism 
in Fig. 1 will show that the pendulum weights exert 
an upward pull, varying with their divergence from 
the vertical position of Fig. 3, on the beam d, which 
is also subjected to an upward pull due to the poise. 


| The moment of these combined pulls exactly balances 


the downward pull on the beam by the link c, and the 
movement of the beam is accompanied by a propor- 
tionate movement of the pointer. Undue oscillation, 
and therefore loss of time, is damped out by the dashpot 
z, see Fig. 1, and the S-spring of the pointer rack. 
Although the machine described has only four 
changes, the provision of nine changes is now common 
and even ten changes can be provided without difficulty, 
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| The dial of a nine-change 20-ton weighbridge is gradu- 
ated from zero to 2 tons in divisions of 7 lb., and has 
three windows. The subdivision of 7 lb. is the same 
as is found on a 20-ton steelyard, and Messrs. Ashworth 
Ross point out that the indicating steelyard may have 
an error of 10 lb., even when new, at full load, and 
| anything up to 20 lb. in subsequent inspection, while 
| the ‘‘ Duros ” dial machine must never have an error 
| exceeding 3} Ib., i.e., half a division, at full load 
throughout its life. These tolerances are in accordance 
| with Board of Trade regulations. High accuracy in 
working postulates very careful construction and finish, 
and a machine so made can be relied upon to satisfy 
the Weights and Measures Inspectors, whose function 
| it is to stamp machines for general trade purposes after 
| the design has been tested and accepted by the Stan- 
| dards Department of the Board of Trade. The Duros 





Dial Indicator has received complete approval. Apart 
from this, the self-indicating dial machine with its 
positive reading, may be considered as less liable to 
dispute than the indicating steelyard. The employ- 
ment of one or other type of machine depends, however, 
on a variety of circumstances, and the steelyard 
indicating machine may, under some conditions, prove 
satisfactory enough. Thus, variation of moisture, or 
of constitution of the material being weighed, or simply 
“trade custom” may not call for high efficiency 
weighing. Where speed and accuracy are desirable, 
| the utility of the self-indicating dial is unquestioned. 


| TWIST-DRILL GRINDING MACHINE. 


Atrnoven the Edgwick twist drill grinding machine, 
distributed by Messrs. Alfred Herbert, Limited, Coven- 
try, has been in successful use for some time, it is, 
perhaps, not generally known that it has recently 
been re-designed and still further improved. The drill 
point being approximately conical, apart from lip 
clearance, would seem to be an easy surface to grind 
and this is true, though it is not so simple to do the 
grinding correctly. Extended tests have been carried 
out which have shown conclusively that only very 
slight variations in point angle and lip clearance are 
capable of affecting very considerably the accuracy, 
number of holes drilled between grinds, and the power 
consumption of the drill. The chief difficulty in design- 
ing a twist-drill grinder lies in the construction of the 
drill holder, since this, to be efficient, must have what is 
virtually universal motion. The two views given in 
Figs. 1 and 2, annexed, show the holder of the improved 
Edgwick grinder. This holder, in the form of a 
jointed arm results, it is claimed, in two-flute twist 
drills, from 4 in. to 1} in. in diameter, being ground with 
the most efficient lip clearance, with equal angles and 
equal lengths of cutting edge. 

The design of the arm as regards its adjusting device, 
is clearly shown in Fig. 1, three adjustments being 
provided, viz., a horizontal traverse parallel to the 
axis of the grinding-wheel spindle, a rotary motion 
of the traversing shaft, and a swinging movement 
round a pivot situated obliquely and eccentrically 
to that shaft. The arrangement provides variation 
of lip clearance to suit different materials to be drilled. 
The drill is carried during grinding in the Vee-rests 
and holder seen in Fig. 2. Feed is by means of the 
fine thread screw seen to the right of the illustration. 
The rough adjustment of the screw and the position 
of the centre rest to suit varying lengths of drill are 
determined by the screws seen in Fig. 1, the parts sliding 
| along a rod. The two supports can thus be placed 
| the maximum distance apart to give good alignment. 
| There are two grinding wheels, viz., a cup-wheel 7 in. 
in diameter for sharpening, and a disc-wheel, also 
7 in. in diameter, for point thinning. The cup wheel 
|is seen to the right of Fig. 1, and the disc-wheel, 
| identifiable also by the rest in front of it, at the left. 

Both wheels are adequately guarded and are provided 
| with exhaust ducts, though these ducts are shown 
| with cover plates in position in Fig, 1. The lever-like 
| device visible in both views is the holder for a diamond- 
| truing device. It is provided with screw adjustment 
| so that the face of the wheel can be truly dressed in 
relation to the arm, consistent results being thereby 
secured. As, however, the action of the drill on the 
| face of the wheel gives a self-dressing action, frequent 
re-dressings are unnecessary. The wheel spindle is 
; mounted on ball bearings and the rotor-stator unit 
| forming the motor is housed jn the body casting and is 
thus protected from dust. The motor is controlled 
by the push buttons seen in Fig. 2. Normally, the 
machine is carried on a neat pedestal so that the 
wheels are at a convenient height. 




















RoOyaL UNITED SERVICES INSTITUTION.—We are 
informed that the Royal United Services Institution, 
Whitehall, London, 8.W.1, is remaining open for the use 
of members and that the Journal will be published as 
usual. The museum, however, is closed. 
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THE NEWCOMEN SOCIETY. 


Tus annual meeting of the Newcomen Society wa 
held at the Chirtered Institute of Patent Agents on 
November 8, when the annual report for 1938-39 
was passed. In this it was stated that there had been 
a large increase in membership, especially in the United 
States of America, and the number of members on 
the roll on October 1, 1939, was 1,252. The meetings 
during the session included the Pilgrimage in Alabama 
the annual general meeting in London, eight ordinary 
meetings in England, many regional meetings in 
America, including the fifteenth annual dinner in New 


York, and the summer meeting in Suffolk, England. 
There had been a notable increase in the attention 
devoted to pa pers and addresses, 25 a pers in all 


having been read. Most of these will be published in 
the T'ransactions. The Socie ty now publishe sa quarterly 
bulletin of information of interest to members, and the 
Couneil have under consideration the publication of a 


fifth Hxtra Publication. The Council accepted with 
regret the resignation of Mr. D. T. Heap, who for 
several years has acted as honorary treasurer. The 


election of officers included that of Col. C. E. Davies, 
of New York, as president for the ensuing year 

At the conclusion of the business the retiring presi 
dent, Mr. W.+A. Young, read his address entitled 

Thomas Newcomen—lIronmonger: The Contemporary 
tackground.” It was not expected that much could 
be added to the personal history of Newcomen, but 
Mr. Young's life-long connection with the ironmongery 
trade and his flair for research had led him to inquire 
into the history of old-established ironmongery firms 
in many parts of the country. He ible to 
throw light upon the activities of the Seventeenth and 
Eighteenth Centuries, when the smiths and millwrights 


were dependent on the 


was thus 


ironmonger’s shop for their 
the to-day, iron 
d stock, and as mecha 


tools and supplies As was case 
mongers carried a very 
nical engineering progressed the needs of the engineers 
had for In an ironmonger’s shop 
were to be found a forge, and and craftsmen 
who could turn their hands to many things. Newcomen, 
according to Lidstone, served his time with an iron- 
monger in Exeter, but his name does not appear among 
the list of apprentices whose indenture records have 


assort 
to bk provided 
bench 


been traced 

At the close of Mr. Young’s address, Dr. T. E. Lones 
read his paper, * A Précis of Mettallum Martis and An 
Analysis of Dud Dudley’s Alleged Invention,” the out- 
come of a life-long acquaintance with this interesting 


work, and a critical examination of the claims set 
forth by the author. 
BRITISH STANDARD 
SPECIFICATIONS. 
Amone the specifications issued by the British 


Standards Institution, the following may be of interest 
to our readers. Copies are obtainable from the Publi- 
cations Department of the Institution, 28, Victoria- 
street, London, S.W.1, and, unless otherwise stated, 
the price is 2s. net, or 2a. 2d. post tree. 


Hinge for Gas-Tight Doors.—Specification BS/ARP 
No. 19 relates to a form of adjustable hinge for use 
on doors to air-raid shelters and rooms which have 
to be rendered gas tight. The door is flush fitting, 


i.¢., it is arranged to fit over the door opening and the 
allows the necessary adjustment to be 
In order to facilitate 
wedged, it is 


form of hinge 
made after the door is in position. 
should the door become 


easy ACCCES, 

possible to lift the door off the hinge. Two sizes of 
hinge are provided, one for a door 1} in. thick and the 
other for a door 2 in. thick. [ Price 3d... post tree. | 


Lighting of Air-Raid Shelters.—One of the earliest 
of the A.R.P. specifications issued by the British 
Standards Institution at the request of, and with the 
official approval of, the Home Office, was that dealing 
with the lighting of shelters holding up to 200 persons 
(No. BS/ARP6). This specification, which deals fully 
with stand-by lighting equipment, has now been revised 
and a section added in which is d tailed the equipment 
to be provided in cases in which direct-current mains 
are available. The original issue of the publication 
appeared to have been drawn up with alternating- 
current mains only in view, with the result that 
numerous queries arose as to what should be done in 
areas where the mains supply was direct-current. This 
anomaly has now been removed. [Price 6d., or 8d. 
post free. 

A new specification (No. BS/ARP17), dealing with 
the lighting of large air-raid shelters, has now been 
issued. This is based on the principle that whereas, 
in small shelters, a battery installation is satisfactory as 
a standby, a self-contained generator unit is advisable 
in large shelters. The specification gives full details 
of the generator and battery-charging equipment, 
together with particulars of the number of lamps and 


their wattage. [Price ]*., or ls. 2d. post free 
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ENGINEERING TRAINING AND 
EDUCATION. 


Chartered Surveyors’ Institution.—The Council of the 
Chartered Surveyors’ Institution, 12, Great 
street, London, 8.W.1, has decided to hold examina- 
tions next year, and arrangements are being made for 
the preliminary and special test examinations to take 
place in April, 1940, and the professional examinations 
in June and July, 1940. Candidates desiring to enter 
for these examinations should send their application 
forms and fees to the acting secretary of the Institution, 
it the address given above, as soon as possible. Appli- 
cations will not be accepted after Saturday, December 9. 


George- 








TENDERS. 


We have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, particulars 
of the undermentioned tenders, the closing dates of 
which are stated. Details may be obtained on applica- 
tion to the Department at the above address, quoting 
the reference numbers given. 

Pumping Plant and Engine for Nelspoort Sanatorium, 
Province Union Tender and Supplies Board, 
November 30. (T. 28,575/39.) 


43, for broad-gauge, metre-gauge 


Cape 
Pretoria ; 


Locomotive Boilers, 


and narrow-gauge engines. General Manager, Eastern 
Bengal Railway, 3, Koilaghat-street, Calcutta ; Decem- 
ber 19. (T. 27,813/39.) 


Bridge. With reference to the call for tenders on the 
part of the Ministry of Public Works, Cairo, for the con- 
Zawame Bridge over the Ismailia Canal, 
noted on page 304, learn that the closing 


date has been advanced to December 2. (T. 26,584/39.) 


struction of the 


ante, we now 


Rock Crusher, jaw-type, portable, for the Department 
of Lands. Union Tender and Supplies Board, Pretoria ; 


December 7 (T. 28,774/39.) 
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PERSONAL. 


Messrs. SUNBEAM COMMERCIAL VEHICLES, 
Moorfield Works, Wolverhampton, have made arrange- 
ments whereby Messrs. Rootes, Limited, Commercial 
Vehicle Department, Lord’s-court, St. John’s Wood-road, 
London, N.W.8, will act as sole distributors in London 
and the surrounding area for the sale of Sunbeam battery 
electric vehicles. 

Mr. H. A. Dixon, chief engineer of the western region 
of the Canadian National Railways, has been appointed 
chief engineer of operation for the System, in succession 
to Mr. C. B. Brown, who is retiring on December 31. 


LIMITED, 


| Consequent upon the death of Mr. A. E. WARREN, vice- 


president in charge of the western lines, Mr. W. R. 
DEVENISH, formerly general superintendent of trans- 
portation, Winnipeg, becomes general manager of the 
region. Mr. W. C. Owens, formerly general superin- 
tendent of the Alberta district, succeeds Mr. Devenish 
as general superintendent of transportation. Mr. J. H. 
McKINNON, formerly superintendent of the Calgary 
division, succeeds Mr. Owens, and Mr. SHERMAN SMITH, 
formerly assistant superintendent of the Edmonton 
division, succeeds Mr. McKinnon. 

CAPTAIN ALLAN KYLE, MR. H. S. HOLDEN 
been appointed managing director), and Mr. B. SHARP 
(who has been appointed works director), have joined 
the board of directors of Messrs. The Brooke Tool Manu- 
facturing Company, Limited, Warwick-road, Greet, 
Birmingham, 11. Mr. 8. C. Icke has resigned from the 
board. We regret having stated erroneously, on page 500, 
ante, that these gentlemen had been appointed to the 
board of Messrs. Charles Barker and Sons, Limited, 
31, Budge-row, London, E.C.4, and we tender our 
apologies to both these firms. 


(who has 


Among other appointments, the directors of the London 


Midland and Scottish Railway have approved that of 
Mr. T. E. ARGILE, to be chief commercial manager : 


that of Mr. H. E. HORNE, to be assistant chief commercial 
manager; that of Mr. W. P. BRADBURY, to be assistant 
chief commercial manager (passenger); that of Mr. E. A. 
Glasgow 


MILNE, to be carriage and wagon assistant, 
(St. Enoch); and that of Mr. T. L. WILiaMs, to be 
assistant works superintendent, Chief Mechanical 


Engineer and Electrical Engineer’s Department, Wolver- 
ton. 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—The local position affords a striking 
contrast with that operating in many other parts of the 
country respecting staple trade employment. While 
national figures of unemployed show a rise, those for 
Sheffield and district indicate a decline of about 2,400 
since the war began, the aggregate for the Sheffield City 
and Attercliffe exchanges for October 16 being 12,435, 
as compared with 13,261 on September 11 and 14,829 on 


August 14. Employment-exchange managers agree that 
this further absorption of operatives reflects better 
conditions in most sections of Sheffield industry. Not 


only are the heavy steel trades employing more men, 
but the lighter sections are busier. The raw and semi- 
finished material position is more satisfactory. Hematite 
supplies are coming forward steadily, and scrap distri- 
bution proceeds under control with only minor hitches. 
The assistant managing director of a Sheffield firm is 
directing from this district a national drive for auxiliary 
supplies, under which it is asked that a special search 
be made for scrap material of any description. How 
great are the demands being made on steel furnaces is 
illustrated by a local trade-union report that, in many 
cases, furnace departments are working to 100 per cent. 
capacity ; in one instance, a 10-ton electric furnace 
has now gone into commission after three years’ idleness. 
The output of rolling mills is going into immediate 
consumption, while there is a strong run on heavy and 
medium forgings for various general engineering purposes. 
A gratifying improvement is recorded in the malleable-iron 
trade. A new and welcome development isa slight revival 
in the building trades, which normally take large supplies 
of constructional materials and tools. Several important 
schemes that had been held up have now been recom- 
menced, while expansion of industrial premises proceeds 
apace. Messrs. Hadfields, Limited, contemplate the 
establishment of new works, on a 25-acre site in the 
Swinton area, which will probably employ 1,000 to 1,500 
men. New main-line sidings are to be laid from the 
London and North Eastern Railway. The severe taxing of 
transport services is bringing renewal orders for track- 
work and vehicles. Sheffield Corporation have accepted 
a local tender for steel tramcar tyres, and have also ordered 


concrete-lined spun-iron pipes and cast-iron unlined 
pipes for local waterworks. 
South Yorkshire Coal Trade.—The increase of the 


cent. has put a brighter aspect on 
enabling collieries to arrange for 
depots to renew stocks. Industrial 
strong demand for inland purposes, 


100 per 
business, 


ration to 
house-coal 
larger supplies and 
fuel continues in 
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steel and engineering concerns being prominent buyers. 
Best steams are a strong market, while smalls are moving 
freely against contracts, and new business is being 
arranged with fair facility. Blast-furnace coke is in 
demand, and more inquiries are circulating for central- 
heating descriptions. 








NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

General Situation.—The general situation changes very | 
slowly, but the slight movements are in the desired 
directions. Ordinary industrial inquiries for iren and 
steel are circulating, and regular customers are obtaining 
rather better supplies than recently, though Government 
requirements are still heavy and absorb the bulk of the 
output. Distribution is maintained on an exceptionally | 
large scale and promises to expand further with greater 
facility for transport. Delivery licences are granted more 
freely than was expected, but permits for the distribution 
of larger tonnages would be welcome. 

The Cleveland Iron Trade.—North-East coast con- | 
sumers of foundry iron continue to draw increasing 
supplies from other producing centres, and makers of 
Cleveland qualities find little inducement to resume the 
regular output. Stocks at Tees-side blast-furnaces are | 
sufficient to cover customers’ actual needs for a week or | 
two, and plant could be turned promptly on to the 
production of foundry brands should the need arise. 
Notwithstanding the removal of import duty on Conti- | 
nental makes, prices of foreign iron are still too high to 
tempt buyers to negotiate for supplies from abroad. 
Cleveland pig stabilised quotations stand at the level 
of No. 3 description at 108s., delivered to local buyers. 

Hematite.—The demand for East-coast hematite more 
than absorbs the substantial output and is increasing. 
Producers have heavy tonnage accumulations, bu! have 
adopted a cautious policy, and are not disposed to 
discuss new business. Contracts in the course of execu- 
tion will keep the furnaces fully employed for some time, 
and while the tonnage available for distribution is 
regarded as ample for needs over several months, 1akers 
consider that restriction of sales is prudent. Tevs-side 
users are taking most of the supply, but home consumers 
elsewhere are absorbing more iron than of late anc could 
well take still larger quantities. Recognised market 
values are at the equivalent of No. 1 grade of hematite 
ut 124s. 6d., delivered to North of England firms. 


Basic lron.—The fixed price of basic iron is 10!s. 6d., 
but the quotation is nominal, the whole of the output 
still passing into use at makers’ own steelworks. 

Foreign Ore.—Conditions in the foreign-ore branch of 
trade are not unsatisfactory. New business is unheard 
of, but users have fairly good supplies on hand and | 
report imports on a substantial scale against extensive 
contracts of long standing. 

Blast-Furnace Coke.—Transactions in Durham blast- 
furnace coke are few, due to consumers being well 
covered. Prices are based on good medium qualities at 
29s. 2d. at the ovens, 

Manufactured Iron and Steel.—Further expansion of | 
output of semi-finished iron and steel, and the continued 
arrival of Continental commodities provides re-rollers 
with sufficient material to keep their works fully occu: | 
pied. Finished-iron firms are busy and producers of | 
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NOTES FROM THE NORTH. 
GLAsGow, Wednesday. 
Scottish Steel Trade.—The demand for steel of all 
descriptions is unabated, and deliveries are being main- 
tained in spite of a slight local hitch in production last 
week, which, however, had nothing to do with the supply 
of raw materials. The available quantity of the latter 
is ample for all requirements, and from that point of 
view the present record output of steel is likely to 


continue. The demands from different Government | 
| departments, as well as from direct and indirect con- 


tractors, is exceedingly heavy, but few consumers are 
being kept short. The overseas trade is also being well 
catered for, and for special reasons the Government is 
supporting the export to certain countries by the issue 
of the necessary licences. The deliveries of ship plates, 
etc., to shipbuilders amount to a considerable tonnage 


| weekly, while the consumption of steel at the many 

munitions factories is increasing daily. This fact is very | 
| reassuring. The erection of many new factories, etc., 
| of different kinds is keeping structural engineers very 


fully employed. The new range of prices is being faced 


| by buyers without much comment, because it is realised 
that the sole cause of the increase is the advance in 


raw material, fuel, freights, etc. Current quotations are 


| as follows :—Boiler plates, 121. 8s. per ton; ship plates, 


11l. 10s. 6d. per ton; sections, 111. 8s. per ton; medium 


| plates, 131. 2s. 6d. per ton; black-steel sheets, No. 24 


gauge, 161. 2s. 6d. per ton; and galvanised corrugated 
sheets, No. 24 gauge, 181. 12s. 6d. per ton, all delivered 


| at Glasgow stations. 


Malleable-Iron Trade.—Fairly active conditions con- 
tinue in the West of Scotland malleable-iron trade, and 


the works are generally well employed. The re-rollers | 
| of steel bars are still being pressed for deliveries ex con- 
tract, and the current output has reached a very high | 


mark. Stocks of ‘“ semis ” are being consumed steadily, 
and although the home supply is good and stocks on 
hand are satisfactory at the moment, endeavours are 
being made to increase the tonnage coming from the 
Continent. The following are to-day’s prices :—Crown 
bars, 121. 15s. per ton for home delivery or export ; 
re-rolled steel bars, 127. 19s. per ton for home delivery ; 
No. 3 bars, 121. 7s. 6d. per ton, and No. 4 bars, 121. 12s. 6d. 
per ton, both for home delivery. 

Scottish Pig-Iron Trade.—With the steady expansion 
in production throughout the country, the demand for 
Scottish pig iron has increased considerably of late and 
every ton of hematite and basic iron being produced is 
rapidly taken up. Foundry iron is also moving more 
freely and the demand from the small-castings concerns 
has considerably improved. Prices have advanced by 
9s. per ton and aré now as follows : 
per ton, and basic iron, 51. 1s. 6d. per ton, both delivered 
at the steel works; foundry iron, No. 1, 5l. 12s. per 


|} ton, and No. 3, 5/. 9s. 6d. per ton, both on trucks at 


makers’ yards. 








UNITED STATES MERCURY INDUSTRY.—The production 
of mercury in the United States, during September, 


| totalled 1,500 bottles, each containing 76 Ib. of the 
metal. The States of California and Oregon together 


supplied 85 per cent. of this total. 


STEEL Doors FOR AIR-RAImD SHELTERS.—Gas and| 


Hematite, 61. 4s. 6d. | 
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NOTICES OF MEETINGS. 


RoyauL INstTirutTion.—To-day, 2.30 p.m., 21, Albe- 
marle-street, W.1. ‘* Infra-Red Spectra and the Struc- 
ture of Molecules,” by Drs. W. H. J. Childs and H. A. 
Jahn. Tuesday, November 21, 5.15 p.m., “* Transmission 
of Radio Waves Over the Ground,” by Mr. R. L. Smith- 
Rose. Wednesday, November 22, 2.30 p.m., “* Thermo- 
dynamics and the Structure of Matter,’”’ by A. R. Ubbel- 
ohde. Thursday, November 23, 5.15 p.m., ‘* Transmission 
of Radio Waves Over the Ground,” by Mr. R. L. Smith- 
Rose. Friday, November 24, 2.30 p.m., “ Infra-Red 
| Spectra and the Structure of Molecules,” by Drs. W. H. J. 
| Childs and H. A. Jahn. 

INSTITUTION OF ELECTRICAL ENGINEERS.— North 
| Midland Centre: Saturday, November 18, 2 p.m., 
|The Hotel Metropole, Leeds. ‘* Electrically Manufac- 
tured Steels,” by Mr. H. A. Sieveking. ; 

| INSTITUTION of CIVIL ENGINEERS.—Tuesday, Novem- 
ber 21, 3 p.m., Great George-street, Westminster, 5.W.!. 
Ordinary Meeting. Formal business only. 

INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScoTLanD.—Tuesday, November 21, 6.30 p.m., 39, 
Elmbank-crescent, Glasgow, C.?2. “* Characteristics 
of Silent Propellers,”” by Mr. A. W. Davis. 

SHEFFIELD METALLURGICAL ASSOCIATION.—Tuesday, 
November 21, 6.30 p.m., 198, West-street, Sheffield, 1. 
“The Work of the Oxygen Panel,” by Dr. T. Swinden. 
| ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
|—Tuesday, November 21, 6.30 p.m., The Lighting 
| Service Bureau, 2, Savoy-hill, W.C.2. Lecture: ‘ The 

I.E.E. Regulations for the Electrical Equipment of 
| Buildings, 11th Edition,” by Mr. EB. A. Reynolds. 

IRON AND STEEL INSTITUTE.—Thursday, November 23, 
| 3.30 p.m., 4, Grosvenor-gardens, London, 8.W.1. Statu- 
tory Autumn Meeting. Formal business only. 

NorRTH-East Coast INSTITUTION OF ENGINEERS AND 
SHIPBUILDERS.—Friday, November 24, 6 p.m., The 
Mining Institute, Newcastle-upon-Tyne, “‘ Aeronautics 
and Ship Design,’’ by Dr. J. Lockwood Taylor. 

JUNIOR INSTITUTION OF ENGINEERS.—Friday, Novem- 
ber 24, 6.30 p.m., 39, Victoria-street, Westminster, 
S.W.1. Informal Meeting. ‘‘ The Revival of the Gas 
Producer,” by Mr. K. W. Willans. 








NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

The Welsh Coal Trade.—Prospects of increased trade 
with Italy, always one of the district’s biggest customers, 
seemed much brighter on the Welsh steam-coal market 
last week, following the announcement of the signing of 
a new agreement between the two Governments designed 
to facilitate economic relations. A standing joint com- 
mittee was appointed with this aim in view, and it was 
anticipated that trade would benefit very considerably 
as a result. During recent years, it has been estimated 
that, of Italy’s total coal requirements of about 12,000,000 

| tons per annum, 6,000,000 tons has been secured from 
Germany, 3,000,000 tons from Great Britain and the 
remaining 3,000,000 tons from Poland, Holland, Belgium 
and Turkey. Following the signing of the new agreement 
and the growing difficulty of obtaining German supplies, 

| it was expected that Italian buyers would make heavier 
| purchases on the local market. The Government’s 





splinter-proof steel doors for air-raid shelters are now decision during the week to raise the ration of coal from 


75 per cent. to 100 per cent. was warmly welcomed on 


finished steel have as much work as they can handle. | being constructed by Messrs. Ferro-Concrete and Steel | : 
the market. The original scheme had been subject to 


Plant turning out heavy steel is operating at cxpacity, | Structures, Limited, Welwyn Garden City. These doors, 
sheet works continue to be fully employed, and firms | which are 6 ft. 6 in. by 2 ft. 6 in., are of all-welded design 
producing requirements for the shipyards have well-filled and are made up of j-in. plate with }-in. angle frames. 
order books. Among the principal market quotations | They are hinged to a steel angle frame, which is provided 
for home trade are :—Soft steel billets, 81. 7s. 6d. ; hard | with holes for bolting into a concrete wall, §-in. Rawlbolts 
steel billets, 91. 10s. ; steel ship, bridge and tank plates, | or rag bolts being used for this purpose. Splayed ties for | 
111. 108. 6d. ; joists and sections, 111. 10s. ; black sheets, | fixing can also be welded to the frame. Locking is effected | 





sheets, No. 24 gauge, 181. 12s. 6d. from either side of the door, which, to ensure gas-tightness, | 


strong criticism by all sections of the trade. Leading 
miners’ representatives had said it was wholly unneces- 
sary, as there were still a large number of miners 
unemployed who could produce all the coal South Wales 
might require to meet the needs of any markets gained 
as a result of the war. There was again a brisk inquiry 
passing in all sections on the market last week. New 
business, however, was difficult to negotiate, especially 


| for forward loading, owing to the fact that most collieries 


No. 24 gauge, 161. 2s. 6d.; and galvanised corrugated | at the top, bottom and side by one lever movement | 
| 


Scrap.—Buyers of iron and steel scrap are pressing as | 
much as ever for larger deliveries, and are desirous of | 
placing orders at the control prices. 








THE JUNIOR INSTITUTION OF ENGINEERS.—Mr. L. Ms. | 
Jockel, the retiring chairman, presided at the annual | 


is provided with a canyas-covered Sorbo rubber gasket. 
There is also an observation window consisting of a| bad pre 


disc of }-in. Triplex glass. 


BRITISH ROAD FEDERATION.—At a recent emergency | @ 
| meeting of the Committee of Management of the British | booked ahead and best quality large sorts and sized 
Road Federation, 120, Pall Mall, London, S.W.1, it was 
unanimously agreed that Mr. F. G. Bristow, C.B.E., 


general meeting of the Junior Institution of Engineers, should be asked to act as honorary secretary of the 
which was held at the Institution’s rooms, 39, \ictoria-| British Road Federation for the time being, in order 
street, Westminster, S.W.1, on Saturday, November 11./| that its activities might be carried on to the fullest 
The ballot for the election of officers and members of | possible extent under present conditions. Mr. Bristow 
Council for 1939-40 resulted in the following «ppoint-| has agreed to act in this capacity. It is intended that 
ments: As chairman, Dr. Herbert Chatley ; - Vice-| the Federation shall continue its activities, dealing with 
chairmen, Messrs. N. L. Ablett and J. W. Stenson ; | issues that concern the welfare of all sections of the road- 





viously sold almost the whole of their potential 
| outputs over some months ahead. Rather more coal 
| was available for prompt delivery than had been the case 
for some weeks past. Duff coals, in particular, were well 


| descriptions were also favourably placed with orders. 
Smalls displayed a very steady tone. Cokes and patent 
fuel remained active. 

The Iron and Steel Trade.—Very active conditions 
ruled in the iron and steel and allied trades of South 
Wales and Monmouthshire last week. Most producers 
were well booked with orders ahead and works were 
engaged almost to full capacity. 











hon. treasurer, Mr. H. G. Pusey ; members of council, | transport industry and its subsidiary interests, in 
Messrs. H. J. N. Riddle, J. Calderwood, T. H. Cross and | accordance with the past policy of the Federation. It is | 
J. Rose ; hon. auditors, Messrs. R. Lees, G. E. )’eachey, | also intended that a close watch shall be kept with regard | 
E. H. Richmond and A. J. Webb. Messrs. C. E. Atkinson | to its policy concerning better roads, in order that it may 
and F. Squirrell were re-elected as hon. editor and hon. | continue to press for road improvement whenever it is 
librarian, respectively. | deemed fit and desirable to do so. 


EXHIBITION OF CHEMICAL INDUSTRIES.—The 17th 
Exposition of Chemical Industries will take place in the 
Grand Central Palace, New York, from December 4 to 9. 
Nearly 300 firms, representing over 40 industries, are 
exhibiting. 
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We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 














tered Offices, and that no connection exists between | 
this Journal and other publications bearing some- | 


what similar titles. 
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SUBSCRIPTIONS, HOME AND FOREIGN. 


“ ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 


For the United Kingdom .................... 5 0 
For Canada— 
Thin paper copies................ £2 18 6 
Thick paper copies................ £3 3 0 
For all other places abroad— 
Thin paper copies................ £3 3 0 
Thick paper copies................ #3 7 6 


Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
communicate the fact to the Publisher, together with 
the agent’s name and address. 


When foreign subscriptions are sent by Post Office 
Orders, advice should be sent to the Publisher. 











ADVERTISEMENT RATES. 


The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shillings for the first four lines, 
or under, and one shilling per line up to one inch 
The line averages six words. When an advertise- 


ment measures an inch or more the charge is 128. per | “ 


inch. Payment must accompany all orders for single 
aivertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained 
on application. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns, of 2} in. in width. 
Serial advertisementa will be inserted with all practic- 
able regularity, but cannot be guaranteed. 


TIME FOR RECEIPT OF ADVERTISEMENTS. 


Ciassified advertisements intended for insertion 
in the current week’s issue must be delivered not 
later than first post on Wednesday. Alterations 
to standing advertisements must be received 
at least 10 days previous to the day of Publica- 
tion. Passed proofs must be in our hands by 
Saturday iaorning, otherwise they will be 
taken as correct. The proprietors will not hold 
themselves responsible for blocks left in their 
possession for more than two years. 


All accounts are payable to “‘ ENGINEERING,” Ltd. 
Cheques should be crossed “‘ The National Provincial 
Bank, Limited, Charing Cross Branch.”’ Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 


TEMPORARY ADDRESS. 


For the duration of hostilities, 
the Editorial and Publishing 
business of this Journal is 
being conducted from 18 and 
20, Compton Road, Hayes, 
Middlesex. The Telephone 
Number of the _ Editorial 
Department is Hayes 1730, 
and that of the Publishing 
Department, Hayes 1723. The 
Bedford Street Offices are 
open on Fridays only, between 
10 a.m. and 5 p.m., for the dis- 
tribution of the current issue 
and for retail sales. 
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been the basis on which the various types of vehicle 
have been taxed, since the weight of the producer 
| plant had to be included in the unladen weight 
for taxation purposes. This has resulted in putting 
the producer-gas vehicle into a higher category, 
7| both increasing the taxation and reducing the maxi- 
mum speed permitted. In our previous article, we 
| expressed the hope that the Government would 
551 | lend a sympathetic ear, at the present time, to 
553 | those who were pressing for the removal of this 
'| hardship, and we note with satisfaction that action 
in this sense has now been taken. Replying to a 
554 | question on the subject addressed to him by Mr. 
i : , aad 
554 | Attlee, in the House of Commons, on November 8, 
554| Mr. Geoffrey Lloyd, the Secretary for Mines, stated 
554 | that the Government had decided to make conces- 
555 | sions in cases where the addition of the weight of the 
555 | auxiliary equipment to the unladen weight of the 
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55 | vehicle has previously resulted in placing the vehicle 

55 | into a higher licence-duty category and a lower 
4 speed-limit category. Assuming that the concession 

559 | Places the producer-gas vehicle on an equal footing 
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559 | With those operating on petrol or oil, it is hardly 


The Report of the Pacific Locomotive Committee D : 
561 | an exaggeration to describe the new regulations 


The Supply of Fuel and Associated Products 


34-in. Centre C.V.A. Precision Capstan Lathe | as the producer-manufacturers’ charter, and we 
(1ius.) rb oe ae 562| believe that the Government’s action will be 
Revision of British Standards for Whitworth Screw v | welcomed almost universally. 
Threads 562 : . : , . 
The Late Sir Andrew Scott 563| While announcing this concession, the Secretary 
Labour Notes 564 | Of Mines made other pronouncements of outstanding 








Parsons-Ford V-8 Marine Set (Jilus.) . 565| importance to those interested in the producer 
Trans- Atlantic Air Services 565| question. Referring to the committee set up by 
Research in Steel Metallurgy 567 the Government some time ago, he said that the 
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567 | exhaustive work carried out by this committee 
568 | had resulted in a design of producer which could 
569! be recommended for manufacture. The Fuel 
569 Research Station’s work had shown that low-volatile 
569 | anthracites and certain low-temperature cokes were 
570 | Suitable fuels, and research was proceeding in the 
WAT ERLOO | hope of widening the range of fuel. Mr. Lloyd 
also announced that, in order to stimulate the use 
| of these fuels, the Government had decided that 
various uncertainties in the fiscal and general position 
should be removed. To meet fears that the Govern- 
ment might propose a tax on home-produced coal, 
coke, or gas when used as a fuel for motor transport, 
Mr. Lloyd was able to assure the House that, so far 
as the present Government was concerned, there 
was no intention of proposing such taxation within 
the next five years. Further, in the case of services 
of national importance, the Government had no 
intention of rationing these alternative fuels. 
Whatever may be the opinion regarding the action 
of the Government in sponsoring a particular design 
of producer, there is no doubt that these announce- 
ments, as a whole, show a marked change in the pre- 
war attitude of the authorities to the producer- 
vehicle question. 
As regards the new producer design, while any 
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THE PRODUCER-MANUFACTURERS’ 
CHARTER. 


Ir is evident from the correspondence that we 
have received, following our article on “* Alternative 
Fuels for Motor Vehicles,’* that this subject is 
arousing very great interest at the present time. 
In spite of what we then said, considerable uncer- 
tainty still appears to exist, in the minds of many | step can be absolutely justified in war time that 
engineers and road-vehicle users, whether the port-| is of potential value to the country as a whole, 
able producer has yet passed the experimental stage. | the statement made in Parliament by Mr. Lloyd, 
As regards this point, we stated in the article referred | that the new design of producer will be presented 
to that, although comparatively few conversions | to all firms who are willing and able to undertake 
from petrol to producer gas had been made in this | its manufacture, appears, at least on the surface, to 
country, many thousands of converted vehicles | offer considerable hardship to those firms who have 
were in use abroad. Although some doubt exists | striven for years past to market their own products 
as to the actual total of gas-producer vehicles in| in the face of persistent discouragements—not the 
use in foreign countries, owing to the fact that some | least of these discouragements being the refusal of 
Continental governments have been reluctant to! the Government to make the concession, now an- 
publish figures of this type in recent years, there | nounced, in the licensing laws. While details of the 
are good grounds for believing that Germany | new design are not yet available, it is no secret that 
possesses well over 1,000, Italy over 1,500, and/| the Government committee examined and tested all 
France over 6,000. It is probable that the number! the more important existing designs, and it may 
in Russia is much greater, estimates reaching as | be reasonably presumed that various features taken 
high a figure as 25,000. These figures take no| from these designs have been incorporated in the 
account of the vehicles in use in other European|new model. Paradoxically, even though the 
countries or in the Colonies, but they are sufficient | examination of an existing design only led to the 
in themselves to demonstrate that the producer-gas | discovery of some undesirable feature, some credit 
vehicle has long been a practicable proposition. | is due to the manufacturer concerned, as had the 
As we have previously explained, the reasons why | design not been developed, the fault might not 
so little progress has been made in this country are | have been brought to light. It appears, therefore, 
partly legislative and partly economic, and there | manifestly unjust that these firms should be expected 
is no reason for assuming that the designs on the | to compete on equal terms with newcomers to the 
British market are in any way technically inferior | industry, manufacturing a design which has received 
to those which are in successful use abroad. ‘The | the Government’s benediction, and on which the 
greatest disability under which the producer-gas | development work has not cost them one penny. 
vehicle has suffered in this country, undoubtedly, has _It is interesting to note in Mr. Lloyd’s statement 
that low-volatile anthracites and certain low- 
temperature cokes were regarded as suitable fuels 
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for portable producers. The question of suitable 
fuels is of the greatest importance, as if it should 
prove that the supply of such fuels is limited, 
development is likely to be severely restricted. The 
fuels for portable producers in common use through- 
out the world at the present time are charcoal, 
anthracite, and While 
charcoal is wide ly used abroad, it is now so scarce in 
this country that its use can hardly be regarded 
18 practicable. Of the two remaining fuels, anthra- 
cite is available in very large quantities, but for 
satisfactory employment in some of the producers 
on the market it has to be carefully graded and 
dried. 
and in view of the great anthracite reserves which 
this country possesses it would appear that this is 
the most suitable fuel for wide application. Although 
low-temperature coke is also an entirely satis- 
factory fuel, it is only available in relatively limited 
quantities, and, in addition, must be freed from tar 
before being employed in the producer. It may 
be emphasised, perhaps, before leaving the fuel 
question that the supplies of both anthracite and 
low-temperature coke now available, and suitable 


low-temperature coke. 


rhis restriction, however, is not universal, 


for almost any producer, are sufficient to permit of 
development of the producer-gas 
vehicle without creating any danger of a shortage. 


“a very large 


In the unlikely event of such an expansion in the 
employment of producers on vehicles that a shortage 
range greatly 
extended, actually occurred, home-produced fuels 


of suitable fuels, even with the 


not suitable for burning in a portable producer 
could still be used to offset any petrol or oil shortage 
by operating vehicles on coal gas, or by the reintro- 
duction of the steam wagon. ‘There is no reason, 
in fact, as suggested in our previous article, why 
one or both these alternative methods of operation 
should not be developed contem poraneously with 
the portable-producer vehicle, and that the former 
step, at any rate, is in the mind of the Government 
is suggested by Mr. Lloyd's statement that there is 
no intention of introducing taxation on gas where 
used as a fuel for motor transport. We have 
previously discussed the difficulties in operating 
vehicles on gas on a large scale, whether the fuel be 
carried in collapsible containers or in bottles at 
high pressure, and it may be recalled that one of 
these difficulties in the latter case, as in the case 
vt the producer-gas vehicle, has been that hitherto 
the weight of the equipment has been included 
in the weight of the vehicle for taxation purposes. 
Presumably the new concession announced by the 
Government applies to all types of vehicle utilising 
home-produced fuels, so that this disability has 
now been removed, but the two remaining disabilities 
of importance, those of obtaining the necessary 
supply of high-pressure bottles and the establish 
ment of a network of charging stations, still exist 
Chere is thus an important difference between the 
two immediately-available methods available for 
utilising home-produced fuels for road vehicles, 
the port ible 
system 


producer and the compressed -gas 
In the former case, as we have previously 
tated, the manufacture of the necessary plant and 
uny alterations to the vehicle do not call for special 
materials und can be effected without further 
(rovernment assistance than that now oflered, whil 
im the case of the 
materials required for the bottles are of great Vv rluc 


compressed-gas system, the 


in munition manufacture Che manufacture of the 
bottles themselves is highly skilled and specialised 
work, and it is unlikely that a network of charging 
stations will be set up without direct Government 
encouragement in some form For these reasons, 


the employment containers really 


tf collapsi ile 
appears the more promising, and, in view of the 
fact that over 5,000 vehicles had been equipped with 
such containers by the end of the last war, some 
development in this direction seems highly probable. 
It may be said, in conclusion, that there is at least 
one ground on which an extension in the use of coal 
gas by its employment as a fuel for road vehicles is 
highly desirable. In order to maintain the supply of 


yas coke at the essential level, coal gas is actually 


now being produced in excess of requirements for 


household and commercial use, and it is extremely 


desirable that the excess should be employed for 


some useful purpose rather than that it should be 
burnt to waste. 


ENGINEERING. 


NATIONAL ELECTRICITY SUPPLY. 

THE Institution of Electrical Engineers, though 
debarred by present circumstances from holding 
the general and sectional meetings which normally 
form so large a part of its activities during the 
winter months, is adopting the wise course of 
making the papers, which would in happier times 
have been read and discussed in London and the 
provinces, available to its members. ENGINEERING, 
in common with other technical journals, will be per- 
mitted to deal with such of these papers as are of 
interest to the readers, and it is hoped that, as a 
result, sufficient written communications will be 
received by the Institution to repay the authors for 
their trouble and will add to the sum total of our 
knowledge in various fields of electrical activity. 
One of the high lights of any ordinary session is, 
of course, the inaugural address of the new President, 
and it is only proper, therefore, that Mr. Johnstone 
Wright’s address, which, again in normal times, 
Would have been delivered on Thursday, October 26, 
should be among the first of the communications to 
receive publicity. Indeed, it deserves this tribute 
on its merits, for as will be seen from the abridge- 
ment which we commence on page 568 of this issue, 
it comprises in the main a detailed historical account 
of one of the most notable British engineering 
performances of recent years. 

Mr. Johnstone Wright is, of course, the chief 
engineer of the Central Electricity Board, and it is, 
therefore, perhaps hardly necessary to say that the 
performance to which we refer is the national 
electrical transmission scheme, more commonly 
known as the grid. To put it mildly, information 
and criticism on this subject have not been lacking 
during the twelve years since Sir Archibald Page, 
in his inaugural address to the same body, dealt 
very fully with the history of electricity supply in 
Great Britain prior to the passing of the Act of 
1926, which established the Central Electricity 
Board. At that time, the construction of the grid 
had just begun, and there were some who thought, 
and said, that it was too grandiose in conception 
and would not fulfill the aims it was designed to 
attain. ‘Though criticism about the grid is not 
altogether stilled to-day, it is rather directed to the 
financial than the technical and economic sides of 
the schenx hes 


but should not bx impossible of solution, and it is 


problems are admittedly difficult, 


only fair too to point out that some of the factors 
which go to make them up have been brought about 
by circumstances outside the Board's control. 

On the other hand, criticism of the grid from 
the technical side, as Mr. Johnstone Wright clearly 
brings out, is hampered by the absence of 
subject-matter for complaint. This reflects credit 
on the skill and enterprise of British engineers. 
That credit is enhanced when it is recalled that 
twelve years ago manufacturers, for obvious rea- 
sons, had had little direct experience of the design 
and construction of high-voltage power plant. 
The grid has, therefore, enabled them not only 
to obtain that experience and thus attain a posi- 
tion of equality with their competitors abroad, 
but, incidentally, resulted during a period of acute 
depression in a substantial increase above the 
normal capital expenditure of the industry. In 
what. way, and with what means, British manu- 
facturers met this novel call upon their resources 
may be illustrated by a few facts. No 132-k\ 
tower on the grid system has been destroyed, or 
even seriously damaged, by natural agencies ; and 
it is not going too far to say that some of the towers 
constructed for river crossings, such as those on 
the banks of the Thames at Barking, and for other 
special purposes, are real feats of structural engin 
eering. The steel-cored aluminium conductors 
have also generally proved satisfactory, though 
it has been found desirable to fit anti-vibration 
dampers, and, in a very few cases, there has been 
some trouble from corrosion. ‘The same is true of 
the line insulators, in spite of the prevalence in 
some areas of dirt, frost and fog. Lightning remains 
the most frequent cause of faults on the overhead 
equipment, but even this has not made it necessary 
to fit protective devices, except in areas specially 
liable to this type of trouble. 

As regards the substation equipment, it is 
possible to tell the same story. Bushings for trans- 
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formers and circuit-breakers have been remarkably 
free from trouble, and such weaknesses as have 
arisen have been made the subject of close examina- 
tion both by the Board’s engineers and by the 
manufacturers. As Mr. Johnstone Wright points 
out, high specific insulation stress such as is met 


{with on the grid necessitates appropriate testing 


methods. These methods, in turn, involve the 
measurement and examination of the variation of 
dielectric losses and currents with applied voltages 
and temperatures. In certain circumstances, X-ray 
examination is also useful. The technique of such 
measurements and the interpretation of the results 
are still somewhat obscure to most power engineers. 
There is, indeed, much scope for further investiga- 
tion of this subject, work which might well be under- 
taken by our educational institutions. The same is 
true of insulation generally, for though twelve 
years’ experience shows that the materials used will 
have an adequate economic life, there is ample room 
for improvement. To attain this improvement 
for the common good is a task which the younger 
engineers and chemists would, therefore, be well 
advised to undertake. 

Yet a third example of the influence that the grid 
has exerted on British electrical-engineering practice 
is offered by the changes that have been brought 
about in the design of transformers and switchgear 
during the period under review. In 1927, small 
low-voltage transformers had self-contained on-load 
ratio-changing gear in only a few exceptional cases. 
The decision to fit the large high-voltage trans- 
formers intended for the grid with this equipment 
was, therefore, little short of revolutionary, but has 
been shown by experience to be justified. Indeed, 
almost every high-voltage transformer in the supply 
industry is now fitted with such gear as standard 
practice, with financial results which can only 
be described as satisfactory. Considerable work 
has also been done towards the accurate assessment 
of the stresses imposed on transformer windings by 
lightning, with consequent improvements in design ; 
and further successful attempts have been made to 
secure quiet operation, a point which is becoming 
of increasing importance now that it is exceptional 
for substation sites to be remote from dwelling 
houses. As regards switchgear, 
perhaps, not been quite so great, undoubtedly 
because the problems involved are much more 
difficult. Owing to the establishment of short 
circuit testing stations, much knowledge of the 
actual performance of switchgear under normal 
and exceptional conditions has, however, been 
gained, and the results are shown in the greatly 
improved safety and increased speed of fault clear- 
ance. The development of the oil circuit breaker 
to the high-speed low-oil content stage at which it 
stands to-day is undoubtedly a fine achievement, 
and though the relations between the short-circuit 
conditions imposed by test plants and those encoun- 
tered in service are not yet fully understood, it may 
be confidently anticipated that a solution of the 
various problems involved is only a matter of time. 
The same is true of the difficulties that have arisen 
in connection with cables, protective equipment, 
metering and the effect of the grid on the communi- 
cation systems of the Post Office, upon all of which 
Mr. Johnstone Wright gives a great deal of useful 
information. 

The Central Electricity Board is not, however. 
solely concerned with transmission. Indeed, on 
of its major activities, which is likely to be of 
increasing importance in the future, until the rate 
of growth of demand for electricity slackens, is the 
arranging for the provision of additional generating 
plant. The extent of these activities is shown by th 
fact that while, in 1927, the capacity of the generat 
ing plant installed in public supply stations was 
5,200,000 kW, since that date a total of some 
5,700,000 kW has been installed, ordered or approved 
for installation up to 1942, under arrangements 
made by the Board. This has involved an expen 
diture of about 81,500,000/., or about three times 
the capital expenditure on the grid itself. Indeed. 
the co-ordination of generating plant development 
may well prove to be one of the great contributions 
of the grid towards the advancement of the supply 
industry, since it enables planning to be carried out 
on a much wider and more logical basis than was 
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possible under isolated operation. That being so, 
what Mr. Johnstone Wright has to say regarding 
power-station problems is likely to be received with 
attention, not only because of its intrinsic interest, 
but because it provides some indication of the 
policy of the Board. 

As regards planning plant extension, programmes 
based on the estimates both of individual under- 
takings and of the Board itself, but carefully 
“weighted” by various factors which experience 
shows must be given more or less influence, are 


prepared for four winters ahead in the case of existing | 
stations and for five winters ahead in the case of | and easy transit. Probably the best method is 
Underlying this programme is the | 
general principle that, in determining the location of | 

|of not less than 7 ft. The walls, roof and floor 


new stations. 


additional generating capacity, reliability in supply 
must be combined with maximum economy. The 
advantages of locating stations at favourable sites 
must also be balanced against the cost and risk of 
transmitting the output to load centres. In this 
connection it is pointed out that the general adoption 
of higher steam temperatures and pressures is rapidly 
diminishing the relative difference in cost efficiency 
between stations with abundant cooling water and 
those with cooling towers. On the other hand, the 
establishment of the grid has drawn attention to 
the influence of boiler availability on capital and 
operating costs. There is, Mr. Johnstone Wright 
points out, a wide gap between the average availa- 
bility of turbo-alternators and boilers. Every 
effort should, therefore, be made to increase the 
former and thus avoid capital lying idle for long 
Fortunately, some progress is being 
made in this direction owing to the adoption of larger 
combustion chambers combined with an increase 
in the amount of heat absorption by radiation 
and a reduction in that absorbed in the convection 
passes. It is to be hoped that still better results 
will be obtained in the near future. A further 
question, both of technical and economic import- 
ance, is that of the treatment of flue gases. The 
installation of plant for this purpose may increase 
the capital cost of a station by as much as 2/. per 
kilowatt, besides adding some 0-2d. per kilowatt- 
hour to the works cost, increasing the consumption 
of energy in the auxiliaries by 1 per cent., and 
reducing the boiler availability by one-sixth. A 
serious burden is, therefore, imposed on industry, 
often unnecessarily, and it is highly desirable that 
research should be undertaken to discover systems 
which will ensure some commercial return on com- 
bustion by-products commensurate with the costs 
involved in gas washing. 

Taken as a whole, the address gives a picture of 
ordered planning of which not only the President 
but those associated with him, both within and 
without the Central Electricity Board, may well 
be proud. This position has, it is only right to 
add, been brought about by loyal co-operation and 
the sinking of individual differences for the common 
good. That it has been effected under the shadow 
of compulsion hardly detracts from its value as a 
co-operative effort. 








NOTES. 


LIGHTING FOR PRODUCTION IN WAR TIME. 


A MOMENT’s thought will show that the provision 
of really adequate artificial lighting in factories is 
even more necessary under present conditions than 
it is in peace time. It is essential, for instance, 
that production should be maintained at a high 
and accurate level and it may, in many cases, have 
to be continued throughout the twenty-four hours. 
To fulfill these conditions means that the provisions 
of the A.R.P. regulations must be complied with 
in some way other than by reducing the standard 
of artificial illumination. To show how this may 
be done is the object of an exhibition which has been 
staged by the Lighting Service Bureau, 2, Savoy- 
hill, London, W.C.2. Generally speaking, windows, 
doorways and ventilators must be screened by some 
durable light-proof material, but, alternatively, 
&@ method known as the complementary colour 
system may be used. This consists in treating the 
windows with a blue varnish and using sodium- 


discharge lamps with a jacket where the supply is | 








alternating current or tungsten lamps with a glass 
envelope where it is direct current. During the 
day-time the varnished windows admit some 15 per 
cent. of daylight while at night high intensity 
lighting can, it is claimed, be employed without 
fear of its being seen from the air. An effective 
black out for doorways and ventilators can, it is 
contended, only be maintained by the provision 
of light locks, of which several patterns are on 
view. It may be pointed out, however, that in a 
large factory it is essential that the locks at the main 
exits should be as simple as possible to allow quick 


to build a wall opposite the exit at least five times 
the width of the opening with a roof at a height 


should then be painted black so that all the light 


|is absorbed. Where hand trucks are in use, a 


“lock” with swing doors at both ends can be 
installed with advantage, while special fittings are 
available for use where low-intensity exterior lighting 
is permitted. These consist of a small reflector 
and cup to fit over the bottom of a 15-watt lamp, 
the colour of the reflector depending on the mounting 
height. Attention is called to the fallacy of using 
coloured or low-wattage lamps, since, if care be 
taken, there is not the least need to curtail lighting, 


ELECTRICITY AND CIVILISATION. 


It is customary at the beginning of each session 
for the chairmen of the various local centres of the 
Institution of Electrical Engineers to deliver 
addresses to the members over whom they are called 
upon to preside. Though, for reasons that have 
already been outlined, this course is not at present 
possible, the contents of some of these addresses 
have been made public and are available for repro- 
duction. Attention may, therefore, be called to an 
interesting review of “‘ Electricity and Civilisation,” 
which was prepared by Mr. H. Joseph for delivery 
to the South Midland Centre. In this address, 
after dealing with the ever-quickening tempo that 
has resulted from, to begin with, the advent of the 
steam engine and later the utilisation of electricity, 
Mr. Joseph pointed out that as all operations 
involved in nature were governed by natural laws, 
it was not unreasonable to presume that the various 
elements which went to the progress of civilisation 
were similarly controlled. In support of this view, 
he presented a number of curves showing the 
development not only of electricity supply, but of 
other modern activities, such as the motor car, 
telephones, wireless licences, and the mileage flown 
by Imperial Airways’ machines. The way in which 
these curves all approximated to the exponential law 
was very striking, and it was, therefore, he argued, 
legitimate to use this law to assess probable future 
development. On this basis, the 20,000 million 
kilowatt-hours of electricity sold in Great Britain 
to-day would have increased to 562,000 million 
by 1970, or 28 times its present value. In the 
year 2000, the figure reached would be 10,970,000 
million kilowatt-hours, or 540 times to-day’s output. 
The question then was: What did the future hold ? 
Were we still only at the beginning of human 
progress, or were we nearing a point where the 
curve would begin to alter and saturation set in ? 
Was the world faced with a sudden collapse when 
the curve would drop to zero? On the other hand, 
if progress were to continue at an increasing rate, 
what had the future in store for us in ten thousand 
years time, which was after all only a short time 
compared with the life of man on earth? What, 
asked Mr. Joseph, was it all for? Why were we all 
concentrating on trying to do things more quickly, 
to produce things more cheaply, and to displace 
more and more labour? Were we not rapidly 
reaching a stage when we might with advantage 
sit down quietly to enjoy the fruits of our labour ? 
Were we not like the man who spent all his time 
and energy in amassing wealth so that he never 
had the leisure to enjoy it, or were we leading 
towards a better state of civilisation when a few 
hours’ work per day would suffice for all our needs, 
and when the rest of our time would be available 
for the improvement of our mental and moral 
outlook and our physical well-being ? It is, perhaps, 
hardly necessary to add that Mr. Joseph “ did not 
stay the answer.” 





THE REPORT OF THE PACIFIC 
LOCOMOTIVE COMMITTEE. 


(Continued from page 535.) 


As a result of the Bihta accident, attention was 
directed particularly to the running of XB-class 
engines. The tests covered a wide range of variables 
in engine fittings and maintenance, and in track, 
the largest number of test runs being made either 
between Arrah and Bihta, on the East Indian Rail- 
way, or between Bhusawal and Nagpur, on the 
Great Indian Peninsular Railway. The latter 
distance contains sections of track laid on black 
cotton soil, which have proved notably difficult to 
maintain. Individual runs were made, also, on 
the Madras and Southern Mahratta Railway, the 
South Indian Railway and the North Western 
Railway. 

About 75 per cent. of the trials were made with 
XB-class engines, the remainder being divided 
between the XA, XP, HPS and XC classes, in 
that order of numbers. On the X-class Pacifics, 
side control springs of the coil type were tried, with 
an initial loading varying from 15 cwt. to 31 cwt.. 
as well as laminated springs with initial loadings 
from 15 ewt. to 90 cwt. Bogie slides of both cast 
iron and bronze were tried, with oil lubrication ; 
and five different friction materials of the Ferodo 
type were employed on the slides, lubricated and 
unlubricated. An arrangement of needle-roller 
bearings was also fitted on the slides, to explore 
the effect of an absence of friction at this point. 

On the hind truck, the following variations were 
tried: Cartazzi slides with different inclinations ; 
flat slides, cast iron on steel, lubricated ; flat slides, 
lined with two different friction materials of the 
Ferodo type, unlubricated ; and a pony truck. The 
Goodall type of draw gear, the link type (with and 
without German buffing gear), and the Mestre 
type, were all tried. The engines were tested in 
different conditions of maintenance as regards 
axlebox side clearances, varying, in the words 
of the Report, ‘from new out of shops to very 
sloppy.” Two East Indian Railway XB-class 
engines, on which a large number of tests were 
made, were specially chosen to represent the 
extremes of maintenance in this respect. The 
trials were generally conducted at speeds of about 
60 m.p.h., except when travelling over turnouts, 
and out of the high-speed runs, only 16 records 
were taken on curved track, the remainder being 
on the straight. 

The major conclusion reached was that the 
amplitude of oscillation was reduced as friction was 
introduced into the side controlling elements on 
bogie and track. From a study of the recorded 
flange forces, the Committee discerned a definite 
tendency for the coupled-wheel flange force to 
vary with the amplitude of the bogie-slide move- 
ment, at any rate on straight track. Normal 
footplate observation confirmed, also, that hunting 
and undue oscillation disappeared when engines 
were fitted with friction damping on the slides, 
forward and aft; therefore, the Railway Board 
considered that there was justification for the 
recommendation that all X-class Pacifics should be 
so fitted, as a final cure for the trouble which had 
been experienced. Among other inferences which the 
Railway Board drew from these trials were : (a) that 
increasing the amount of side control successively 
up to 3} tons, on an XB engine, showed no reduction 
in oscillation or flange forces ; (b) that an increase 
in centring force, on the bogie alone, increased the 
amplitude of movement at the back end, if no altera- 
tion were made to the hind-truck slides ; and (c) that 
an engine with tight side clearances gave less oscilla- 
tion than one with big side clearances, but that the 
flange forces, with tight clearances on the coupled 
wheels, might be higher than with ample side 
clearances should the engine be oscillating due to the 
combined effect of the bogie and hind-truck clear- 
ances. 

To some extent, therefore, the Committee com- 
ment, they were presented on arrival in India with 
un fait accompli. Research, theory and ordinary 
observation appeared to indicate that the problem 
was solved, and numbers of the X-class Pacifics 
had been altered already, in pursuance of the 
Railway Board’s decision that all of them should 
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be so dealt with. On the other hand, the method 
of curing the trouble was at variance with the 
fundamental considerations surveyed in Chapter III* 
of the report, and it was necessary, for this reason, 


for the Committee to make a very close study of | 
of the records in question, however, showed that 


all the records taken, in order to throw some further 
light on the problem. From this study, two 
considerations emerged. Amplitudes of oscillation 
had been regarded as a more important indication 
than flange forces, and the behaviour of the engines 
on straight track had been the main preoccupation. 
This latter point was justified, perhaps, in that 
most of the derailments, including that at Bihta, 
had occurred on the straight. As the Committee 
observe, however, only the flange force can damage 
and displace track, and any remedial measures taken 
on an engine must be equally effective on curved 
as on straight track. 


NOV. 17, 1939. 











ENGINEERING. 
in all its aspects. The effect of stronger bogie| by the two officers on special duty. Tests on 
side-control springs was investigated by the Board, | similar lines to those undertaken in France by 
but records made with initial values rising from | Blondel* were made in India under varying condi- 
1} tons to 3} tons gave no indication of any improve- | tions of rail, sleepers and ballast. They took the 
ment in flange forces or displacements. Examination | form of (1) pulling sideways on the rail under 
static vertical load, using a hydraulic jack anchored 
|alongside ; (2) running two wagons on adjacent 
tracks and introducing between them a means of 
| applying a known load on the axle ends, thus exert- 
ing a flange force on the rails under moving con- 
ditions; and (3) making similar tests with two 
| engines, in this case applying the load to the bogie 
tests were made on XB-class engine No. 1920,|and leading-coupled wheels. The results so far 
which had very large bogie and hind-truck axlebox | obtained differ from those of Blondel, and the 
side clearances (about } in. in the former and } in. | Committee consider that this calls for further investi- 
in the latter), giving a great deal of free movement | gation with special reference to three points on which 


(a) friction liners were fitted on the bogie slides, 
and the true effect of the control springs was masked ; 
(6) the Cartazzi slides were retained on the hind 
truck, which had considerable side play, so that | 
stiffening up the control at the front end was 
discounted by free movement at the rear; (c) the 





Accordingly, the Committee concentrated on 
flange forces and on curved track; and found, | 
from an inspection of the records, that, while the | 
flange forces were reduced to small values on the | 
straight as a result of the Railway Board’s modifica- ! 


irrespective of the degree of control provided ; and | 
(d) the tests stopped short at an initial value of | 
3} tons for the bogie side control. More positive | 
results, the Committee consider, might have been | 
obtained from a higher value. 

“It is not surprising, therefore,” the Report 
states, “that the Railway Board received no clear 


TABLE IILL.t-——-FLanoe Forces ON CovurPpLED WHEELS, ENGINE 1920. 
Maximum Flange 
Forces. | 
lest No | 
and Condition of Engine Speed Track. | 
Date Leading Trailing 
Coupled Coupled 
Wheels. Wheels. 
| 
| 
M.p.h rons. Tons 
No, 08, 16.9.°38 Needle rollers on bogie slides: Cartazzi hind truck 60 Straight 13-0 7°5 
Goodall coupling 
No, 21, "38 Original condition, i.¢.. metal to metal bogie slides 62 Straight 6-5 6-0 
lubricated. Otherwise as above 
No, 65 Modified. Ferodo bogie slides. Flat truck slides, with 5 Straight ne) t-O 
Ferodo. German buffing gear 
No. 81, 1.8 Same as No. 65, above 3 Curved ; 2,640 ft 14-0 4-0 
radius 
Bogie control springs, initial load, 25 cwt.; final load, 50 ewt. 
TABLE IV.—FLANGE ForcES ON COUPLED WHEELS, ENGINE 1921. 
Maximum Flange 
Forces. 
Test No 
and Condition of Engine Speed rrack 
Date Leading Trailing 
Coupled Coupled | 
Wheels. Wheels. | 
aig oe 
M.p.h rons rons. | 
No, 62, 27.6.°38 Needle rollers on bogie slides. Cartazzi hind truck 61 Straight 12-0 7°5 | 
Goodall coupling 
No >», 22.6."38 Modified. Ferodo bogie slides. Flat truck slides with 6 Straight 6-0 5-0 
Ferodo. German buffing gear 
No. 58, 25.6.'33 Same as No. 55, above 6S Curves: 2,640 ft 10-0 7-5 
radius 


Bogte control springs, initial load, 


tions, on curves these forces remained as high for 
the modified engine as they had been for the original 
engine on the straight. From the relatively small 
number of tests taken on curved track, the Report 
cites the examples given in Table III in confirmation, 
the figures representing the maximum flange forces 
recorded on the X B-class engine No. 1920. 

The figures given in Table III show that it is 
possible for a modified engine, exemplary in its 
behaviour on straight track, to exert on curves 
flange forces greater even than those exerted on 
the straight, when the engine had been fitted deli- 
berately with special needle-roller bearings in the 
slides, to obtain experimentally the worst hunting 
conditions. In answer to objections that the dates 
of these tests are too far apart to be comparable, 
and that test No. 81 was carried out at the height 
of the monsoon, when the track was in its worst 
condition, the Committee add those given in Table 
IV, above, all of which were mace within one week 
with an XB-class engine, No. 1921, which had tight 
axlebox clearances. The engine was in its original 
condition, but no tests were made with it as built. 

These values, taken from the Railway Board’s 
test results, indicate that high friction and low 
spring-control values on bogies and hind trucks 
do not provide a satisfactory solution of the problem 


* See ENGINEERING, pages 417, 448 and 476, ante. 

t The consecutive numbering of tables is our own, 
adopted for convenience of reference; in the actual 
Report, the tabular statements are not numbered.— 
Ep., EB. 





22:5 ewt.; final load, 50 ewt. 
lead as to the value of increasing the initial side | 
control on bogies. An opportunity might have been | 
taken for ascertaining the effect of a bogie with | 
metal-to-metal slides, with 3 tons initial side 
control and a pony truck at the back end, as in the | 
tests with the experimental XP Pacific engine, No. 
3100. Displacements only were recorded and no| 
flange-force values were taken either on the straight 
or on curves. 

“Credit is due to the officers of the Railway | 
Board for formulating a test programme covering 
so wide a field, and for developing and perfecting | 
the measuring apparatus for displacements and | 
flange forces. The full diagram taken on over 100 
separate runs, which were placed at our disposal, 
have been of great value in our consideration of this | 
matter, and if the calibration of the apparatus is 
correct, we have no reason to doubt the reliability of 
the indications. The fact that the Board had, prior 
to our arrival, drawn differing conclusions from these 
test results isdue . . . mainly to their concentration 
on the aspect of hunting which concerns straight 
track alone ; also to the fact that the choice and 
combination of variables on the engines tested were 
such as to prevent in many cases the emergence 
of clear and definite tendencies.” 

With regard to the influence of locomotives on the 
track, electromagnetic strain gauges were obtained 
from the Baldwin Southwark Corporation for the 
measurement of stresses in rails and fishplates, and 
optical deflectometers, for use in conjunction with 
the strain gauges, were designed and constructed 


| and curved track. 


the evidence is still inconclusive. 
Firstly, the Committee observe, “there is no 
continuous record of the force exerted by the spring 


| separating the two engines, and although a certain 


tonnage is applied, there is no guarantee that this 
remains constant throughout the duration of a run, 
owing to the strength and stiffness of the springs 
used. This may possibly be the cause of the differ- 
ence by which Blondel finds that the same flange 
force causes less displacement on the road when 
stationary than when moving; the Indian tests, 
however, appear to show the opposite, and careful 
verification of this point is essential.’ Secondly, 
“owing mainly to the effect of the coning of the 
tyres, the bogie was noticed to pursue a sinuous 
motion along the track within the clearances between 
wheel and rail. This requires investigation to ensure 


| that such motion does not interfere with the flange 


forces which are assumed to be present.”” The third 


| comment by the Committee is that “it is desirable 
|that the different elements making up the total 


displacement of the track should be split up, and 
deflection gauges should be applied to the head and 
foot of-the rail separately, and to the sleepers.” 

The Committee consider that one of the conclu- 
sions drawn from the results of these researches 
upon track is misleading in its phraseology, and 
that, in general, the definite formulation of conclu- 
sions is hardly justified by the extent to which the 
work has yet been carried. They recommend 


| further investigation, the immediate object of which 


should be to verify what modifications to existing 
engines will effect the largest reduction in flange 
forces, both on straight and curved track. Their 
proposals are (1) “that two engines of each class 
(XA, XB, XC) should be modified as recommended, 


}and flange forces on leading and trailing coupled 


and on guiding wheels recorded on both straight 
The effect is required of speed, 


type of track, and type of formation. Trials 


| should be carried out both in the dry weather, and 


under monsoon conditions. (2) That, during the 
life of engines, spot checks should be made under 
different conditions of track, weather, and main- 
tenance, to ensure that in no circumstances are 
excessive flange forces attained.” 

The remainder of the Report comprises the con- 
sidered and detailed replies of the Committee to 
the questions embraced by their terms of reference, 
which are dealt with below, seriatim. With regard 
to Item I, “ the suitability of the XA, XB and XC 
designs as originally framed, and as subsequently 
modified, for the type of work for which the engines 
were intended,” the Committee are of opinion that the 
original designs appear to be justified for the 
engines, considered as power units. The Pacific 
type, they consider, “‘ has a suitable wheel arrange- 
ment on which a boiler of ‘adequate power’ can 
be mounted, having a grate area sufficient to burn 
low-grade fuel containing a high percentage of 
ash.” In view of the 15 per cent. to 20 per cent. 
ash content of Indian coals, and the required duty 
of the XB and XC engines in hauling heavy express 
passenger trains, in some places over severe gradi- 
ents, the specified grate areas of 45 sq. ft. and 
51 sq. ft. for these two classes, respectively, were 
not thought too large. The XA class has a grate 
area of 32 sq. ft., which can be accommodated 
inside the frames without undue length. This 
type, however, was intended for use on lightly-laid 
branch lines and has an axle load of only 13 tons. 





* Rerue Générale des Chemins de Fer, December, 


1932. 
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It would be impracticable to provide 32 sq. ft. of | to the highest attained with unmodified engines on | vinyl compounds, or in Germany into butadiene, from 
grate area on a broad-gauge 4-6-0 engine having| the straight. The Committee concluded, therefore, which Buna rubber is manufactured. The four chief 





such an axle load, without so reducing the boiler| that “the engines, even if modified in the manner | factories in Germany should, if allowed by the course 
size as to make it entirely inadequate for the sus-| described, would not appear to be suitable for 
tained tractive effort required. In order to provide 
“adequate boiler power,” therefore, a trailing 
truck to carry some of the weight was essential. 
“The choice of the Pacific wheel arrangement 
was, therefore, logical,” the Committee continue, 
“and there is nothing in this choice which conflicts 
with good modern practice ...In fact, the 
Pacific is the most widely adopted passenger type 
in the world, and no criticism can justly be levelled 
at its employment in India on appropriate services.” 
But, “ with regard to the original designs, from the 


they were designed and over the tracks of the 
country in which they must travel.” 
(To be continued.) 








THE SUPPLY OF FUEL AND 
ASSOCIATED PRODUCTS.* 


As ee = at war, and already have been brought 

: , rr sas : up rather sha i r i 
point of view of the riding qualities of the engines - a fitting weaidline ts coche canal hwy now 
as vehicles, we consider that they were not suitable | factors in the situation which deserve, and, in fact, 
for high-speed service, as they were over-sensitive | might be said to demand, our earnest consideration. 
to certain conditions of track and engine maintenance | Firstly, there are those cases in respect of which we 
prevailing in India. In our opinion, the selected | are now beginning to realise how much better off we 
types of bogie, hind truck, and coupling between | should be if we had applied ourselves in peace-time 
engine and tender, were unsuitable, and the amount | *° the manufacture in this country of some of the 
of side control provided was inadequate.” — — play such an important part in our 
As regards the suitability of the engines as modi- | |" — wai mnducteice, Batete Sean or 
: regarc y OF She eng products which we do not manufacture, I would 
fied, it is important to distinguish between those | jike to mention briefly some new aspects of an old 
tried before there were any means to measure | question. The war has focused attention once more 
accurately the effect in terms of flange forces, and| upon the vital importance of oil. We should be 
those made after such means were available. The | extremely grateful to the leaders of the oil industry for 
following is a list of the modifications made, in the | pr Papin on 2 oe a poorer am 
: ‘ ieee fi of this country, which has placed us in the satisfactor 
former category, as given in the Report. position in which we find cegited to-day. The task 





(1) 1929-30 Increase in initial side control, with the | of preparing for war has been immense and extremely 
existing bogie design, from 15 cwt. +0 | difficult. Naturally, there are all sorts of details 
22-6 cwt., and subsequently to 24 cwt., | arising out of the working of this new machine which 
31 ewt. and 34 ewt. cause dissatisfaction and grumbling, but that must not 
(2) 1930-32 Alteration in inclination of Cartazzi/| cause us to lose sight of the fact that a great work has 
slides on hind truck from 1 in 10°25 to) been, and is being, done, without which we should 

1 in 7, 1 in 5, and 1 in 20; finally, flat have been in a very different position. 
oil-lubricated slides were also tried. | One effect of the war, however, has been to raise the 
(3) 1930-32 Setting back of hind truck by distances | question of which is the right policy in peace-time— 
up to 2 ft. 6 in. to import crude oil and refine it here, or import the 
(4) 1930 Compensation eliminated between leading | finished products. The problem is twofold: the oil- 
and driving wheels. | production aspect is one, and the other is the necessity 
(5) 1931 Ballasting front, and then back, end of| for reducing the unfavourable balance of trade in 
engine to find effect of altering position | peace-time and giving employment, and of safeguarding 
of centre of gravity. | sterling as much as possible in war. In 1938, our oil 
(6) 1930 Cartazzi slides on bogie. | imports were divided roughly into 80 per cent. refined 
(7) 1931 Goodall drawbar replaced by American- | products and 20 per cent. crude, the values being 
type drawgear with side buffers. |3-7d. and 2-2d. per gallon, respectively. Of these 
(8) 1932 Axle-box horncheeks bevelled top and | imports, which together totalled 3,208 million gallons 
bottom. and cost over 46,000,0001., only 8 per cent. in value 
(9) 1931 Hydraulic dampers on bogie slides. | came from Empire countries. There would, therefore, 
(10) 1931 Ferodo disc liners on bogie pivot. | be a considerable saving in foreign currency if a greater 
(11) 1932 Bogie with laminated-spring control.| proportion of the country’s oil requirements were 
Initial control variable from 24 tons to imported in the form of crude. Most of the material 
4 tons. | required in the construction of refineries can be obtained 
(12) 1934 Flat hind-truck slides faced with Ferodo. | jn this country and modern plants can operate on 


almost any grade of crude oil and produce up to 
97 gallons of finished refined products from 100 gallons 
of crude oil. 


“'To sum up,” in the words of the Report, “ the | 
modifications introduced during this period had | 
little effect. Some of them were in the right direc-| It is interesting to note that in France, in 1929, the 
tion, but were not co-ordinated. For example, | crude-oil imports were only 5-6 per cent, of the total, 
an engine fitted with modifications Nos. 7, 8, 10, | as against 85-8 per cent. in 1938, and the importation 
11 and 12 simultaneously, had its initial bogie | of refined products fell during the same period from 
control not been below 4 tons, would have con-| 94 per cent. to 14 per cent. In Italy, in the same 
tained the substance of the recommendations which | ™™° Yeas: the crude imported increased from 4-6 per 
we are now making, and should have proved satis- | cent. to 57-6 per cent. of the whole. Another advantage 
. - : apse |in having home refineries is that the products provide 
factory in running. But the proper combination of | the raw material in the shape of gases and inter- 
the different alterations was not understood, and, | mediate products for high-octane petrol, toluene and 
in consequence, no clear indication emerged as to! many other valuable chemical products. 
what was to be done ; their effect could be evaluated | Let us next look at the question of the manufacture 
in no better way than by the personal impression | Of calcium carbide, of which there is no production 
gained when riding on the footplate on- various | i” this country.t The imports in 1938 totalled approxi- 


Sine pumas — sa i and i = Norway. Had this tonnage been made here it would 

a Se wer misieading. ven as modined IN| have necessitated the consumption of 68,500 tons of 
this period, the engines could not be said to be | calcium oxide, 52,000 tons of coke or anthracite, and 
satisfactory as carriages for high speed.” 163,000 tons of steam coal, in addition to sundry other 

The final modifications recommended by the | materials. The establishment of the carbide industry 
Railway Board, up to the time of the Committee’s here would stimulate other industries for which it 
arrival in India, were as follows :—{1) The bogie | would provide the raw materials; for example, the 
pivots and slides to have friction liners; (2) the | production of cyanamide, which is made by combining 
original control springs to be used with: packing | carbide with nitrogen at high temperatures. Cyanamide 
lates in order to give 22 ewt. initial compression, | not caly « high-grade fertiliser, but is also, in tars, 
- g pression, | » raw material for ammonia, nitric acid, and ammonium 
with a final load of 50 cwt. ; (3) the Cartazzi inclined | nitrate, the latter being required both as a fertiliser and 
slides to be removed, and replaced by flat slides | for the explosives industry. In addition, there is the 
having a Ferodo face ; and (4) German-type buffing | very important group of chemical industries based 
gear to be fitted between engine and tender, and | upon acetylene. One of the most important derivatives 
either the Goodall or the American-type drawbar | is acetaldehyde, which can be converted quite easily 
to be used. The improvement in the riding of | into alcohol, acetic acid, acetone and rubber. For this 
engines modified in accordance with these recom- | latter product acetylene is converted, in America, into 


mendations was marked. Apparently, the problem! + presidential address by Col. W. A. Bristow, M.I.E.E., 
was solved with respect to travelling on straight|to the Fuel Luncheon Club, delivered in London on 
track, but on curves the tendency persisted for | Thursday, October 26, 1939. Abridged. 

flange forces on coupled wheels to be at least equal _t See page 141, ante. 








| unrestricted running in the type of work for which | 


| mately 65,000 tons, of which 35,000 tons came from | 


| of events, produce in 1940 no less than 75,000 tons of 


Buna rubber. These compounds are also a raw material 
for several varieties of plastics, and for special varnishes 
of industrial importance. 


} 


| Another electro-thermal process similar to the carbide 
| process is the manufacture of ferro-silicon, which is 
| an essential raw material for the steel industry. In 
1937 we imported 23,804 tons, mostly from Sweden. 
More than half this quantity consisted of only 50 per 
cent. silicon, but had we m making it here and 
utilising our own low-temperature cokes, we could have 
produced a much higher grade, even up to 90 per cent. 
The manufacture of carbide and ferro-silicon can be 
carried out in the same plant for an addition of only 
30 per cent. to the capital cost. ; 

Another and more important branch of the fuel 
industry is that known by the generic term synthesis. 
Efforts were made in this country to enlist Govern- 
ment support for a full-scale trial of the Vischer- 
Tropsch process, but without success. By this process, 
hydrocarbons are produced by the synthesis of hydro- 
gen and carbon monoxide, and the whole of the original 
coal is converted, after being coked, into liquid fuels 
and valuable gases. Germany produces fuels to-day, at 
the rate of 500,000 tons per annum of petrol, Diesel oil, 
and paraffins, by this process, and consumes the equi- 
valent of about 24 million tons of coke. The latest 
plant of Krupps is operated on low-temperature coke, 
which has been found best for the conversion, owing 
to its reactivity in the water-gas process. The Germans 
have two main objects in view in the development of 
this work, firstly, the production of a very high grade 
Diesel oil with a cetene number of 120, or of a low- 
octane petrol which can be improved by other means, 
and, secondly, the establishment of a new industry 
utilising the aliphatic compounds. For example, the 
fractions rich in olefines are already used for the 
manufacture of lubricating oil, while the paraffins are 
oxydised into fatty acids which are used in the manu- 
facture of soaps or converted into glycerine. Remem- 
bering that nitric acid is being made by the combustion 
of ammonia produced from coke-oven or water gas, it 
can be seen that nitro-glycerine can now be produced 
from coal alone, as is also the case with ammonium 
nitrate and trinitro-toluol. 

It is also important to remember that synthesis is 
not restricted merely to making oil. At higher pres- 
sures, and with other catalysts, carbon-monoxide and 
hydrogen combine to fogm methyl alcohol, which is 
the chief raw material for formaldehyde, the indis- 
| pensable reagent in the manufacture of plastics. 
| Other constituents of a large group of plastics are 

derived from coal in the form of phenols and cresols. 

Up to the present, I have confined my remarks to 
processes and products that are already commercially 
| established on a large scale in other countries but, in 
| my opinion, the work now being carried out on these 
‘lines will inevitably lead to developments offering 
| new and immense possibilities. to the coal industry. 
| For example, during the past few years the production 
| of high-octane petrol by polymerisation has become 
| vitally important. It is not too much to say that, 
other things being equal in rival air forces, the power 
of attack and defence will depend upon the unstinted 
supply of high-octane petrol. The performance, in 
| respect of speed, rate of climb, military load and striking 
| Tange, is increased in a remarkable degree as petrol of 
| higher octane number is made available. These high- 
octane petrols can be produced from coal by synthetic 
| processes. Even to-day, the Fischer process can be 
| carried out in such @ manner as to produce large 
quantities of mono-olefines. It will be merely a 
question of time and research to produce, by gas 
synthesis, gases rich enough in olefines to be poly- 
merised into petrol. It is known that polymer petrol 
possesses a very high octane number, usually between 
80 and 90, but it can, under certain conditions, reach 
100, as in the manufacture of iso-octane from iso- 
butylene or iso-butane. 

Another revolution will be accomplished if the con- 
version of methane itself and its homologues into 
olefines can be carried out commercially. This is a 
problem of great importance, both for the oil and the 
coal industries; for the oil industry, because of the 
immense quantities of methane contained in natural 
gas; for the coal industry, because of the high per- 
centage of methane in the gases from carbonisation. 
In this country, five low-temperature plants alone 
yield, when in full production, at least 25 million cub. ft. 
of methane per week. In addition, unlimited quan- 
tities of methane could be produced synthetically 
by the hydrogenation of coal with hydrogen or even 
steam at high pressures. 

It is clear, I think, that we must embark upon a full- 
scale wide-fronted attack upon these many problems, 
if we are to maintain our place in the world. In other 
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parts of the Empire there are already valuable facilities 
for undertaking some of the work I have outlined, and 








562 


34-IN. 


CONSTRUCTED BY 


CENTRE PRECISION 


MESSRS. 


G. 


ENGINEERIN 





C.V.A. JIGS, MOULDS AND 


TOOLS, 


Nov. 17, 1939. 


CAPSTAN LATHE. 


LIMITED, BRIGHTON. 








: 


an 


Witt taut 


Fia. 1 OPERATING SIDE OF 


I think we should not overlook these possibilities. 
These things are not matters of test tubes, but of human 
destinies, and with our heavy and continuous adverse 
balance of trade, we cannot afford to waste even a 
year before tackling these great tasks. There are 
most weighty reasons that should compel us to embark 
upon some of this work without delay. We have been 
late in preparing for this war because so many of us 
believed that nobody could be so insane as to make 
fresh wars in Europe for the sake of “ one man’s sense- 
less ambition,” as Mr. Chamberlain has tersely put 
it. We were wrong, and now we have to work night 
and day to make up for lost time. Let us take warning 
from that and begin to work now for winning the peace. 





3}-IN. CENTRE PRECISION 
CAPSTAN LATHE. 


Tue illustrations given in Figs. | to 3 above show 
an interesting example of the remodelling of a small 
standard machine tool, the machine concerned being 
the C.V.A. precision capstan lathe manufactured by 
Mesars. ©.V.A. Jigs, Moulds and Tools, Limited, 
Brighton, and distributed by E. H. 
(Machine Tools), Limited, Edgware-road, The Hyde, 
London, N.W.9. It will, no doubt, be remembered that 
the C.V.A. precision capstan lathe in its original form 
was characterised by a somewhat unusual, though effec- 
tive, infinitely-variable spindle speed change gear, this 
consisting of the well-known “ H’’-gear mechanism 
mounted as a separate unit on the lathe bed along 
with the driving motor, transmission being effected by a 
flat belt from the gear to a stepped pulley of conven- 
tional type mounted on the spincle. The principles 
of the “H”’ gear were illustrated in ENGINEERING, 
Vol. 145, page 202 (1938). This external arrangement 
has completely disappeared in the re-designed lathe, 
as a reference to Fig. 1 will show, the spindle drive 
being now contained in the base casting and in the 
cased-in headstock. The driving motor can just be 
made out at the left of the illustration. It is of the 
flanged type, bolted externally to the base and carrying 
a double Vee-belt pulley on the spindle for trans- 
mitting the drive to the “H”’-gear. The drive from 
the gear to the spindle pulley is by a flat belt. The 
spindle speed range remains as before, .¢., it extends 
from 250 r.p.m. to 2,500 r.p.m., and is variable in 
infinitely small steps. The desired speed is selected 
by the setting of the lever seen below the headstock, 
the pointer of which lever moves over a graduated 
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| quadrantal dial. The motor is push-button controlled 
| from the front of the machine. 

The new machine is very similar in its main dimen- 
sions to its predecessor. The bed is 36 in. long and 
the height of the centres is 34 in. The swing over the 
bed, i.¢., the maximum diameter of work permissible, 
is 6} in., and that over the cut-off slide is 3} in. The 
hollow spindle will take a bar up to § in. in diameter 
and the turret has a stroke of 44 in. The spindle has 
been re-designed and is now of nitralloy steel mounted 
in adjustable bronze bearings, pressure lubricated. The 
lubricating pump is driven from the spindle, as is also 
the cutting lubricant pump, and both pumps are 
provided with easily removable filters, though the two 
systems are completely enclosed. The spindle has 
been fitted with a new type of quick action collet, 
the actuating lever for which is seen to the left of the 
headstock. The cross slide shown is that normally 
supplied with the lathe, and has front and rear tool 
posts. It is traversed by handwheel and screw, and 
stops are provided for both directions of travel. Other 
types of cross-slide, including lever-operated and com- 
pound slides, are available. The turret has five stations 
and is traversed by a star-wheel and rack and pinion. 
A new type of reversing mechanism saves time when 
only two stations are being used. 

Considerable attention has been paid in the new 
design to the strength and rigidity of the machine, all 
the castings being ribbed to an extent unusual in a 
small machine. Two examples of the castings are 
shown in Figs. 2 and 3. These illustrations have been 
reproduced from not retouched photographs. A view 
looking on the top of the headstock is given in Fig. 2, 
the opening being closed in the assembled lathe by a 
cover continuing the contour of the casting, as shown 
in Fig. 1. The view shown in Fig. 3 is one looking on 
the bottom of the bedplate. The projection in the 
background is the underside of the swarf tray and 
cutting lubricant trough, which is integral with the 
bedplate casting, as seen in Fig. 1. This casting 
terminates just above the level of the edge of the 
trough and is surmounted by a second casting having 
the ways for the cross-slide and turret slide on the top 
and carrying the headstock at one end. This upper 
casting is bolted to the bedplate, though the joint 
between the two is scarcely visible in the illustration. 
It is strengthened transversely by diagonal ribs 
disposed warren-girder fashion. An end casting 
below the headstock couples the two main units and 
gives access to the spindle drive. The gauge seen 
near this casting is that showing the lubricating oil 
pressure. 
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UNDERSIDE OF 


REVISION OF BRITISH STANDARDS 
FOR WHITWORTH SCREW THREADS. 


THE present British Standards for the sizes and 
limits for Whitworth Screw Threads cover the relatively 
coarse pitch, B.S.W. series of threads (Specification 
No. 92 of the British Standards Institution), and the 
somewhat finer pitch, B.S.F. (Specification No. 84), 
both dating from 1919. The progress in engineering 
production since this date has rendered both series of 
tables obsolete in some respects. Their revision was, 
indeed, started by the Institution some 12 years ago, 
draft revised tables being circulated to the engineering 
industry for comment in 1930. Acceptance was 
sufficiently general to justify adoption as standards, 
but it was considered that publication should be 
postponed until a specification relating to the limits 
and tolerances for taps had taken shape. 

Standards for Taps.—It was early realised that, 
from practical considerations, independent tolerances 
for the effective diameter, cumulative pitch and thread 
angles of taps were necessary. Further, due to the 
fact that a tap with pitch errors and/or thread-angle 
errors will produce a hole with a correspondingly small 
virtual effective diameter, it was felt desirable to lay 
down a simple relationship between the combined 
effect of the tolerances allowed on the effective diameter, 
pitch and thread angle of a tap on the one hand, and the 
minimum amount of tolerance which could be allowed 
on the effective diameter of the corresponding tapped 
hole, on the other. In preparing tables of tolerances 
for taps based on information obtained from manu- 
facturers, such tolerances were expressed as an appro- 
priate function of the corresponding dimension of the 
tap. The tolerance on the effective diameter was 
in terms of the cube root of the tap diameter; that on 
the cumulative pitch over a given length of tap, in 
terms of the square root of that length; and that on 
the angle, in terms of the reciprocal of the square root 
of the pitch of the thread. The allowance for wear 
of a tap was also taken as being proportional to the 
cube root ofits diameter. The three principal tolerances 
on the individual elements of the tap itself having been 
thus formulated, it became evident that the formula 
for the tolerance of a tapped hole could be written 
as an equation of four terms, each with its modi- 
fying constant ; but, since two of the terms differed 
only in their constants, the summation of their con- 
stants reduced the equation to three terms. Thus, 
the tolerance on effective diameter of a tapped hole 
a, VD +6b+/L+¢+/p; where D = diameter of 
tap, or of tapped hole; L = length of engagement in 
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tapped hole; p = pitch of thread; a,= the sum of) by the addition of an amount 0-01 +/ p, for all three to make such comment on it, may obtain a copy of the 


constants a and d of the first and last terms of the four- 
term form of the equation. 

Tolerance on Effective Diameter of Screw Threads.—A 
general formula was obtained, in the manner above 
described, for the tolerance on the effective diameter 
of any tapped hole in terms of its three principal 
dimensions, viz., its diameter, its length of engagement 
with the mating thread, and its pitch, the magnitudes 
of the several constants being derived from the infor- 
mation obtained from tap makers as to the tolerances 
they required on the effective pitch and thread angle 
of taps. The conclusion has been reached that the 
three-term formula for effective diameter tolerance 
can be adapted for other screwed holes than tapped 
holes and also for external threads. Its derivation 
has thus become of importance in the revision of British 
Standard tolerances for screw threads, since it provides 
a ready means for establishing tolerances for the effec- 
tive diameter of Whitworth screw threads having any 
reasonable combination of diameter, pitch, and length 
of engagement, as well as those belonging to the 
standard B.S.W. and B.S.F. series. Moreover, by 
adjustment of the constants, the formula can be applied 
to screw threads other than of Whitworth form, e.g., 
B.A. threads and British Standard cycle threads. The 
basic formula finally adopted for Whitworth threads 
is as follows :— 

Tolerance on effective diameter, in., = 0-002 “/ D 
+ 0-003 of L + 0-005 +/ p; where D = major dia- 
meter of thread in in., L = length of engagement in 
in., and p = pitch in in. 

It may be noted that the National Screw Threads 
Commission of the United States have adopted, for 
special threads, such as those having a fine pitch with a 
large diameter and short length of engagement and 
‘““medium” fit, the formula :—Effective diameter 
tolerance: E = 0-002 4/ D + 0-002 L + 0-005 +/ p. 
In Germany, proposals have been put forward for 
revising screw-thread tolerances on somewhat similar 
lines. ‘Che formula adopted for the new British Standard 
is intended to apply to “ medium-fit”’ threads. It is 
noteworthy that, when applied to B.S.W. threads 
from } in. to 3 in. in diameter and to B.S.F. threads 
from } in. to 14 in. in diameter, the length of engage- 
ment being taken as equal to the diameter, the formula 
gives tolerances showing a close measure of agreement 
with the present “standard” effective-diameter 
tolerances in Specifications 92 and 84. The first 
of these specifications gives only one series of tolerances, 
the second includes a “ close-fit ” series as well as the 
“standard ’”’ series. In the revised tables. three 
grades of fit are being provided for both the B.S.W. 
and B.S.F. threads. These grades are :—(a) Close 
fit, including screw-thread work requiring a fine snug 
fit, closer than the medium fit. This fit can be con- 
sistently obtained only by using the highest quality 
screwing tools and a very eflicient system of gauging 
and inspection. This grade of fit is recommended 
only for special work where refined accuracy of pitch 
and thread form are particularly required. (6b) Medium 
fit, comprising the better grade of interchangeable 
thread work. (c) Free fit, comprising the great bulk of 
screw-thread work of ordinary quality. 

The basic formula referred to above gives the effective- 
diameter tolerances for the medium fit. Those for the 
close fit are taken as two-thirds of, and those for the 
free fit as 14 times, the medium-fit tolerances, the 
tolerances thus increasing by 50 per cent. in passing 
from the close fit to the medium fit and from the medium 
fit to the free fit. The existing British Standards 
provide for an allowance of 0-002 in. between maxi- 
mum bolt and minimum nut. The present proposals 
eliminate this tolerance by making maximum bolt 
and minimum nut both equal to basic size. Special 
provision has been made to meet the characteristics 
of parts made of stainless steel, and for parts which 
are to be given a protective coating by plating or 
other process. To facilitate-the use of the general 
formula for determining the effective-diameter tolerance 
for any special thread, three tables are provided in 
the new standards, covering a range of diameters from 
¢ in. to 20 in., pitches from 40 threads to 4 threads 
per inch, and lengths of engagement from } in. to 6 in. 
From the table appropriate to the grade of fit desired, 
the value of the effective-diameter tolerance for any 
particular combination of diameter, pitch and length 


| gauge for the effective diameter of the thread, the 


fits. For the minor diameter the additional amount 


is 0-0134/ p for close fits and 0-02+/ p for medium | 


|and free fits. No upper limit is given for the major 
diameter of the nuts. The present standard tolerances 
|on the minor diameter of the nuts are too close for 
general production purposes. The new tolerances 
| permit tapping drills of such size as to prevent binding 
|at the core of the tap, thus facilitating tapping and 
| minimising risk of tap breakage. Since the tolerance 
| on the core of the nut is related to the size of the tapping 
| drill, no association exists between this tolerance 
|and the grade of fit of the tapped nut; therefore, 
the tolerance allowed is the same for all three grades 
of fit and is 0-004 in. + 0-2 p for 40 threads to 26 
threads per inch, 0-005 in. + 0-2 p for 24 threads 
and 22 threads per inch, and 0-007 in. + 0-2 p for 
20 threads to 3-5 threads per inch. If advantage 
be taken of this new tolerance on the minor diameter 
of the nuts, the crests of the threads will be flat, as is 
general engineering practice and that of certain firms 
who use a modified form of Whitworth thread with 
flat crests in order to provide ample clearance at the 
crests and roots of mating screw thi Under the 
worst possible conditions, t.e., with the major diameter 
of the bolt on its lower limit and the minor diameter 
of the nut on its upper limit, the depth of thread engage- 
ment still amounts to 50 per cent. for 40 threads per 
inch, and increases progressively up to 74 per cent, 
for 4 threads per inch, These minimum percentage 
depths of engagement are in accord with current 
practice in this country and abroad. 

Some firms producing high-class threaded products 
avoid possible contact between the crests of the bolt 
thread and the root of the nut by removing the rounded 
cap of the thread on the bolt. The diameter of the 
stock is reduced by an amount equivalent to 0-148 p 
below nominal size, the depth of the rounded cap of a 
standard Whitworth thread being equal to 0-074 p. 
The B.8.I. Committee does not propose to suggest the 
general adoption of this modification of the Whitworth 
thread, but, in order to assist in the inspection of 
bolts so threaded, the draft revision includes a table 
giving the maximum permissible reduction in the crest 
diameter below basic major diameter. This maximum 
reduction in diameter does not involve appreciable 
curtailment of the length of the straight bearing 
portion of the flank of a thread which happens to 
be on the low limit of its effective diameter. It is 
desirable to confine this practice of truncation to the 
close and medium fits, and it is necessary to include 
“not go” effective-diameter gauging in the inspection 
of such bolts. 

The scope of the draft revision is indicated by the 
fact that, in addition to dealing with the B.S.W. and 
B.S.F. series, it includes corresponding tables for the 
B.S.P. parallel thread, the tolerances for which are 
appropriate for general engineering purposes apart 
from pipe work. The basic dimensions are given for 
sizes up to 6 in. B.S.W., 4} in. B.S.F., and 3 in. 
B.S.P.; and complete tables of tolerances are given 
for sizes up to 3 in. B.S.W., 14 in. B.S.F., and 14 in. 
B.S.P., it being considered that these sizes represent 
the largest diameter in general use in these series. The 
Committee have now recognised, and include in the 
tables, § in. and ¥ in. B.S.W., and » in, B.S.F., 
in deference to the continued use of these threads in 
certain sections of industry. 

When preparing the final specification for Whitworth 
Screw Threads, the B.S.I. Committee intend to include 
specific recommendations relating to gauges, and to 
recommend that, in general, the following gauges be 
used. For external threads: (1) A “Go” screw 
ring or screw calliper gauge having the basic Whitworth 
form of thread, the length of thread being preferably 
equal to the length of engagement of the component 
threads; (2) A “Not Go” screw ring or calliper 


threads of this gauge to be cleared at the crests and 
roots; (3) A ‘“‘ Not Go” plain gap gauge for the major 
diameter of the thread. For internal threads: (1) A 
“Go” screw plug gauge having the basic Whitworth 
form of thread and a length of thread preferably 
equal to the length of engagement of the component 
threads; (2) A ‘“ Not Go” screw plug gauge for the 
effective diameter of the thread, with the threads 
cleared at crest and root ; (3) A ‘* Not Go” cylindrical 
plug gauge for the minor diameter of the thread. In 





of screw may be seen at a glance. Separate tables 
for each grade of fit are given for each of the standard | 
B.S.W., B.S.F., and B.S.P. (parallel thread) series. | 
The tolerance allocated to effective diameter in the | 
new standards is intended to cover also the effects 
arising from any pitch and angle errors present in the 
thread. 

As in present practice, the tolerances proposed for | 
the major and minor diameters of the bolt are larger 
than the tolerance on its effective diameter in order | 
to provide some latitude for the die-maker and for 
wear of the dies. The tolerance on the major diameter | 
is derived from the tolerance on its effective diameter | 





the case of screw threads made to the free-fit grade of 
tolerance, the inspecting authority may omit the use 
of “Not Go” effective-diameter gauges for both 
external and internal threads, but, if these gauges are 
dispensed with, the tolerance on the minor diameter 
of the internal thread must be reduced to the same 
amount as allowed on the major diameter of the external 
thread. 

Before publishing these revised standards for screw 
threads, the Institution invites technical comment 
on the draft specification. Any person closely interested 


| draft specification on application to the Director, 
British Standards Institution, 28, Victoria-street, 
| London, S8.W.1. In view of the present national 
| situation, it is desired to issue the revised specification 
| at the earliest possible date, and immediate application 
| for copies of the draft specification should, therefore, 
be made, while any comments should be in the hands 
of the Committee early in December if attention is 
to be given to them. 








THE LATE SIR ANDREW SCOTT. 


One of the best known personalities in shipping 
circles has been removed by the death, at the advanced 
age of 82, of Sir Andrew Scott, for thirty-one years 
secretary of Lloyd’s Register of Shipping. Had he 
lived a few weeks longer, he would have completed 
seventy years’ association with the society, having 
entered the Glasgow office as a boy in December, 
1869, and being, at the time of his death, a member of 
the General Committee. 

After five years’ service in the Glasgow office of 
Lloyd’s Register, Andrew Scott was transferred to 
London in 1874. Ten years later, the society marked 
the jubilee of its present constitution by issuing the 
first Annals of Lloyd’s Register, in the compilation of 
which Scott took a leading part: a circumstance of 
some interest, because he was responsible also for the 
preparation of the second volume with this title, which 
was produced in 1934 on the occasion of the society's 
centenary. In 1887, he was appointed clerk to the 
Classification Committee; and in 1891, chief clerk. 
The secretary at this time was the late Mr. Arthur G. 
Dryhurst, who had followed Mr. Bernard Waymouth, 
designer of the clipper Thermopylae, in that position in 
1891. In 1904, Scott was appointed in succession to 
Mr. Dryhurst, retaining the office until June, 1935. 
On his retirement from active duty, his son, Mr, Mal- 
colm K,. Scott, was appointed secretary in his stead. 
On the occasion of the society’s centenary, his long 
services to Lloyd’s Register and to the shipping com- 
munity generally were recognised in the knighthood 
conferred upon him by His Majesty the King. Evidence 
of the esteem in which he was held by the General 
Committee was provided on his retirement, in the 
following year, when the Committee elected him one 
of their number. In many ways Sir Andrew was an 
outstanding figure in British, and, indeed, in inter- 
national shipping, and to his capacity for organisation 
may be attributed a considerable measure of the smooth- 
ness with which the complex and varied problems of 
the society’s world-wide operations have been con- 
ducted during the long period of his secretaryship. 








THE LATE Mr. W. R. HILL.—We regret to have to 
record the death, on November 2, of Mr. Wilfred R. Hill, 
who had acted as representative, on the North-East 
Coast, of Messrs. The Carborundum Company, Limited, 
Trafford Park, Manchester, 17, for upwards of 20 years. 

THE INSTITUTE OF TRANSPORT.—The annual general 
meeting of the Institute of Transport will be held on 
Monday, December 11, at 2.30 p.m., at the Charing Cross 
Hotel, Strand, London, W.C.2, and will be followed by an 
address by Captain Euan Wallace, M.C., M.P., Minister 
of Transport. Monthly luncheons, also to be held at 
the Charing Cross Hotel, have been arranged for the 
remainder of the 1939-40 session. The dates and names 
of the speakers are as follows. January 8: Mr. Ernest 
Bevin, general secretary of the Transport and General 
Workers’ Union; February 12: Lord Stamp of Short- 
lands, G.C.B., G.B.E., past-president; March 11, Mr. 
Robertson F. Gibb, President of the Chamber of Shipping 
of the United Kingdom; and April 8, Mr. Frank Pick, 
past-president. The offices of the Institute are at 
15, Savoy-street, Victoria-embankment, London, W.C.2. 
Cuina’s NEw Hicguways.——We have received an 
interesting pamphlet, published by the British Fund for 
the Relief of Distress in China, 108, Barton-road, Cam- 
bridge, dealing with “‘ China’s New Highways.”’ It con- 
sists of a series of letters received from a Red Cross 
doctor in China, who describes a journey through Burma 
from Rangoon to Lashio and then on the new Burma- 
China road to Yunnan-Fu (now called Kunming), passing 
through Kudkai, Lungling, Paoshan, Yangpi, and 
Tsuying. He pays tribute to the industry and self- 
sacrifice shown by the Chinese in the building of the 
road, and adds that the large bridges are the work of 
the Central Government and that two of them, suspension 
bridges, over the Salween and Mekong rivers are very 
well-built structures. AJl the bridges are built to take 
a@ gross live load of 7} tons. Copies of the pamphlet, 
which contains a foreword by Major-General Sir Francis 
Younghusband, are obtainable, price 6d. each, post free, 
from Mr. F. M. Osborn, 15, Endcliffe Hall-avenue, 
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LABOUR NOTES. 


Tue Ministry of Labour and National Service 
announces that at October 16 the numbers of unem- 
ployed persons on the registers of employment exchanges 
in Great Britain were 1,221,655 wholly unemployed, 
146,451 temporarily stopped, and 62,532 normally in 
casual employment, making a total of 1,430,638. This 
was 99,710 more than the number on the registers at 
September 12, but 350,589 fewer than at October 17, 
1938. The total on October 16 comprised 903,127 men, | 
43,920 boys, 417,798 women, and 65,793 girls. There 
were increases in the numbers unemployed in building, | 
publie-works contracting, hotel and boarding house 
service, the distributive trades, the printing. industry, 
laundry service, Local Government service, road 
transport, dock and harbour service, and agriculture, 
horticulture, etc. On the other hand, unemployment 
decreased in coal mining, the textile and clothing | 
industries, metal-goods manufacture, the furniture | 
trade, the fishing industry, and the entertainments | 
and sports industries. 


Between September 11 and October 16, the numbers 
of unemployed persons increased by 54,840 in the 
London area, 3,611 in the Eastern area, 13,736 in the 
South-Eastern area, 12,328 in the Southern area, 8,649 
in the South-western area, 784 in the North-Eastern | 
area, 1,644 in the North-Western area, 6,290 in the 
Northern area, 5,395 in Scotland, and 7,540 in Wales. 
They decreased by 9,207 in the Midlands and by 5,900 
in the North Midlands. As compared with the position 
at October 17, 1938, there were 57,441 fewer unemployed 
in coal-mining, 35,570 fewer in engineering, 30,084 
fewer in the iron and steel trades, and 20,631 fewer | 
in shipbuilding and ship-repairing. 


In October, the home branch membership of the 
Amalgamated Engineering Union increased from 
359,778 to 368,028, and the colonial branch membership 
from 36,247 to 36,640. The number of members in| 
receipt of sick benefit increased from 3,377 to 3,726, 
and the number in receipt of superannuation benefit 
decreased from 14,188 to 14,126. The number in 
receipt of donation benefit decreased from 1,40] to 
855 and the total number of unemployed members 
from 4,668 to 3,788. 


Writing in the November issue of the Amalgamated 
Engineering Union's Journal, Mr. Tanner, the president 
of the organisation, says that the question of the recruit- 
ment of engineering workers by the fighting services 
has been under the consideration of the executive 
council. The declaration of war and the National 
Service (Armed Forces) Act resulted, he states, in 
large numbers of skilled members being called up for 
service. ‘The executive council, the president, and 
the assistant general secretary,’’ Mr. Tanner continues, 
‘interviewed Sir Thomas Phillips and other officers 
of the Ministry of Labour on October 3 and brought 
before their notice many cases where the authorities 
had failed to make the proper and fullest use of the 
skill, experience and ability of engineers in the various 
services. We also drew attention to the Schedule of 
Reserved Occupations, which has resulted in with- 
drawing skilled men from the industry where their 
services are so much required. Various anomalies 
in the reserved ages of certain trades were pointed out. 
The discussion was mutually helpful and will, un- 
doubtedly have good results.” 


In another note, Mr. Tanner says that members of 
the executive council, the president and the general 
secretary, met Mr. Lloyd Roberts, chief Labour officer 
of Messrs. Imperial Chemical Industries, Limited, in 
Birmingham, on October 27, and submitted a claim 
for payment or a bonus of 10s. per week “* because | 
of the exceptional and increased danger” to which 
members of the union * are exposed in the company’s | 
undertakings during the war.” ‘ Mr. Lloyd Roberts,” 
Mr. Tanner continues, “ maintained that Imperial | 
Chemical Industries have taken every possible precau- | 
tion to protect their employees--—had, in fact, done | 
more than they were legally required to do—and that | 
our members with Imperial Chemical Industries ran | 
no greater risks than those employed in engineering 
and other establishments producing armaments and | 
munitions. The company, therefore, were not pre- | 
pared to meet our claim in any degree.” | 


“It is reassuring to find,” says the writer of the 
editorial notes in the same issue of the Journal, * that | 
the Government realises the necessity of maintaining | 
and even increasing the country’s export trade. T 
President of the Board of Trade issued a memorandum | 
last month to trade organisations which dealt with | 
this vitally important subject. It pointed out that | 
while some Government direction of the flow of | 


| ducted from the above address at Southport. The 








ENGINEERING. 





supplies will be available to support the export trade. 
No general system of permits or priorities is in force 
in respect of the allocation of these materials. This 
means that, broadly speaking, for the great bulk of 
the export trades in the category of manufactured goods 
reserves can be relied upon (says the memorandum) 
for at least three months ahead.” 


* To give effect to this policy of assisting the export 
trades,” the writer goes on to say, “the Board of 
Trade has initiated discussions with the major exporting 
industries with a view to facilitating their operations | 
and in particular their purchase of raw materials. 
Before the war ends, in our opinion, the Government | 


| will have to go much further than they have done in. | 


assuring the export industries of such supplies. It | 
will not surprise or perturb us at least if the Government | 
becomes the sole purchaser of essential raw materials. | 
It is one of the expedients that must be adopted to} 
make effective any system of controlling prices, stop- 


| ping profiteers and providing the essentials of our export 


industries.” 


The report of the General Federation of Trade Unions 
for the third quarter of the current year states that 
the number of affiliated societies is 92. Of these, 
58 are on the higher scale, 32 on the lower scale, and 
2 on both scales. The membership on which contri- | 
butions are based is 346,308 of which 225,523 is on the | 
higher scale, 110,682 on the lower scale, and 10,103 | 
on both scales. The gross membership of the affiliated | 
societies is 357,726. During the quarter 6,502/. 19s. 
was received in contributions and 172. 15s. paid out 
in benefits. emeay 1s) 


At a delegate conference in London last week of | 
the National Union of Railwaymen it was decided to | 
accept the majority report of the National Railway | 
Staff Tribunal on the union’s claim for a 50s. minimum 
wage for adult men. The Tribunal’s recommendation 
was 504; in London, 48s. in industrial areas, and 47s. in | 
rural areas. The corresponding rates for women are 
38s., 36s. 6d., and 35s. On the following day the 


| delegate conference decided to claim a war wage 


increase to compensate the increase in the cost of 
living. 


The Industrial Court has transferred its offices from 
London to Sunnyside Mansions Hotel, Knowsley-road, 
Southport, Lancashire (Telephone No.: Southport 
55291). The Court will continue to meet in London 
and elsewhere as may be found convenient. It is 
announced at the same time that the secretarial work | 
of the Civil Service Arbitration Tribunal will be con- | 


Tribunal will continue to hold its sittings in London 
and the provinces. 


Under an agreement negotiated by the Transport | 
and General Workers’ Union and the National Union | 
of General and Municipal Workers with the British | 
Aluminium Company, the wages of a considerable 
number of the undertaking’s employees are to be 
increased. Adult men day workers are to get an 
increase of 4s. per week and piece-workers an increase 
in their prices of 5 per cent. For women and youths, 
the advance is 2s. per week. 


South Wales steel workers will benefit by a decision 
of the Joint Siemens’ Board to increase wages. As 
from November 5, they are to receive an advance 
of 64 per cent., which normally would not have come 
into operation until February next. Adult labourers 
with a base wage up to 56s. a week, have a minimum 
advance of 3s. 6d., and those above 56s. of 6} per cent. 
Those under 21 will have, besides the percentage | 
increase, an ex gratia bonus of 10-83 per cent., paid | 
retrospectively from the first Sunday in October. 


At a meeting in Swansea last week, the Tinplate 
Joint Industrial Council reached an agreement under 
which wages will be appreciably increased. On sliding 
scale ascertainments, there should have been a reduction | 
of nearly 5 per cent. The workers’ representatives, 
however, submitted that in the exceptional circum- 
stances created by the war the percentage drop should 
be arrested. It was finally agreed that the sliding 
scale for the current month should stand at 10 per 
cent.—an increase of nearly 3 per cent. on the rate 
paid during the last three months. Labourers who 
now receive a special ex gratia bonus are also to benefit 
by the percentage increase. In future ascertainments | 
are to be made monthly instead of quarterly. 


In addition to the trade union advisory committee | 
to the Ministry of Supply, area advisory committees are | 
to be set up in civil defence areas where the Minister | 
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last week there were meetings of trade-union represen- 
tatives, at the Trades Union Congress headquarters, to 
consider the form of representation on the area com- 
mittees. There was agreement, the Labour corres- 
pondent of The Times says, with the suggestion that 
the area joint committees should be composed of repre- 
sentatives of the industries in the areas, and that 
sub-committees should be formed for particular districts 
on a trade basis. It is possible, therefore, that in a 
given area there may be separate sub-committees 
concerned with the manufacture of munitions, boots 
and shoes, uniforms, or othér essential requirements. 
Suitable sub-divisions of areas will be suggested to the 
Ministry. —s* 
The effect of the war on some of the principal neutral 
countries is described in a recent issue of Industrial 
and Labour Information, the weekly organ of the 
International Labour Office at Geneva. The account 
of the position in the United States is particularly 
interesting. An unofficial survey carried out in mid- 
September by the Associated Press, it is stated, indi- 
cated that tens of thousands of unemployed workers 
were being reabsorbed into American industry, largely 
owing to the impetus of war conditions. Although 
the relation between the war impetus in industry and 
the general improvement in the employment situation 
had not yet been analysed, it was clear that war-buying 
was an important factor in the improved situation. 
The re-employment tendency was reported to be parti- 
cularly marked in the shipbuilding, aircraft, textile, 
steel, mining, automobile and food-processing industries. 
For example, the Pittsburg steel centre estimated that 
10,000 men had already gone back to work and 10,000 
more would be re-employed in the next few weeks, 
while, in Indiana, 10,000 steel-workers had been called 
back to work; in the Detroit automobile centre, 
employment increased by about 80,000 in the three 
weeks preceding the survey ; the shipbuilding industry 
in San Francisco had received orders which were 
expected to provide work for 3,000 men, and New 
England textile areas reported mill re-openings. 


A canvass of opinion among editors of American 
business papers showed general agreement, it is recorded, 
that this initial upward trend may be followed by a 
brief period of decreased employment after the first 
wave of war buying has passed, which, in turn, will be 
succeeded by another rise, which will be accentuated 
in certain industries. Such conditions, it was said, 
may considerably alter the relief problem in many 
places, particularly where heavy industry predominates. 
Reports indicated that the recovery movement would 
result in a striking increase in the number of openings, 
as well as a lengthening of hours for many thousands 
who were working on short-time. 


On October 1, an employment exchange for the whole 


| of Germany was opened in Berlin for the use of women 


holding a university diploma. It is pointed out in the 
Press that, owing to the war, it is important to have 
an adequate organisation for placing these women, 


| who are capable of giving skilled service to the State. 


There are openings in economic, administrative and 
social work for women with these qualifications. 


The Swiss Office for Women’s Occupations states, 
in a recent communication, that owing to the mobilisa- 
tion the demand for female labour has increased 
even in those occupations which, up till now have been 
closed to women. An appeal has also been made to 
married and unmarried women who have given up 
their employment. In spite of this, however, the 
number of women seeking employment has increased 
for, owing to the situation created by the mobilisation, 
a large number of women have lost their former occupa- 
tions or are obliged to help to support their families 
in the place of their husbands. 








Trae Op CENTRALIANS.—The monthly luncheons 
organised by the Old Centralians—the old students’ 
association of the City and Guilds Engineering College— 
are to be resumed on and from Tuesday, November 21, 
when a luncheon will be held, at 1 p.m., in the North- 
umberland Rooms, Northumberland-avenue, London, 
W.C.2. The honorary luncheon secretary, Mr. A. C. 
Vivian, being now engaged out of London, Mr. J. M. 
Seddon, of Messrs. The Morse Chain Company, Limited, 
Bush House, Aldwych, London, W.C.2, has offered to 
deputise for him, and will issue the customary posteard 
notices of subsequent gatherings. Meanwhile, to enable 
some estimate to be made of the support that may be 
expected under present war conditions, Old Centralians 
are asked to inform Mr. John Walker, City and Guilds 
College, Exhibition-road, London, S.W.7, by postcard, 
whether or not they can attend the luncheon on Novem- 


materials for manufacture has become necessary,' has appointed regional directors of supplies. During! ber 21. 
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PARSONS-FORD V-8 MARINE SET. 


More than one firm have adapted the well-known 
Ford V-8 industrial engine for marine use, and an 
example of this practice is given by the unit illustrated 
by the photograph reproduced on this page, the 
adaption having been carried out by Messrs. The 
Parsons Engineering Company, Limited, Town Quay 
Works, Southampton. The conversion, in this case, 
incorporates a number of features based on Messrs. 
Parsons’ marine experience, which extends over thirty 
vears. The regular normal rating of the set is 65/68 h.p. 
at 2,750 r.p.m., and the maximum rating is 75 h.p. at 
3,200 r.p.m. Both these ratings are quite conservative, 
and the company have tested these engines for as long 
as four hours at 3,500 r.p.m. with an output of 80 h.p. 
This is not a recommended load, even for intermittent 
service, but it demonstrates the reserve on which the 
standard model is based. 

A substantial steel plate carries the weight of the 
engine at the forward end, and provides robust supports 
with a good bearing surface. On this plate is mounted 
a central gearbox round the crankshaft, housing a pair 
of silent skew gears driving a cross shaft, both ends 
of which are oil sealed and carried in ball bearings. 
The whole box is oil-tight, and continuously lubricated. 
From this cross-shaft is driven the dynamo on the 
starboard side and the water pump on the port side. 
The latter is a special fitting made by the company 
for this engine, and incorporates a double compartment 
delivering water separately to each of the two cylinder 
blocks and having a single bifurcated suction. An 
extension of the water-pump spindle provides the 
necessary drive for the revolution indicator, if required, 
and the whole of the arrangement is kept at a reason- 
able depth below the centre line. In conjunction 
with the oil cooler, a hand-operated Auto-Klean oil 
strainer is fitted in a convenient position, and a brass 
sump pumpis built into the engine for withdrawing dirty 
oil from the crank chamber. At the other end is 
fitted the Parsons F-type reverse gear, carried in an 
aluminium-alloy extension to the flywheel housing. 
This is an exceedingly rigid case, and is provided 
with a large inspection cover at the top with small 
panels at the sides through which all necessary adjust- 
ments can be carried out. The after feet are carried 
on the reverse-gear extension at a point part of the 
way along its length, so that excessive overhang is 
avoided, and a very rigid seating is afforded. ' 

Water-jacketed manifolds are fitted to each cylinder 
vlock, and the water circulativn is so arranged that 
the incoming cold water is pre-heated before being 
delivered to the block itself. This has the effect of 
warming the engine up very quickly and maintaining 
it at the required temperature. thus saving a consider- | 
able amount of wear and fuel. The standard Ford | 
coil ignition is shown in the illustration at the forward 








end, but this can be replaced by magneto ignition if 
desired as an optional extra. The two exhaust outlets 
can be dealt with in different ways to suit the particular 
requirements of the vessel, and standard breeches 
pipes have been designed which can be fitted with 
Parsons-injection or other type of silencer giving one 
water-cooled exhaust for the engine, or, alternatively, 
similar silencers of smaller size can be provided one 
for each side, with appropriate bends. The lifting 
arrangements are designed to give the boatbuilder as 
little trouble as possible in handling, and properly 
designed eye-bolts are fitted one at the forward end 
and the other in the flange of the gearbox. 

The standard engine incorporates the regular Ford 
6-volt lighting and starting equipment, but this can 
be replaced by 12-volt equipment if desired. Arrange- 
ments are made at the forward end for using the 
starting handle on the crankshaft line if by any chance 
the electric-starting equipment should be out of order. 
A special interlock arrangement between the reverse- 
gear lever and the throttle control can be provided 
optionally. This automatically closes the throttle to 
the idling point, when the reverse lever is pulled into 
neutral, and opens the throttle slightly on the first 
movement of the lever either ahead or astern, before the 
load is imposed on the engine. This arrangement 
effectively prevents the engine from being either raced 
or stalled accidentally. 








TRANS-ATLANTIC AIR SERVICES.* 


By Masor R. H. Mayo, O.B.E. 
(Continued from page 542.) 


Ir appears to me that the primary purpose of sub- 
sidised air transport should be the provision of high- 
speed mail services at rates which come within the 
means of the population as a whole, and that the 
carriage of passengers at subsidised rates should be 
regarded as a secondary purpose. If this principle 
is admitted, it is hard to avoid the conclusion that in 
the case of Atlantic air services there is a very strong 
case for the segregation of passengers and mails. The 
mail service requires very high speed and high fre- 


quency to make it effective, and these advantages can | 


only be achieved at reasonable cost if the aircraft is 
designed to be as small as possible having regard to 
the mail load to be carried, and, of course, to the 
necessity of providing all necessary facilities for navi- 
gation and safety of the crew. The passenger service 


does not require the same high speed or the same | 


frequency, and it is much more possible to design a 





* Paper read before Section G of the British Associa- 
tion, at Dundee, on Friday, September 1, 1939. Abridged. 
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large aircraft with the necessary facilities and safety 
for passengers if only moderate speed is required, and 
| to operate such aircraft on a reasonably economic basis 
| if only moderate frequency is required. 

It is necessary, before passing on to the problems 
| of design, to define more precisely the requirements in 
| regard to performance. I have expressed the view 
| that nothing short of through services between South- 
|ampton and Montreal or Southampton and New York 
| will prove to be really worth while, and this defines the 
|range required as 3,200 or 3,400 miles against the 
| prevailing wind. I have suggested that an allowance 
| of 40 m.p.h. for the continuous westerly wind may prove 
| to be sufficient, provided there is a reasonable choice of 
alternative bases on the other side. As regards 
| the question of speed, I have stated in general terms 
|that the speed must be the maximum possible and 
| that, in my view, the services must be as nearly as 
| possible an overnight service, but it is now necessary 
| to set down some definite idea as to what the cruising 
| speed must be. 
| There are two factors of fundamental importance, 
|one of which is favourable and one unfavourable in 
leach direction. One of these factors is the prevailing 
| wind and the other the difference in time of about 
| 5 hours due to the difference in longitude between the 
| terminals. The latter factor is, of course, favourable 
| to the westerly crossing and unfavourable to the easterly, 
}and, somewhat surprisingly, this factor is the more 
|important of the two. The effect of these two factors 
| can be seen more clearly by considering specitic cases, 
| such as those set out in the accompanying table, which 
| relates to the Southampton-New York stage of 3,400 
miles. In the case of the westerly crossing, the average 
adverse wind is assumed to be 40 m.p.h., while in the 
case of the easterly crossing the average favourable 
wind is assumed to be 20 m.p.h., the difference providing 
a margin on which reasonably reliable schedules could 
be based. 

Times for Atlantic Crossing at Various Speeds. 

} 





| Net | Actual | Lffective 
Stage. Cruising Cruising ‘Time. Time. 
| Speed, Speed. (Hours.) (Hours.) 
Southampton - | 150 110 31-0 | 26-0 
New York. | 156 | 116 20-3 | 24°83 
200 | 160 | 21-3 | 16-3 
| 250 | 210 16-2 | 11-2 
300 | 260 | 13-1 | R-1 
350 | 310, | oO | 6-0 
New York - | 150 170 )6||)«6(20-0 «| 5-0 
Southampton. 166} 176 19-3 24-53 
200 | 220 15-5 20-6 
250 | 270 12-6 | 17-6 
300 320 10-6 | 15-6 
14-2 


350 370 9-2 | 

It will be seen that the advantage of approximate 
equality of scheduled times for the easterly and 
westerly crossings can only be obtained at very low 
speeds. On the basis of the assumptions made, 
actual equality occurs at a cruising speed of 156 m.p.h. 
At cruising speeds below this the westerly crossing is 
effectively longer than the easterly, and above this 
speed the reverse is the case. It appears to me, how- 
ever, that so far as mail services are concerned, an 
effective time of the order of 24 hours is far too long, 
and that it is necessary to consider very much higher 
speeds with the attendant disadvantage of a wide 
disparity between the scheduled effective times for the 
easterly and westerly crossings. The criterion for 
minimum cruising speed then becomes the maximum 
| effective time which can be allocated for the easterly 
| Service, 

If the service is to be effectively an overnight service, 
| letters posted in New York towards the close of the 
| business day must be delivered in London in time for 
them to be dealt with and replied to on the following 
'day. Reference to the table will show that for a 
cruising speed of 300 m.p.h. the effective time taken 
|is 15-6 hours. If an allowance of 2 hours at each 
lend is made for collection or delivery and transit 
between the capital and the airport, this would mean 
that a letter posted in New York at 5.00 p.m. could 
be delivered in London at approximately 12.30 p.m. 
the following day. In the other direction, the effective 
| time is only 8-1 hours, so that a letter posted in London 
| up to 8 p.m. could be delivered in New York at approxi- 
mately 8 a.m, the following morning. Thus, the 
recipient of a letter in London would have a long 
| afternoon in which to prepare his reply for dispatch 
| the same day. It will be seen that even with a cruising 
| speed as high as 350 m.p.h. it is still not possible to 
|achieve an early morning delivery in London, and, 
unfortunately, it must be admitted that a cruising 
| speed of 350 m.p.h. is outside the region of practicability 
in the present stage of development. It appears 
| to me, therefore, that the aim for a mail service must 
be a cruising speed of 300 m.p.h., or something very 
little short of this figure. 
| Where passengers are concerned, there is not the 
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same urgency, although the time may come when even 
passengers will expect to make the return journey in 
two consecutive nights, leaving the working day for 
the conduct of business. But such passengers will 
require a relatively high standard of comfort on the 
journey and they can only attain this if large aircraft 
are provided, In the present stage of development, 
cruising speeds of the order of 300 m.p.h. for large 
passenger-carrying aircraft are not feasible and the 
cruising speed provided must be a compromise between 
urgency and comfort. Actual time in the air is, 
perhaps, a more important criterion than effective 
time where passengers are concerned. A cruising 
speed of 200 m.p.h. gives an actual time of 21-3 hours 
in the air on the westerly crossing, and it may be that 
this is as much as most passengers will care to stand. 
If the cruising speed is raised to 250 m.p.h., the time 
in the air is reduced to 16-2 hours, but the attainment 
of this speed in association with spaciousness and 
comfort for passengers presents a formidable problem 
to the designer. The lower speed and the higher 
standard of comfort may prove to be the more attrac- 
tive proposition to the majority of passengers. 

The Design Problem.—The range and speed require- 
ments outlined above cannot be met by aircraft of 
normal present-day characteristics. They can only be 
met by employing very much higher wing loadings 
than those which can be regarded as safe and practic- 
able for normal short and moderate range operations. 
The present-day standard, with the relatively high-lift 
wings generally employed, may be taken to be from 
about 25 lb. to 30 lb. per square foot, at the start of 
the flight. If the full requirements as to cruising speed 
and range are to be met, it appears necessary to increase 
the initial wing loading to the order of 50 lb. per square 
foot, or a little over. Theoretically, it would be advan- 
tageous to increase the initial wing loading to a still 
higher figure, thus enabling the greater part of the 
flight to be made under conditions more nearly 
approaching the best lift/drag ratio, but the deter- 
mining factor is the landing condition, and this, in 
practice, precludes the use of initial wing loadings 
much in excess of 50 lb. per square foot for a com- 
mercial aircraft unless an even longer range is required. 
The wing loading on completion of the flight must be 
brought down to the safe limit which, allowing for the 
use of devices for increasing the maximum lift coefficient 
at landing, must be fixed at a figure not far exceeding 
30 Ib. per square foot. Having regard to the fact that 
the pay load of a commercial aircraft is not disposable, 
it will be found difficult in practice to meet this condi- 
tion if the initial wing loading is raised to the optimum 
figure. 

But even when the initial wing loading is confined 
to approximately 50 lb. per square foot, it is extremely 
difficult to provide the aircraft with a satisfactory 
take-off performance. So far as I know, no commercial 
aircraft has yet taken the air with so high a wing loading, 
and it appears to me inevitable that the employment 
of such wing loadings with aircraft intended for direct 
take-off must introduce seriously increased risks. These 
increased risks do not arise only from the length of 
run required for take-off, but also from the high speed 
which must be reached while in contact with the ground 
or water, the low initial rate of climb, the prolonged 
use of full power involving heavy strain on the engines, 
and the inability to effect a safe landing in the event 
of trouble until sufficient height has been reached to 
permit of jettisoning the fuel load. 

Raising the wing loading at the sacrifice of take-off 
performance is the easy way of increasing the range 
and cruising speed of long-range aircraft, but it remains 
to be seen how far it can be carried in practice. Up to 
the present time it has not been carried nearly far 
enough to produce a direct take-off aircraft complying 
with the performance requirements indicated above. 
The highest loaded British commercial aircraft so far 
employed with direct take-off is, I think, the Short 
8.30 flying boat, which for a take-off weight of 50,500 Ib. 
has a wing loading of 33-7 Ib. per square foot. This 


is in association with a power loading at take-off of | 


approximately 13-75 lb. per horse-power. The take-off 
of this aircraft under these conditions is reasonably 
satisfactory, the time required being approximately 
40 seconds, which is well within the somewhat anoma- 
lous limit of 60 seconds laid down by the airworthiness 
regulations. But it must be admitted that even with 
this comparatively moderate standard of wing loading 
good surface conditions are required. 
boat has been developed from that most successful 
type the Short Empire flying boat, but its performance 
in range and speed naturally fall far short of the severe 
requirements set out above. The length and time of 
run for take-off and the risks involved will be very 
different if and when wing loading is increased to the 
order of 50 Ib. per square foot. 

It is clear that the achievement of the suggested 
standard of performance with direct take-off will 
present very great difficulty, and will inevitably involve 
comparatively large size. It appears to me that a land 
type aircraft designed as a mail carrier only and with 


The 8.30 flying | 
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@ capacity for the 1,000 Ib. load mentioned above, 
must run to a total weight of between 60,000 lb. and 
70,000 Ib. if it is to meet the performance requirements. 


In the case of a marine type aircraft, it seems very | 


doubtful whether the desired cruising speed can be 
approached at the present stage of development, but 
it should be possible to meet the range and load require- 
ments at an appreciably lower speed for a total loaded 
weight of between 70,000 Ib. and 80,000 Ib. If in the 
case of either the land or the marine type, provision 
is to be made for carrying passengers with a reasonable 
standard of comfort, the total weights involved must 
go up appreciably above the figures mentioned. My 
view is that the establishment of an all-the-year-round 
mail service is the matter of primary importance, and 
I do not propose, therefore, to go into any detail in 
this paper in connection with passenger-carrying air- 
craft. One important conclusion, however, appears to 
arise from the above remarks on the size of aircraft 
involved, namely, that these large sizes of aircraft 
are necessary if passengers are to be carried, but are 
uneconomic in relation to the comparatively small mail 
load which can be expected to be available on the basis 
of a surcharge service. It will, however, be easier to 
judge of this when the possibilities of assisted take-off 
have been considered. 

The Assisted Take-Off.—For years past it has been 
recognised that the take-off problem is the dominating 
difficulty controlling the design and operation of long- 
range aircraft. To overcome this difficulty three 
different methods of assisting the take-off have been 
developed, namely, the catapult, the composite aircraft 
and refuelling in flight. The catapult has been em- 
ployed as a means of launching aircraft from the 
earliest days of flying ; it was used successfully by the 
Wright brothers in their preparatory experiments 
with gliders. After the aeroplane had developed to a 
stage where it could take-off comfortably under its 
own power, the catapult dropped out and did not 
re-appear until it became necessary to launch aircraft 
from ships. The catapult then provided the obvious 
solution to the problem of getting the aircraft into the 
air when practically no run was available. The 
catapult has been used with considerable success by 
the Germans, particularly in connection with South 
Atlantic services. The main purpose which the 
catapult has served has been to enable the flying boats 
employed to be refuelled in mid-ocean. The catapult 
has been mounted on a ship which has formed the 
refuelling base. The ship has provided a sufficient 
measure of protection to enable the flying boat to 
land in the open ocean. The flying boat has then 
been lifted on board by means of a crane, refuelled, 
mounted on the catapult and launched for the continua- 
tion of its flight. This operation has been repeated 
successfully a very large number of times in the South 
Atlantic, where conditions have proved to be good 
enough to permit of the landing of the flying boat at 
light load. The distances involved on the South 
Atlantic service with refuelling stops were not, however, 
long enough to necessitate the employment of very 
| high wing loadings, and it was the fact of the take-off 
having to be done in the open ocean rather than under 
| extreme conditions of loading which necessitated the 
use of the catapult. More recently, however, an 
experimental service over the North Atlantic via the 
Azores- Bermuda route, was conducted on similar lines. 
In this case, the depot ships were stationed off the 
Azores and Bermuda and the experiment approached 
more nearly to a test of the catapult for the launching 
of a heavily-loaded aircraft. Several successful flights 
were made in this way, but the attempt to develop a 
regular service on these lines has not been pursued. 
It has been stated by a German authority on this 
subject that the catapult method of launching has 
been found to be unsuitable where large heavily-loaded 
aircraft are concerned. 

Apart from the discontinuation of this experimental 
service, it is apparent that this method of launching 
marine aircraft must be inordinately expensive. Each 
of the depot ships must be of considerable size, since 
they have to carry the crane, the catapult and a good 
deal of ancillary equipment, and, in addition, they 
| must be seaworthy for the purpose under ocean condi- 
tions. Each ship necessitates a considerable crew, 
and both capital and operational costs are inevitably 
high in relation to the service performed. Even if 
the operation does not have to be performed in the 
open ocean, a ship or barge of large size is required to 
carry the crane and catapult, the length of which will 
| depend on the wing loading employed and the accelera- 
| tion permitted. In military practice, accelerations 

up to 2$¢g., or even more, can be employed, but this 
figure would involve difficulties in commercial practice. 
If passengers were concerned it would probably not be 
feasible to use a higher acceleration than 1 g., and even 
that might cause considerable resentment. The length 
of catapult required would be, say, 300 ft. to 400 ft., 
| according to the wing loading and minimum launching 


a land-type aircraft is open to similar, if not quite so 

serious, objections in regard to cost, and difficulties in 
providing satisfactorily for orientation into wind and 
general mobility are also involved. But there is an 
objection to the catapult more serious even than 
| the objection as to cost, namely, that it only succeeds 
in getting the aircraft into the air at ground or sea 
level and, if the dimensions of the catapult are to be 
kept within reasonable limits, at a speed not far in 
excess of the stalling speed. It does not help the initial 
climb and leaves the aircraft in a precarious plight 
if loss of power or other cause should necessitate an 
early landing. Safe jettisoning of fuel is a com- 
paratively lengthy process, and the pilot would not 
have time to make use of this means of reducing load 
if trouble occurred at an early stage. This is a funda- 
mental objection which prevents the catapult from 
providing a complete solution to the problem. Pro- 
posals have been made for various forms of catapult 
and also for accelerators which come into the same 
general category, but all are subject to the same 
disabilities in regard to cost, immobility and failure 
to provide a complete solution to the problem of 
getting very heavily-loaded aircraft safely into the air. 
It is for these reasons that, after all these years of 
development of the catapult, so little has been done 
to apply it in practice for the Jaunching of a heavily- 
loaded long-range commercial aircraft. It appears to 
me that even if this form of assisted take-off is developed 
further in the future, it will serve only for the launching 
of aircraft of small to moderate size, because the lifting 
of a very large aircraft, whether of marine or land type, 
into position on the catapult will remain a permanent 
practical difficulty. 

I do not propose to describe in detail the features 
or principles of the composite aircraft, as I think these 
are already fairly well known. The prototype com- 
posite aircraft, which was of marine type, was designed 
and constructed by Messrs. Short Brothers, and com- 
pleted early in 1938. The first separation flight took 
place in February, 1938, and there followed an exhaus- 
tive series of makers’ and official trials, including a 
number of separations at light and full loads. At the 
time when the design of this particular composite 
aircraft was started, the general standard of wing 
loadings employed was very much lower than it is 
to-day, and in fixing the normal full-load wing loading 
of the upper component, Mercury, at 34 lb. per square 
foot, a big step up was made. A much higher wing 
loading could have been decided upon, but it was 
considered advisable to test out the principles of the 
composite aircraft under moderate conditions in the 
first place. Apart from the advantage to be gained 
by high wing loading, the composite aircraft offered 
several important secondary advantages, including that 
of providing flotation only for the comparatively lightly 
loaded landing condition and the ability to employ 
fixed-pitch wooden propellers without incurring any 
penalty in regard to take-off. By virtue of these 
advantages, Mercury was able to offer ample range 
for the North Atlantic crossing at a cruising speed well 
in advance of the existing standard for marine-ty 
aircraft and when carrying a net payload of 1,000 lb. 
of mail. 

In spite of the complete departure from previous 
practice, the trials of the composite aircraft were 
completed without a hitch of any sort, and the aircraft 
was immediately set to demonstrate its ability to 
perform the Atlantic flight. This it did on July 20-21, 
1938. The start was made from Foynes with Mercury 
loaded to her full normal weight of 20,800 lb. The 
weight of the lower component, Maia, as part of the 
composite aircraft, was 27,800 lb., so that the total 
weight of the composite aircraft was 48,600 lb. At 
this weight the take-off was effected comfortably in 
17-5 seconds and after a correspondingly short run. 
After a normal separation, Mercury proceeded on her 
course and reached Newfoundland some 13 hours 
20 minutes later. In spite of the 25 m.p.h. average 
headwind encountered, this was the fastest East to 
West crossing so far made. It remains the fastest 
East to West crossing by a marine-type aircraft. The 
range provided was sufficient to enable Mercury to 
reach her scheduled destination, Montreal, non-stop. 
Strong headwinds of from 40 m.p.h. to 50 m.p.h. were 
encountered between Newfoundland and Montreal, and 
the total distance of 2,860 miles was made in 20 hours 
20 minutes. This was not only the fastest East to 
West crossing, but the first Atlantic crossing on which 
a commercial load was carried. Incidentally, I believe 
it was the first crossing made by an airworthy aircraft, 
i.e., an aircraft loaded within the limits prescribed by 
its certificate of airworthiness. 

It must be admitted that the case for the composite 
| aircraft in commercial aviation stands or falls on the 
question of segregation or non-segregation of passengers 
and mails. There is, of course, no absolute limit to the 
size of the upper component or the composite aircraft 
as a whole, but practical considerations make it desir- 





| speed permitted. 
‘ The employment of the catapult for the launching of 





able to limit the size of the upper component to a total 
weight of from 30,000 Ib. to 35,000 Ib. in the present 
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stage of development. Generally speaking, the upper 
component will have a total weight up to about 65 per 
cent. of the total weight of the lower component when 
the latter is fully loaded as a normal separate aircraft. 
It is thus, in effect, the size of lower component required 
that determines the practical limit for the size and 
weight of the upper component. Owing to the very 
high wing loading permitted by this method of assisted 
take-off, the size of the upper component will be rela- 
tively small in relation to its weight. Thus, even 
though an upper component of 30,000 lb. to 35,000 Ib. 
total weight can carry a substantial payload for the 
Atlantic range, it offers only limited cubic capacity 
in relation to this payload. Such an upper component 
could readily offer sleeping accommodation for a 
certain number of passengers, but the spaciousness 
would not be up to the standard required for regular 
passenger services over the Atlantic. What it comes 
to is that the composite aircraft could offer reasonably 
good emergency accommodation for a few passengers, 
but it is not a suitable type to form the main equip- 
ment for Atlantic passenger services of the future. 
The essential advantages of the composite aircraft 
scheme of assisted take-off as applied to commercial 
aviation may be summarised as follows :—(1) It 
eliminates the take-off problem for heavily-loaded 
aircraft. It provides for a quick take-off and a short 
run and thus dispenses with the necessity for special 
airports. (2) It launches the heavily-loaded aircraft 
at a safe height and at a safe speed far above the 
stalling speed. By doing this it eliminates the risk 
of crashing due to engine or other trouble at or soon 
after the take-off. (3) It relieves the engines of the 
long-range aircraft of the heavy strain associated with 
direct take-off and initial climb, and thus makes for 
engine reliability. (4) It enables the smallest and 
most economical size of aircraft to be employed and is 
thus particularly well adapted for long-range mail 
services. (5) It offers scope for the effective use of 
compression-ignition engines. The one serious draw- 
back to these engines in normal practice is the lack of 
excess power for take-off, but this does not matter 
in the case of the composite aircraft. (6) It is parti- 
cularly suitable for launching an aircraft designed for 
stratosphere or high-altitude flying. (7) It offers a 
high degree of mobility; the auxiliary aircraft (the 
lower component) can fly from base to base and a 
standard dock or builder’s crane can be used for the 
operation of mounting. (8) Obsolescent aircraft of 
moderately large size can be adapted with comparatively 
little modification to form suitable lower components. 
(9) The capital and operating costs of the auxiliary 
aircraft and equipment are comparatively small in 
relation to the great reduction in capital and operating 
costs effected. (10) It has demonstrated its suitability 
for operation in varying weather conditions and is, in 
principle, suitable for night operations. (11) It is 


the only method of assisted take-off which has been 
successfully demonstrated for the launching of a very 
heavily-loaded aircraft. 


RESEARCH IN STEEL 
METALLURGY. 


WHEN delivering the first lecture of the resumed 
1939-40 winter programme of the Sheffield Metallur- 
gical Association, on October 31, Dr. W. H. Hatfield, 
F.R.S., recalled at the outset that he had served as the 
first President of the Association when it began acti- 
vities during the war of 1914-18. Dr. Hatfield, who 


| investigation. Nevertheless, microphotographs indi- 
| cated that the scaling of the material at the temperature 
| of 900 deg. C. was not continuous, and this was sub- 
| stantiated by the fact that the creep rate remained 
| steady over a long period. There was reason to believe 
that the scale was formed early in the test and that 
it protected the material against further oxidation. 
Again, interesting results had been given by exposing a 
mild steel to a temperature of 450 deg. C., for 13 months, 
| in order to investigate the effect on the microstructure. 
The test had shown that no trace of spheroidisation 
of the carbide in the pearlite occurred. 

Research into corrosion phenomena had yielded 
some interesting results and one investigation conducted 
at the Brown-Firth Research Laboratories might be 
cited. In 1924, a number of cylindrical samples of 
stainless steel had been placed in bottles containing 
various reagents, including nitric acid of 1-20 specific 
gravity. In 1928, it had been found that the sample 
in the nitric acid had become slightly discoloured and 
a second sample was placed in nitric acid. ‘This, in 
its turn, became discoloured, and, in 193], a third 
sample was placed in the reagent. This also, in the 
course of time, showed evidence of discoloration, and 
it had then been found that the thickness of the 
film present on the surface of the metal ranged from 
16-5 x 10-* cm. in the case of the 1924 sample, to 
|4°9 x 10-® om. in that of the 1928 sample and to 
2-1 x 10-* cm. in that of the 1931 sample. From these 

results it was obvious that the film thickened with the 

| time it remained in the reagent, and the matter was 
{one which might form the subject of a separate 
| discussion at a-later date. 











CONVERTIBLE SPOT AND SEAM 
WELDER. 


Tux electric welder shown in the accompanying 
illustration is being marketed in this country by 
Messrs. Aviation Corporates, Limited, Aerial House, 
Royal Mansions, Henley-on-Thames. It is constructed 
in capacities from 100 kVA to 400 kVA, and can be 
utilised for making either spot or seam welds. When 
being employed for the former purpose, a speed of 
some 40 to 45 welds per minute is, it is claimed, 
obtainable. The machine is specially designed to weld 
stainless steel and aluminium alloys, and to produce 





spoke on “ Research in Steel Metallurgy,” stated that | welds capable not only of resisting the maximum 


during the last war many marked advances in metal- 
lurgy had been made and it was apparent that, with 
the extended research facilities now available, similar 


meet the severe conditions after hostilities. 
workers could be divided into two classes. 


advances should be possible during the present war. | 
In fact, if the position of this country was to be main-| a fully-enclosed self-contained unit, with the switch 
tained, the progressive development of fundamental | and handwheels for the control and operating mech- 
knowledge and its application to industry must con-| anism mounted on the front of the cabinet. 
tinue unabated. Moreover, this would help industry to | cabinet itself is provided with steel doors through which 
Scientific | access is obtainable to the control relays, circuit 
Of these, | breakers, vacuum tubes, air cylinders and other 
those engaged in industry applied scientific methods to | accessories. The transformer, which is mounted in the 
the solution of every-day problems and also tried to! base, has a normal capacity of 200 kVA. 
extend knowledge in general. On the other hand, connected to either a 220-volt or a 440-volt circuit, 


shear and tensile stresses but of withstanding fatigue. 
The resulting surface will, it is stated, satisfactorily 
resist corrosion. 

As will be clear from the illustration, the welder is 





The 


It can be 


the universities and the national research laboratories | and, if desired, the primaries may be arranged in 
carried out purely scientific work and usually stood in | series, in which case the unit has a capacity of 50 kVA 


no need to apply their work in any particular industry. 
Further, it was not necessary for them to have any 
specialised experience of industry, whereas the indus- 


| at 220 volts. 





The frame and doors are of welded steel 
sections covered with steel plates, The secondary 
arms are tubular copper conductors and the electrode 


trial worker must be able to draw from the work of the | holders, which are attached directly to these arms, are 


pure scientist. The scientific associations, however, 
provided a common meeting ground for the different 
classes of workers and played a valuable part in the 
dissemination of ideas. 

During the past twenty or twenty-five years, the 
production of corrosion-resisting, heat-resisting, and 
magnet steels—to quote only three examples—had 
progressed enormously and there was every promise 
that the next twenty-five years would be equally 
fruitful, always provided that the men and the facilities 
were available. The understanding of segregation 
phenomena had helped very greatly to facilitate the 
production of large ingots. This work, which was 
being carried out by the Ingot Committee of the Iron 
and Steel Institute, had already covered a great deal 
of ground and proved very costly to the co-operating 
firms. Nevertheless, although much work still remained 
to be done, the results so far obtained were of great 
value and importance. For example, using the best 
modern technique, it was now possible to produce 
ingots of special steels for aircraft, weighing between 
15 cwt. and 1 ton, of a very high degree of purity, as 
could be indicated by sulphur printing. 

Fruitful results had been obtained in the course of 
researches on heat-resisting steels. The exposure, 
under stress, of a heat-resisting steel to a temperature 
of 900 deg. C., for a period of 10,000 hours, for the 





purpose of determining the rate of creep of the material, 





(To be continued.) 





coupled to the transformer by flexible connections. 
The complete arm assembly is insulated from the work 
inserted in the throat by removable canvas shields. 
The upper arm is pivoted at the top and is operated 
through a limited range by an air cylinder at the back. 
It can also be rotated axially through an angle of 
90 deg. The pressure exerted by the air cylinder can 
be altered by a regulating valve on the front panel. 
When the air pressure is 100 lb. per square inch a 
pressure of 1,500 Ib. is applied to the electrodes at the 
ends of the 36-in. arm. The electrodes can be rapidly 
opened or closed when welding over thick sections by 
means of an auxiliary air cylinder. The lower arm 
is of the same construction as the upper arm and is 
fitted with interchangeable electrode holders. It can 
be raised or lowered hydraulically through a distance 
of 18 in. and rotated axially through an angle of 
90 deg. 

The incoming cables terminate in a compartment at 
the rear of the housing, the door of which is shown 
open in the illustration, and are controlled by an isola- 
ting switch. This switch, as well as a circuit-breaker, 
is mounted in the second compartment, the circuit 
breaker being tripped automatically should the door 
of either compartment be opened. All the controls 
are placed in a low-voltage circuit, the necessary 
current for which is obtained from a transformer that 
is earthed on one side to reduce risk to the operator. 


had shown that considerable changes took place in its| This transformer is mechanically isolated from the 
micro-structure, particularly at the surface. The | Ignitron-control panel, which can also be seen in the 
modifying effect on the structure of the stress imposed, | illustration, in order to prevent vibration being trans- 
however, was not fully understood and required further ' mitted from the welder arms, Access to the timing 
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panel can, if necessary, be obtained through the side 
doors of the cabinet. For the convenience of the 
operator, all the apparatus on this panel is controlled 
solely from the front of the cabinet, the necessary 
handwheels and switches being, as will be seen, placed 
at the top and on both sides of the upper arm. 

The welding operation is controlled by a three- 
position foot switch of the positive snap type. On the 
first position, air is admitted to the upper cylinder so 
that the electrode is brought down on to the work. 
On the second, the timing circuit is closed and the 
weld made. On the third, the operation of the machine 
as a seam welder is controlled as described below. The 
timing circuit is interlocked so that it is impossible 
for the timer to “ fire ” until the electrode is down on 
the work and full pressure is applied. It also releases 
the upper arm after a definite time, in order to ensure 
that the welds consistent. It is impossible to 
obtain a second impulse in the welding circuit without 
% switch and repeating the cycle of 
operations. Automatic operation may be effected by 
a movement of the transfer switch on the front panel. 
In this case, the cycle of operations is repeated at 
intervals of from 0-6 second to 6 seconds, according 


are 


releasing the f« 


to the setting of the timing relay, as long as the foot 
switch is held down. An auxiliary time delay relay is 
incorporated with the timing equipment, so that 


if for any reason the Ignitrons fail to break the welding 
circuit after a definite time, the breaker will 
open and clear the entire machine, thus protecting it 


circuit 


rhe machine can be quik kly conve rted from a spot 


welder to a roll welder by mounting a variabl speed 
direct-current motor on the arm. This motor is geared 
to lrivis shaft which passes through the tube and 
is slotted at its front end to take the driving 


rhe roll adaptors, which 
inter- 
40 that 


member of the roll assembly. 
ittached to the 
ible, 


are front ends of both arms, are 
han 


rolls of different diameters can be used. 
the 


but only the upper unit iriven 


machine to operate as a seam welder the standard 
electrode holders removed and replaced by the 
roll adaptor The driving shaft fits into the keyed 
of the adaptor and drives the roll. The 
direct-current for the motor supplied from a 
motor-generator set which is installed in the cabinet 
Speed regulation is effected by a rheostat, which 
mounted on the front of the control panel, 
varying from 3 ft. to 12 ft. per minute being thus 
obtained the surface of the rolls. The three- 
position switch on the front panel automatically starts 


are 


18 


18 


speeds 


the motor-generator set when the switch is placed in 
the roll position An additional panel carrying the 
timing apparatus is placed alongside the Ignitron 
control panel. This enables “ off time,” “on time,” 


und heat ’’ controls to be actuated from the front 
panel. When the sequence control switch is in the 
roll’ position, the motor-generator set is on and the 


foot switch is changed from the two-position to the 
three-position cycle. Under these conditions, the first 
position of the foot switch operates the air valve, so 
that pressure is applied to the rolls. 

In the second th 
the 


started, 
third the welding current is controlled. 

provided to prevent the welding current 
pplied before the operations of the first line 
steps have been completed. 


poekiion driving rolls are 
while 
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THE CONSTRUCTION AND OPERA- 


TION OF THE GRID.* 


By Jounstone Waroent 

rus choice of the construction and operation of the 
grid as the subject for this address is particularly 
appropriate, not merely because it touches the interest 
of all sections of the Institution, but also because of 
the fact that the incoming president on the outbreak 
of the war of 1914-18 was the late Sir John Snell, to 
whose vision, enthusiasm and advocacy this scheme 
was so largely due. The deficiencies in national elec- 
trical organisation revealed by that war resulted in 
the establishment of the grid and it is surely not too 
much to claim that it has a vital national role in the 
present struggle. In his address in 1927,+ Sir Archibald 
Page dealt very fully with the history of electricity 
supply in Great Britain prior to the passing of the Act 
which established the Central Electricity Board and 
gave the projected layout of the grid. In the interim. 
several papers have been presented on its design and 
construction. Nevertheless, it will be useful at this 
critical juncture to summarise some of the experience 
yained and progress made from an engineering and 
national standpoint since the passing of the 1926 Act. 

The layout projected in the original scheme has been 
generally adhered to and the financial results up to the 


* Presidential Address to the Institution of Electrical 
Engineers. Abridged. 
t See ENGINEERING, vol. 124, 


page 531 (1927). 
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outbreak of war were even better than those envisaged 

in the programme of development. On the grounds of | 
capital conservation alone the grid has already made @ 

substantial net contribution to economy; and the 

standardisation of frequency resulted in a large increase 

in the normal capital expenditure of the industry at a 

time when such expenditure was most needed. Our 

manufacturers have also been afforded valuable experi- 

ence in the design and construction of high-voltage | 
plant, thus putting them in a position of equality with 

their foreign competitors. 

In 1924, it was estimated that the standardisation of 
frequency would cost 10,500,000/. The actual expendi- 
ture up to the end of 1938 when the work was virtually | 
complete was 17,.300,0001. The magnitude of this | 
increase clearly indicates that the cost of standardisa- | 
tion would have become prohibitive, if it had been 
further delayed. At the present time, it would, in | 
fact, have cost over 30,000,0001. The benefits arising | 
from standardisation are difficult to assess with any | 
precision. The savings attributable to the grid would | 
not, however, have been on the same scale had stan- | 
dardisation not been undertaken and, in addition, 
economies in the costs of production of transformers, 
motors, meters and instruments are not inconsiderable, 
and must benefit undertakings, consumers and manu- 
facturers. It is at least questionable, for instance, 
whether any considerable market for electrical clocks 
could have been developed if non-standard frequencies 
had persisted, while of amuch greater importance is 
the fact that the national defence requirements have 
undoubtedly been simplified by the existence of a 
national standard frequency. It is very much to the 
credit of the industry that more than 1,900,000 h.p. 
of motors on consumers’ premises have been changed 
over without dislocation of industrial production, and 
over 900,000 kW of alternators have been altered 
without unduly encroaching on reserve generating 
plant capacity. 

As regards technical performance, it can be claimed 
that, in relation to the size of the grid, the number of 
fanits has been small. The overhead lines have proved | 
their reliability in conditions of severity even in excess 
of those envisaged in the official regulations, and it is 
noteworthy that no 132-kV tower has been destroyed 
or even seriously damaged by natural agencies. The 
numerous high towers for river crossings, canal over- 
builds, and multiple-circuits are individual achieve- 
ments in structural engineering which have proved 
to entirely satisfactory. The steel-cored alumi- 
nium conductors have proved suitable for all classes 
of line. There have been jointing troubles, necessitating 
new types of joint, and vibration experience has led to 
the general precautionary fitting of anti-vibration 
dampers. In certain small areas, corrosion has led the 
Board to use suitable protective coatings, but on over 
99 per cent. of the total length of lines aluminium 
deterioration is less than 1 per cent. per annum for the 
outer layer and still less for the inner, while only a few | 
insignificant instances of deterioration of the galvanised 
steel core have as yet been encountered. 

In many areas in Great Britain high-voltage insu- 
lation suffers exceptionally from industrial pollution and 
fog prevalence, and although the standard line insula- 
tors have proved eminently satisfactory on about 
90 per cent. of the system, for the more vulnerable 
sections special insulators have had to be developed. 
This step has brought the problem of flashovers due 
to industrial dirt, fog, and frost, within manageable 
limits. Lightning remains the most frequent cause of 
faults on overhead equipment, being responsible during 
the last six years for an annual average per 1,000 miles 
in service of about nine flashovers on 132-kV lines and | 
34 on lower-voltage lines. Fortunately, the effects on | 
reliability of supply are not great and damage to| 
transformer insulation, involving lengthy repairs, has 
been too infrequent to justify the fitting of protective 
devices, except in areas specially prone to lightning. 
Bushings for transformers, circuit-breakers, metal- 
clad switchgear, and the like, have been remarkably 
free from trouble. Condenser bushing insulators have 
shown three general types of weakness—ingress of 
moisture, surface tracking, and puncturing due to 
internal voids. 

High specific insulation stress necessitates appro- 
priate testing methods, involving the measurement and 
examination of the variation of dielectric losses and 
currents with applied voltages and temperatures. In 
certain circumstances, X-ray examination is also useful. 
The technique of such measurements and the inter- | 
pretation of test results are still somewhat obscure to 
most power engineers, and there is much scope for 
intensive investigation. In general, the practical 
results with apparatus incorporating insulating oils 
and bakelised or other synthetic solid products has 
been satisfactory, having regard to the vast quantities 
in service. Anxiety has occasionally been caused by 
failures revealing weaknesses common to large quan- 
tities of equipment, but a high standard of electrical 
and chemical knowledge was fortunately available and 
such conditions were quickly eliminated. Twelve years’ 
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experience leads to the conclusion that the classes of 
insulation dealt with will have an adequate economic 
life. The technique is, however, by no means perfect, 
and there is ample scope for improvement. 

In 1927, small low-voltage transformers had self- 
contained on-load ratio-changing gear in only a few 
exceptional cases. The decision so to fit all grid 
transformers has been shown by experience to be wise. 
Almost every high-voltage transformer in the supply 
industry is now fitted with such gear as standard 
practice, with large consequent savings. This change 
in general policy is sufficient indication of the complete 
technical success of the grid equipment, by which British 
transformer manufacturers made an impressive contri- 
bution to electrical engineering, all the more praise- 
worthy as every unit has to be transportable over 
British railways with their restricted loading gauge. 


| While research into surge phenomena in this country 


may have lagged behind that of other countries in the 
past, the Board has done much to assist and accelerate 
British investigation, in collaboration with the British 
Electrical and Allied Industries Research Association 
and the National Physical Laboratory. It should 
be possible in the reasonably near future to assess 
accurately the stresses imposed on transformer windings 
by lightning, and to design windings and protective 
devices so that service failures may be eliminated. 
Transformer design is advancing in orderly evolution. 
The Board has already done much to secure quiet 
operation by insisting in its specifications on the 
importance of this aspect of design and by applying 
the latest forms of noise-measuring equipment in 
transformer testing. It is reasonable to expect that 
manufacturers will persevere in the efforts to provide 
more and more silent transformers and cooling gear, as 
it is becoming exceptional for substation sites to be 
remote from dwelling houses, and everything possible 
must be done to ensure that there is no additional 


| strain on the inmates of homes adjacent to them. 


The Board’s equipment is believed to constitute the 
largest installation of switchgear operated by one 
management. In 1927, it was obvious that 
changes in circuit-breaker technique were pending, 
but construction could not be delayed until these 
matured, and experience indicated no undue hazard 
in using the then existing types of circuit-breaker, 
suitably modified to meet the higher voltage conditions. 
Short-circuit testing has been in progress for some 
years and there are now five large testing stations in 
this country. This testing has resulted in greatly 
improved safety and increased speed of clearance of 
faults. Are-control devices have made possible the 
renovation of many older types of circuit-breaker to 
give performances almost comparable with those of the 
most modern productions. The relations between the 
short-circuit conditions imposed by test plants and those 
encountered in supply service are not yet fully under- 
stood, but it is to be hoped that the co-operation 
between supply authorities and manufacturers, already 
commenced, will expand until all outstanding questions 
have been satisfactorily answered. Switchgear insula- 
tion has become almost notorious in recent years as a 
source of trouble, through the disastrous consequences 
of what were initially minor and localised failures. 
Such cases have been few and even the consequential 
losses, large in themselves, have been small in relation 
to the magnitude of the supply industry. Nevertheless, 
it is essential to eliminate such occurrences from our 
records, and in this connection the conclusions of the 
Investigating Committee appointed by the Electricity 
Commissioners are recommended for serious considera- 
tion. The development of the oil circuit-breaker to the 
high-speed, small oil-content stage at which it stands 
to-day is a fine achievement. Oil-less circuit-breakers, 
however, have advantages which will probably make 
them preferable for many applications. 

Owing to the wide extent of built-up areas in this 
country, extensive sections of high-voltage cables had 
to be used for grid connections to selected and other 
stations, the system to-day comprising 23} route miles 
of 132-kV cables and nearly 200 miles at lower voltages. 
When it is remembered that in 1927 there was practi- 
cally no experience of 66-kV and 132-kV cables in 
this or any other country, this work of the British 
cable makers, of which little has been made public, will 
be realised as one of the greatest achievements ever 
accomplished in cable construction and installation. 

Although used where practicable, the adoption of 
pilot-wire protection throughout the system was 
impracticable, since the necessary pilots would have 
cost some 3,590,0001.; in general, reliance had to be 
placed on the now well-known impedance and reactance 
types of distance protection. For the year 1938, 
correct operation of the protective gear as a whole 
reached a figure of 88 per cent., and certain of the areas 
attained the excellent standard of 96 per cent., which 
is probably about the maximum attainable with 
existing equipment and without expenditure dispro- 
portionate to the gain to be derived. Of great promise 
in overhead-line protection is the development by which 
power lines themselves are used as pilots for conveying 


great 
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high-frequency tripping or locking impulses. The |'THE MANUFACTURE OF RIMMING) 


complicated high-frequency apparatus has not yet | 
been completely adapted to power-engineering needs, | STEEL BY THE BASIC BESSEMER 
but, taking all factors into consideration, carrier-current PROCESS AT CORBY. 

By W. L. Kertte, B.Sc. 


protection will do much to assist power-transmission 

development. Special forms of integrating meters, | 

summators, maximum-demand indicators, and printo-| _Lw general, the technique behind the manufacture of 
meters, had to be developed to measure and record | normal quality rimming steel at Corby closely resembles 
with the requisite accuracy the various electrical | that of standard Continental practice. The essential 

quantities required by the complicated accountancy | difference lies in the fact that at Corby acid-burdening | 
of the 1926 Act. The British meter manufacturers | of the blast-furnaces is carried out, with subsequent | 
responded to this need and produced the necessary | desulphurisation in the iron ladles. By these means | 
instruments in what now seems a remarkably short |the iron composition is held within narrow limits, 
period. The metering equipments have given such | with consequent greater regularity in steelmaking 
excellent service that disputes between the Board and | practice. Two 1,000-ton mixers, lined with.magnesite 
authorised undertakers on the subject of measurements | brick, carry the iron reserve, and this maintains further 
have been negligible. From both personal and tech- | uniformity in the composition of the iron. There are | 
nical standpoints it is significant that even in the few | four 25-ton converters, of which two are blown alter- 

controversial cases reference to an outside standardising | nately, with occasionally the third also in operation ; | 
authority has not been necessary. one is normally under repair. The factors which affect | 
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The spiegeleisen is charged cold to the converter, 
and the ferro-manganese, in the form of small hot 
pieces, is shovelled into the falling metal stream. 
Within five minutes the manganese is evenly distri- 
buted throughout the steel (this is the result of exten- 
sive trials) and top-teeming, usually into 4 ton 15 ewt. 
moulds, is carried out. These moulds have a tempera- 
ture in the neighbourhood of 100 deg. C. and are 
brushed with hot tar on the inside surface. 

The appearance of the metal in the first mould and 
its behaviour on the addition of $ oz. of aluminium 
while nearing the top give an indication of its condition 


|and the amount of aluminium that will be required in 


subsequent moulds. Very hot metal rises steadily in 
the mould, and the addition of a few pellets of alumi- 
nium will cause this to sink somewhat. To produce 
more or less flat-topped ingots, the aluminium added 
must be sufficient to prevent the tendency to rise in 
the mould. 

The average results of temperature measurements 


(To be continued.) 








PETROL-STARTING DEVICE FOR 
DIESEL ENGINES. 


WHEN dealing with the exhibits at the last Leipzig 


Fair, in ENGINEERING, vol. 147, page 465 (1939), we 
described a Diesel-engined tractor shown by Messrs. 
Famo-Werke G.m.b.H., of Breslau. We stated, in 
connection with this description, that the firm also 
manufactured petrol-driven tractors, but this state- 
ment was corrected on page 569 of the same volume. 


the duration of the blow and which are used to control | made at various stages during the process are shown 

the operation are, firstly, the condition of the converter | below. These were, in all cases, taken with the Bioptix 

lining ; secondly, the thickness of the converter bottom ; | pyrometer, using the “ colour ”’ scale, and are therefore 
| thirdly, the inside temperature conditions of the con- | “ true temperatures already corrected for emissivity ”’: 


| verter ; fourthly, the analysis of the iron ; and, lastly, | Deg. C. 
| the phosphorus content of the finished steel. rere 1.255 

| _The scrap (usually bloom ends and a small proportion |  s¢) ¢ ' as 

| . 4 , . ! : rom converter 1,620 
|of pit scrap) is the chief agent in controlling the Slag from converter nr , 1.560 

| temperature of the finished steel. When hot conditions|  g4.0) trom nozzle (during teeming) 1.555 

| prevail—e.g., higher-silicon iron and hot converters— Steel rimthing in mould ... ; 1.520 


|a heavier type of scrap, such as ingot ends, is used, 
while with colder conditions small bar-end scrap is 
used. The scrap is usually added after 2 minutes to 
|5 minutes blowing, the two principal reasons being 








CATALOGUES. 





Actually, the firm manufacture Diesel-engined tractors | that the iron has become hotter and more fluid, owing 
only, but two models are offered, one with an electric | t© the removal of silicon, and in order to avoid inter- 
starting arrangement and the other with a petrol | fering with the time of the after-blow. It should be 
hand-starting device. The latter arrangement, which | 2Oted that, with ample mixer capacity and the type 
is somewhat unusual for a tractor, is illustrated in the | Of blast-furnace practice in use, there are no violent 
accompanying figure. The compression ratio of the | Wings from heat to heat, and that all the necessary 
Diesel engine fitted is 16 to 1, and it is necessary to variations can be made gradually. Under average 


reduce this ratio considerably for operating on petrol. | Conditions of converter life and iron composition, the 
first part of the blow (or fore-blow) will take about 


| 12 minutes, when the flame drop occurs. Further 
blowing for about 34 minutes brings the phosphorus 
| to the desired limits, when, of course, the after-blow is 
| finished. 
The variation in the appearance of the flame through- 
out the blow is of considerable practical importance. 
| During the first two minutes, when all the silicon is 
| removed, the flame is of a bluish transparent nature and 
| gradually becomes yellow and longer in length. Imme- 
| diately prior to the beginning of the after-blow the 
| flame hesitates somewhat and then drops steadily to 
4 ft. or 5 ft. in length. At the end of the after-blow, 
the flame should increase in size, and copious yellowish 
| fumes, which almost hide the flame, should be evolved. 
| The after-blow required for the phosphorus removal is 
| controlled by time based on experience for any specific 
|set of conditions. The usual check fracture test is 
| made, but the indications given by spoon samples and 
|the known converter conditions constitute, as in the 
| case of open-hearth practice, a dependable guide as to 
| the end period. 
The essential particulars typical of a rimming steel 
practice are as follows :— 

















This reduction is effected by connecting the combustion | 
space proper to a subsidiary chamber. This chamber 


is located in the left-hand side of the cylinder head,| 70n Analysis :— Per cent. 
as viewed in the drawing reproduced, and it will be | Phosphorus 2-00 
noticed that the passage betweep the two chambers | Sulphur ... 0-09 
can be closed by a spring-loaded mushroom valve. | Silicon 0°50 
When the engine is operating normally on Diesel oil | Manganese 0-70 
this valve is closed throughout the cycle. It will be | Carbon 3-00 
observed that the valve tappet is in contact with an | Quantity used 25 tons. 
eccentric, and when it is desired to start up on petrol,| Times :— 

the shaft carrying this eccentric is rotated by means | First blowing period 12 minutes. 
of a hand lever. The valve then remains open until After-blow 34» 

it is desired to change over to Diesel oil. The com-| 4agitions :— 

pression ratio with the valve open is 4-5 to 1. When) To converter 100 Ib. of spiegel (20 per cent. to 
running on petrol, the engine functions as a’ normal | 22 per cent. manganese). 
petrol engine, the only difference from modern practice To ladle ... 280 lb. of ferro-manganese (77 
being that the inlet valve is of the automatic type. | per cent. to 80 per cent. man- 
Such valves were, of course, at one time universal in | ganese). 

petrol engines, and are entirely satisfactory at low) 4nalyses :— 

speeds. This valve is shown mounted horizontally C. Mn. s. P. 
on the left of the illustration, with the carburettor Per cent. Percent. Percent. Per cent. 
below it. The carburettor is a small model, having | jjown 

only sufficient capacity to operate the engine when meta 0-02 0°15 0-05 0-05 
idling, and the operator cannot therefore run the | gtee _.. 9-04-0-06 0°35-0-45 0-035-0-050 0-04-0-06 





engine on petrol on load. When working on petrol, 








Gravity Conveyors.—From Messrs. Herbert. Morris, 
Limited, Loughborough, we have received a brochure 
dealing with their gravity conveyors, and illustrating 
the types and methods of fixing best suited to various 
requirements. 

Coke-Heating Stoves.—Messrs. Eagle Range and Grate 
Company, Limited, Aston, Birmingham, 6, have sent us 
particulars of a new heater, suitable for warming work- 
shops, factories and storerooms, which requires re-fuelling 
only twice daily. 

Lubricants.—We have received from Messrs. Germ 
Lubricants, Limited, City Gate House, Finsbury-square, 
London, E.C.2, a pamphlet describing the “‘ Germ” 
oils, made by the Wells-Southcombe process, and indi- 
cating the various grades suitable for different indus- 
trial purposes. 

Automatic Boiler Control.—We have received from 
Messrs. George Kent, Limited, Luton, Bedfordshire, a 
pamphlet indicating the importance, in times of emer- 
gency, of an automatic control of steam supply in circum- 
stances, such as air raids, which affect the operating staff 
in power stations. 

Aircraft Machinery.—A catalogue describing the 
machinery, made by them for the aircraft industry, 
has been received from Messrs. W. H. A. Robertson and 
Company, Limited, Lynton Works, Bedford. The 
catalogue deals with rolling mills, wire mills, coiling, 
slitting and swaging machines, etc. 


Brake and Clutch Linings.—We have received from 


Messrs. Raybestos-Belaco, Limited, Asbestos House, 
Southwark-street, London, 8.E.1, a booklet entitled 
“ Brake Queries Answered,’’ which provides useful 


information on brake and clutch linings and should be 
found useful by operators of motor vehicles. 


Standardised Chain Drives.—Messrs. The Renold and 
Coventry Chain Company, Limited, Renold Works, 
Didsbury, Manchester, have sent us a copy of a new 
catalogue containing useful tables and charts designed 
to facilitate the selection of the most suitable chain drive 
for a given purpose, and enabling the cost to be deter- 
mined. 

Pressure-Charged Oil Engines.—1n connection with the 
recent production of new siesigns of airless-injection oll 
engines, two of which we described on page 410, ante, 
Messrs. Ruston and Hornsby, Limited, Lincoln, have 
published a booklet entitled ‘‘ Extra Power from Extra 
Air,” explaining how an increased power output can be 
obtained by pressure charging. 

Industrial Rubber.—From Messrs. Reliance Rubber 
Company, Limited, Cremorne Works and Lion Works, 
Lots-road, Chelsea, London, 8.W.10, we have received 





ignition is effected by a sparking plug of normal type, on pra seer gee 2h — | a somewhat unusual publication entitled “‘ Plastic Gold.” 
located in the subsidiary chamber, as shown in the otan nee 61-7 In this is given an historical outline of rubber, its culti- 
figure. The necessary ignition current is supplied by MnO 3-0 vation and manipulation, and an account of the many 
a magneto. FeO 10-6 | uses to which it has been put. 
——- Fe,03; 3-3 Horizontal Drilling, Boring and Milling Machines. 
P.O; 20-2 | Messrs. William Asquith, Limited, Highroad Well Works, 


THE Ow INDUSTRY 
half of the present year, 3,254,269 barrels of oil were 
produced in Alberta, as compared with 2,829,370 barrels 
in the first six months of 1938. 


IN ALBFRTA.—During the first | 


Halifax, have sent us a_ well-illustrated catalogue, 
describing their range of horizontal-spindle machines for 
drilling, boring and milling work, both for light and 
heavy duty. Ease of control, without fatigue to the 
operator, is a special feature of these machines. 





* Paper contained in the Ninth Report on the Hetero- 

geneity of Steel Ingots, prepared for presentation at the 
| cancelled Cardiff Autumn Meeting of the Iron and Steel 
‘Institute. Abridged. 
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*“ ENGINEERING” ILLUSTRATED 
PATENT RECORD. 


ABSTRACTS OF SPECIFICATIONS RECENTLY 
PUBLISHED UNDER THE ACTS OF 1907 TO 1939. 


The number of views given in the Specification Drawings 


ia stated in each case; where none is mentioned, the 
Specification is not illustrated. 
Where inventions are communicated from abroad, the 


Names, etc., of the communicators are given in italics. 
Copies of ppeeetetone may be obtained at the Patent 


Yiice Sales Branch, 25, Southampton Buildings, 
Chancery-lane, London, W.C.2, price 18. each. 
The date of the advertisement of the acceptance of a 


Complete Specification is, in each case, given after the 
ahatract, unicss the Patent has been sealed, when the 
word “* Sealed” is appended. 
iny person may, at any time within two months from the 
date of the advertisement of the acceptance of a Complete 
Specification, give notice at the Patent Office of 
opposition to the grant of a Patent on any of the 
grounds mentioned in the Acts. 


ELECTRICAL APPARATUS. 


512,247. Mercury-Are Rectifier. The Genera] Electric 
Company, Limited, of London, and H. H. Taylour, of 
Birmingham. (2 Figs.) March 2, 1938.—-The invention 
is a fault suppressor for mercury-are rectifiers. A six- 
anode merecury-are rectifier is supplied from a three/six 
phase transformer with the usual interphase transformer 
6. The winding of the interphase transformer is in two 
sections, the adjacent terminals of which are connected 
together through the two sections 9 and 10 of the winding 
of a high-speed differentially-wound relay. The junction 











of the two sections 9 and 10 is connected to the negative 
terminal of the direct-current circuit. The relay operates 


contacts 15 in a trip cirenit which includes quenching 
gride for each anode. Under normal conditions the 
direct currents in the two sections of the interphase 


transformer and in the sections 9 and 10 of the relay 
winding are of the same magnitude but opposite in 
sign, and the contacts 15 remain open. Upon the 
ovecurrence of a back-fire in the rectifier, as shown in the 
drawing, the unbalance of currents in the sections of the 
inter-phase transformer and the relay causes the latter 
to the thus energising the quenching 
gride to suppress the fault. (dAccepted August 31, 1939.) 


close contacts, 


HYDRAULIC MACHINERY. 


511,797. Water-Softener Fitting. Economic Water 
Softeners, Limited, of Birmingham, and S. Shiner and 
H. C. Golder, of Birmingham. (3 Figs.) February 25, 
1938.—-The invention is a flow-control fitting for water 
softeners in which re-washering is simplified and which 
allows hard water to be drawn off during flushing and 


7 
— é 








The duplicated supply and 


has 
delivery connections, a drainage outlet, and connections 


regeneration. fitting 
d, ¢ to the water softener. Three openings in the front 
of the fitting take the plugs of three valves, one of which 
ia a single-beat valve which controls the port i. The other 
two openings receive the plugs of identical double-beat 
valves working in valve chambers i, /*. The valve in 
the chamber | admits water from the main inlet either 


EERING. 


to the connection d, or through a port u to a compartment 
in which is a partition with a restrictor valve and thence 
to the valve chamber /'. The valve in the latter controls 
the flow between the connection e and the delivery 6 or, 
through another port u, between the chamber and the 
drainage outlet c. The port i connects the passage d 
and the drainage outlet. Each double-beat valve consists 
of a pair of annular washers of diferent diameters. The 
washers are carried in independent cups which can be 
removed from the spindle without withdrawing it from 
the valve plug. The smaller washer controls the port 
u in the end wall of the valve chamber, and the other 
washer controls the flow through a port z in a removable 
sleeve. During normal operation, the valves are screwed 
down to close the ports i and u. Untreated water then 
flows through the valve chamber I, through the connection 
d to the top of the water softener. The treated water is 
returned to the connection e¢ and passes into the valve 
chamber I’ and thence through the port m! and the 
delivery connection 6. For reverse flushing the port iis 
opened and the valve in the chamber ! is unscrewed to 
open the port u and close the port z. To regenerate, 
the port i is closed and the ports u and z in the chamber l 
are both opened. The valve in the chamber /' is un- 
screwed to open the port u and close the port z. Thus, 
hard water flows from the inlet port through the softener, 
to the connection ¢, and passes through the port « in 
the chamber [' to the waste outlet c. During flushing 
and regenerating hard water can be drawn off from the 
delivery outlet b.—( Accepted August 24, 1939.) 


MACHINE AND OTHER TOOLS, SHAFTING, 
ETC. 


512,035. Fatigue-Testing Machine. The De Havilland 
Aircraft Company, Limited, of Hatfield Aerodrome, and 
K. W. Clarke, of Hatfield. (5 Figs.) February 25, 1938.— 
The machine applies simultaneous bending and torsional 
moments to sheet or bar test pieces. The machine bed is 
grooved to form a slide for two stocks 12 and 13. Each 
stock carries part of a main drive shaft, the parts being 
connected by a splined coupling which allows the longi- 
tudinal spacing and the phasing of the shafts to be 
adjusted. Brackets on the stock 12 support a transverse 
pivot upon which is mounted a block. One end of the 
block carries a chuck 28 which can slide outwards on its 
mounting spigot against a spring, but which cannot 
rotate. At the other end of the block is a pin upon which 
is mounted the spherical inner race of a ball bearing 
mounted in the top of a link 36 the lower end of which is 
carried on a similar bearing on a crankpin 38. The 


ag 7 








pin is mounted between bosses on the driving shaft and 
its throw is variable. The stock 13 supports the longi- 
tudinal pivot of a blockA9 theinner end of which is slotted 
to provide a chuck in which one end of the test piece 54 
ts clamped, while the other end is held in the chuck 28. 
The block 49 carries a lug in which is mounted a bearing 
pin for the upper end of a link 51 mounted on a variable- 
throw crank similarly to the link 36. When the driving 
shaft is rotated, the rocking motion of the block carrying 
the chuck 28 about the transverse pivot applies a bending 
moment to the test piece, while the angular motion of 
the block 49 applies a moment. (4ccepted 
August 28, 1939.) 


torsional 


512,058. Coil-Winding Machine. 
Winder and Electrical Equipment 
and C. H. Bomback, of Westminster. 


Company, Limited, 
(10 Figs.) 


of the type in which the reversal of the travel of the traver- 
ser carriage at the end of the layer is effected by a fixed 
trip carried on the traverser carriage and engaged by a 
With such machines the layers wound are 


34 _,33 99 “ 


ee fe) 


pre-set stop. 
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normally of the same length. For coils such as magneto 
coils, some of the layers must progressively decrease in 
length after a certain number. The new machine achieves 
this by replacing the fixed trip by an expanding one. 
A small plate 40 is carried on the front of the traverser 
carriage between the pre-set stops 34 and 35. Pivoted 


Jan- 
uary 28, 1938.—The invention is a coil-winding machine | 


Nov. 17, 1939. 


on this plate are two arms 41, between which are two 
cams. Rollers carried by the arms bear on the cams 
and engage with the pre-set stops 34 and 35 to reverse 
the direction or travel of the traverser carriage. The 
came are rotated by a ratchet wheel and a pawl which is 
pivoted at one end of an arm 49. A projection on this arm 
engages with a pre-set abutment 53 as the travereer 
carriage moves backwards and forwards between the 
stops 34 and 35 and operates the ratchet to advance the 
cams at each traverse. So long as the rollers engage 
the concentric portions of the cams the larers will be 
all wound of the full length. Once the ends of the con- 
centric portions of the cams have been reached the rollers 
move away from one another to engage earlier with the 
stops 34 and 35 and reverse the carriage before the full 
length of the layers has been wound. (Accepted 
August 29, 1939.) 


MINING, METALLURGY, ETC. 


510,628. Metal-Tube Manufacture. Stewarts and 
Lloyds, Limited, of Glasgow, and G. S. McLay, of London. 
(4 Figs.) April 20, 1938.—The invention is a push-bench 
method of manufacture of metal tubes which effects an 
economy in metal and avoids the necessity of the usual 
reeling operation for stripping the tube from the push- 
bench mandrel. The hollow from which the tube is 
eventually produced has usually been closed at one end, 
and it has been formed by forcing a punch into a heated 
square sectioned billet in a container. In the present 
arrangement, however, a round billet is heated and then 
pierced in a rotary piercing apparatus. This produces a 
more concentric hollow, which thinner walled and 


is 











(510,628) 





longer and contains more metal than does the hollow 
produced by punching. Such a thin-walled hollow 
requires less working, so that, with certain classes of 
tube, it becomes possible to avoid changing the mandrel 
for every tube. The hollow 1 thus produced has a 
through hole and one end is deformed by squeezing it 
inwards at 3 to produce four internal shoulders 4. <A 
metal plug 5 of approximately the diameter of the push- 
bench mandrel is stepped to form a boss 8, which is 
inserted between the shoulders 4 and has a stem 9, 
which projects from the deformed end. The hollow 
now placed on one end of a push-bench mandrel 6, so 
| that the mandrel engages the front face of the plug. 
| The push-bench dies 11 then reduce the wall thickness 
and convert the hollow into a tube. The finished tube 
|} is stripped from the mandrel by jaws, which grip the 
| projecting stem of the plug while the mandrel is held. 
The end of the tube is then sawn off and the plug 
removed from the waste end for use in a further tube.— 
(Accepted August 4, 1939.) 


is 


MOTOR ROAD VEHICLES. 


511,766. Steering of Independently-Sprung Wheels. 
Morris Motors, Limited, of Cowley, and A. V. Oak, of 
Cowley. (1 Fig.) April 25, 1939.—The invention is a 
steering assembly for cars having independently sprung 
front wheels. The cross member a is attached to the 
underframe of the car. Near the ends of this member 
are pivoted spring controlled links 6, such as are ordi- 


The Automatic Coil 
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(544766) 


narily used in independently sprung wheels, and their 
pivot axes are parallel to the centre line of the car. To 
their outer ends are pivoted the axles of the road wheels, 
which also carry the steering arms. At one side of the 
cross-member a is a guide f for the middle part of a 
three-part track bar, the outer parts A of which areattached 
to the middle part by universal joints arranged so that 
up and down movements of the road wheels do not alter 
the tracking. The ends of the guide / serve as stops for 
the steering. All the parts form a complete unit which 
can be assembled with the wheels and adjusted before 
| mounting on the vehicle. (Accepted August 23, 1939.) 
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COAST AND RIVER CONSERVANCY. | 


By Ernest Latuam, M.Inst.C.E. 


THE study of this specialised branch of the 
engineering profession is a slow one and there is 
very little theory connected with it, experience 
being gained mostly by the old method of trial and 
error. On the whole, there are almost as many 
failures to recount in constructional work as there 
are successes, although the proportion of successes 
is increasing as the subject is becoming more 
extended and better understood. About twenty-five 
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beach materials are produced. Where there is a) 
coastline of hard igneous rock, good examples of | 
which are the seaboards of Cornwall and Pembroke- 
shire, the question of coast erosion scarcely arises. | 
Those parts of the coast which require artificial aid 
are reduced, therefore, to the crumbling cliff sections 
and the low-lying coastal lands or marshes below 
high-water level. Regarding the crumbling cliff 
sections, Brighton and Rottingdean had crumbling 
chalk clifis for many years, but recently these have 
been protected at the toe for several miles by a sea 
wall, which has effectively stopped the gradual 








| | 
| 
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years ago, the Government circularised all coastal 
authorities, advising them to obtain expert advice 
before committing themselves to any maritime 
engineering adventures, such as building groynes, 
harbours, sea walls, training walls, etc. It is useful, 
therefore, to consider what is happening round the 
English coast at present ; as, following the conclu- 
sion of the present war, there will be a great deal of 
arrears to catch up, and doubtless a certain amount 
of reconditioning, where the force of the sea has 
done damage and repairs have necessarily had to be 
postponed. 

The natural defence of our coastline depends 
primarily upon the movement of shingle and sand 
or other beach material, which is supplied. by falls 
from crumbling cliffs, such as chalk, limestone, 
glacial drift, gault, clay, Devonian rock, and many 
other formations. These are the factories, so to 
speak, from which the shingle, sand and other 


Sea WALL at SHOREHAM. 


washing away of the toe. The cliff now stands, 
therefore, at its natural angle of repose. 

The Shakespeare cliff at Dover is another example 
of a bad crumbling cliff, from which annually 





thousands of tons of chalk fall on to the foreshore. 
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is heavily charged with water from the higher 
chalk lands, and in this case as much damage is 
done by land-drainage as by the sea. In fact, 
many cases of so-called erosion by the sea have 
been primarily caused by the drainage of land water 
through the face of the cliff, and in time of war 
this drainage is not likely to receive the attention 
it requires from local councils or landowners. 

On the south coast, at Barton-on-Sea, the owners 
of certain lands could not appreciate that erosion 
was going on, because high-water mark was receding 
seawards. This temporary apparent accretion was 
actually due to the “ spewing out” of the clay cliff 
on to the foreshore under hydraulic pressure from 
behind, and the advance seaward of high-water 
mark was, of course, a temporary phenomenon 
only. Another bad example of how land drainage 
causes cliff falls is that of Christchurch Bay, 
Hampshire, between Bournemouth and Hurst Castle 
Point, most of which is now under the control of 
the Lymington Borough Council, as the result of 
the passing of the Local Government Act of 1929, 
when this area was greatly enlarged. Although 
they are attempting a little groyning at the toe of 
the clifis here and there, they have inadequate 
funds to protect the four or five miles of coastline 
involved, which is steadily moving seawards and 
may cause a new entrance to be formed to the 
West Solent. Shortly before the outbreak of war, 
the Southern Railway were apprehensive about 
this, but, of course, the matter is now shelved. 

Before pursuing the subject further, some con- 
sideration should be given to the movement of the 
beach material along the coast. This movement is 
really governed by the direction of the flood tide ; 
it is assisted to some extent by ‘ wind-wave ” 
action, but the direction of the flood tide is by far 
the more important factor. The reason is that the 
movement of beach material, which principally 
lies above mean tide level, takes place gencrally 
with the flood tide, and as there is a definite “lag ” 
between the direction of the current and the rise 
and fall of the tide, this upper half of the foreshore 
is washed nearly always by the tidal flood current, 
whereas the portion below is washed by the tidal ebb 
current. Two views, looking south and taken to 
the east and west, respectively, of a groyne on the 
Crumbles beach, Sussex, are shown in Figs. 7 and 8, 
on Plate X XI, and clearly illustrate the nature of 
beach travel. This point is fully dealt with in ** Ocean 
Waves, Sea Beaches and Sandbanks,’’ Lecture 11, 
by Dr. Vaughan Cornish, F.R.G.S., F.G.S., in the 
Journal of the Royal Society of Arts, November 8, 
1912. This movement of beach material piles up the 
drift against any groyne or obstruction and starves 
the shore on the lee side. A good illustration was 
given in ENGINEERING of October 2, 1936, page 379. 

The net result of this is that on the east coast 
of England the beach material moves from north 
to south until it comes through the Straits of Dover, 
where it comes up against the salient of Dungeness. 
The flood tide in the English Channel comes up 
in the opposite direction, i.¢., counter-clockwise, 
and the material, thereforé, moves from west to 
east. It is popularly supposed that these opposing 
drifts are responsible for the Dungeness accretion 
of shingle. It is true, at any rate, that the present 
lighthouse has had to be rebuilt a mile further to 
seaward than the site of the old one, within quite 
recent times. Judging from the position as it 
exists to-day, the neutral point of movement 
would seem to be centred at Littlestone, St. Mary's 
Bay, definitely to the east of Dungeness. This is 
evidenced by the sea-defence works recently under- 
taken there and only just completed. Otherwise, 
the present position at Dungeness can hardly be 





The low cliffs, composed of glacial drift, which lie | 
along the East Coast are continually falling into | explained, since, curiously enough, now, very 
the sea and being washed away. The worst sea | sharp erosion is proceeding at the west side of the 
attack at the moment is on the length between | Ness, which is tending to form a curved shoal, 
Clacton and Walton, where the local authorities pointing across St, Mary’s Bay in the direction of 
are being forced into a most elaborate protective | Folkestone. Within a few years it may well be that 
scheme, comprising a sea wall along the foreshore | Folkestone harbour will be seriously threatened by 
in advance of the cliffs to stop the continual wastage | shoaling. On the west coast no such regular laws 
at the toe of the latter. East Cliff, Folkestone, the | are evident, the movements being more or less 
sea defences of which are shown under construction | localised over short sections of coastline. In the 
in Figs. 5 and 6, on Plate X XI, is another bad | Bristol Channel, however, the movement is more 
length of coast, where the gault clay is super-/or less definite, being upstream on the south side, 
imposed upon the Folkestone Beds, which in turn | certainly as regards Somerset and Devon, and down- 
overlay the Sandgate clays. The upper formation | stream on the South Wales side. 
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‘The policy with regard to crumbling clifis is 
quite clearly to protect the bottom of the cliff 
by a suitable sea wall, as shown in Fig. 6, and to 
see that the cliff face is properly drained. Indeed, 
in certain heavily water-charged lands it is necessary 
to make very complete provision for land drainage. 
Frequently, it is advisable to put in a toe-wall at 
first, and then to let the cliff come to rest dt its 
natural angle of repose. When the bottom of the 
cliff has been protected by artificial works, it is 
always some years before the recession of the head 
of the cliff stops. On the other hand, if nothing is 
done to the toe of the cliff itself, gradual recession 
of the toe, followed by the head of the cliff, will 
go on indefinitely. However, the writer has 
known an exception to this rule at Swanage, Dorset, 
where, towards Ballard Head, the waterlogged 
clays at the higher levels required a retaining wall 
and drainage te prevent them from slipping down 
and over the harder formations below. 

In the protection of low-lying estuarial lands, cf 
which the Thames estuary is a good example, the 
defences consist of clay walls of easy slopes on each 
side, pitched with block chalk and surfaced with 
keyed-up Kentish ragstone or other suitable material. 
‘Lhese walls have sluices to allow of draining the 
marshes towards, at and after low tide, and they 
are bedded on marsh clay or peat. Consequently, 
they literally “ breathe "’ with the rise and fall of 
the tide, moving appreciably up and down. This was 
made very apparent during the construction of the 
deep-water quay at Dagenham for Messrs. The | 
Ford Motor Company, where, for this reason, it 
was impossible to construct shuttering for reinforced 
concrete by strutting upwards from the river bank 
as a foundation. 

On the open coast we have to consider how the 
mouths of rivers are now behaving, and, where the 
adjacent shingle and sand are moving, to endeavour 
to trap this moving shingle and sand so as to defend 
the coast and at the same time to maintain tqaining 
works at the river entrances to keep the harbours | 
open. Here we have to deal with two opposing 
conditions. ‘The harbour mouths at the entrances 
of rivers, such as those of the Arun at Littlehampton, 
the Adur at Shoreham-by-Sea, the Rother at Rye 
and the Sussex Ouse at Newhaven, and many other 
harbours round the coast, have to be kept open, 
and are particularly subject to shoaling. ‘lhe writer 
has had to deal from time to time with these har- 
bours, and is aware that the whole objective of the 
harbour authorities is to keep the harbour mouth 
free from shoal and silt, which tend to form a bar 
at the mouth of the river. A view of Rye harbour, 
which appeared on page 91 of the 14lst volume of 
ENGINEERING, illustrated typical conditions of this 
kind. Large riverine harbours, like the port of 
Liverpool, construct half-tide works which keep the 
river intact, but these cause erosion of adjacent fore- 
shores. A particular example is the tragic case of 
Blundellsands cliff erosion, a few years ago, with 
which the writer was intimately concerned. ‘This 
indicates that a harbour conservancy and a coast 
conservancy may often sponsor schemes detrimental 
to each other. 

The adjacent coastline to the left and right of a} 


river mouth requires shingle and sand or other form | Goring, West Worthing is exposed to a similar | ment. 


of littoral drift material for natural protection. | 
This is easy to ensure on the weather side but not 
on the lee side; 
the littoral drift, at any rate locally. To try to 
balance these factors, therefore, it is necessary to 
groyne the coastline in order to hold the beach 
material, and to project works into the sea to 
deflect its movement sufficiently seaward from 
the mouth of the river. It is not always easy to 
combine the two functions. Generally, harbour 
authorities do not like to have too many groynes 
near the harbour entrance, except perhaps on the 
weather side, where, to some extent, but for a time 
only, they hold back the advancing beach material 
which ultimately forms the obstructive harbour 
bar. Very serious conditions, from which a disaster 
is likely to ensue, arise if a natural shingle bank is 
not properly held. Such a disaster occurred on 
Winchelsea beach, at Rye Bay, in 1933; and at 
Shoreham beach, some thirty years ago, when half 
the local bungalow town was washed away. In a_| 
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Fig. 4. 
lesser degree, and although sea-defence 
have been constructed 


threat today. 


works | tractors over it, at and towards low tide. 
between Worthing and | the breach was gradually closed by a chalk embank- 





Twin LatTerat Barricapges, BLurE ANcHOR Bay. 


Thus, 


This, of course, was only a temporary closure, 
but, by building a timber barrier and groynes of 


The Winchelsea breach was probably about the | suitable design in front, in a short time a satis- 


1936. The shingle supply here came from the west 
and had been gradually diminishing in quantity. 
The bank itself ran from Pett to the artificial 
entrance of Rye Harbour, some 4} miles farther 
east. This bank had been steadily denuded at 
its centre for many years, until, finally, the sea 
cut into it, forming a large inland lake, 14 ft. deep 
in places, after the tide had receded. Through 
the breach thus formed, the tides flowed in and out 
at high speeds. Several unsatisfactory attempts had 
been made to repair the breach, and at first the 
writer almost despaired of closing it. 

The first thing done was to build a small narrow- 
gauge railway from Rye Harbour to the site, and 
to bring train load after train load of chalk from 
the North Downs near Coulsdon. The chalk 
was put into the bottom of the breach and was 
consolidated in layers by running agricultural 
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the harbour works themselves | worst case of recent years and was dealt with in| factory beach was collected where before there 
starve the lee side shore, because they usually stop| ENGINEERING in issues commencing January 10, | had not been a pebble. 


The Shoreham and Lancing beach, of about the 
same length, was in a bad way in 1924-25, but by 
careful groyning, and largely due to the ability of 
the works superintendent, an excellent beach has 
been built up, as shown by Fig. 1, on page 571. 
The former policy had been to establish long groynes 
and a long sloping beach. In the writer’s opinion, 
this design of the groynes was wrong, and by 
shortening them a steep, sharp shingle bank has 
been obtained, with a nice “full” covering, in 
many cases up to the wave-screens and heads of 
the groynes. This type of shingle bank provides 
as good a defence as a solid sea wall, and if it can 
be held by suitable works, such as timber screens 
with short intermediate groynes, the lowering of the 
outer foreshore need not be feared. This is only 
one school of thought, and there are others against 
it ; but, after all, the proof of the pudding is in the 
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eating, and wherever it has been tried this method 
has not failed. It has enabled private sea walls | 
to be built behind the beach, as shown in Fig. 2, 
on page 571. The value of lateral protection when 
dealing with heavy beaches cannot be over-stressed. 
This class of defence is shown in Figs. 3 and 4, 
opposite, which show works at Blue Anchor, Somer- 
set. for which the writer was responsible in 1932. 
Curiously enough, rivers, where they come into 
the sea, act in the same manner as a groyne, holding 
up the shingle from the lee-side until the pressure 


| tons, 
|iron ore, including manganiferous iron ore, were | figure. 
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In 1937, the total production of iron ore was | deal of attention under the first and second Five-Year 
14,216,000 tons, of which 12,919,000 tons comprised | Plans, and output made considerable strides. It is 
Jurassic siderite, 857,000 tons, West Coast hematite ; | often forgotten, however, that pre-war Russia was 
179,000 tons, coal-measure siderite ; and 261,000 an important steel producer and, actually, it was 
other hematite and limonite. Imports of not until 1930 that production surpassed the 1913 
In the last seven years the output has 
7,057,000 tons. The principal sources of imports | approximately tripled, though the rate of increase 
were Sweden (1,729,359 tons), Algeria (1,450,625 | has recently slowed down considerably ; and the 
tons), Spain (930,080 tons), Tunis (714,942 tons), | author considers that shortage of skilled labour and 


|and Norway (657,417 tons). In former years, Spain | lack of technical direction, as well as transportation 


was by far the most important source, supplying | difficulties, will seriously retard future advances in 














on the weather side becomes so great that it actually | 44 million tons out of a total of 7 million tons in 
turns the mouth of the river in the direction of the 
littoral drift. Perhaps the best English example 
is the River Alde, in Suffolk, where the littoral 
drift has mastered the entrance to the river and has 
turned “it down the coast for eight miles. The 
training work necessary for these river entrances, 
therefore, is nearly always that of projecting the 
longer breakwater on the weather side. This 
deflects the littoral drift well to sea, and by keeping 
the lee-side pier on training work much shorter, 
the beach material is returned to the coast more 
quickly. With the addition of groynes to hold the 
beach material, the lee pier can sometimes be held 
against severe erosion. If the lee-side pier is 
projected too far seawards, the erosion of its lee-side 
becomes too insistent to cope with. One of the 
most striking examples of the bad effect of a riverine 
harbour on the lee coastline, at the present time, 
is at Seaford Bay, between the eastern harbour arm 
at Newhaven and Seaford Head. 

One thing must be remembered, and that is the 
question of the removal of beach ballast. This 
being the “‘ concrete age,” beach material has been 
badly raided over the last few years, causing serious | 
trouble. The recent Coast Protection Bill now gives 
the Board of Trade certain powers to stop such 
beach removal, but the machinery for putting these 
powers into force is cumbrous and involves the 
rights of objectors being heard and enquiries being 
held before any useful action can be taken. The 
Land Drainage Act of 1930, which was on its way 
to amendment before the war broke out, also did 
a little to help; though whether the Catchment 
Boards really have the power to erect sea-defence 
works, pleading the necessity of these as part of a 
land-drainage scheme, remains to be tested some 
day, in the Courts, as, no doubt, it will be. At any 
rate, up to the outbreak of war, several boards had 
been executing such works. 

At the conclusion of hostilities, whenever that 
may be, and when professional energies can be 
again directed to useful work, the time will certainly | 
he ripe to co-ordinate coast-defence and _river- 
conservancy work, so as to execute all the works as 
part of a comprehensive scheme, and not as piece- 
meal undertakings, sometimes mutually detrimental. 


1929. Imports from Spain, however, have declined 
considerably as a result of the civil war. In recent 
years, increasing tonnages of ore have been derived 
from Newfoundland and Sierra Leone, which sup- 
plied, respectively, 258,518 tons and 337,106 tons, 
in 1937. These statistics regarding imports by 
countries are taken from the figures published by the 
British Iron and Steel Federation, which, of course, 
are much more complete than those given in the 
Bureau of Mines paper, although the latter covers 
a rather wider field. 

The reserves of ore in the Jurassic formations are 
estimated at 1,020 million tons of positive ore, and 
2,160 million tons of probable ore, with a total iron 
content of 940 million tons. The hematite deposits 
are estimated to comprise 25 million tons of positive 
and 90 million tons of probable ore, with an iron 
content of 60 million tons; and the ironstone or 
siderite ores, 1,040 million tons of positive and 
1,250 million tons of probable ore, with an iron 
content of 730 million tons. Moreover, although 
the bulk of the ore is of low grade, it can be mined 
cheaply : but, while in normal times considerable 
| tonnages of high-grade ore are imported, the steel 
industry is not dependent on these imports for its 
existence, as is the case in Germany and Italy. 
Since 1928, all manganese requirements have been 
imported. In 1936, these imports totalled 240,637 
tons, in 1937, 283,450 tons, and in 1938, 193,000 
tons. Some 85 per cent. of the imports are derived 
from India, 5 per cent. from the Gold Coast, and 
5 per cent. from the U.S.S.R. 

The production of pig iron and ferro-alloys, 
which reached 8-5 million tons in 1937, fell back 
to 6-8 million tons in 1938, The author of the 
paper points out that Great Britain has apparently 
lagged behind developments in the United States 
and Germany as to the size of blast furnaces, but 
attributes this to the fact that a substantial propor- 
tion of British pig-iron output is produced from 
domestic low-grade ores by a process wherein the 
| furnace burden contains only half the iron content 
of that in the present German and American 
practice. In recent years, many of the blast- 
furnaces in Great Britain have been replaced by 
furnaces with a daily capacity of 500 tons, compared 
with 1,000 tons in the United States. This is 
reflected in the decline in the number of blast- 
| furnaces in existence from 394 in 1929 to 200 in 
| 1937, although the production of pig iron and 
| ferro alloys, at 8-5 million tons in 1937, was higher 

GREAT BrRiTartn produces approximately two- | than the 1929 output of 7-7 million tons. 
thirds of her requirements of iron ore and imports| The production of steel ingots and castings has 
the remainder. The average iron content of the | followed a similar course to that of pig iron, and 
imports, however, is considerably higher than that | fell from 12,984,000 tons in 1937 to 10,395,000 tons 
of the home-produced ore, so that the proportion|in 1938. During the current year, however, 
supplied from home sources, on an iron-content | armament demand has increased to such an extent 
basis, is well below two-thirds. The principal| that the industry has been working approximately 
iron-ore deposits are, of course, those of the Jurassic | at full capacity, which is estimated at 14} million 
formations. They extend from just north of Oxford| tons per annum. Rather more than 50 per cent. 
to Middlesbrough, and include the Northampton, | of the raw materials used in steel production in 
Leicester, Frodingham and Cleveland mining| recent years has consisted of scrap iron and steel 
districts, which supply about 80 per cent. of the | and, largely for this reason. of the total iron-ore, 
total production. When dried, the ore contains | pig-iron, scrap-iron and steel requirements, 60 per 
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1913, and 2-6 million tons out of 5-6 million tons in | 


the industry. 
The production of iron ore, after increasing from 


| 12,086,000 metric tons in 1932 to 26,845,000 tons in 


| 





1935, has since shown no advance and is estimated 
at 26 million tons in 1937. There are 13 iron-ore 
producing districts, of which four produce less than 
10,000 tons per annum and are either unimportant 
or in an early stage of development. Production 
by districts is not available since 1935, but in that 
year the Southern Ukraine (Dniepropetrovsk) 
produced 16-5 million tons; Chelyabinsk (Urals), 
6-0 million tons ; Sverdlovsk (Urals), 1-6 million 
tons; West Siberia, 0-8 million tons; Central 
Russia, including the Voronezh and Moscow districts, 
1-2 million tons; the Crimea, 0-4 million tons, 
and the South Urals (Bashkir and Orenburg), 
0-2 million tons. 

Reserves of iron ore, excluding low-grade deposits 
such as the Kursk and Krivoi Rog quartzites, are 
estimated at 9,450 million tons. From the point 
of view of reserves, the most important districts are 
the Crimea, where the deposits are estimated to con- 
tain 2,700 million tons of limonite, averaging 30-40 
per cent. iron; Central Russia, with 1,400 million - 
tons of limonite, averaging 30-40 per cent. ; Sou- 
thern Ukraine, with 1,200 million tons of hematite. 
averaging 50-60 per cent.; the Urals, with 1,500 
million tons of mixed ores, averaging 30 to 50 per 
cent., and East Siberia, with 1,000 million tons of 
magnetite and hematite, averaging 40 to 60 per 
cent. 

Russia is also a large producer of the various alloy 
metals. There are five mining districts which 
produce manganese ore, the two most important 
being the Nikopol district in Ukraine and the 
Chiaturi in Georgia, which, together, contributed 
93 per cent. of the total output in 1935. The remain- 
ing districts, which are still in the development 
stage, are in West Siberia, Orenburg in Middle Volga, 
and Bashkir in the South Urals. The Nikopol 
ore is said to range from 20 to 36 per cent., and 
from this a concentrate ranging from 40 to 50 per 
cent. manganese is produced. Reserves were 
estimated in 1900 at 50 million tons, but in 1931 an 
estimate of 398 million tons was put forward. 
The Nikopol deposits supply the bulk of the home 
consumption, while the Chiaturi deposits are 
operated largely for export. The reserves in the 
latter deposits were estimated in 1931 at 162,700,000 
tons, containing 43,000,000 tons of manganese. 

The total production of manganese concentrates 
was 2,700,000 tons in 1937, while consumption was 
recorded as 1,699,000 tons, leaving approximately 
1,000,000 tons for export. Russia can, therefore, 
supply Germany with the whole of her requirements 
of manganese, provided that the necessary transport 
arrangements can be made. Aotually, although 
official production figures are not available, output 
appears to have declined considerably in 1938, and 
exports for the first eight months of the year were 
only 230,494 metric tons, compared with 674,465 
metric tons in the corresponding period of the 
previous year. Figures for the production of ferro- 
manganese are not available since 1935, when 
output was 116,800 tons. 

The U.S.S.R. was formerly an important exporter 


25 per cent. to 38 per cent. iron, averaging 30 per| cent. was produced from domestic sources and | of chromite, but exports were recently prohibited 


cent., with 0-3 per cent. to 1 per cent. manganese | 40 per cent. imported. 

and 0-3 per cent. to 0-7 per cent. phosphorus.| The U.S.S.R. is virtually a self-contained unit 
Che hematite deposits in Cumberland and South | as far as iron and steel production is concerned, and 
Wales, which were formerly the most important | among European countries has a steel production 
sources of iron ore, now supply only about 20 per| which is exceeded only by that of Germany. 
cent. of the total output. The iron content of the | Production is approximately 28 million tons of iron 
hematite ore is about 53 per cent. Another source | ore, 15 million tons of pig iron, and 18 million 
of iron is the iron carbonate, which occurs in seams | tons of steel per annum. About two-thirds of the 
in many coal mines ; but although these ores were | output is obtained from the Krivoi Rog mines in 
The iron and steel industry received a good 


confined to North Staffordshire. Urals. 





'30 to 40 per cent. Cr,0,. 


formerly mined extensively, production is now|the Ukraine, and the balance from mines in the|the most part in the manufacture of refractories. 


because of the increased domestic consumption 
of chromite refractories in the steel industry. The 
production of chromite ore rose from 65,900 tons 
in 1932 to about 219,000 tons in 1936, and exports 
fell over this period from 42,000 tons to nil. The 
principal deposits are those at Saranovskoe in the 
Sverdlovsk region, where the reserves are estimated 
at 13} million tons, with an average content of 
This ore is used for 


Next in importance is the Kluchevskow deposit, 
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12 miles west of Sverdlovsk, where the reservse are 
estimated at 631,000 tons, averaging 16-6 per cent. 
The ore is concentrated to 48 per cent. Cr,Q,. 
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Other deposits include those at Gologolski (163,000 
tons of high-grade ore); at Verblyuzhi Gora 
(170,000 tons); and at Khalilovo. Owing to the 
high grade of the ore, this last deposit has been 
one of the sources for export via rail to Novorossisk, 
on the Black Sea, a distance of 560 miles. 

The U.S.S.R. imports considerable quantities 
of tungsten concentrates (2,200 metric tons in 1937) ; 
but there are a number of mines producing on a 
small scale. These include the Transbaikal Tung- 
sten Combine, operating the Belukha and Bakuka 
deposits ; the Kalbinsk mine, in Eastern Kasakh- 
stan; the Dzhidinsk mine, in the Mongolian | 
Republic ; the Ubinsk mine, in Eastern Kasakhstan, 
and the Gumbeisk mine, in the Urals. Reserves 
are not large, and by far the most important deposit 
are those of the Belukha and Bakuka mines in 
Transbaikal, where the reserves were estimated in 
1933 at 1,776 tons and 2,098 tons of tungsten, 
respectively. The total estimated tungsten reserves 
of the U.S.S.R. were 13,600 tons. 

Nickel was produced in the U.S.S.R. for the 
first time in 1934, and production for 1938 was 
estimated at 2,500 metric tons. For the present, | 
the U.S.S.R. is still an importer of nickel, imports 
in the first eight months of 1938 amounting to | 








5,766 metric tons, against 7,406 tons in the corres- | 
ponding period of the previous year; but it is| 
hoped that, with the completion of the plant of the 
Severonikel Combine at Monchegorsk (Kola Penin- 
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sula) in October, 1938, and that of the Yuzhural- | 
nikel Combine at Orsk (South Urals) during 1939, | 
the country will become self-supporting. 
The output of pig iron and ferro-alloys is now | 
about 16 million tons, but the latest year for which | 
official figures are available is 1936. In that year 
the total production was 14,394,000 tons, of which | 
9,302,000 tons were obtained from the Ukraine, 
Crimea and Azov- Black Sea districts, 3,961,000 tons 
from Sverdlovsk, Bashkir, Chelyabinsk and West | 
and East Siberia, and 1,131,000 tons from Moscow 
Gorki, Kirov and Voronezh. The total steel produc- 
tion in 1937 was 17,800,000 tons, but details of | 
output by districts are not available. ‘These corres- | 
pond closely, however, with those for pig iron. 





The Italian iron and steel industry is very depen. | 
dent on imports of raw materials. About one-quarter 
of the iron required is obtained from Italian mines | 
and a further 10 per cent. from the treatment of 
pyrite ash in electric furnaces. The rest is obtained 
largely from imports of scrap from the United States 
and France, though the consumption of scrap from 
domestic sources is also of some importance. The 
principal deposits of iron ore are on the Island of 
Elba and at Cogne in the Val d’Aosta, which, 
together, yield 90 per cent. of the total output. 
The Elba deposits comprise limonite with some | Manganese ; the Canneto mine at Pisa, which is | 
hematite, averaging 51 per cent. iron, 10 per cent. | #l8o reported to have an output of 15,000 tons per | 
silica, 0-07 per cent. phosphorus, and 0-09 per|®nnum, containing 48 per cent. of manganese ; | 
cent. sulphur. Reserves are limited, but it is| md the Monte Alpi and Monte Pu mines in Pied- | 
believed that exploration will reveal new ore bodies, | mont, which produce 5,000 tons of 45 per cent. ore. | 
The mines in the Val d’Aosta comprise magnetite | For coking coals, Italy is almost entirely dependent 
masses in serpentine. Reserves are estimated at|0n imports, which are obtained from Germany | 
8 million tons and some 150,000 tons are produced and Great Britain. 
per annum. ‘The total production of iron ore in | Considerable progress has recently been made in | 
recent years has been just under 1 million tons | Rumania in developing the production of iron ore, | 
annually, while imports in 1938 totalled 386,000 | pig iron and steel ; but in spite of this, the country’s | 
tons, Morocco supplying 216,212 tons, Turkey | dependence on imports of iron ore has increased. | 
33,048 tons, and Algeria 33,676 tons. In January,| The production of iron ore rose from 8,000 metric | 
1939, a contract was made with the Nationalist | tons in 1932 to 129,000 tons in 1937, while imports | 
increased from 8,000 tons to 227,000 tons. The} 
to be delivered by June, 1939. [he pig-iron output | country is self-sufficient in manganese ore, of which | 
is less than | million tons per annum, and the steel |51,000 tons were produced in 1937. Pig-iron 
output about 2-3 million tons. Imports of scrap | production in 1937 was 127,000 tons and steel 
in 1938 totalled about 604,000 tons, of which the | production, 242,000 tons. In both cases the domes- 
United States supplied 407,000 tons and Switzerland | tic production was insufficient to meet consumption. 
52,600 tons. The iron-ore production of Rumani: is never likely | 

Italy is an importer of manganese ore, imports | to be of great importance. The principal mines are | 
totalling 58,077 tons in 1938 against 75,384 tons in | the Ghelar and the Veda Dobril, in the region of 
1937. By rationalisation and intensive develop- Hemedoara. Manganese-ore production, which 
ment, however, the production of manganese ore has | Comes principally from the Terezia mine in Buko- 
been increased from 9,100 tons in 1935 to about | Vina, not only provides for internal requirements, 
50,000 tons in 1938, and it is hoped that the country | but, in 1937, permitted the export of 40,000 tons 
will become self-supporting within the next few | to Belgium, France and Poland. 


manganese ore are the Tre Monti and Gambatesa | 
mines, east of Genoa, with an output of about | 


15,000 tons per annum, containing 45 per cent. of | 








Gevernment in Spain for 45,050 tons of Bilbao ore, 











years. The principal producers of high-grade | (To be continued.) 
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THE ALBERT CANAL, BELGIUM. 
(Continued from page 491.) 
Tue Brireapen-GenkK SEcTION. 


Tue cutting of the Briegden-Genk section of the 
canal, which has a length of 15 km., involved the 
problem of the best way of carrying the waterway 
through Eigenbilzen Hill, which rises to a height of 
30 m. above the bed of the canal in this upper reach. 
A geological survey of the hill, which was based 
on more than 150 borings to a depth of 40 m., 
showed it to consist of very treacherous formations 
consisting of three consecutive layers of wet clay 
and sand. Two methods of dealing with the matter 
presented themselves; the first was to build a 
summit reach which would have had the inherent 
disadvantages of lift locks and the necessity of 
installing large pumping plant to maintain the water 
in the upper reach at constant level ; the other was 
to construct the canal in the unstable formation 
and to devise some method of keeping the permanent 
water-table level below the level of the canal bed. 

In the consideration and discussion of this matter 
many experienced engineers advised against the 
adoption of the second course ; it was argued that 
no greater risk could be taken than in the construc- 
tion of a deep cutting in clayish soil. Another 
opinion expressed was that clay soils have been 
responsible for the most important failures in 
public works. They were the more serious because 
sliding might take place at great depths and some- 
times years after the work had been completed. 
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In spite of these opinions, however, the disadvan- 
tages of a summit canal were thought to be so great, 
and would have detracted so much from the useful- 
ness of the Albert Canal, that, notwithstanding the 
many warnings, it was decided to build the canal 
in cutting, preserving a water level at contour line 60 
right up to the Genk docks. A specification was, 
accordingly drawn up and tenders invited. The 
slope of the banks was specified to be 4 to 1, in 
order to diminish the danger of superficial erosion 
and at the same time, by reducing the load on the 
fine sand and water-bearing clay, to minimise the 
danger of lateral slides. It was required that the 
clay soil should not remain uncovered. If it is 
exposed to the sun it dries and disintegrates and, 
when afterwards wetted by rain, it swells and begins 
to flow. The specification stated that the clay was 
to be covered by a layer of earth consisting of sand 
and gravel having a thickness of 1 m. This layer, 
as well as the rest of the talus in the sandy part 
of the cutting, was to be protected by turf. 

It was intended that the stability of the cutting 
should primarily be assured by the lowering of the 
water table in the neighbourhood of the talus. 
Three alternative systems for carrying this out 
were proposed: multiple longitudinal drainage, 
multiple transverse drainage and single longi- 
tudinal drainage. Whichever system was used, it 
was to be completed by two longitudinal drains 
at each side of the canal below the tow-path, in 
order to protect the mass of earth in which the 
canal was dug from water percolating from the 
slopes of the banks. The drains were to consist of 
vertical trenches 1-6 m. wide, filled with sand and 
gravel, to act as a filter and provided at the base 
with ducts to carry off the water. The ducts con- 
sisted of oval tubes 0-70 m. by 1-05 m. and 1 m. 
by 1-05 m. in cross-section. They were provided 
with openings for the entry of the drainage water. 
The filtering material was chosen with care and 
after much experimental work. It consisted 
of various layers of sand, the granular com- 
position of which had been experimentally deter- 
mined. The finest sand was in contact with the 
natural ground and the coarser with the openings 
of the drain ducts. The large surface of the filter 





trenches reduced the velocity of the water to a few 
millimetres a day, this being a speed at which no 
soil particles are likely to be entrained. 

Another matter which had to be considered was 
the possibility of upward displacement of the bed 
of the canal due to the pressure of subterranean 
water. Calculation showed that under the most 
severe conditions this pressure might be equivalent 
to a head of water of 16 m. Efficient draining, so 
as to prevent accumulation of water in the upper 
ground layers, with the consequent lowering of the 
water table to a level below the bed of the canal, 
formed the only effective solution of this problem. 
A further precautionary measure taken was to line 
the canal over its entire cross-section with a revet- 
ment of concrete 0-75 m. thick, reinforced with 
expanded metal. The width of the canal is 35-50 m. 
at the water surface and 25 m. at the bed. The 
depth is 5-25 m., and the wetted cross-section is 
160 sq.m. Starting with a trial stretch of 1,450 m., 
the results obtained were so satisfactory that it was 
decided immediately to proceed with the remaining 
parts of the work, having a total length of about 
3 km. 

In the execution of the work, the overburden 
consisting of water-laden gravels and loamy soils 
was removed by earth scrapers drawn by caterpillar 
tractors ; the ground was so soft that the heavy 
steam shovels and excavators used in the Vroen- 
hoven and Canne cuttings could not be employed. 
The scrapers discharged by means of a travelling 
belt conveyor into a tip wagon, also drawn by a 
caterpillar tractor. The operation ‘is illustrated in 
Fig. 47, on Plate XXII. Each cut made by the 
scrapers had a thickness of from 30 cm. to 40 cm., 
and the cutting was formed at a slight slope .in 
order to encourage surface drainage. Frequently 
the scrapers, tractors and wagons became bogged 
in the soft soil, and the work had to be stopped 
until the ground had dried sufficiently by evapora- 
tion. On rainy days no work could be done. 
Despite these difficulties, to which must be added 
the extensive maintenance work on the machines 
owing to the abrasive nature of the soil, the con- 
tractor succeeded in removing all the overburden, 
down to the clay at a depth of 30 m. A view 








showing the state of the work after the removal 
of the overburden is given in Fig. 48, Plate X XII. 

The excavation of the cutting in the subsoil was 
carried out by means of steam shovels, the work. 
being done in two stages; the canal section itself 
was excavated with drag-line scrapers. A view 
showing one of the steam shovels in operation is 
given in Fig. 49, on Plate XXII. Transverse drain- 
age trenches, cut through the sloping banks, were 
adopted and one of these trenches in course of 
excavation is clearly shown in this figure. A view 
showing the placing of the concrete revetment 
slabs, referred to above, is given in Fig. 50. The 
construction of the longitudinal drains was carried 
on concurrently with the main excavation and the 
installation of an adequate pumping system enabled 
the water table to be kept below the bottom of the 
excavation at all stages. No accident of any kind 
occurred during the execution of the work. The 
cross-section of the completed Eygenbilsen cutting 
is given in Fig. 42, on this page. The total length 
of the Briegden-Genk section of the canal is 14 km., 
of which 5-2 km. are represented by the cutting. 
The total excavation amounted to 8-7 million 
cub. m., and the cost was 220 million francs. 


Tue Genx-Hasse.t SEcTION. 


After leaving the Eigenbilzen cutting, the canal 
enters the basin of the River Delmer, to which it 
runs parallel, as will be seen from the map given 
in Fig. 22, on page 490, ante. This part of the canal 
is still at contour line 60, but at Genk, where the 
first locks are situated, it steps down to level 49-9 
and at Diepenbeck passes the second set of locks, 
falling to contour line 39-8 and continues on that 
level to Hasselt. The arrangement is shown in the 
longitudinal profile of the canal given in Fig. 9, on 
page 431, ante. As will be seen from Fig. 22, the 
canal follows a slight curve as it enters the river 
valley and then follows an almost direvt east-west 
course to Hasselt. In the course of its entry into 
the valley the canal crosses five small streams 
which have been carried below it by syphon culverts. 
The upper reach of this section, that from Genk to 
Diepenbeck, is formed by artificial embankments ; 
the lower reach from Diepenbeck to Hasselt, is 
in a cutting. The construction of these two short 
reaches, each of which is also about 4 km. in length, 
was dictated by the configuration of the land. 
They have been given a width varying from 75 m. 
to 88 m. in order to increase the quantity of water 
contained in them. Had this not been done the 
loss of water owing to frequent lockings might have 
teriously affected the water level, or set up distur- 
bances inconvenient or dangerous to shipping. 

It was in the Genk-Diepenbeck reach that one 
of the banks of the canal gave way last June, with 
the result that a large tract of country was inun- 
dated and the opening of the canal had to be 
postponed. The matter was referred to in the 
opening paragraph of this article. As explained 
above, this reach of the canal is contained inside 
artificial embankments. The technical commission 
which was appointed to inquire into the matter 
has reported that the failure was primarily due to 
the extreme fineness of the sandy soil of which the 
bank was constructed. This material tends to slip 
when wet and the collapse was due to the gradual 
saturation of the'bank. To prevent a recurrence, 
the embankment in this section, and in all other 
sections where similar material has been used, is 
being reinforced with pervious sand and gravel 
and a drainage system provided. In this way the 
saturation of the bank will be prevented and settle- 
ment avoided. The work on the embankment which 
collapsed is now well forward and the canal has been 
partly filled. Navigation over the full length of 
the canal will be resumed in a few weeks. 


Tue HassEett-QUAEDMECHELEN SECTION. 


At Hasselt locks, the canal falls to contour 29-7, 
and continues at this level to Quaedmechelen. 
This section, which has a length of 27-2 km., runs 
in a north-westerly direction. As far as the village 
of Kuringen, the canal has been cut in virgin ground, 
but from Kuringen to Quaedmechelen it follows 
the course of the old Turnhout canal for a distance 
of 22 km. The old canal, which had a width of 
10 m., a depth of 2-1 m., and a wetted cross-section 
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of 31 sq. m., has been enlarged to a width of 30 m., 
a depth of 2-5 m., and a wetted cross-section of 
155 sq.m. A distinctive feature of this section is 
that not less than ten streams are crossed and had 
to be provided with syphon culverts. At the point 
where it reached Quaedmechelen locks, the bed 
of the canal lies almost at the natural ground level. 
A characteristic cross-section of the canal between 
Kuringen and Quaedmechelen, where it is formed 
by the enlargement of the old canal, is given in 
Fig. 43, on page 575. 


THe QUAEDMECHELEN-HERENTHALS SECTION. 


This section is entirely on new ground. It has 
a length of 18-6 km. between Quaedmechelen and 
the locks at Oolen, near Herenthals. The section 
lies at contour line 19-70. It is formed in cutting, 
except for the central part, which is formed by 
embankments where the canal crosses the valley 
of the Nethe river. At the Quaedmechelen end 
the canal has an average width of about 12 m., 
but at some places it attains a width of 17-5 m. 
Approaching the locks, the canal section has been 
much enlarged and the banks are built in masonry. 
The excavation presented no difficulty. The final 
formation of the canal prism was carried out under 
water by dredging. 


Tue HerReNTHALS-WYNEGHEM SECTION. 


This section, which runs between the locks of 
Oolen and those at Wyneghem, has its water level 
at contour line 9-70 m. and a length of 23-9 km. 
It is divided into two equal parts, the first part 
being on new ground and the second superimposed 
on the old junction canal from the Meuse to the 
Scheldt. The water level of the new canal coincides | 
partly with that of the old canal, but in the last | 
reach this level is raised 1-32 m. above the old one. 
This is indicated in the cross-section reproduced in | 
Fig. 44, on page 575, in which the cross-section of | 
the old canal is indicated at a. The widening of | 
the old canal was carried out by reconstructing the | 
north bank and heightening the two banks in that | 
part of the canal where the water level was raised. | 
The final formation of the bed was carried out | 
under water by a cutter dredger, and suction gravel | 
pumps, which deposited the material at a distance 
of 2,500 m. ‘The dredger is shown in operation 
in Fig. 40, on page 574. Several small streams had 
to be crossed in this section, among others the 
small Nethe and its four tributaries. The syphon 
culverts for these streams were constructed of 
reinforced concrete, rectangular in section. They 
were built in monolithic form and then launched 
into trenches cut across the canal bed to receive | 
them. 





THe Wynecuem-Antwerp Section. 


Between Wyneghem and the old moats of the 
fortifications of Antwerp, the new canal again 
follows the route of the old Meuse-Scheldt junction 
canal. This section, which is situated at contour | 
level 4, is 8-8 km. long. The old canal has been | 
widened and deepened, and its profile modified as | 
indicated in the two characteristic cross-sections 
given in Figs. 45 and 46, on page 575, in which | 
the old canal is shown at a. As will be seen, the 
water level of the new canal is lower than that of the 
old. This stretch of the old canal also contained 
a lock, so the old level in Fig. 45 is higher than 
that in Fig. 46. Three new bridges had to be 
constructed and three syphons, with spillways, pro- 
vided on this section of the canal. 


Tue Port or ANTWERP. 


The old canal entered Antwerp at the Breda 
military gate through the moats of the old fortifica- 
tions, which were connected with the Asia dock. 
This route could not be adopted for the Albert 
Canal. As it was calculated that in the future as 
many as 30,000 vessels a year would enter Antwerp 
by way of the Albert Canal, the Wyneghem-Antwerp 
section was made wider than normal; its water 
level at contour line 4 was that of the Strassbourg 
dock, to which it connects. ‘Lhis widened section 
may be considered as an extension of Antwerp 
harbour, as it offers facilities for mooring. loading 
and unloading. For tying-up, a special dock has 
been built by the harbour authorities at Looibroek. 
Near the Strasbourg and Lefébre docks, to which the 
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canal leads, the roadways and railway system have 
been remodelled to deal with the new conditions. 
The channel giving access to these docks had to be 
equipped with bascule bridges as the cramped 
space did not allow sufficient space for inclined 
approaches to the bridges. The channel has a 
width of 26 m. and the width of the bridges are 
7-50 m. and 15 m., respectively. A view of the 
Strasbourg dock, in which one of the bascule bridges 
can be seen in the background, is given in Fig. 41, 
on page 574. 
(To be continued.) 








LITERATURE. 


Introduction to Contemporary Physics. by Dr. K. KR. 
DARROW. London: Macmillan and Company. 
Limited. Second edition. [Price 25s.] 


Tus book has grown out of a series of articles. 
contributed at intervals from 1923 onwards, to 
The Bell System Technical Journal, under the genera} 
heading of “‘ Contemporary Advances in Physics,” 
which those interested in current trends in atomic 
physics have become accustomed to anticipate with 
pleasure and to read with profit. Not only does 
Dr. Darrow study new developments with close and 
critical attention, but he possesses unusual skill in 
conveying their import to those with insufficient 


| time to analyse the extensive and scattered litera- 


ture, or insufficient experience to grasp its impli- 
cations. He introduces his material aptly and 


|discusses it lucidly, indicating what is solidly 
| founded and what is still uncertain. 


Moreover, he 
avoids the loose and loquacious statements that not 
infrequently disfigure expositions purporting to 
render these intricate topics comprehensible to the 
non-specialist. 

The present volume is the second edition of a 
work originally published in 1926, and differs from 
its predecessor in more important respects than are 
adequately covered by the bare statement that it 
includes 158 extra pages. There have been many 
new discoveries to chronicle, including at least a 
pair of new elementary particles, nuclear spins and 
magnetic moments, and the whole subject of arti- 
ficial radioactivity, as far as it had been carried 
down to 1938. These, in their turn, entail certairi 
consequences necessitating here a revaluation, and 
there a revised interpretation, of existing data. 
Dr. Darrow’s enthusiasm has enabled him to 
accomplish, with conspicuous success, the radical 
rehandling imperative in the case of material 
published over a decade ago, in a field where 
advance has been so rapid and far-reaching. 

The book opens with a discussion of electrons, 
ions and isotopes, leading up to the nuclear-atom 
model, and the evidence to be adduced in its favour 
from a-particle scattering. This is followed by 
two chapters devoted to the correlation of waves 
and corpuscles, and the diffraction of waves by 
crystals, wherein Dr. Darrow incidentally reveals 
his mastery of the classical background of physics. 
The study of ionisation and the development of the 
idea of stationary states serve as an introduction 
to the complicated subject of the analysis of optical 
and X-ray spectra. Following this is an admirable 
“Introduction to Wave Mechanics.” The next 
section deals with the magnetic properties of atoms, 
their investigation by the Gerlach-Stern technique, 
and their implications as regards spectra. The 
remainder of the book is concerned with trans- 
mutation, both by «a-particle bombardment, as 
originally developed by Rutherford, and also as 
later achieved through the agency of ions accelerated 
in such devices as the cyclotron or the high-voltage 
electrostatic generator. It recounts the discovery 
of the positive electron and the neutron, and the 
remarkable consequences, theoretical as well as 
experimental, that have followed during the com- 
paratively short time since they were first recognised. 

Very few misprints are noted, and none of a 
serious nature. In a few instances the notation of 
an earlier source has persisted. On page 285, what 
was Table VI in the first edition has become 
Table 9.1 in this; and on page 350, equation 125 
should read equation 12.26. On the latter page, 
k should be substituted for A, and, on page 352, 
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Y for ®. Occasional words have been misprinted, 
for example, “ date ” for “ gate ” (page 43), “lacing” 
for “lacking” (page 241), and “plant” for 
“* planet ” (page 330). The meaning of a sentence 
towards the top of page 550 is obscure ; and certain 
details, referred to in the text, do not appear in 
Fig. 1.1. 

It would be superfluous to recommend the new 
edition of “ Darrow ” to physicists—they will read 
it as a matter of course. To those whose scientific 
interests are less directly physical, it can be unre- 
servedly recommended. Modestly termed by its 
author an “ Introduction,” it conveys the present 
position and outlook of corpuscular physics more 
adequately than many works bearing more pre- 
tentious titles. None is better fitted than Dr. 
Darrow to perform this service, or could have 
performed it more attractively. 





Practical Heat. TERRELL Crort, Editor. Revised by 
R. B. Purpy. Second edition. London: McGraw- 
Hill Publishing Company, Limited. [Price 30s.) 


Many engineers who have had to turn their attention 
to problems involving heat transformations find 
that the formal methods of presentation in standard 
text-books are difficult to follow without assistance, 
and would welcome a simpler and more gradual 
method of approach. The purpose of this book, 
the first edition of which was published in 1923, is 
to present in simple language the fundamental 
principles underlying the study of heat problems, 
with their manifold applications in practical engi- 
neering, and to suit the treatment to those with 
a limited mathematical and scientific education. 
Often in a treatise of this kind strict accuracy is 
sacrificed for the sake of apparent simplicity and 
an investigation of real fundamentals is shirked. 
|The success of this work is due to the fact that the 
authors start with fundamental conceptions of 
| heat and gradually build up a sound knowledge of 
principles with the aid of copious illustrations 
and analogies, and without sacrifice of logic or 
|accuracy. The method adopted is to commence a 
|paragraph with a short statement in bold type 
|and then to explain and elaborate the statement 
|by means of diagrams, examples of applications 
‘and, where necessary, equations and useful data. 
| At the end of each division of the subject a series 
of searching questions is set, the answers to which 
‘demand a precise knowledge of the foregoing 
| matter. 

About half of the book is concerned with a 
thorough and comprehensive discussion of heat 
| phenomena, including gas and vapour cycles and 
ithe use of entropy diagrams. In this connection, 
|a scheme for computing changes of entropy by an 
approximate arithmetical method will be appre- 
ciated by non-mathematical readers. The remain- 
|der of the book deals with fuels and combustion, 
steam-power plants, internal-combustion engines, 
heating and ventilating, refrigeration, and measuring 
instruments. In this portion, although many 
illustrations have been brought up to date, more 
modern forms of reciprocating steam engines 
might have been discussed. Principles, however, 
are emphasised, rather than constructional details, 
and the diagrams of plant arrangement are excellent. 
The presentation of the matter is interesting 
throughout, and the book is eminently suitable for 
those who are studying the subject privately. A 
good index adds to its value. 


Bridge Calculation and Design (for Steel Bridges). By 
D. ¥. Hrtx. London: Messrs. Chas. Griffin and Com- 
pany. [Price 25s.] 


Tuts is a book of the kind that users describe as 
“ practical,” because it includes most of the things 
that a bridge designer must know, and not much 
more. The author, who is Assistant Bridge Engineer 
to the Kent County Council, has done his work well, 
and the book is likely to become popular. The first 
three chapters deal with mechanical principles and 
are probably needed to complete the survey, 
although it is rather anomalous that the author 
deliberately omits derivations of fundamental 
formule as being “given in most text-books on 
structures,” and yet finds it necessary to explain 
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in considerable detail the nature and use of force | analysis for any system of orthogonal co-ordinates. 
and link polygons. To this originality of thought is added an easy | 

The meat of the matter comes in Chapter IV, in| and methodical mode of presentation ; for instance, 
which are computed the forces in the members of | two-dimensional motion is examined in two steps, 
trusses. Throughout the book these forces are | without and with the aid of the complex variable. 
termed “stresses,” and are distinguished from true | This type of motion, together with the problem of | 
stress by calling the latter ‘‘ unit stress.” This is | waves, is fully explained in a group of chapters | 
hardly in accordance with modern technical phrasing, | covering nearly 300 pages and including some good | 
but it will not mislead the general reader. Influence | illustrations of conformal representation and appli- 
lines for frame forces are next given, with a useful | cations of Blasius’ theorem. There is much to be | 
table by means of which the moments of the | said in favour of assigning, as is done here, separate | 
individual loads of the British standard loading | chapters to aerofoils and to the question of the wake, | 


with respect to the head of the trailing distributed | as the procedure gives point to results which enter | 
load may be taken into account without repeated | into the theory of aerodynamics. The inclusion | 





with that of the second stage; it is, as a matter of 
fact, as small as is practicable, since the overall volu- 
metric efficiency depends upon it. The first-stage 
suction line of the diagram is from A to B, compression 
from B to C, and discharge from C to D, this latter line 
representing also the suction of the second stage, of 
which stage the compression curve is from D to E, and 
the discharge from E to F. The eurves DA and FC 
represent the fall in pressure before the opening of the 
first-stage and second-stage suction valves, respectively. 
‘The passage of the air from stage to stage takes place 
quite smoothly without recompression, while the com- 
pression cycle is claimed to approach more nearly to 
the theoretical ideal than in any other two-stage 
machine, a claim borne out by the fact that the 
outlet air is exceptionally cool. The valves are of the 


computation. Another practical device is the deter- | of sections on aerofoils of finite span and of minimum | automatic plate type with a very small lift, wear being, 


mination of an equivalent uniform distributed load, | drag, and on the boundary layer, will also be appre- | in consequence, negligible. 


which may be substituted for a given system of 
wheel loads. A useful chapter on working stresses, 
which follows, includes a discussion of impact rules. | 
Design proper is considered in a series of chapters 
on plate girders, truss bridges and arches, including 
a section on deflection in trusses. There is no 
reference, however, to influence lines for deflection. | 
Everything in the book is plain and straightfor- 
ward, and, we may say, typically British, but there | 
are certain omissions which a future edition might | 
rectify. Thus, there is no discussion of joints in 
three dimensions, of redundant members, or of | 
joints transmitting moments. The obliquity of| 
stress in web plates receives no mention. It might | 
have been useful, too, to have discussed in some | 
detail the economic relations of different types of | 
bridge and different classes of steel. The secondary | 
stresses in compression members and the effect of 
eccentricity of thrust or pull, also, should have had 
attention. It is true that these items = 





are ‘‘ mar- 
ginal,” and usually only of consequence in those very 
large structures where the weight of the structure 
itself is paramount, but it is surely in this marginal 
field that the greatest need for new technical litera- 
ture arises. Mr. Hill’s book should, however, find 
a ready welcome from designers. The author 
avoids the use of what is termed “higher mathe- 
matics,” and his examples are worked out clearly 
and simply, with a minimum of verbiage. 





Theoretical Hydrodynamics. By PRoFrEssOR L. M. MILNE- 
THomMsON, M.A. London: Macmillan and Company, 
Limited. [Price, 31s. 6d. net.] 

THE modern treatment of hydrodynamics has been 
greatly influenced by the study of aerodynamics, 
as the two subjects are closely related in many 
respects, with the result that it is now possible 
to determine with a fair degree of accuracy the 
motion of fluids in specified circumstances. More- 
over, the wide range of experimental apparatus 
which is available for teaching and other purposes 
makes this side of the subject particularly attractive. 
A new book on the theory should, therefore, offer | 
adequate means of understanding the results and | 
implications of recent research, with a view to| 
extending our knowledge of the salient factors in | 
outstanding questions, of which the speed of ships | 
and of aeroplanes are notable examples. No more | 
than a slight acquaintance with engineering practice | 
will suffice to indicate the numerous ramifications | 
of the subject, hydraulics and lubrication being 
other fruitful branches. 

Having regard to these requirements, and to the 
fact that most treatises on the related theory are 
written primarily for mathematicians, Professor 
Milne-Thomson has rendered a service to students 
of mechanical science by basing the present work 
on his lectures to junior members of the Royal 
Corps of Naval Constructors, at Greenwich. This 
is so, because vectorial analysis has been employed 
throughout the nineteen chapters into which the 
volume is divided, and novel methods have been 
used to introduce the fundamental theorems in 
Chapter II, where a most informative account is 
given of such properties of vectors as are essential 
to the formulation of hydrodynamical equations. 
The same may be said about the discussion on the | 
complex variable as a vector operator, on the partial 
differentiation with respect to a vector that is here 
involved in the derivation of Kirchhoff’s equations, 
and on the simplified method of ascertaining the 
components of stress in a viscous fluid by vectorial 
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| two stages of compression, 


ciated by students of aeronautics. Conformal 
mapping is again used to advantage in the analysis 
of fluid motion in three dimensions, and this more 
advanced kind of problem is discussed in a manner 
that leaves little to be desired. Hence this com- 
prehensive work may be strongly recommended, | 
either as an introductory course of study or as a 
useful book to read in conjunction with Lamb’s 
treatise on the same subject. A collection of 
excellent exercises, exceeding 500 in all, is appended 
to each chapter. 








TWO-STAGE ‘ UNICYLINDER 
MONOBLOC ”’ AIR COMPRESSOR. 


Messrs. J. Browett Lindley (1931), Limited, Letch- | 
worth, Herts., have now in production a very interesting 
development of their ‘‘ Monobloc ”’ two-stage air com- 
pressor, the latest two-cylinder type of which was 
described and illustrated in ENGINEERING, vol. 147, 
page 415 (1939). The new machine is a two-stage 
single-cylinder compressor. Thus decribed, it would 
appear at first sight that there is nothing new about 
it, but it will be seen that it differs radically from 
the conventional single-cylinder compressor in having 
an ordinary piston, i.e., there are not two different 
diameters in the depth of the piston to provide 
This simplification is of 
great value from the points of view of both manufacture 
and maintenance, since it means reduction in first cost 
and fewer parts to keepin order. It has been obtained 
without any sacrifice of accessibility or compactness, 
and the volumetric efficiency is stated to be as high 


jas that of the normal two-cylinder two-stage type. 


The first stage compression takes place on the underside 
of the piston and the second stage above it, this two- 
stage operation being effected by a careful adjustment 
of the clearance volumes on the, two sides, The 
new compressor, which is known as the “‘ Unicylinder 
Monobloc ’’ compressor, is illustrated in Figs. 1 to 4, 
on page 584. 

As will be seen from the external view given in 
Fig. 1, the compressor retains the characteristic of 
complete enclosure of the two-cylinder ‘‘ Monobloc ” 
machine, while in its main constructional features the 
firm’s practice in the design of large compressors is 
followed. The ‘ Unicylinder” compressor has been 
developed to meet the demands for outputs ranging 
from 150 cub. ft. to 250 cub. ft. of free air per minute, 
at pressures between 80 lb. and 150 lb. per square inch, 
and is of the crosshead type. Referring to the vertical 
sections, Figs. 3 and 4, it will be clear that the air 
inlet is at a, though the double-beat governor valve 6 
is shown closed in both illustrations, Passing this valve, 
the incoming air is drawn into the space under the 
piston through the first-stage suction valve c and a 
port, indicated by, dotted lines, which leads from the 
narrow space between this valve and the first-stage 
discharge valve d. The chamber above the discharge 
valve is, in effect, a receiver and communicates, by a 
passage in the cylinder head, with the second-stage 
suction valve e. A port from the space between this 
valve and the second-stage discharge valve f, communi- 
cates with the space above the piston, and the com- 
pressed air outlet leads from the chamber below the 
discharge valve. The cylinder cover is flat and is 
provided with fins on its lower face. The cylinder head 
is divided horizontally by a diaphragm having fins on 
its upper face and is covered by a flat plate. Water 
circulated through the fins keeps the under face, with 
which the.air between the stages is in contact, cool, 
and an efficient inter-cooler is thus provided. The 
finned cylinder cover acts as an auxiliary intercooler, 
while the first-stage compressed air is naturally algo 
cooled by mixing with the cooled air already present 
in the second-stage clearance space. The valve cham- 
bers are cooled by water-jacketing. 

It will be seen from the diagram, Fig. 2, that the 
clearance space in the first stage is small compared | 





The governor valve 6 is 
automatically actuated by the relay device seen to the 
right of both Figs. 1 and 3, and the outlet pressure can 
be maintained at any pre-determined value. In 
addition, the first stage is automatically unloaded 
during periods of light load, so that current consump- 
tion is reduced to a minimum when the compressor is 
motor-driven, 

The whole of the working parts are totally enclosed, 
this construction rendering the compressor particularly 
suitable for use in confined spaces and dust-laden atmos- 
pheres. The crankshaft and flywheel are a single 
forging and gre mounted in taper-roller bearings. 
Forced lubrication is provided, by a gear pump driven 
from the crankshaft, to all the working parts but the 
cylinder. The piston rod is provided with an oil scraper, 
so that no oil can find its way into the cylinder from 
the crosshead, and metallic packings are fitted to the 
glands. The cylinder is lubricated by a mechanical 
sight-feed lubricator capable of a very fine degree of 
control so that waste of oi] and carbonisation of the 
valves and air-control gear is prevented. Large doors 
are provided at front and back for access to the crank - 
case and cylinder stuffing boxes, They are, moreover, 
in halves so that they can be removed, thus leaving a 
hole in the cylinder bottom through which the crosshead 
and connecting rod can pass when the whole piston-rod 
assembly is withdrawn, an operation which can be 
effected without disturbing the cylinder block. Re- 
moval of the cylinder head exposes the valves, and 
the fins in it can be cleaned by taking off the cover 
plate. The piston is split horizontally and restrained 
packing rings are fitted. 








THE CONSTRUCTION AND OPERA- 
TION OF THE GRID.* 


By JounsTtone Wricuxt. 
(Concluded from page 569.) 


THERE is now extensive experience of the effects of the 
grid system on the communication systems of the 
Post Office, the railway companies, and other important 
bodies, and there is now no appreciable trouble on the 
communication systems, interference of either transient 
or continuous types having been almost eliminated. 
This satisfactory result has been secured by continuous 
co-operation between the respective technical staffs. 
Great Britain came late into the field of high-voltage 
transmission and so missed much of the controverey 
between communication and power interests which was 
a feature of power development abroad. In the 
United States it had been widely realised that both 
sides had everything to gain by dispassionate discussion 
of their technical difficulties. Significantly, their 
business was conducted under the specific title of 
‘‘ inductive co-ordination ” rather than the more usual 
“ induotive interference ""—and we have not hesitated 
to adopt their admirable principles. The ‘ guiding 
principles” issued by the International Mixed Com- 
mittee of Communication and Power Engineers (the 
‘**C.M.I.”’) show the protective steps which communica- 
tion authorities consider necessary, but they should 
be regarded as general indications rather than rigid 
regulations. Some important power schemes have 
been handicapped by failure to appreciate this, excessive 
capital expenditure being incurred when a dispassionate 
examination of the facts by both sides would have 
revealed inexpensive means of securing the desired 
degree of safety. This point is surely exemplified by 
the co-existence in the circumscribed area of this island 
of the grid and other large power systems and the vast 
G.P.O. network of communication circuits. Radio- 
interference problems have also been dealt with on 
co-operative lines. In the early stages of grid opera- 
tion, complaints from radio usets were somewhat 
numerous, but investigations showed a rather large 
proportion of these to be unjustifiable, the troubles 





* Presidential Address to the Institution of Electrical 
Engineers. Abridged. 
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arising in the radio sets themselves. This was realised 
by the General Post Office, who soon ensured that the 
Board were shielded from all except bona-fide com- 
plaints. Between 1930 and 1938 only 120 cases of 
interference had to be considered, and only a small 
proportion of these necessitated any extensive remedial 
action. Radio interests should realise, however, that 
they have their own part to play in making good recep- 
tion possible, by ensuring adequate radio field strength 
and technically satisfactory receiving sets. If there 
is adequate and unbiassed co-operation between the 
interests concerned, it should be readily possible to 
give the public good and economical service in both 
power and radio fields. 

As regards system control, the Board rent from the 
Post Office, for exclusive use, an extensive network 
comprising over 5,000 radial miles of communication 
channels. The service standard provided by the 
Post Office is a high one, and the provision and main- 
tenance of this system by specialists leave the Board’s 
staff free to concentrate on their own problems of 
power supply. The grid is grouped into seven opera- 
tional areas, each havipg a control centre conveniently 
situated in relation to the Board’s District Office. An 
over-riding National Control has been introduced to 
co-ordinate the work of these seven control centres 
when inter-area operation is in force. For lengthy 
periods during last year the whole grid was run in 
parallel, without incident, with a maximum load on 
the interconnected power stations of the order of 
6,730,000 kW. An indication of the rapidity and 
magnitude of the fluctuations of load dealt with, and 
of the effects of exceptional events is given in Figs. 1 
and 2. Fig. 1, which refers to an American boxing 
match, with its implications of sleep foregone in 
thousands of homes, is a sidelight on the sporting 
instincts of the Briton, while Fig. 2, recording the 
sudden wholesale stoppage of industrial and commer- 
cial activity in response to a 20-year old memory, is 
significant of the tenacity of British sentiment. 

The continual extension of the grid system has called 
for corresponding extensions of control equipment, and 
the manufacturers of such equipment, developing on 
automatic telephone principles, have been most helpful 
in the solution of the many novel problems which have 
arisen. As an example in passing, mention may be 
made of the continuous tele-metering apparatus for 
use in the control centres with the rented Post Office 
channels, which has been specially valuable in inter-area 
running. The development of these instruments has 
been largely in the hands of high-frequency experts. 

Frequency and time control are carried out from the 
control centres themselves, since with a comparatively 
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large number of stations running in parallel, and with 
interconnectors of limited capacity, it is necessary to 
vary simultaneously the outputs of quite a number of 
stations, in order to obtain the desired alterations of 
grid frequency. There is no doubt that the mainten- 
ance of a high standard of frequency control is a valuable 
safety precaution for meeting emergency conditions. 
It is appropriate here to refer to a service so far 
rendered by power interests free of charge, namely, the 
provision of electrical time. To the great majority of 
users the present standard of time-keeping is adequate, 
and the use of synchronous clocks has consequently 
extended very rapidly. There ar®& however, certain 
users who would like a higher degree of accuracy, and 
it must be made clear that the primary objective in 
operating power systems in this country is continuity of 
supply. The second is economy of production. Accu- 
racy of time-keeping is relatively not nearly so impor- 
tant, and no statutory requirement whatever charges 
the Board or any other authorised undertaker with the 
duty of time-keeping. Fortunately for time-users, 
however, maximum efficiency of production, constant 
frequency, and correct time-keeping are rigidly related 
by the fundamental principles of power production. 
and as we progress towards ideal operating efficiency 
we shall concurrently tend to satisfy even astronomers 
with the degree of agreement between Greenwich 
time and what we may justifiably call “ grid time.” 
As a word of warning, time-keeping, although now 
identical over hundreds of square miles, is not normally 
identical over the whole country, as the grid is custo- 
marily operated in two or three sections. In such 
conditions there may be a slight divergence between 
the separated sections in phase and frequency, which 
might embarrass persons such as television experi- 
menters wishing to depend on grid supplies as a standard 
of exact time reference. 

Actual experience of the electrical stability of the 
grid under normal working conditions has been most 
reassuring. The grid is not a simple transmission 
system transferring large blocks of energy over long 
distances from generating station to load centres, and 
its extended bus bar characteristics favour stability. 
Even when inter-area operation on a large scale is in 
force, there is no sign of instability provided the 
majority of the grid lines are kept in service. British 
alternators of more or less normal design have proved 
reasonably stable under grid-operating conditions, even 
during severe faults. Turbine governors have given 
practically no trouble, although in the case of some of 
the larger machines installed prior to grid operation 
it is doubtful whether, if full load were thrown off, 
the running governor could keep the maximum varia- 
tion in speed below the trip speed of the emergency 
governor. The throwing off of full load does not often 
occur; but if it does, every minute is valuable, and if 
the emergency governor operates, considerable incon- 
venience may be caused by the time and trouble required 
to bring the machine back to normal conditions ready 
for load. The difficulties involved are fully realised, 
but I feel sure that British manufacturers will not 
fail to find a satisfactory solution of this minor — 

The first beneficial effect to be anticipated from the 
establishment of the grid was a reduction in the plant 
capacity required to cover a given power demand. 
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During the pre-grid period the amount of spare plant 
to provide against possible breakdowns had been 
increasing steadily with the rising size of plant units, 
and the change in trend is clearly illustrated in Fig. 3. 
Future plant extensions will be proportionate to the 
rate of growth of load, but savings under this head will 
continue, since at all stages of growth a smaller volume 
of plant is required under grid conditions. Apart 
from the saving in capital charges, the grid makes 
possible the allocation of Joad in accordance with cost 
efficiency, enabling the selected stations most efficient 
from the works-costs point of view to be run for long 
periods and the least efficient to be relegated to peak- 
load duty. The scope for such allocation is indicated 
by Figs. 4.and 5. By control it was possible, in 1938, for 
instance, for only 30 of the 171 generating stations 
under the direction of the Board to be kept running 
throughout the year, 14 of the most economical stations 
to supply 50 per cent. of the total units generated for 
the Board, and 52 stations to be run for less than 
2,400 hours. The national effect of this re-allocation 
of load is shown by Fig. 6, in which the extent of 
improvement in the stations operating under the 
directions of the Board is also indicated, on a basis 
which makes due allowance not only for the energy 
used for auxiliary purposes in the generating stations, 
but also for iosses in the grid. 

Unfortunately, the savings due to this increase in 
thermal efficiency have been largely offset by the rise 
in the price of fuel since 1935, and it will be seen from 
Fig. 7 that, but for the technical improvement brought 
about by the grid and by normal evolution in design, 
a heavy general increase in the charges for electrical 
energy could hardly have been avoided. Fortunately, 
other items of cost are more under the control of the 
supply industry and, measured as costs per unit 
delivered to authorised undertakers for distribution, 
the costs of production at stations operating under 
the control of the Board have fallen as shown in Fig. 8. 
There is room for closer examination by generating- 
station engineers of the factors which go to make up 
station performance. Under grid control, the loading 
programme is largely determined by the relative cost 
efficiency at the several stations, in which the out- 
standing factor (apart from the cost of heat, which, 
as we have seen, is largely outside the control of the 
Board or the station owners) is thermal efficiency. 
Now the initial steam conditions and feed-water 
temperature chosen for a station immediately fix a 
definite upper limit to the ideal efficiency which can be 
approached by plant in that station. The design of the 
individual items of plant, and their relation to each 
other, determine a second limit—the maximum design 
efficiency of the station—while the loading and opera- 
tion of the plant determine how far this maximum 
design efficiency is realised in practice. It is customary 
to express thermal efficiency as one overall figure, 
but as we are approaching the limiting ideal efficiency 
obtainable with steam generation, it might be well 
to separate out three factors—ideal efficiency, maximum 
plant efficiency, and operating efficiency. 

The guiding principle in determining the location of 
additional generating capacity is to combine reliability 
of supply with maximum economy in the combined costs 
of production and transmission, and the advantages of 
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locating stations at favourable generating sites have 
to be balanced against costs and hazards in transmitting 
their output to the load centres. The general adoption 
of higher steam temperatures and pressures is rapidly 
diminishing the relative difference in cost efficiency 
between stations with abundant cooling water and those 
with cooling towers. ne 8 ing, riverside 
stations have the lowest ca ‘ollowed by 
cooling-tower stations, whe 's stations on 
estuaries have the highest capital costs o to the 
expensive civil engineering work required. With 
modern high efficiency cooling towers, re-cooled temper- 
atures of 75 deg., 70 deg., and even 65 deg. F. are 
possible in the average hygrometric conditions obtaining 
in this country of 51 deg. F. wet-bulb temperature, 
when working on cooling ranges of 14 deg. down to 
10 deg. F., and in these circumstances a cooling-tower 
station may be designed for an average annual thermal 
efficiency very little lower than that at a riverside site, 
enabling future plant to be more closely located in 
relation to load centres, with very substantial conse- 
quential savings in transmission. 

The establishment of the grid has drawn attention 
to the influence of boiler availability on capital and 
operating costs. There is a wide gap between the 
average availability of turbo-alternators and boilers, 
and every effort should be made to ensure better 
boiler availability and thus avoid capital locked up 
in the boiler house lying idle for long periods of the 
year. Investigations have shown that where high gas 
velocities had been employed in the economiser and 
air-heater sections of the boiler, rapid fouling occurred | shall 
with certain brands of coal, and in certain cases the 
pressure-drop increased by 10 per cent. in under 400 
hours’ service. In the more recent types of boilers, 
the adoption of larger combustion chambers, coupled 
with an increase in the amount of heat absorption by 
radiation in the combustion chamber and a reduction 
in the amount absorbed in the convection passes of the 
boiler, has led to some improvement in availability, 
and recent experience gained on a high-head type of 
stoker-fired boiler shows that after 2,500 hours’ con- 
tinuous service, during which 14 different brands of 
coal were used, it was still possible to obtain 25 per 
cent. overload, although the gas had been 
Sonn by soot blowers only. This is a marked 

ros ep or nt which I hope will be followed up by 
r designers and lead to still better results. 

"“Epotnitae investigation in this country into the 
problems of flue-gas treatment only dates from 1927, 
when the first definite requirement to remove sulphur 
compounds from flue gases was im on an elec- 
tricity supply undertaking. Two large existing selected 
stations have already been required to be equipped 
with sulphur-extraction plant, and in come other cases 
provision has had to be made in the design for the 
subsequent addition of such plant. When it is realised 
that provision of gas-washing t of the types 
now in use may increase the capital costs of a station 
by as much as 2i. per kilowatt, may add some 0-02d. 
per unit to the works costs of generation, may increase 
the consumption of energy in auxiliaries by about 
1 per cent. of the generated units, and may reduce 
boiler availability by about one-sixth, it be seen 
that the addition of the gas- -washing equipment at 
present available constitutes a serious burden on 
industry. Here is a subject giving ample scope to the 
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engineer and chemist, for there is urgent need for 
investigation and research, with the object of developing 
systems which will ensure some commercial return on 
combustion by-products commensurate with the costs 
involved in gas-washing. 

The national scheme as it now stands differs in one 
important particular from the original proposals. 
Whereas the Weir Committee contemplated that 


coastal | national needs could be met by a total of 58 selected 


stations, the Board found that certain stations not 
suitable for selection had some residue of useful econo- 
mic life in association with the grid, and in 1938 the 
Board had under direction the operation of no less 
than 171 stations, including 137 selected stations. In 
present circumstances the retention of these additional 
generating stations constitutes an asset of material 
value from a national point of view, since, apart from 
defence considerations, with spreading urbanisation 
suitable generating sites are increasingly difficult to 
secure. Not all the sites still retained are suitable for 
re-development, since present-day needs have outgrown 
the capacity or suitability of the sites, but most of the 
older stations will still continue to give service under 
the grid scheme. They have fulfilled useful peak-load 
functions up to now, and as the existing equipment is 
amortised many are —and will be—reconstructed 
to give a good account of themselves in years to come. 
With this end in view, a careful investigation of the 
site conditions at each station is in progress, it a 
most important so to plan reconstruction as to avo’ 
any fall in capacity and yet to ensure that any epumion 
form part of @ comprehensive ultimate scheme of 
arvelopreat In many cases it has already been found 
by the capiane of additional land, to envisage 
modelling the station up to three or four times the 
original designed capacity. Even when advantage is 
taken of the re-development possibilities of all existing 
sites, the rate of growth of load is so rapid that already 
the Board have made definite arrangements for the 
provision of 12 new selected stations. If current trends 
continue, in the years that lie beyond 1942, many more 
new stations will be required, giving ample scope to 
engineers of the future o for further development in the 
“ scientific art’ of economical electricity production. 
The total national installed generating capacity in 
1927 was approximately 5-2 million kW. Since that 
date there has been installed, ordered, or approved for 
installation up to the year 1942, under ments 
made by the Board, a total of some 5-7 million kW, 
involving a capital expenditure of approximately 
81,500,000/., which is almost three times the capital 
expenditure on the original grid. It will be seen that 
arranging for the provision of additional ogre 5 
plant is now one of the major activities of 
and will be of increasing importance until such time 
as the rate of growth of demand upon the supply 
industry slackens. It is not too much to say that the 
grid has brought about a revolution in the outlook 


regarding the provision of new genera‘ equipment. 
Indeed, the co-ordination of generating t develop- 
ment may well prove ultimately to be the greatest of 


the contributions of the grid towards the advancement 
of the supply industry. Previously, new generating 
facilities were provided iece-meal as required by the 
load increment of the individual un » and the 


the | size and type of set were more or less rigidly 


by local load prospects in the years immediately ahead. 





Within those limitations, a steady increase in plant 
efficiency was ensured by the consent of the Electricity 
Commissioners to the installation of new plant, the 
progressive outlook of the responsible engineers, and 
the healthy riva’ between the manufacturers of 
different types of plant. While these factors continue 
to play their part, the establishment of the grid has 
introduced a completely new factor, since it enables 
planning to be carried out on a radically wider and 
more logical basis than was possible under isolated 
operation. 








ROT-PROOFING OF SAND-BAG 
REVETMENTS. 


IN a memorandum issued by the Ministry of Home 
Security, it is stated that, on the basis of present 
information, two types of preservative are considered 
to be suitable for ap rsh as to sand-bag revetments. 
They are, suaeaieh , & creosote or tar distillate, 

bee. | as a water emulsion, and a solution of an organic 
copper salt in creosote, made up into an emulsion. 
The former is more widely available than the latter 
and is suitable for the treatment of revetments in 
position which have already deteriorated as the result 
of exposure to the weather for some time. The latter, 
although more potent, is also more aes and it is 
pointed out that its use will not generally be justified 
unless the bags are in good condition. Further, it is 
desirable to take down the whole revetment, treat all 
the bags, and then re-pile them. When a water emulsion 
of creosote or tar distillate is used, it should be applied 
in such quantity as to give, on the exposed portion of 
the bag, a coating of creosote not less than one-fifth 
of the normal dry weight of the fabric exposed. This 
is given approximately by a 25 per cent. creosote 
emulsion on sprayed on the bags to give a thorough 
coating, completely omnes = the Parra rig of the 
fibres. The creosote shoul with British 
Standard Specification No. 144) 1208, which deals 
with “ Creosote for the Preservation of Timber.”” Any 
normal em agent may be used, and the compo- 
sition below sprog 5 taken as a typical example. The 
latter three items constitute the emulsifying agent. 


65 parts creosote 


35 » water 
1°2 » Oleic acid 
0-8 » casein 
0-36 ~=,, sodium hydroxide 


The emulsifying agent is dissolved in water and the 
two fluids are mixed in a jet similar to that of a cream- 
making machine. An emulsion i in this 
manner, it is stated, should be stable and capable of 
being transported in drums or kegs. Before use, it 
should be diluted with water to a suitable consistency 
for spraying, bearing in mind, however, that the 
creosote content does not ey below 25 per cent. 

When using the ¢ copper-salt emulsion, the 
salt should be dissolved in the creosote or tar distillate, 
the solution then being made up into an emulsion 
with water, by the use sof a peer type of emulsifying 

agent. The 7 r salt should be one of an organic 
fatty agg of igh molecular weight, such as, for 
exam = sr Oleate. The organic copper salt 
shoul be in the proportion of 16 per cent. of 
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the weight of the creosote, and the whole should be | 


emulsified with water. When sprayed on the \bags, it 
should be applied as a 20 per cent. emulsion. 

It is emphasised in the memorandum that the emul- 
sion should be diluted with water immediately before 
use, as the diluted solutions do not keep. The emulsions 
should preferably be applied by means of a paint or 
horticultural spray, or even an A.R.P. stirrup pump, 
though brush application is permissible. Care should 


be taken to coat thoroughly any seams visible on the | 


face of the pile, and to work the emulsion well into th 
seams. As is the case when handling creosote in the 
ordinary way, care is needed to avoid fire risks during 
application, and naked lights should not be allowed 
in the vicinity of the work nor should the men smoke 
while spraying. The freshly-creosoted revetments will 
have a strong odour characteristic of creosote, but this 
will decrease to an unobjectionable amount in a few 
days. As creosote may cause permanent stains, suitable 
measures should be taken to protect the surface ol 
buildings against which the bags are placed, while 
spraying is in progress. In order to obtain the best 
possible penetration into the fabric of the bags, th 
preservatives should not be applied immediately after 
heavy rain, and, when wet, the bags should be given 
a reasonable time to dry. It is desirable to repeat 
the treatment and this should be done at intervals not 
exceeding three months 





AUTOMATIC MULTI-TOOL LATHE 
OPERATION. 


Tuk subject of multi-tool lathe operation has received 
« good deal of attention in the United States, parti- 
odbaiy in the manufacture of motor-car engine parts 
” mass-production lines, where the saving of a fraction 
of a minute per part makes a considerable difference 
to the cost account of a full year’s output. Some 
comments on the way in which such savings are effected 
may prove of interest, but, as it is not practicable to 
present the information in a general way, specific cases 
have had to be taken, the machines involved being 
lathes manufactured by Messrs. Gisholt Machine 
Company, Madison, Wisconsin, U.S.A. Two types of 
lathe have been selected, namely, the Gisholt Radial- 
l'ype Simplimatie lathe ‘and the Gisholt: Platen-Type 
Simplimatic lathe. Although illustrations of both 
machines are given in Figs. | and 2, herewith, it is not 
proposed to describe them in detail. The qualifying 
adjectives, however, call for some explanations. The 
radial-type machine, shown in Pig. 1, has a traversing 
saddle having a vertical face on which the tool slides 
ure mounted radially to the spindle axis. The slides 
have movements independent of that of the carriage. 
The platen type Of machine, shown in Fig. 2, has a 
flat horizontal traversing table on which are mounted 
two Or more tool slides, each of which has its own feed 
drive, rate of feed and direction of feed. All the slides 
feed in simultaneously and the table is retracted by an 
air cylinder. Both machines are fully automatic and 
are capable of being adapted to a great variety of 
work, though the machining of motor-car engine parts 
only is discussed here. 

Perhaps the best way of prefacing our description of 
the multi-tool operations is to indicate the nature of 
the savings effected, the machining of a motor-car 
engine flywheel being taken as an example. Such 
fiywheels were machined 25 years ago on a turret-lathe 
provided with hand indexing, eto., and the time taken 
for completing one wheel was approximately 25 
minutes, high-speed steel cutting tools being used. 
Measrs. Gisholt inform us that by the introduction of 
their automatic Simplimativ lathe 10 years ago, using 
cemented-carbide cutting tools, the greater power 
provided reduced the machining time to 8 minutes per 
wheel. Continued improvement effected a still further 
reduction, so that three years ago the time for machining 
one face of a wheel was | minute for each side, i.e., the 
complete process took 2 minutes. Practice to-day in 
machining both faces of a modern type of flywheel, 
using the new radial-type Simplimatic machine, is 
1} minutes, or 45 seconds per face. The principle 
underlying the machine design ad tool lay-out is that 
of employing a maximum number of tools to machine 
parta of the same surface rather than to pass a single 
tool over the whole surface, thereby reducing the feed 
travel and, in consequence, the machining time, An 
example of such a tooling arrangement is given in 
Figs. 3 and 4, opposite, which show the lay-out adopted 
by Messrs. Chevrolet Motor Company, Buffalo, New 
York, U.S.A., for machining a motor-car engine flywheel 
in two operations, the first operation employing 16 tools 
and the second one employing 15 tools. 

Although Pig. 1 shows the radial.type Simplimatic, 
with the flywheel clearly identifiable in the chuck, 
only two of the radial tool slides are visible. There are, 
however, three such slides, disposed approximately 
at 120 deg. apart. Each slide is ia of being 
traversed longitudinally, i.¢., parallel to the headstock 
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Fig. 2. PcLaten-Type 


spindle, independently of the saddle, and of being) 
traversed radially. In addition, the saddle is capable 
of longitudinal traverse and an auxiliary slide has a} 
radial traverse. The first turning operation is seen in 
Fig. 3. All the parts to be machined away are indi- 
cated in black and the contour of the tungsten-carbide 
tips is shown on the tools by appropriate iines. The 
front slide holds three tools, namely, tool a, which faces 
the flange A; 6, which faces the hub B; and c, which 
faces the crank seat C. All these operations are rough 
facing, the rough casting being held in a 21-in. air- 
operated chuck with hard jaws. The front slide moves 
radially outwards as indicated by an arrow. The 
rear slide moves longitudinally, that is, parallel to the 
spindle, and carries seven tools, viz., a shaving tool a" 
for finishing flange A; similar tools }' and c' for 
finishing surfaces B and C, respectively ; rough-turning 
tools d and e for the diameters D and E, the latter 
functioning only as far as the chuck jaws, and cham- 
fering todls f and g, for the corners F and G. The 
centre slide, which is the vertical one in Fig. 1, moves 
longitudinally as indicated, and carries five tools and 
a piloted boring bar. The tool A bores the hole H, 
while the tool t makes the hole chamfer I. Tool j 
turns the crank seat diameter J. The other tools, 
respectively, make another cut on diameter D, which 
takes the gear ring, and finish-turn the diameter E 
as far as it has been roughed out. A single tool on| 
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the auxiliary slide shaves the ring gear diameter]D to 
size. The term “shave ” is used here to indicate the 
action of a tool which extends across the whole face to 


| be cut, as distinct from a nose-type tool, which takes 


a spiral cut when facing and a helical one when turning. 

The working cycle, which occupies 70 revolutions of 
the headstock spindle, is as follows. When the machine 
is started, the saddle is advanced } in. at the rate of 
0-031 in. per spindle revolution. This takes eight 
revolutions, and brings the tools in the front and rear 
slides to their cutting positions. This done, the move- 
ment of the saddle is arrested for the remaining 62 
revolutions. The front slide commences to move 
radially outwards at eight revolutions from the start 
and travels through a distance of { in. at the rate of 
0-031 in. per revolution. This occupies 28 revolutions, 
the slide then becoming stationary and remaining 80 
to the end of the cycle, #.¢., for 34 revolutions. The 
rear slide commences to move longitudinally at the 
same point of the cycle as does the front slide, and 
first of all travels 1 in. at the rate of 0-036 in. per 
revolution for the turning of diameters D and E. This 
takes 28 revolutions, after which the feed changes to 
0-015 in. per revolution, which rate is maintained for 
two revolutions, the travel being ¥, in. for the chamfers 
F and G. A further slowing down to 0-005 in. per 
revolution for six revolutions then takes place, during 
which the shaving cuts are made. The slide then 
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stops and is stationary for the remaining 26 revolutions. 
The centre slide does not begin to move until a point 
is reached 28 revolutions from the start and then travels 
1} in. at the rate of 0-031 in. per revolution ; a traverse 
which takes 40 revolutions, and leaves only two revolu- 
tions before the saddle is automatically withdrawn, 
and the slides are returned to the starting position. 
The whole machine is, in fact, automatically shifted into 
neutral, and the spindle is braked. Unloading and 
re-loading put the machine in a céndition for starting 
the next cycle, which is effected by the operator manipu- 
lating two levers at the back of the saddle. This posi- 
tion is selected from the point of view of safety, since 
the rapid traverse of the saddle brings it up to within a 
fraction of an inch from the work in approximately 
three seconds, and the situation of the levers keeps both 
hands of the operator well out of the way. 

It will be realised that the above description applies 
only to the machining of one face of the flywheel. 
The machining of the other face, comprising the second 
operation, is done on a similar machine with the tool 
lay-out shown in Figs. 5 and 6, above. The flywheels are 
chucked on the finished surface of diameter D, the 
chuck being air-operated and having wide-top jaws. 
In this operation 15 tools are employed in three slides 
as before, but the auxiliary slide is not made use of. 
The front slide carries four tools and moves radially 
outwards. Tools k and I rough-face the recesses K 
and L, respectively. The other two tools m rough-face 
& portion of the clutch surface M, removing the metal 
in two concentric rings. The rear slide carries five 
tools and moves radially inwards. Tool 2 rough-faces 
that part of recess L which was not covered by tool 1, 
Three tools m! complete the rough-facing of the clutch 
surface by removing the rings left by tools m. The 
tool n squares up the periphery N, which, it will be 
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recognised, is the same as E in Fig. 3, the chuck jaws 
having prevented complete machining in the first 
operation. The centre slide carries six tools and a 
piloted boring bar. Tool gives a shaving cut to 
recess L; tool m* gives a similar cut to the clutch 
surface M ; tool n! finish-turns the periphery N ; tool o 
makes a chamfer at 0; and tool p cuts the groove P 
in the clutch surface. The boring-bar tool finishes the 
hole H of Fig. 4. 

As before, the starting of the machine runs the saddle 
rapidly up to the work, the rapid traverse taking the 
tools to a point 4 in. from their cutting position. The 
saddle traverses this distance in 11 spindle revolutions 
at a feed rate of 0-028 in. per revolution. The machi- 
ning operation takes 69 spindle revolutions altogether, 
and all three heads start to traverse as soon as the 
saddle stops after 11 revolutions. The front slide 
travels outwards for #& in. at the rate of 0-019 in. 
per revolution, this traverse taking 29 revolutions and 
the slide being stationary for the remaining 29 revolu- 
tions. The rear slide has a variable travel inwards. 
It first makes a traverse of }} in. at 0-028 in. per 
revolution, 29 revolutions ; followed by a traverse of 
fy in. at 0-031 in. per revolution, two revolutions ; 
one of 4 in. at 0-015 in. per revolution, two revolu- 
tions ; and one of 4, in. at 0-010 in. per revolution, 
three revolutions. The slide remains stationary for 
three revolutions. The centre slide traverses 4 in. at 
0-024 in. per revolution, 29 revolutions; ,, in. at 
0-020 in. per revolution, eight revolutions; 4 in. at 
0-015 in. per revolution, two revolutions; yy in. at 
0-010 in. per revolution, three revolutions ; and ¥ in. 
at 0-005 in. per revolution, six revolutions. Jt remains 
stationary for 10 revolutions before the saddle is with- 
drawn. The different feed rates are given to the slides 
from a drum cam, common to all, The flywheels are of 















































cast iron and the stock removed is about ¥ in. to ¢ in. 
The cutting speed is approximately 175 ft. per minute 
in both the first and second operations. Each operation 
takes 1-4 minutes floor to floor time. It will be obvious 
from Figs. 3 to 6, that all the tools have the minimum 
of overhang, and it is stated that this rigid support 
results in an unusually long tool life. 

The example of a tool lay-out for a Gisholt platen- 
type Simplimatic machine given in Figs. 7 and 8, on 
this page, needs fewer tools than the above example, 
though this does not mean that this type cannot have 
a@ more elaborate layout. Fig. 2, indeed, shows a 
lathe set up for machining a motor-car flywheel, an 
overhead tool on a pilot bar being added to the three 
slides to finish the periphery of the wheel within fine 
limits. The being machined in Figs. 7 and 8 is 
a bevel-gear wheel blank of forged steel. It is handled 
in two operations, that is to say, one face is done in 
one lathe and the other in a second lathe, generally 
similar’ to the first, but differently tooled. The first 
operation, shown in Fig. 7, employs five tools carried 
on three slides and one tool on a back-boring bar. 
The front slide carries a tool a, which is traversed 
inwards to rough-face the back of the wheel A, this 
surface being finished by the tool a' on the rear slide, 
which is also fed inward. The centre slide carries 
three tools for rough and finish-boring of the diameter D 
and its chamfering at C. This slide is traversed from 
right to left, The back-boring attachment is traversed 
from left to right in making the cut and carries a tool b 
which turns the recess B, The operation takes 85 
spindle revolutions to complete, after the start of the 
cuts. The front and rear slides start and finish together 
and are traversed through I§ in. at a feed rate of 
0-019 in. per revolution for the full 85 revolutions. 
The centre slide starts with the other two and makes 
a longitudinal boring and chamfering traverse Of 1} in. 
at the rate of 0-017 in. per revolution for 81 revolutions, 
remaining stationary for the other four revolutions. 
The back-boring bar also starts its cut at the same 
time as the slides and makes a traverse of 1 in. at the 
rate of 0-018 in. per minute. This traverse takes 
57 revolutions to complete and at the end of it the 
slide remains stationary for five revolutions and is then 
retracted during the remaining 23 revolutions. The 
rough wheels are held in an 18-in. Foster Barker chuck, 
on their outside diameter. 

In the second operation the gears are held in a 
special air-operated chuck, which grips the bore as 
shown in Fig. 8. In this view it will be noticed that 
the slides have traverse in an angular direction matching 
with the bevel of the gear. This angular setting does 
not present any difficulties with the feed, since it will 
be observed in Fig. 2 that the feed driving-gear shafts 
have universal joints, Only two slides are used in the 
second operation, each slide carrying three tools. The 
front slide tools e, f and g turn the outside diameter FE, 
bore the inside diameter F, and round the corner G, 
respectively. The traverse is at a somewhat acute 
angle to the spindle centre line and is towards the 
headstock. The rear-slide traverse is at a much less 
acute angle and is away from the headstock, It carries 
three tools, A, i and j, which face the tooth surface H, 
chamfer the corner I, and round the corner J, respec- 
tively. This operation is also completed in 85 revolu- 
tions from the start of the cut. Both slides start 
together and both stop after 82 revolutions, the 
remaining three being allowed for spindle braking. 








The front slide is traversed through 1 #j in. at the rate 
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of 0-022 in. per revolution, while the rear slide moves 
through 24 in. at the rate of 0-026 in. per revolution. 
The amount of stock removed is approximately ¥ in., 
and the cutting speed is 210 ft. per minute in both 
operations, which are each completed in 1-5 minutes. 
All the tools are of Stellite-J metal. The tool lay-outs 
of Figs. 7 and 8 are used in the works of Messrs. The 
Packard Motor Car Company, Detroit, Michigan, 
U.S.A. The examples given, it may be noted, are 
— only, both machines being capable of consider- 
able variations as regards tooling. 








BUILT-UP CAST-IRON AIR-RAID 
SHELTER. 


Some particulars have recently been sent to us of 
the “ F.S. 50” air-raid shelter, which is marketed by 
Messrs. Federated Sales, Limited, 80, Grosvenor-street, 
London, W.1, the selling organisation handling the 
products of a group of large foundries. The principal 
interest in the construction of the shelter is that it is 
built of cast-iron units bolted together to make a 
complete structure, approximately 42 ft. 6 in. long by 
5 ft. wide and having a head room of 6 ft. 6 in. It is 
claimed that the erection of the shelter can be speedily 
carried out by unskilled labour. The trench in which it is 


put up can be dug out by the firm's own workpeople, and | 


as the earth excavated is considered to be sufficient 


| BRITISH STANDARD 
SPECIFICATIONS. 


Amone the specifications issued by the British 
| Standards Institution, the following may be of interest 
to our readers. Copies are obtainable from the Publi- 
cations Department of the Institution, 28, Victoria- 
street, London, S.W.1. and, unless otherwise stated, 
| the price is 2s. net, or 2s. 2d. post free. 
A.R.P. Lighting Fittings —A further specification | 
in the A.R.P. series of standards for lighting fittings 
| has been issued. This publication, BS/ARP. No. 21, 
deals with fittings, both gas and electric, for providing 
|} an even illumination of an intensity of 0-2 ft.-candles. 
|There are now, therefore, BS/ARP specifications 
| dealing with fittings for three intensities of illumination, 
|namely, 0-002, 0-02 and 0-2 ft.-candles (BS/ARP 
| Nos. 16, 20, and 21, respectively). The fittings must 
| be used strictly in accordance with the directions given 
|as regard spacing and mounting height, and, in every | 
| case, @ written exemption permit should be obtained | 
before they are employed out of doors, since the use of 
}any external lighting without police authority con- 
stitutes a contravention of the Lighting Restrictions 
Order, 1939. [Price 3d., post free.] 

Classification of Lubricating Oils——A revision of 
publication No. 210, which deals with the classification 
of pure mineral lubricating oils and was first published 

|in November, 1924, has recently been issued. In it 


cover for the roof, no additional materials are needed. | an attempt has been made to make clearer the fact 
Furthermore, should it become necessary to give | that it is a classification intended to be a broad guide 
protection to an increased number of persons, the | to users of lubricating oils, and is not a specification, 
shelter is capable of being extended by the addition | and does not provide detailed specifications for indi- 
of the requisite number of units. All the parts are | vidual oils. The introduction of new processes of 
stated to be ready for immediate erection without | manufacture has made necessary a revision of the 
machining, and, when no longer required, the shelter | classification and a reconsideration of the significance 
can be dismantled and the site made good quickly. of the tests employed. In the present specification, | 











It is further pointed out that the metal is likely to have | the oils are divided into five main groups, each of 
which is sub-divided—as commercially practised—into | 
| viscosity grades under the names light, medium, and | 
| heavy, and, for convenience, the corresponding units | 
of kinematic viscosity in centistokes (cS) are given. 
| All tests except viscosity, however, have been omitted, | 
the reason being indicated in notes on the significance 
|of the demulsification, pour-point, flash-point, oxida- 
tion, carbon-residue, acidity and other tests. 


considerable recoverable value after the conclusion of 
hostilities. We are informed that the shelter complies 
with Home Office regulations and that it has been 
subjected to a “ high-explosive” test under Home 
Office authority ; it is, therefore, subject merely to the 
local officers’ approval. The shelter, the parts for 
which, we understand, are available for immediate 
delivery, is consequently well worth consideration 
by those firms who have had to delay their air-raid 
precautions plans owing to the shortage of materials 
or the lack of skilled labour. 








THE PRODUCTION OF MINERALS IN QuEBEC.-—During 
the first nine months of the present year, 86,594,061 Ib. 
of copper, 852,937 oz. of silver, and 720,285 oz. of gold 
were produced in the Province of Quebec, as compared 
with 82,940,323 Ib., 840,698 oz., and 641,365 oz., respec- 
tively, during the corresponding period of 1938. 

THe Russian Cargo Vesset “ Trup.”—We under- 
stand that work on the construction of the 19,000-ton 
eargo vessel Trud, which ie being built at the Marty 


Shipyards, Nikolayev, South Russia, has recently been | 


resumed. It is now stated that the vessel will be com- 
pleted by 1941. The Trud, which is a Diesel-electric 
ship, is claimed to be the largest cargo vessel yet laid 
down in Soviet shipyards. She will be employed on 
the Black Sea-Viadivostok-United States services. 


MECHANICAL ENGINEER'S DIARY.—This new pocket 
annual is published by Messrs. Letts Quickref Diaries, 
Limited, 160, Shaftesbury-avenue, London, W.C.2, and 
consists of some 140 pages of technical information and a 
diary for the year 1940. This last calls for no comment 
except that one page might have been given to a calendar. 
The first part is noteworthy in that the matter is divided 
into sections which give a coherent, if condensed, account 
of the chief branches of knowledge on which engineering 
is based. There are five such sections, together with a 
sixth devoted to tables and data which are, in the main, 
related to the subject-matter of the others, though it 
also includes some useful tables not usually found in such 
collections. The five categorical sections are concerned 


respectively with mathematics, mechanics, hydraulics, | 
mechanics of materials, and thermodynamics. The last | 
section is particularly lucid, though, necessarily, some- | 


what briefly treated. A regular text-book treatment of 
the subjects it is approached sufficiently closely to make 
the diary of real value to both the student and to the 
practising engineer. 
errors in the diary, though in one or two instances the 
printers seem to have made some mistakes in the Greek 
letters used. These, however, should be readily recog- 
nised, and, in any case, will, no doubt, be ultimately 
set right. A useful feature is the provision of two or three 
blank pages for notes at the end of each section. A 
number of squared-paper leaves is also included, and 
there is an adequate index. The technical pages of the 
diary have been compiled by Dr. T. W. Chalmers, 
M.1.Mech.E. The price is 2s. net, in leather cloth with 
back-loop pencil, but it is obtainable in other bindings. 


We have not detected any major | 


| 
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| Public Speaking for Technical Men. By S. M. TUCKER. 
London: McGraw-Hill Publishing Co., Ltd. [Price 
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PERSONAL. 


Mr. A. MULLINS, C.M.G., C.B.E., Deputy Comptroller- 
General of the Department of Overseas Trade, who, since 
the outbreak of hostilities has held the appointment of 
principal officer to the Midland region (civil defence), 
has now been recalled, and appointed acting Comptroller- 
General of the Department of Overseas Trade, 35, Old 
Queen-street, London, S.W.1. 

Sm BERNARD Docker, K.B.E., was elected chairman, 


|}at the annual meeting on November 7, of Messrs. 


Birmingham Small Arms Company, Limited, Small 
Heath, Birmingham, in succession to SiR ALEXANDER 
RoGeEr, who has had to resign due to pressure of work in 
other directions. Sir Alexander, who remains on the 
board, has carried through, with Mr. GEOFFREY BURTON, 
the managing director of the B.S.A. parent company and 
chairman of all the subsidiary companies, a complete 
reorganisation of the group. 

The office of the Commercial Secretary at The Hague 
has recently been transferred to new quarters, and all 
correspondence should now be addressed to Mr. R. V. 
LAMING, C.B.E., Commercial Secretary, British Legation 
(Commercial Secretariat), Laan 19, The Hague. 

Messrs. BROADWAY ENGINEERING COMPANY, LIMITED, 
Carlisle-road, Hendon, London, N.W.9, have been 
appointed sole European agents for Messrs. W. B. 
Knight Machinery Company, St. Louis, Missouri, U.S.A., 
manufacturers of high-speed vertical milling machines. 

Dr. J. L. MARTIN, M.A., Ph.D., A.R.I.B.A., has been 
appointed principal assistant architect of the London 
Midland and Scottish Railway Company. 

MESSRS. BLACKSTONE AND COMPANY, LIMITED, Stam- 
ford, Lincs., inform us that Mr. J. T. RyMeER has joined 
the board of the Company. He was recently elected to 
the board of Messrs. R. A. Lister (Marine Sales), Limited, 
who market Blackstone engines for marine purposes. 








CONTRACT. 


Messrs. THE WOODALL-DUCKHAM VERTICAL RETORT 
AND OVEN CoNnsTRUCTION COMPANY, LIMITED, “ Up- 
lands,’” Epsom-road, Guildford, Surrey, have received an 
order, valued at nearly 475,0001., for a second complete 
by-product coking installation to be built at. the Iscor 
Steelworks, near Pretoria, of Messrs. The South African 
Iron and Steel Industrial Corporation, Limited. The 
new oven battery will comprise 45 top-charged, W.-D. 
Becker coke ovens, designed for blast-furnace gas under- 
firing. The ovens will each be 40 ft. 8 in. long, 13 ft. 
high, and 16 in. in average width. The battery will be 
capable of carbonising 960 tons of washed coal a day. 
The contract provides for two sets of electro-detarrers for 
the extended plant and for a new concentrated-ammonia 
plant. Further, the capacity of the benzole plant will 
be doubled, and a pipe-still type of tar distillation plant 
will be installed to deal with 100 tons of crude tar per 
day. 








RECONSTRUCTION OF THE Moscow RAILWAY SYSTEM. 
We are informed that considerable reconstruction works 
of the railway system, on the eastern outskirts of Moscow, 
are being carried out to enable north and south-bound 
goods trains to proceed on their journeys without passing 
through the city. Two loop lines are being built for this 
purpose ; the one, 56 miles in length, has recently been 
completed and put into service, and the other, which is 
75 miles long, is being surveyed. 

AWARDS TO AMERICAN ENGINEERS.—-The certificate of 
award of the honorary life membership of the Institution 
of Mechanical Engineers and the James Watt Medal, 
which should have been presented to Mr. Henry Ford, 
on September 8, at the international meeting of engi- 
neering societies to have taken place in New York, 
will now be presented during the sixtieth annual meeting 
of the American Society of Mechanical Engineers, to be 
held in Philadelphia from December 4 to 8. Professor 
A. G. Christie, President of the Society, has been made 
an honorary life member of the Institution. 





THe UnIrep States Mica Inpustry.—According to 
statistics issued by the United States Bureau of Mines, 
the total yield of punch and sheet mica from mines in 
that country amounted to 939,507 Ib., in 1938, compared 
with 1,694,538 Ib. in 1937. Punch mica, it may be 
explained, is that used for making washers and small 
stampings for the radio industry. The better kinds of 
mica are imported, but, in 1938, only 391,125 Ib. of the 
mineral, in sheet and block form, were received from 
other countries, against 1,004,950 Ib. in 1937, representing 
a decrease, in 1938, of more than 60 per cent. as compared 
with the 1937 total. The declines, both in production 
and imports, are stated to have been due to overstocking 
on the part of buyers of the mineral during 1937. Two- 
thirds of the mica produced in the United States is 
furnished by North Carolina, while India and Canada 
constitute the principal sources of imported mica. 
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NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation..-Market conditions change very | 
slowly, but the slight movements reported encourage | 
hope of gradual expansion of usual commercial business. | 
Though iron and steel producers have still to concentrate 
largely on meeting war-time needs, slightly increased | 
tonnage is becoming available for ordinary industrial 
purposes, and customers are readily placing orders when | 
assured of reasonably early delivery. 

Cleveland Iron Trade.—Makers’ stocks of Cleveland 
pig are not large, but are sufficient to cover buyers’ 
essential needs. Output is still suspended and resump- | 
tion of regular make is unlikely so long as foundry-iron | 
consumers continue to receive increasing supplies from | 
other home-producing centres. Unexpected urgent 
additional demand for Tees-side brands could be promptly | 
dealt with by switching over furnaces running on other 
descriptions of iron to the production of Cleveland pig. 
Prices named for Continental foundry iron are still too 
high to compete with values of Tees-side brands. The) 
fixed prices of Cleveland pig stands at the level of No. 3 | 
quality at 108s., delivered here. 

Hematite.—The present substantial production of | 
East Coast hematite, added to the heavy tonnage accumu- | 
lations at makers’ yards, are sufficient for probable | 
needs over a considerable period. At the same time, as 
producers have well-filled order books, they are unwilling | 
to accept further extensive contracts until they have | 
executed a good deal of the work on hand. Merchants | 
continue to distribute a fair amount of tonnage among | 
customers of long standing, but deliveries are mostly 
direct from makers to consumers. Stabilised quotations | 
are ruled by No. 1 grade of hematite at 124s. 6d., delivered | 
to North of England areas. 

Basic Iron.—The price of 101s. 6d. for basic iron is | 
nominal, as the continued enormous demand of makers’ | 
own steelworks absorbs the huge output as it becomes | 
deliverable. 

Foreign Ore.—Obstacles to import of foreign ore are 
sufficiently conquered to enable consumers to receive 
satisfactory supplies. Users have moderate stocks and | 
have reason to believe that deliveries will be well main- | 

| 


| 





| 


tained. 

Blast-F'urnace Coke.—-Durham blast-furnace coke 4 
plentiful. Local users have covered requirements well | 
ahead and are buying little. There is no great pressure 
to sell, though some holders have command of considerable 
parcels. Market values are based on good medium 
qualities at 29s. 2d. at the ovens. 

Manufactured Iron and Steel.—Semi-finished iron and 
steel makers continue to supply re-rollers with increasing 
tonnage, and with import of Continental products still 
quite up to expectation, deliveries keep consuming plant 
fully employed. There is unrelaxed activity at finished- 
iron and steel works. Sheet-makers are as busy as ever, 
but have now dealt with Government orders to an extent 
that enables resumption of work of usual contracts, 
execution of which has been necessarily delayed. Pro- 
ducers of shipbuilding requisites have orders that will 
keep them well occupied for many months; and manu- 
facturers of finished steel have still to operate plant at 
capacity to comply with customers’ requirements. For 
home trade, soft steel billets are quoted 81. 7s. 6d.; hard 
steel billets, 91. 10s. ; steel ship, bridge and tank plates, 
117. 10s. 6d. ; joists and sections, 111. 8s.; boiler plates, 
12/. 8s.; black sheets, No. 24 gauge, 161. 2s. 6d. and 
galvanised corrugated sheets, No. 24 gauge, 181. 12s. 6d. 

Scrap.—Shortage of iron and steel scrap is less acute 
than recently, but users are as insistent as ever in 
pressure for larger deliveries, and saleable parcels are 
promptly purchased at control prices. 








NEWSPAPER-PRINTING MACHINE BUILDING IN RUSSIA. 
—We learn that the Rybinsk Works, Leningrad, have 
completed their first multiple-cylinder rotary printing 
press, which is intended for producing the newspaper 
Javestia. The new machine is stated to measure 262 ft. 6 in. 
in overall length, 26 ft. 3 in. in width, and 19 ft. 9 in. in 
height. It has been designed by the Printing Machinery 
Designing Bureau, Leningrad. 

LLOoYp’s WRECK STATISTICS.—Returns issued by 
Lloyd’s Register of Shipping show that 78 vessels, 
making together 121,010 gross tons, were lost in conse- 
quence of casualty or stress of weather during the quarter 
ending March 31, 1939. Of these, 75 were steamers and 
motorships, aggregating 119,722 tons, 13 of which, 
totalling 18,316 tons, flew the British flag. Vessels 
otherwise broken up or condemned during the quarter 


| locally that if the change over could be made, a large 
| and important new market for coal would be provided, 


| western part of the Welsh coalfield, which have been 


| to remove some of the restrictions which had been placed 


| disabilities, as announced by the Minister of Transport, 
| the Development Council have decided to call a conference 
| to be held at Cardiff which will be fully representative 
| of all interests concerned. 





totalled 66, making together 196,695 gross tons. Sixty- 
tive of these ships, comprising 196,336 tons, were steamers 
and motorships, and 25 of them, totalling 111,816 tons, 
were British owned. 


| of about 1,700,000 barrels monthly during the period 
| from January to August. 


NOTES FROM THE SOUTH- WEST. | 


CARDIFF, Wednesday, 

The Welsh Coal Trade.—As a result of the inducement | 
offered by the Government to transport interests to | 
change over from oil and petrol drive to the producer- 
| gas system, using home- -produced coal, great interest was 
revived in the matter in South Wales during the past 
week. For a considerable time it has been recognised 


especially for the anthracite descriptions mined in the 


proved to be well suited for the purpose, The National 
Industrial Development Council of Wales and Monmouth- 
shire has taken an active interest in the matter during 
recent years, and has made great efforts to get Parliament 


upon such vehicles. As a result of the removing of the 


Very firm conditions were 
maintained on the Welsh steam-coal market throughout 
| the past week. Both home and foreign customers 
| continued to display a keen interest, and demand was 
| well sustained. Most collieries still held sufficient orders 
| on their books to ensure a steady outlet for practically 
the whole of their potential productions over several 
months ahead. Duff coals, in particular, were scarce 
and well placed with business, while the sized classes 
were very firm. Best large qualities were moving off 
satisfactorily, while dry large kinds were in good demand. 
Cokes remained active while patent fuel was busy. 

The Iron and Steel Trade.—Good activity was again 
maintained in the iron and steel and allied trades of 
South Wales and Monmouthshire last week. Demand 
was sustained and orders were booked for delivery several 
months ahead. Works continued to be engaged almost 
to full capacity and the tone was firm. 








NOTES FROM THE NORTH. 


GLasGcow, Wednesday. 

Scottish Steel Trade.—In the Scottish steel trade the 
past week has been no exception to any other during 
the last two months with respect to demand, and all 
consumers are keeping up a steady pressure for supplies. 
Production is being maintained at a high level and is 
well up to record-breaking figures. Makers of steel are 
sparing no effort to keep all their clients supplied and 
despite the exceedingly heavy home demand, export 
orders are not being neglected. Shipbuilders are very 
busy, as, indeed, are practically all other users of steel 
material. The recent increase in prices has not affected 
the demand. The black steel-sheet makers are as fully 
employed as they have ever been. The requirements for 
Government purposes are accounting for a very large 
tonnage and drum makers and the automobile industry 
are also steady buyers of sheets. Structural sections are 
active, as constructional engineers have heavy order 
books. The following are the current prices :—Boiler 
plates, 121. 8s. per ton ; ship plates, 111. 10s. 6d. per ton ; 
sections, 111. 8s. per ton ; medium plates, 131. 2s. 6d. per 
ton; black-steel sheets, No. 24 gauge, 161. 28. 6d. per 
ton; and galvanised corrugated sheets, No. 24 gauge, 
181. 12s. 6d. per ton, all delivered at Glasgow stations. 

Malleable-Iron Trade.—There has been little change 
in the state of the West of Scotland malleable-iron trade 
during the past week and all makers are well employed. 
The re-rollers of steel bars are fully occupied and are 
turning out an exceptionally large tonnage in their 
endeavour to fill the many orders on hand. The supply 
of raw material is still satisfactory, as further lots of 
semies have lately been arriving from the Continent. 
Quotations are as follows :—Crown bars, 121. 15s. per 
ton; re-rolled steel bars, 121. 19s. per ton; No. 3 bars, 
121. 7s. 6d. per ton ; and No. 4 bars, 121, 12s. 6d. per ton, 
all for home delivery. 

Scottish Pig-Iron Trade.—Active conditions are still 
general in the Scottish pig-iron trade and the full output 
is being rapidly taken up. The current demand is very 
heavy and the steel makers, in particular, are constantly 
pressing for larger deliveries to enable them to fill their 
orders. Prices are firm at the recent advance and are 
as follows :—Hematite, 61. 4s. 6d. per ton, and basic iron, 
5l. 1s. 6d. per ton, both delivered at the steel works ; 
foundry iron, No. 1, 51. 12s. per ton, and No. 3, 5l. 98. 6d. 
per ton, both on trucks at makers‘ yards. 








THE MEXICAN PETROLEUM INDUSTRY.—Exports of 
Mexican oil totalled 1,098,504 barrels in September, 
compared with 2,029,370 barrels in August and an average 








NOTICES OF MEETINGS. 





Roya. INstTIruTIONn.—To-day, 2.30 p.m., 21, Albe- 
marle-street, W.1. ‘‘ Infra-Red Spectra and the Struc- 
ture of Molecules,” by Drs. W. H. J. Childs and H. A. 
Jahn. Wednesday, November 29, 2.30 p.m., ‘“‘ Magnetism 
and the Structure of Matter,” by Mr. K. Lonsdale. 
Friday, December 1, 2.30 p.m., “‘ Infra-Red Spectra and 
the Structure of Molecules,” by Drs. W. H. J. Childs and 
H. A. Jahn. 

NorTH-East Coast INSTITUTION OF ENGINEERS AND 
SHLIPBUILDERS.—To-night, 6 p.m., The Mining Institute, 
Newcastle-upon-Tyne. Lecture: ‘“* Aeronautics and 
Ship Design,” by Dr. J. Lockwood Taylor. Student 
Section : Saturday, December 2, 2.30 p.m., Bolbec Hall, 
Newcastle-upon-Tyne, 1. Presidential Address, “‘ From 
the Shipowner’s Point of View,”’ by Major T. R. Cairns. 

JUNIOR INSTITUTION OF ENGINEERS.—To-night, 6.30 
p.m., 39, Victoria-street, Westminster, 8.W.1. Informal 
Meeting. ‘‘ The Revival of the Gas Producer,” by Mr. 
K. W. Willans. 

INSTITUTION OF CIVIL ENGINEERS.—Y orkshire Associa- 
tion: Saturday, November 25, 2.30 p.m., The Grand 
Hotel, Sheffield. General Discussion on ‘‘ A Code of 
Practice,’”” to be opened by Professor J. Husband, 
Mr. H. C. Husband and Mr. G. McL. Gibson. 

BRADFORD ENGINEERING SOCIETY.—Monday, Nevem- 
ber 27, 7.30 p.m., The Technical College, Great Horton- 
road, Bradford. ‘‘ The Independent Power Plant—With 
Special Reference to Combined Power and Heating 
Systems,” by Mr. S. F. Benson. 

INSTITUTE OF FUEL.—Thursday, November 30, 2.15 
p.m., The Geological Society’s Rooms, Burlington Housc. 
Piccadilly, W.1. ‘‘ A Simplified Method for Estimating 
the Thermal Efficiency of Steam Boilers,”” by Mr. J. W. 
Reber. 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Tron and Steel.—Steady progress is the dominant 
feature of the local staple trades. With war experience 
in mind, employers take the view that dislocation has 
proved less severe than might have been expected, and 
that a good deal of encouragement may be drawn from 
the latest developments and from the immediate outlook. 
One gratifying feature arises from the growing evidence 
of expansion in overseas trade of a purely commercial 
character. Responsible refugees from Austria and Ozecho- 
slovakia who have set up in business in neutral or pro- 
British countries, are seeking to reorganise on the basis 
of British supplies, many of them of Sheffield origin. 
For instance, representation of Sheffield makers of steel 
products is sought by refugees now in Aden Colony and 
Protectorate. The goods are required for distribution 
in that market and for export. Turkish distributors 
wish to secure Sheffield agencies in the supply of ‘files, 
wrenches, picks, hay and ballast forks, garden ‘ols, 
sheep. shears, drills, auger bits, saws, hammers and 
hatchets. Importers and exporters in Brussels who have 
trading connections in the Near East have notified 
Sheffield manufacturers that they wish to arrange for 
distribution of supplies from this area of general tools, 
machine tools, plantation tools, corrugated sheet iron, 
and white metal. Despite the greatly augmented 
demand on emergency and other accounts, ample and 
regular supplies of all classes of raw materials are forth- 
coming. Makers of industrial machinery continue to 
operate at high pressure. More contracts have been 
taken for chilled rolls for rolling mills. Sheffield Cor- 
poration has placed orders for trowels, shovels, shears, 
steel poles, steel plates, cable drums, and electrical equip- 
ment and fittings. 

South Yorkshire Coal Trade.—House-coal supply seems 
to have caught up with the demand, and in several 
quarters easier conditions prevail, though this state of 
affairs is not reflected in any adjustment of prices. 
Contract requirements absorb the bulk of industrial fuel, 
and, generally speaking, emergency operation works 
smoothly. Steam-raising varieties for the textile districts 
are in good demand. and heavy sales of slacks to public- 
utility undertakings are reported. The coke market is 
rather more active. Export business has weak features, 
though further inquiries are reported from Italy. 








150TH ANNIVERSARY OF FOUNDATION OF NIKOLAYEV. 
—tThe 150th anniversary of the foundation of Nikolayev, 
a town near the mouth of the River Bug, which runs into 
the Black Sea, has recently been celebrated. The town 
has grown up around the shipyards first laid out in the 
reign of Catherine the Great, who ruled Russia from 
1763 to 1796. In recent years, the shipbuilding industry 
of the port has been greatly developed and powerful 
icebreakers, among them the Lazar Kaganovich and the 
Otto Schmidt, oil tankers and timber-carrying vessels, 
and floating doeks, have been built. 
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equally well educated engineering personnel. In 

these circumstances, the students of to-day, who 

571 will be the leaders and the workpeople of to-morrow, 

"573 | must, if we are to hold our place as a great engin- 

574 eering nation in peace or war, be given every 
possible assistance in equipping themselves for the 
| positions which they will hold. 

576| John Bright said that “ we stand on the shoulders 
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TECHNICAL EDUCATION 
WAR TIME. 


Amone the secondary interferences and distur- 
| bances caused by the war, the interruption which 
|many young people have suffered in their educa- 
| tional careers has been not the least important. It 
|is mainly in the sphere of elementary education 

‘that this matter has been brought to the attention 
of the general public. Reception areas have had 
more children to deal with than their school accom- 
modation could handle adequately ; neutral areas, 
in many cases, have been unable to carry on their 
schools pending the completion of air-raid shelters ; 
evacuated areas have been faced with a difficult 
problem owing to the return of many children who 
| had previously been sent to reception areas. Al- 
| though not, perhaps, on a parallel scale, the same 
| problems, or aspects of them, have been experienced 
in the sphere of technical education. In view of 
the task with which the country is faced, this 
matter is not one for criticism, but none the less 
its importance is such that some consideration of 
its impact on engineering education will be of 
interest and possibly of value. 
There appears to be little danger that the para- 
|mount position which the engineering industries 
occupy will be under-estimated, or overlooked, in 
| the present war. It would not be an exaggeration 
|to say that engineering education, on which the 
| future of those industries depends, occupies a 
| position of equal importance in its own sphere. It 
| has been officially suggested that the war may last 
| for three years, and no matter to what extent hope 
/may make this seem an over-estimate, it is clear 
| that the possibility must be faced. Even should 
matters work out much more favourably, the period 
| of reconstruction which must follow will call for an 





IN 


| 





has caused some congestion, but it has enabled 
work to be carried on in an atmosphere of greater 
tranquillity. In some technical colleges in reception 
areas, having full-time day courses leading to an 
education of university standard, the number of 
students who have enrolled exceeds previous records. 
This, no doubt, is a reflex from the situation in other 
districts, but it is satisfactory as showing that, where 
possible, the machinery of higher education shows 





no slackening in its operation. 

Engineering students who have reached the age 
at which they are approaching the end of their 
| Student days and their final examinations for a 
degree or a diploma, are also approaching or have 
reached military age. It is much to be hoped 
that the authorities concerned will, as far as possible, 
allow such men to complete their educational 
courses. Serious interruption in the final stages may 
result in many men never ultimately completing 
the education to which they have given years of 
work. Even this, however, is a matter of degree, 
and it is quite possible that some men may benefit 
in the long run from an educational career inter- 
rupted by a period of service in a technical corps. 

Sir Clement Hindley, in his presidential address 
to the Institution of Civil Engineers, of which we 
published an abstract on page 551, ante, referred to 
this subject, and said that the Institution would use 
its influence to ensure that those in process of re- 

ceiving technical education might be enabled to con- 
tinue their training in technical units of the Forces. 
It may not be easy to imagine any formal technical 
training, except in very limited and specialised 
directions, grafted on to a period of active service, 
but the influence of the Institution of Civil Engineers 
is considerable, and anything it can do to ensure 
the continuity of engineering education will be of 
value. Sir Clement also stated that the examinations 
for admission to the Institution were to be con- 
tinued. The Institutions of Mechanical and Elec- 
trical Engineers are also to carry on their corre- 
sponding activities. None of these institutions is in 
any formal sense an educational body, but the con- 
tinuance of these examinations is valuable evidence 
that the necessity for maintaining educational 
standards is not being overlooked in this period of 
abnormal! stress. 

In some classes in technical colleges, enrolments 
are perhaps less satisfactory than in the case of 
universities. ‘lhis, however, is probably, due to 
delays arising from the same causes as have operated 
in the case of elementary education, rather than 
to any slackening of effort on the part of those 














responsible for conducting them. Due to the neces- 
sity for completing the arrangements which are 
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rightly required by the civil defence authorities, 
enrolment for evening classes has only been taking 
place in the London area quite recently, and we 
believe that there has been delay also in Man- 
chester and Liverpool. In areas in which material 
considerations have not caused such delay, the 
educational machine appears to be operating 
with some approach to normality. In the North- 
West area, outside of Manchester and Liverpool, 


the entries for National-Certificate courses are said | 


to be about 75 per cent. of those of last year; in 
a well-known college on the South Coast they were 
80 per cent. to 85 per cent. Although it would 
be more satisfactory if these figures were 100 per 
vent., it is clear that with the inevitable disturbance 
of the war the percentages reached are very en- 
couraging. In a North-East Coast town, energy 
and enterprise allowed the evening class to start at 
the normal date and good entries have resulted. 
Possibly the least satisfactory feature of the 
situation has been the delay in restarting numerous 
junior courses, below the National-Certificate course 
level. As, however, many day schools in evacuation 
areas are now to reopen, it seems probable that 
junior evening courses will follow. These are 
attended by boys of about 14 to 16 years, and 
do valuable work in training future workpeople and 
foremen, apart from the percentage of boys of high 


ability who enter the profession through their doors. | 


The potency of the engineering industry, in war as 
in peace, depends not only on the products of our 
universities, but also on the rank and file who carry 
out the actual physical work which produces its 
manufactures. The status which British engineering 
products have attained has been due as much to the 
workpeople who have made them as to the more 


highly, or differently, trained men who have designed | 


them ; and the incidence of war has but accentuated 
the necessity for a rising generation of educated 
workers who will be able to carry on a tradition of 
workmanship, the standards of which are continually 
rising. 





PROBLEMS OF ELECTRICITY 
SUPPLY IN BULK. 

In commenting on the annual report of the 
Electricity Commissioners a year ago we said that 
the electricity-supply industry was still waiting 
to see when and how the Government were going 
to deal with the reorganisation of power distribution 
in this country. During the twelve months that 
have since elapsed more serious matters have 
engaged the attention of our rulers and the principal 
reference to this problem in the nineteenth report, 
which was issued by H.M. Stationery Office last 
week,* is to record that, on May 3, 1939, the Minister 
of Transport stated in Parliament that the Govern- 
ment regarded it as one of major importance, with 
which they proposed to deal as soon as circum- 
stances permitted. Circumstances, however, have 
not permitted ; and it is probable that no more will 
be heard of the subject for some time. It is not 
improbable either that, when electricity supply does 
eventually come to be dealt with, the viewpoint will 
be entirely different. Nevertheless, it is not without 
interest to recall that it was the 1914-1918 war that 


eventually brought about a change in our system of | 


generation. 
do the same for distribution. 

As the report deals with a period which now seems 
to be very remote, though it is only a few months 
back, it does not differ greatly in form from its 
immediate predecessors. 
that certain information which’ would normally 


have been given (for instance, detailed particulars | 


of new generating stations and extensions sanctioned 
during the year under review) have been omitted. 
The Commissioners will be prepared, however, to 
consider the publication of this information later if 
it is then regarded as of public interest. Generally 
speaking, the year ending March 31, 1939, was 
one of considerable activity on the part of the 


electricity-supply industry in meeting the continued | 


expansion in demand and in making additional 


* Nineteenth Annual Report of the Electricity Com- 
missioners, 1938-39. 
Price 2a. 6d. net. 


London : H.M. Stationery (ffice. 


Perhaps the present hostilities will | 


It is pointed out, however, | 
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| 

| provision for future requirements. Much attention 
| was also devoted to problems of civil defence and 
|air-raid precautions. The total output during the 
| twelve months amounted to 25,284 million kWh, 
}an increase of 1,938 million kWh, or 8-3 per cent., 
over the figures for 1937-38. In the first three- 
quarters of the period the increase only ranged 
between 5-7 per cent. and 6-9 per cent., but it 
amounted to as much as 13-7 per cent. in the 
March quarter owing to the rising industrial demand. 
| The amount of new generating plant sanctioned for 
|selected stations was over 919,285 kW, compared 
with 645,000 kW in 1936-37 and 956,250 kW in 
| 1937-38, which is sufficient indication of the progress 
that was anticipated. That this plant will be even 
| more fully required under the present conditions will 
| hardly be questioned. Of the total output, 93-6 per 
|eent. was generated in 137 selected stations and 
|the remainder in 236 non-selected stations, the 
| operation of 34 of which was controlled by the Central 

Electricity Board. During the year, the Commis- 
|sioners gave their consent to the establishment of 
two new generating stations with an aggregate 
initial capacity of 150,000 kW and to 47 extensions 
of existing generating stations. 

The work of the Commissioners is now largely 
|administrative and legislative, and the report 
discusses several of the important matters that 
have been raised under these headings. Among 
these was an application from the Chester Corpora- 
tion to extend their Queensferry station by 30,000 
kW, an application which was opposed by the 
Central Electricity Board, the North Wales and 
South Cheshire Joint Electricity Authority, and 
the North Wales Power Company at a local inquiry. 
The point at issue was whether, the Corporation 
having proved that they could generate for them- 
selves more cheaply than they could be supplied 
in bulk by the Board, the Commissioners were 
entitled to withhold consent to the extensions. 
This involved the interpretation of at least two 
difficult clauses in two separate Acts. In the end, 
the Commissioners professed themselves satisfied 
that, if the extension were allowed, the Corporation 
would be able to generate more cheaply than the 
Board could supply. Nevertheless, they felt 
obliged to withhold their consent to the extension 
on the grounds that the scheme suggested by the 
Corporation would adversely affect the interests of 
consumers in the district as a whole. Actually, 
this decision was only reached a few weeks ago, on a 
date which was, strictly speaking, outside the period 
covered by the report, and it is probable that more 
will be heard of the matter. At present, the 
wording of the Act seems to have been rather 
strained to reach the decision. On the other hand, 
to allow Chester to do what it wished would have 
seriously affected the working of the 1926 Act, 
which, according to Mr. Purse, was not intended to 
make electricity cheaper but to prevent it from 
becoming more expensive. If it does nothing else, 
the incident draws attention to the pressing need 
for the codification of the various Acts with which 
the electricity-supply industry of this country is 
saddled. 

Another question which is dealt with at some 
length is the price of supplies given in bulk by the 
| Central Electricity Board to one undertaking 
| through the intermediary of another. The price 
|which any undertaking taking a supply directly 
or indirectly from the Central Electricity Board 
|may charge for a supply in bulk to other under- 
takings is governed by Section 12 of the Act of 
1926. This section is mandatory in form and 
does not permit the intermediary undertaking 
to charge otherwise than on the same terms as 
those on which it itself receives a supply from 
the Central Board. Once again the subject bristles 
with difficulties, and the cases which have been 
dealt with so far illustrate both the variety and 
complexity of the problems that may arise. The 
Commissioners have, therefore, thought it right 
to summarise the decisions they have given in 
a form which will be most likely to bring out 
points of interest. With regard to the maximum 
|demand for which the taker of the bulk supply 
|should pay the intermediary, it has been decided 
| that the figure chosen should be the maximum 
| demand made on the intermediary during any half- 








hour in January, February, November and December 
in the year of account, and not the demand upon the 
intermediary at the time of the latter’s maxi- 
mum demand upon the Central Board during any 
half-hour in the prescribed month. In this way 
the intermediary receives the benefit of the diversity 
between his own demand and that of the taker of 
the bulk supply. 

As regards the actual fixed kilowatt charge to 
be paid by a taker of bulk supply, it has been 
decided that this should be the average charge 
paid by the intermediary to the Board, the taker 
thus receiving the advantage of the lower rates of 
charge which are imposed by the Board as the 
demand increases. It has also been decided that 
where the Board makes a service charge to the inter- 
mediary a proper proportion of that charge may 
be passed on to the taker of the bulk supply. 
Where the intermediary is the owner of a selected 
station which obtains its supply at an agreed price 
other than the fixed tariff, it has been decided that 
the taker of the bulk supply should be charged on a 
two-part tariff which would pass on the terms 
represented by the agreed price. As a result, the 
Commissioners have laid down that the kilowatt 
charge should be ascertained with reference to the 
monthly maximum demands of the intermediary 
during any consecutive 30 minutes in the month. 
The most important general question which has 
arisen in connection with this matter is that of 
ascertaining the charges when the same transmission 
line is being used both for giving a bulk supply and 
for other purposes. Upon the merits of the cases 
before them, the Commissioners have come to the 
conclusion that the charge should be a proportion 
of the charges equivalent to the maximum demand 
of the bulk supply taken at any time during the 
period of account divided by the sum of all the 
individual maximum demands, irrespective of the 
time at which these demands occurred. 

The remainder of the report deals mainly with 
administrative matters which, though important 
for the efficient operation of the industry, include 
few points of general interest. Jt may, however, 
be mentioned that the cost of administration was 
70,0001., which is the same as in the previous year. 
As 18,849,595,454 kWh were sold during the year 
ending December 31, 1937, the contribution of the 
industry to the expenses of the Commissioners was 
about 0-89d. per 1,000 kWh sold. As regards the 
cost of frequency standardisation, the revenue 
received by the authorised undertakings amounted 
to 83,665,990/., so that the levy of 730,000/. for 
that purpose involved the payment of 17s. 5d. per 
1001. of revenue. 








NOTES. 
THE LNstTITUTE OF METALS. 


A GENERAL meeting of members of the Institute 
of Metals was held at the oftices of the Institute, 
4, Grosvenor-gardens, London, S.W.1, on the after- 
noon of November 16, for the purpose of transacting 
the official business which had been arranged for 
the evening of September 5, in connection with the 
cancelled Glasgow autumn meeting. The Chair 
was occupied by the President, Dr. C. H. Desch, 
F.R.S., who, in his opening remarks, stated that 
the gathering. which was being held for statutory 
purposes, constituted the thirty-first annual autumn 
meeting of the Institute. The minutes of the pre- 
vious general meeting, held in London on May 10, 
having been dealt with, the secretary read a list 
of the names of members, nominated by the Council, 
to be balloted for in connection with the election 
of officers for 1940. These nominations comprised, 
as President, Lt.-Col. The Hon. R.+ M. Preston, 
D.S.0.; as vice-presidents, Dr. S. F. Dorey, 
Engineer Vice-Admiral Sir George Preece, K.C.B., 
and Mr. A. J. G. Smout ; as honorary treasurer, 
Lt.-General Sir J. Ronald E, Charles, K.C.B., 
D.S.O. ; and as members of the Council, Dr. W. E. 
Alkins, Mr. G. L. Bailey, Mr. F. C. Braby, Col. 
P. G. J. Gueterbock, D.S.O., M.C., and Professor 
D. Hanson. The President then announced that 
the result of the ballot would be declared at the 
annual general meeting of the Institute, which 
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would take place at 4, Grosvenor-gardens, London, | charges for retail supply, a greater number of units | 
S.W.1, on Wednesday, March 6, 1940. There | per consumer would have been sold, but a detailed | 
being no other business, Dr. Desch declared the | examination of the figures would show that this | 
meeting: closed. _contentién could not be sustained. This view was | 
| supported by the results obtained in the Liverpool | 
|Tural area, which had a density of population of : . . ‘ , 
430 persons per square mile. The charges for) sip yh ahigad of Plastic Materials. ape 
supply were lower than those assumed in the | ents of I arearsear’ Stability of Magnets. —A stage 
model schemes. Nevertheless, in spite of these pdb ag anigumartepcoy gpd hit ea 
previously in force. The new Order fixes, as motel Mer, hee wen whe os nr on behalf of the British Electrical and Allied 
before, maximum prices for the various grades | instead of | oon endaren ehncumter efter ox ne rong Industries Research Association. It concerns the 
of scrap delivered to the consumer’s works. There as laid don in the aor schemes. Mr ‘Purse | fundamental dielectric properties of insulating 
are two schedules, the first relating to the acquisition | Ctactaded. Cheseierd.' at ' rural electrification | ™#terials generally, and includes a survey of all the 
: : | most important new substances, among them being 





ConTROL oF IRON AND STEEL Scrap. 

The Minister of Supply has issued a new Order, 
entitled the Control of Iron and Steel (No. 5) 
(Scrap) Order, 1939, which supersedes, as from 
November 17, the (No. 3) (Scrap) Order, 1939, 

















and disposal of scrap iron and steel in general, | was to be still more intensively developed, it could 
and the second to maximum prices for (a) special | only be done by a subsidy from somebody 
scrap steel containing not more than 0-05 per cent. that somebody ‘wes to ta he could not prophesy 
of sulphur and 0-05 per cent. of phosphorus ; and | put a study of the position dani that great eee 
(6) tae new “_~ of — used in iron and | of electrically undeveloped rural areas were not 
steel manufacture. The second schedule embraces ail : : : 
heavy steel scrap in various forms, several grades rw d fay we pag ry — = 
of tube scrap, turnings, and nickel-steel, tungsten rte capes s;. Aa Bony ew 
high-speed steel, and other alloy-steel scrap. THE Position oF CiviLians IN WARSHIPs. 
Furthermore, tables are given in the second schedule| It may be recalled that there were one or two 
occasions, during the last war, when H.M. ships 


showing the maximum prices per ton for scrap 
iron and steel for the manufacture of steel ingots, | went into action without being able to land work- 
for consumers in Scotland, the North-East Coast,|men from the Royal Dockyards, who had been 
Lancashire, Sheffield, Lincolnshire, the Midlands, | retained on board in order to finish necessary work. 
and other parts of England, and in the eastern| The position of such civilians in international law 
and western districts of South Wales. Similar} is the subject of an Order, recently issued by the 
tables are also included giving the maximum prices | Admiralty, which is applicable to the employees of 
per ton for scrap iron and steel for use in wrought-| Admiralty contractors as well as to Dockyard 
iron manufacture, in blast-furnace operation, and | personnel. The Order explains that, as the com- 
in the production of iron and steel castings, for| batant status of a warship admits of no question, 
consumers in various parts of the country, while a/| no penalty should fall on a civilian embarked therein, 
new table has been added giving the maximum | if he should be captured by the enemy, provided 
prices for scrap employed in the manufacture of| that he has taken no part in the fighting of the 
refined pig iron. ‘The prices given in the new|ship. Accordingly, it is not necessary that he should 
Order, we are informed, have been increased or | wear uniform or be given naval status. It is essen- 
reduced in certain cases and bring values for delivery | tial, however, that he should be able to produce 
in the various districts into correct relationship, | evidence of the reason for his presence on board, 
under existing conditions, but there has been no| and the Order therefore requires that each man 80 
general change. Provision is made for fixing| employed shall be provided with written instruc- 
maximum prices for any type of iron or steel scrap | tions, signed by the appropriate superior officer (for 
not covered by the Order, and also for fixing a| example, the Admiral Superintendent of a Royal 
special maximum price in cases in which, by reason | Dockyard, or the manager of a workman’s depart- 
of transport or other difficulties, a consumer is | ment), specifying the purpose for which he is sent 
unable to obtain adequate supplies within his usual | on board the ship, and enjoining that he is not to 
area of supply at the controlled price. The main | take part in fighting the ship nor to exercise, while 
purpose of this last provision is to enable the con-| on board, any function other than that for which he 
sumer to pay, in approved cases, the extra cost | was embarked. He may, however, assist in “ such 
of transport of scrap from another area. A useful | humanitarian functions as the succouring of the 
explanatory memorandum relating to the new Order | sick and wounded.” The instructions should state 
has been issued by the British Iron and Steel Federa- | the name and office or occupation of the recipient, 
tion, Steel House, Tothill-street, London, S8.W.1. who should keep them about his person. It is 
THE DEVELOPMENT OF RuRAL ELECTRIFICATION prey Alb yA gai sr My mcadi adios omens 
p#6 a ~OS* | that they attach the greatest importance to the 
In an address which was to have been delivered | strict observance of the injunction against participa- 
before the Transmission Section of the Institution | tion by such persons in the fighting of the ship.” 
of Electrical Engineers, and has now been released | 
for publication, Mr. F. W. Purse dealt at some 
length with the problems of rural electrification. | 
In 1931, this question was analysed in a paper by; On Thursday, November 9, the Great Western 
two members of the Electricity Commissioners’! Railway Company completed the installation of 











TRAIN CONTROL ON THE GREAT 


WESTERN RAILWAY. 


AUTOMATIC 


| various ceramics and silica-loaded ebonites, the suit- 
lability of which for use at radio frequencies for 
| instrumental and general experimental work has 
| been systematically examined. In view, however, of 
| developments in the use of plastic materials fer 
| electrical purposes, the major investigation has, 
‘naturally, referred especially to the characteristic 
| properties of synthetic resins in relation to the 
| dissipation of power under the action of alternating 
voltages. Prominent among the preliminary work 
was a study of the power losses in sheets of cellulose 
acetate, from various commercial sources, which 
indicated that the plasticiser employed in the 
manufacture of some of this material led to excep- 
tionally high power losses. By appropriate changes 
of composition, the makers were able to prevent 
these excessive losses, and subsequent samples, 
when tested, gave results indicating that their 
power-factor values were characteristic of the 
cellulose acetate itself as distinct from the plasticiser. 
Upon these improved materials comprehensive 
measurements were made of dielectric constant 
and power factor, as a function of thickness of the 
sheets, moisture content, temperature, and the 
voltage and frequency of the alternating electricity 
to which they were subjected. Measurements of 
resistivity and absorption were also made under 
the action of direct currents. These results, as a 
whole, led to the theory that power losses in this 
class of plastic material are mainly brought about 
by something in the nature of dielectric absorption, 
which arises partly from ionic conduction in certain 
restricted paths, such as surfaces of discontinuity 
within the material, and partly from movements 
of the molecules associated with their polarity. 
In order to confirm these indications, meticulous 
examinations were made of the dielectric properties 
of a series of pure resins of the phenolic type, which 
were prepared for this purpose by the Chemical 
Research Laboratory at Teddington, in the form 
of thin films. The physical and chemical structure 
of these samples was ascertained by all available 
methods, including examination by X-rays, from 
which it was established that the property of plas- 
ticity occurs when the molecules of a substance 
are complex structures built up from simple units. 
The very interesting fundamental outcome of the 
electrical tests was to reveal that the electrical 
properties of this type of plastic appear to be 
characteristic of the units comprising the molecules 








staff, who set out three model schemes, each covering | their well-known system of automatic train con- 
400 sq. miles and with an average density of popula-| trol through 2,852 miles of main-line routes, the 
tion of 150, 100 and 75 per square mile, respectively. | last of the 2,114 actuating ramps being fitted on 
Their final conclusion was that, with goodwill and| that date at Penzance. The system, which has 
co-operation, electrification could proceed on a| been in process of installation for a number of 
sound financial basis, even in areas having densities | years, was developed by the Company’s signal staff 
of population little above 75 per square mile. It| and operates by giving audible warning to an engine- 
was interesting to examine what had happened | driver of the position of each “ caution ” signal that 
during the intervening period with the actual schemes | he is about to pass. If the line is clear, a bell rings 
of the Norwich Corporation, the Kirkcudbright | by the driver's side ; but, if it is not clear, and the 
County Council, the Dumfries County Council, | signal is at “ caution,” a syren blows and the brakes 
and the Bedford Corporation. Though none of| are automatically applied throughout the train. 
these had the same area as the model schemes,| Tests have proved that a train can be brought 
in one case the population was about the same, in| smoothly to a standstill, from a speed of 60 m.p.h., 
another case above, and in the other two below, | in a distance of 900 yards. or 450 yards in advance 
those of the model schemes. The outstanding| of the associated “stop” signal. The mechanism 
feature was that, after allowing for the preparatory | consists of an iron ramp, placed between the running 
period, the actual schemes still showed a deficit | rails near each “ caution ” signal, and an iron shoe 
as compared with the estimated profit under the| on the locomotive, which makes contact with the 
model schemes. If the higher charge of the model | ramp when the latter is raised by the setting of the 
schemes for bulk supply had been in force, these | signal at “ caution.” The control system, which has 
defects would have been still greater. Rural| been applied over the full length of the main-line 
electrification, Mr. Purse said, was therefore not| routes between Paddington and Penzance, Fish- 
& paying proposition, at any rate on the basis | guard and Chester, has cost about 250,000/. to install, 








rather than of the structure as a whole. The data 
obtained from the experiments therefore enable 
some idea to be formed of the direction in which ideal 
insulating materials should be sought. Research 
has also been conducted upon laminated boards, 
composed of pure resins in conjunction with paper, 
in order to ascertain the effects on power factor 
introduced by alternative methods of drying, impreg- 
nating, and curing these plastic products. 

A modification of the Laboratory’s primary 
standard of mutual inductance, recently completed, 
is noteworthy for the increased facility thereby 
afforded for the calibration of fixed substandards 
and of very small search coils such as are used in 
industry for the testing of magnet steels. Essentially, 
the primary standard has been made capable of 
continuous adjustment over a certain range, 
with the valuable result that when a small search 
coil, undergoing calibration, is mounted centrally 
within the primary coil system, the mutual induct- 
ance associated with it can be directly and com- 
pletely balanced against the variable part of the 
standard. To effect this improved range of applica- 
tion, the main secondary coil has been wound 





of the charges which had been demanded for this | including the fitting of the necessary equipment to 
class of load. It might be contended that, with lower | 3,250 locomotives. 





to have a lower resistance, and a more nearly square 
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“ coil-shape,” than it had previously, consequent 
upon which the corrections arising from the finite 
size of the cross-section and the self-capacitance 
of the winding have been’ greatly reduced. In 
addition, two sets of extra turns have been provided, 
from one of which sets any number of turns, up 


to a total of four, may be connected in series with | 


the main winding, while the remaining extra turns 
can be connected in parallel with a small potentio- 
meter, the potential circuit of which is also in 
series with the main coil. The potentiometer 
thus subdivides the potential difference across 
these last turns and therefore effectively allows 
any desired fraction of a turn to be added to the 
secondary coil of the standard inductor. It is 
of interest to mention that the standard apparatus, 
which weighs about a hundredweight, has been 
newly mounted, with very satisfactory results, 
upon levelling screws turned from synthetic resin 
of the “ unbreakable glass ” type. 

Among new researches of a fundamental character, 
one having important potential applications in 
industrial practice is an extensive survey of the 
stability of permanent magnets made of the new 
steels and alloys in which such marked developments 
have taken place during the past ten years. A 
review of existing information on this aspect of 
alloy magnets has been prepared, on behalf of the 
Electrical Research Association, in the course of 
which it has appeared that a distinction must be 
drawn between metallurgical ageing of the alloys, 
involving secular structural changes not necessarily 
associated with the fact of their being magnetised, 
and the decay of the magnetisation itself, which 
may occur independently of metallurgical structural 
changes and may prove to be controllable by such 
factors as the shape of the magnet and by mechanical, 
thermal or magnetic stabilising treatments. 

Electric Cables, Insulators and Circuit Breakers. 
High-Voltage Surge Phenomena. Quartz-Ring 
Oscillators.— Another investigation for the Electrical 
Research Association has been directed to the 
alternating-current resistance of multi-conductor 
cables having conductors of segmental, as contrasted 
with circular, cross section. The work has shown 
that the eddy-current losses in corresponding cables 
are generally slightly less for segmental than for 
circular cross-section conductors, while the losses 
in circular conductors are less than those in conduc- 
tors of square cross-section. The last shape of solid 
conductor sometimes offers advantages and con- 
venience in practice, but should evidently be dis- 
carded in favour of one of the other shapes unless 
the practical advantages outweigh the demerit of 
higher eddy-current losses. 

In the high-voltage laboratory researches have 
been continued upon the performance of surge- 
protective devices, in many cases to such a stage 
of completeness that it has been possible to present 
a comprehensive report to the British Electrical 
and Allied Industries Research Association. To 
facilitate present and future high-voltage work, 
twelve new condensers have been acquired, each 
of 0:2 microfarad capacitance and suitable for a 
working voltage of 100,000. These condensers 
have been successfully used both when connected 
in parallel in a high-current generator and in 
series in a high-voltage, high-capacitance generator. 

As bearing on the general subject of surge pheno- 
mena, reference may be made to measurements of 
voltage and current at a point in a transmission-line 
tower, from which the earth impedance of the tower 
at high frequencies has been determined. When 
lightning strikes such a tower the effect may be 
to raise the voltage momentarily above the working 
voltage of the line, despite the fact that the base 
of the tower is effectively earth-connected, and a 
flash may take place from the tower to one of the 
transmission lines causing damage similar to that 
produced by a direct lightning discharge to the 
line. In the measurement of the tower voltage by 
means of an oscillograph incorporating a delay 
cable with the sheath earthed at the oscillograph 
end only, some difficulty has been experienced on 
account of the large degree of attenuation found in 
ordinary rubber-insulated cable, so that no conclu- 
sions have yet been formulated, beyond the tentative 
one that the earth impedance of a tower is made up 
of a resistance component located in the earth and 
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an inductive component dependent upon the dimen- 
sions of the tower. The utility of high-voltage 
research in objective studies of lightning is illustrated 
by a series of calibrations which have been carried 
out upon magnetic “ links,” to correlate the values 
of remanent magnetism in them with the magni- 
tudes of the lightning currents to which they have 
been subjected. These “links,” which are used in 
field investigations of lightning effects, consist of 
thin strips of highly-remanent iron in which mag- 
netism is induced by the passage of a nearby 
lightning discharge. By means of the calibrations 
now concluded, it will be possible to estimate from 
the remanent magnetism the total magnetism 
induced by, and serving as a measure of, the 
lightning flash. 

The systematic investigation of the impulse 
electric strength of insulating and dielectric materials 
has been continued with special reference to mica. 
For most materials of high dielectric strength 
such tests have been carried out successfully with 
the specimens immersed in glycerine, which is itself 
a fluid of high dielectric strength and permittivity. 
These qualities in glycerine, however, have not 
proved adequate for testing mica, the low values 
obtained in preliminary trials having indicated 
premature breakdown of the glycerine. Further 
tests have accordingly been made with water as 
the immersion medium, with satisfactory results 
for sheet mica ranging from 0-02 mm. to 0-06 mm. 
in thickness. The samples are of small size, so 
that the heat generated in the test cell, due to the 
conductivity of the water, is negligible. The results 
show that the impulse electric strength of mica 
is about 14 million volts per centimetre. Other work 
on breakdown strengths has been carried out on 
cables, designed for circuits of 33 kV and 66 kV, 
subjected to surge voltages. Cables previously 
tested cover the range down to 10 kV; and the 
whole investigation has shown that the impulse 
breakdown stress is approximately constant for 
all the cables so far examined. 

An interesting investigation has been carried 
out to enable the current-carrying capacity of inter- 
mittently used cables in underground ducts to be 
estimated. For this purpose, experiments were 
made upon a 100-ft. length of six-way stoneware 
duct, laid 2 ft. 6 in. below ground level in light, 
loamy soil upon which grass was growing. The 
six conduits of the duct were each occupied by a 
lead-covered cable carrying a steady direct current. 
Over a period of several weeks, until approximately 
steady conditions had been attained, the tempera- 
ture rise of the sheath of the cable in the lower middle 
conduit was measured, the currents in the remaining 
five cables being meanwhile adjusted so as to give 
approximately the same heat dissipation in each 
conduit. Temperature measurements were also 
made at the surface of the duct and in the soil at 
various distances in the horizontal plane of the 
lower run of cables. The results have been commu- 
nicated to the Electrical Research Association, 
on whose behalf the work was undertaken. 

A noteworthy example of co-operation between 
the electrical industry and Government-controlled 
scientific research has arisen out of the growth, in 
recent years, of power transmission at voltages of 
3,000 and upwards, and of the consequent import- 
ance of switchgear being designed to interrupt 
such circuits successfully when short circuits occur. 
A number of the principal electrical firms in this 
country, with generating plant and instruments 
for this class of switchgear testing, combined 
their resources some time ago by forming an 
“ Association of Short-Circuit Testing Authorities,” 
which Association has now been incorporated. 
Moreover, as the outcome of negotiations with the 
Department of Scientific and Industrial Research, 
arrangements have been concluded whereby the 
firms concerned are to permit tests of certain ranges 
of electrical switchgear to be carried out in their 
laboratories or testing stations under conditions 
that will allow National Physical Laboratory 
certificates to be issued for gear which successfully 
fulfils the specified requirements. The scheme 
enables these manufacturers’ stations to continue 


| to issue their own certificates of rating and records 
| of performance, in addition to providing facilities 


| the crystal in a suitable direction. 


'of the order of the wavelength of light. 


for other tests as may be required for conformity | 
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with standards of performance laid down by British 
Standard Specifications for circuit breakers of 
capacities within the agreed range. 

The stations at present included within the scheme 
are those of The English Electric Company ; The 
General Electric Company ; The Switchgear Testing 
Company, Limited, at Trafford Park; and the 
British Short-Circuit Testing Station, Limited, at 
Hebburn-on-Tyne. In view of the importance of 
the scheme to electrical manufacturers throughout 
the country, the following features of the arrange- 
ments now in operation are worth enumeration: 
Tests will normally be carried out to the requirements 
of British Standard Specification No. 116, Part 1, 
1937, and the switchgear to be tested will, for the 
present, be limited to the ratings covered by that 
Specification, subject to a maximum voltage of 
11 kV and a maximum rating of 250,000 kVA. 
As soon as the appropriate British Standard Specifi- 
cations are available, gear designed for voltages 
below 3,300 will be considered. In the meantime, 
performance tests at non-standard voltages and 
capacities may be undertaken by special arrange- 
ment. The owners of the stations will provide 
testing facilities for switchgear, within the above- 
mentioned ranges of capacity and voltage, made 
by any British manufacturer without distinction. 
In addition to rating and performance certificates 
issued by the Association, it will be possible for 
makers to obtain National Physical Laboratory 
certificates for switchgear which attains the neces- 
sary standards of performance under test. The 
same strict confidence will, of course, be observed 
regarding the design and test results of circuit 
breakers submitted as holds for all the testing 
and research work undertaken by the Laboratory 
for industrial bodies. The arrangements concluded 
between the firms owning the testing stations and 
the Department of Scientific and Industrial Research 
provide for the inspection of each station by the 
National Physical Laboratory, including the testing 
of its instruments, to ensure that the equipment, 
organisation and personnel are suitable, as well 
as for the presence of a representative of the Labora- 
tory at each of the stations. The Department is 
represented on the Committees of the Association 
of Short-Circuit Testing Authorities which decide 
the technical procedure to be adopted for testing 
and the charges to be made. To ensure that such 
charges are fair and reasonable, and that the 
arrangements meet as fully as possible the require- 
ments of all concerned, an Advisory Committee 
appointed by the Department is to include indepen- 
dent members as well as nominees of the owners 
of the stations and of firms which do not own 
stations. Applications for tests of circuit breakers 
should be made to the Director of the National 
Physical Laboratory, from whom full particulars 
of the scheme can be obtained. 

The use of quartz-ring oscillators as frequency 
standards continues to give such satisfactory 
results that three more standards of the type 
developed at the Laboratory have been constructed, 
one for Greenwich Observatory and two for the 
Australian Government. These instruments have 
been for some time under test and have shown, 
over short time intervals, stability of the same order 
as that of the original, which means that the rates 
of clocks controlled by these quartz resonators 
vary by no more than a few thousandths of a second 
a day. Some of the precautions necessary to 
obtain these remarkable results are described in a 
recently-published account* of the N.P.L. experi- 
ments, from which the diagrams on the opposite page 
are reproduced with acknowledgment. 

The underlying principle of the resonator is the 
piezo-electric property of quartz, which causes that 
substance to extend or contract if an electric field 
is applied across the faces of a quartz plate cut from 
An alternating 
electric field sets up mechanical vibrations in the 
quartz, and under resonant conditions when the 
applied frequency equals the natural frequency 
of mechanical vibration of the quartz, the amplitude 
of vibration is relatively large, though still only 
In the 
Laboratory instrument, the resonator consists of 





* Occasional Notes, issued by the Royal Astronomical 
Society, No. 1, page 7 (1938). 
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an annular ring of quartz, about 6 cm. in diameter, | sets being vacuum lamps with uniplanar tungsten 
cut in the plane perpendicular to the optic axis, | filaments of grid form, One set operates at the 
so that the three electric axes a, b and c (as shown | colour temperature (2,046 deg. K.) of the black-body 
in Fig. 14), are in the plane of the ring. The alter- | primary standard, while the other set operates at 
nating electric field is applied by means of two | the colour temperature (2,350 deg. K.), at which 
cylindrical electrodes d and e, adjacent, respectively, | they give the closest colour match with the lamps 
to the inner and outer cylindrical surfaces of the | of the first set when these are used in conjunction 
ring. The applied electric oscillation is provided | with one of the standard blue glasses. The approxi- 
by a suitable valve circuit, and causes the quartz| mate candle power of the lamps in the first set is 13, 
to vibrate in a compressional longitudinal mode | while those in the second set, at higher temperature, 
having 6 nodes round the circumference. At/|are each about 24 candle power. 

three of these nodes V-shaped grooves are cut radi-| In general connection with illumination problems, 
ally in the quartz and the ring is mounted between | and with special reference to visual phenomena 
the electrodes by supports located in the grooves. | associated with special lighting conditions, a broad 
The arrangement is depicted in Fig. 15, where it | investigation is in progress to study the recovery 
will be seen that the outer electrode e is located | of retinal sensitivity following the abrupt removal 
with respect to the inner one d, by a similar 3-point, | of a bright source of light from the field of vision. 
3-groove arrangement. The pointed screws, f, 


It has been found that the form of the recovery | 


supporting the quartz ring g, are carried by brackets 
h attached to the inner electrode d. Mounted on 
the inner electrode are three quartz pillars j, having 
radial grooves in their tops in which rest the points 
of screws k carrying the outer electrode e by 
means of the upper plate J. Also supported by the 
plate 1 are screws m, which are adjusted so that 


curve depends in a complicated way both on the 
duration and on the intensity of the brightness 
observed. When a moderately bright light is 
viewed, the eye appears to become adapted to the | 
new condition in a few minutes, and no further | 
improvement of vision, as exemplified by sensitivity 
to contrast, takes place. The recovery which 


was such that the brightness of the road surface 
could be made fairly uniform for a length of about 
half a mile, as well as being adjustable to any 
desired value over a considerable range of intensity. 
| An object, in the form of an 18-in. circular disc, 
| was mounted 2 ft. above the road surface, and the 
| contrast between the disc and the roadway was 
varied until a number of drivers judged that the 
| disc was sufficiently conspicuous for safe driving at 
| 30 m.p.h. A relation was thus obtained between 
| the contrast required and the brightness of the road 
surface. It has been found possible to correct 
for the effects of glare in installations where some 
direct view of the street lamps or reflectors is 
possible for a car driver. The results of the work 
have a bearing on the problem of determining what 
proportion of common street objects, pedestrians, 
or other vehicles, will be revealed to the driver of a 
car by any region of the background in a street- 
lighting installation. 

A matter of interest to research workers in the 
lighting industry has been brought out by recent 
measurements of the luminous flux of electric- 
discharge lamps. The variety of electrical measure- 
ments has introduced some difficulty in this class 








the quartz ring, when vibrating, cannot move suffi- 








ciently for its lower carrying screws f to leave hig.14. A 
their grooves. The two electrodes are bolted —|_. 
together through an insulating quartz washer n. | YO a Si. 





The temperature coefficient of the quartz ring 
depends on its width and can be adjusted within | 
the limits of a few parts in 10° per deg. C. at a} 
convenient working temperature. In operation, | 
the assembly is contained within an evacuated | 
quartz vessel, where its temperature is maintained | 
constant to 0-01 deg. C. The crystal oscillates | 
at 100,000 cycles per second and controls two multi- | 
vibrators in cascade at 10,000 and 1,000 cycles per | 
second, the supply of current at 1,000 cycles per | 
second serving to drive at 10 revolutions per second a | 
phonic motor having 100 teeth. A secondary 
spindle, geared to the shaft of the phonic motor, | 
makes 1 revolution per 100,000 vibrations of the 
quartz and drives the fingers of a clock dial. While | 
rather more elaborate and less robust than a precise | 
clock of the pendulum type, the quartz clock | 
has given uninterrupted runs extending for more | 
than a year, and has the advantage of being decidedly | 
more stable than the best pendulum clocks over | 
short periods of a few weeks. Changes in the rate of | 
the quartz clock take the form of slow, fairly uniform 
drifts, and the impulses obtained from the phonic 
motor are accurate to a few ten-thousandths of a 
second, which is better than can be obtained from 
a pendulum except by the use of a photo-electric 
impulse-recording device. For purposes of standard 
time keeping, however, the quartz-vibrator principle | follows the removal of the high brightness, however, 
offers the very important advantage that inter-| tends towards a limit only if the high brightness 
comparisons among clocks of the same type can be | has been viewed for a considerably longer period 
made by measurements of the beat frequency|of an hour or more. The conclusion, therefore, is 
between two or more outputs at nominally the| that complete adaptation to moderately high 
same high frequency. In this way, the accuracy | brightness takes a much longer time than would 
of comparison amounts to the very high order of| appear from measurements of visual sensitivity 
one part in a thousand million, which, by the aid of | to contrast, whereas the eye’s adaptation to very 
radio transmission, can be effected between standard | high brightnesses is completely attained more 
quartz clocks in different parts of the world. rapidly. 

Photometric Standards. Optical Sensitivity. Arti-| One stage in the study of the relative merits of 
ficial [umination.—The photometry division of the | light of different spectral distributions for different 
Electricity Department has been involved in a/| kinds of work has now been completed, revealing 
complete remeasurement of the Laboratory sub- that the ease or difficulty of detecting objects in an 
standards of candle-power as the results of the | artificially lighted street is not appreciably affected 
decision to base the unit of luminous intensity | by the colour of the lighting. The comparison of 
on the brightness of a “ black body ” at the tempera- | cinematograph films of street scenes, for example, 
ture at which molten platinum solidifies ; and of a| projected, respectively, by tungsten-filament lamps 
procedure, adopted by the International Committee | and discharge lamps of the mercury or sodium 
of Weights and Measures, for comparing lamps | types, has established that, provided the brightness 
operating at different colour temperatures. This | of the picture on the screen is the same, the average 
procedure, briefly, is to insert between the photo- | number of objects detected and the average time 
meter head and the lamp of lower colour tempera- | occupied in “ spotting ” them is much the same in all 
ture a blue-tinted glass filter which produces, in| three cases. It is noteworthy that, while change 
the field of the photometer, the closest possible | of colour is thus immaterial, change of brightness 
colour match with the other lamp, of higher tem-| causes well-defined variations in the ease with 
perature colour, under comparison. The trans- which objects and movements can be detected. 
mission factor of this glass for light of the lower| Other experiments, recently published for the 
temperature colour is calculated frem spectro- Ministry of Transport Departmental Committee on 
photometric measurements of the transmission Street Lighting, have been carried out in an actual 
factors at a large number of wavelengths in the | street to determine the contrast between object 
visible spectrum. Two new sets of sub-standard |and background necessary for safe motor driving 
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of work, since alternating-current instruments of 
| the dynamometer type are relatively insensitive 
(as compared with the corresponding direct-current 
instruments) owing to the fact that their load 
may be an appreciable fraction of the load of the 
lamp. Many forms of discharge lamp, in addition, 
are operated with current-limiting devices, with 
the consequence that power factors are often low 
and alternating wave forms are distorted. In order 
to avoid these objections as far as possible, a tech- 
nique of measurement based on _ electrostatic 
methods is in course of development at the Labora- 
|tory. Other miscellaneous test work includes the 
| calibration of apparatus for measuring the bright- 
|ness of the markings on luminous dials, tests of 
|the performance of reflectors used for road signs 
j}and advertisements, and an investigation of the 
| best means to be adopted for reducing the “ phan- 
|tom” signals shown by street-traffic lights if 
| the lenses are lit up on the front side by sunshine 
| when the sun is low and behind the driver. 

(T'o be continued.) 











LETTERS TO THE EDITOR. 


| ——— 
| THE KADENACY SYSTEM OF 
SCAVENGING. 


To tae Eprror ov ENGINEERING. 

S1tr,—With your permission, I wish to comment on 
the several letters which have recently appeared in 
ENGINEERING in criticism of my article (page 187, ante) 
on the Kadenacy system of scavenging. It is dis- 
appointing to find that, with the exception of the 
interesting communication from Dr. Morrison, these 
letters contain little more than a reiteration of the 
Kadenacy claims, and throw no fresh light on the 
subject. 

Mr. H. Saminons complains (page 330, ante) that I 
have failed to take into account the practical results 
obtained on engines by his firm. I would emphasise, 
however, that I have never suggested that the self- 
scavenged engine is not capable of successful operation 
in practice, What I do contest is the explanation 
advanced by Mr. Sammons and his supporters to 
account for this successful operation. Briefly, I suggest 
that the } mrercramgy of any appreciable vacuum in the 
cylinder following exhaust is only possible when some 
form of exhaust duct is fitted, and that no proof has 
been advanced that the burnt gases leave the cylinder 
with the abnormally high velocities claimed. Further- 
mote, I understand that, in practice, the Kadenacy 
engines are fitted with a carefully proportioned exhaust 
system. 

The contributions of Sir James Henderson consist 
mainly of dogmatic statements unsupported by either 
theoretical or experimental evidence. His first state- 
ment (page 330, ante), repeated in his article of 
October 6 (page 378, ante), that if a child’s balloon 
be perforated with a pin the balloon will deflate slowly 
without any noise to speak of, may be disproved for 
the modest expenditure of one penny. If his analogy 
of the sudden opening of lock gates into a canal has 
any bearing on the problem under discussion—which 





lamps have been prepared along these lines, both lat 30 m.p.h. The lighting installation employed 





I doubt SS is surely the case of a 
cylinder discharging into an exhaust pipe which is 
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represented. Dr. F. D. Smith (page 421, ante) reiterates 
once more the Kadenacy claims and quotes the case 
of a two-stroke engine, operating on the Kadenacy 
system, which developed a b.m.e.p. of 142 lb. per 
square inch with natural aspiration. As no doubt 
Dr. Smith witnessed the test, may I ask whether the 
engine was or was not fitted with an exhaust pipe ? 

For the sake of brevity, I will only refer to Professor 
Davies’ comments (page 207, ante) in so far as he 
deals with my “ explosion-vessel” experiments. My 
object in using a glass vessel and visual methods of 
observation was to avoid all possibility of inertia or 
other misleading effects which might result were any 
of the normal forms of indicator used. If Professor 
Davies has available an indicator which is above 
suspicion in such special circumstances, he is to be 
congratulated. He does not describe his apparatus, 
and [ have not seen it, and so cannot offer comment. 
Since, however, he dislikes my methods, I have since 
carried out further tests, which place the matter 
beyond doubt. In these tests, a non-return valve, 
consisting essentially of a light disc moving between 
two seatings, was fitted into the lower end plate of 
the explosion vessel (page 187, ante, Fig. 2), the arrange- 
ment allowing air to be drawn into the vessel but 
preventing return flow. The suction side of the valve 
was connected to a vertical glass tube with its lower 
end dipped into coloured water. Three alternative end 
plates were provided for the top of the vessel. In one, 
a plain central orifice of 24 in. diameter discharged 
directly to atmosphere, the other two being arranged 
to discharge through exhaust pipes of varying lengths 
and of 1} in. and 2 in. diameter, respectively. The | 
previous tests were then repeated, the number of 
Cellophane sheets closing the orifice being adjusted so 
that discharge occurred at a pressure of 45 |b. to 50 Ib. 
per square inch (gauge). 

Briefly, the tests showed that, with a pipe fitted to| 
the orifice, the effect of the discharge was that water | 
was sucked violently up the tube connected to the 
non-return valve. Even with a pipe 3 in. long the} 
effect was quite unmistakable. With a plain orifice 
with no pipe fitted there was no sign whatever of any 
suction effect. The apparatus is so simply and cheaply 
constructed, and the evidence it provides is so conclu- 
sive, that I make no apology in suggesting to those 
interested that they should make the experiment for 
themselves. Should the non-return valve present 
difficulties, I should be glad to loan the one used in 
my tests, and, of course, should be delighted to demon- 
strate the experiment at any time. 

Yours faithfully, 
Granam F. MuckLow. 

Engineering Department, 

The University of Manchester, 
Manchester, 13. 
November 14, 1939. 








THE UNACCOUNTED DRAG OF 
AIRCRAFT. 


To tue Eprror or ENGINEERING. 


Sin,—I note in your issue of the 10th instant, on 
page 536, a letter by Mr. W. H. Sayers, commenting | 
on my recently published article on the above subject. 
Mostly I find myself in agreement with what Mr. 
Sayers writes, but it seems beside the point. I dealt 
with ultimate possibilities, and what | wrote was an | 
article, and not a book; it would take a book to deal | 
with the many practical considerations raised by | 
Mr, Sayers, together with others no less important that | 
he does not mention, The fact that the take-off | 
conditions have to be taken into account by the) 
designer of an aeroplane is, of course, well known, and | 
well understood, and that the flight speed in the air | 
is, generally speaking, very much higher than that of | 
least resistance is a truism; but when considering or | 
discussing ultimate possibilities we are entitled to| 
assume that there is no limit to the runway, either | 
when taking-off or alighting, and that the limitations | 
which at present unfortunately exist may in time be | 
removed, when it is worth while. 

These and similar objections to the | 
treatment have been raised again and again, and they | 
are not helpful. In the discussion of my paper read 
before the Royal Aeronautical Society in 1936,* the | 
same point was raised and one contributor suggested | 
that since the actual speeds of flight were so much 
above that of least drag, theory was useless and mis- 
leading. 1 pointed out that theory not only gave the 
condition of least drag, but also the quantitative 
penalty that had to be paid for forcing the pace. A 
maker of steam engines, or of gas or oil engines, might 
say that thermodynamic theory was useless because 
no actual engine performed in accordance with either | 


* Journal of the Royal Aeronautical Society, vol. xii; 
No. 314, pages 114 (line 9) and 124 (line 23). 





PRECISION SINE TABLE. 








the Carnot or the Rankine cycle, as the case might be.* 
I am glad to see that Mr. Sayers does not go so far as 
that. Beyond this, the glider or sailplane conforms 
very closely to theory, and, when the uplift of the wind 
is only just sufficient, the flight velocity is less than 
that of least drag; more nearly that of slowest descent.t 
Yours faithfully, 
F. W. LANCHESTER. 
Birmingham, November 16, 1939. 








PRECISION SINE TABLE. 


THe accompanying illustration shows a sine table 
constructed to precision limits and designed for use 
with standard gauge blocks. Such a table, which it is 
clear has many possible uses in the workshop, must 
be simple to set and not complex in construction, 
and the Melbourne Sine Table, as it is called, would 


| appear to fill both requirements. As shown in the 


illustration, it is being set for use. It consists of a 
heavy cast-iron base to one end of which the table is 
attached by a hinge shaft mounted in several bearings 
in line in order to ensure satisfactory rigidity. The 
working surface of the table is 22} in. by 8 in., and both 
this surface and that of the bottom of the base are 
finished by scraping. The top of the base has a 
ground and lapped face running along the centre, while 
the end of the table remote from the pivot has a hinged 
block, also ground and lapped, so that there are a pair 
of smooth surfaces between which the gauge block is 
inserted. These surfaces, due to the hinging of the 
block, are always parallel at whatever angle the table 
may be lying. The base and table are connected on 
each side by a link system with bolted joints. 

The table is set in a truly horizontal plane by inserting 
a gauge block 0-10 in. thick between the lapped sur- 
faces of the hinged block on the table and the strip 
on the top of the bed. To set it at any desired angle, 
the sine of the angle is first ascertained from ordinary 
trigonometrical tables and this value is multiplied by 20. 
The figure thus arrived at gives the height of gauge 
block, or blocks, required, and this is inserted in 
addition to the 0-10 in. block used for the hori- 
zontal setting. The table is then locked by tighten- 
ing up all the bolts of the links by hand, as shown. 
Clearly, provided suitable gauge blocks are available, 
the table can be set at any desired angle within a 
right angle, the limits of accuracy being within + 30 
seconds. The table, when horizontal, is 4} in. above 
the surface table or other part on which it may be used. 
The working surface, as above mentioned, has a 
seraped finish. A shoulder at one end retains work 
in position when the table is set at a steep angle. The 
links do not project above the working surface in any 
position. The Melbourne Sine Table is distributed by 
Messrs. E. H. Jones (Machine Tools), Limited, Edgware- 
road, The Hyde, London, N.W.9. 

* A steam locomotive, for example, blows away clouds 
of steam in defiance of thermodynamic teaching, and 
in the boiler, heat is allowed to pass from gases at furnace 
temperature into the boiler tubes without doing work. 

t Aerodynamics (Lanchester), Chapter VII, prop. IIT, 
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THE CHARCOAL-IRON INDUSTRY. 


DvuRING recent years, a considerable amount of 
original research has been proceeding into the begin- 
nings of iron manufacture and the development of the 
modern production methods—* modern,” that is to 
say, in the historical sense rather than the topical— 
which have reduced iron from the status of a semi- 
precious metal to that of a material in common use. 
In a search associated with such a subject, it is, 
perhaps, too much to hope that any large accumulations 
of documentary evidence still remain to be discovered, 
but there is always a possibility that a few items may 
be brought to light, which may serve to fill gaps in 
the story. A paper on * The Charcoal-[ron Industry,” 
read by Mr. H. Gwynn Jones, M.A., at the Royal 
Society of Arts on Wednesday, November 15, was 
inspired by an examination of some eighteenth-century 
letters, in the Society’s files of correspondence, dealing 
with suggestions for smelting iron with coal and other 
substitutes for charcoal. 

After outlining the development of the iron industry 
in a description based largely on the writings of Ashton, 
Plot and Usher, the author pointed out that the search 
for a substitute for charcoal began before the eighteenth 
century. Among those who followed Sturtevant, 
Rovenzon and Dud Dudley were prominent the Darbys 
of Coalbrookdale, one of whom, by 1709, had already 
established coke-smelting of iron on a commercial 
scale. It was left to the Coalbrookdale works even- 
tually to discover a method of using coal in all the 
processes of smelting, but when this happened, and 
who was responsible, were questions which had not 
been satisfactorily answered. The effect of the dis- 
covery did not make itself felt for a long time, for even 
after 1760 iron was produced mainly with charcoal. 
The eventual success of the Coalbrookdale works had 
overshadowed other attempts at discovering a substi- 
tute, but others did make the attempt and not all of 
them with coal. There was correspondence with a 
George Jones of Rhosgellan in the Society’s MSS., in 
which Jones actually claimed that he had seen charred 
turf used for smelting in Ireland. Yet another who 
experimented with a substitute was William Wood, 
using both coal and coke-dust. Wood was connected 
commercially with another, Charles Lloyd, of Dolobran, 
who had an iron furnace at Bersham, near Wrexham, 
and an iron forge by Dolobran, Montgomeryshire. The 
Bersham works was later to become famous under 
John Wilkinson, who was probably a member of the 
Royal Society of Arts. Lloyd made serious attempts 
in smelting with coal. In 1720, he changed from 
charcoal to coke for * potting ” (i.e., making castings, 
usually iron pots) and was probably successful, for he 
was sufficiently enco ed to decide to change over 
entirely to coal-smelting in 1726. This second step was 
a failure. 

The Royal Society of Arts interested itself in the 
quest for a charcoal substitute, and corresponded on 
the subject with a J. (or “ I.”) Wilkinson, who might 
not have been the Bersham Wilkinson, although there 
were reasons for thinking that he was. Wilkinson 
wrote—in 1761, or soon afterwards (the letter was not 
dated)—an “answer to (the) Q(uestio)n concerning 
Barr iron” and proceeded, “in order to give proper 
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encouragement for the making of bar-iron with pit-coal, 
it may be worthy the Society's notice to consider how 
the following improvements may be useful and what 
may contribute most thereto. 
pig-iron equally as good as that made with wood 
charcoal and which may be sold on same terms. The 
proof of this to depend on the majority of Forge Iron- 
masters whose principal business is to make bar-iron 
from the pig. Secondly: The making of tough bar- 
iron from coke pigs equal in goodness to that made 
from pigs smelted by wood charcoal. The proof of 
this will depend upon the different manufacturers. 
Thirdly : The making of bars from coke-pigs that will 
convert into stee! equal in goodness to that which is 
made from Swedis(h) bar-iron and sold under the 
denomination of Common Blistered Steel. The proof 
of which will depend upon the Edge-tool makers. 

‘“* Remarks.—This kingdom has materials enough to 
make all the iron that is consumed provided the Coke 
scheme can be established in the making of pig-iron 
equal in goodness to those made with charcoal; and 
though it is a doubt whether the coke can be intro- 
duced in the second operation (or that of making it 
into bar-iron from the pig), yet if we can succeed in 
the first operation with coke we shall then have wood 
sufficient for the forge-master to make all the iron that 
might be wanted. It takes more wood charcoal to 
make one ton of pig-iron than to refine a ton of bar, 
and the allowance being four tons of pig-iron to make 
three tons of bar-iron, it follows that about double the 
quantity of wood charcoal is consumed to that which 
is used in the forge and that if the first operation could 
be established with pit coal there would be cord-wood 
enough in Great Britain to refine from the pig all the 
bar-iron that is sold in this kingdom. 

“I presume there would be no great difficulty in 
procuring from the Custom House the quantity of iron 
imported from Russia and Sweden for the year 1761 
into the Port of London; add to this a supposed 
quantity for Bristol, Liverpool, Hull and other out 
ports, and, when it is considered that the chief part 
of said iron is paid for by bills of exchange, the balance 
against England will appear an affair worthy the most 
serious attention of the Society; more especially as 
Nature has been so kind as to furnish us in this kingdom 
with a fund of materials almost inexhaustible provided 
the pit-coal scheme can be established. For my own 
part, I think it is very probable that great improve- 
ments will be made in the course of a few years and 
nothing would contribute more to its advancement than 
encouragement from your Society.” 

This could well be considered a most important 
document, concluded Mr. Gwynn Jones, for it revealed 
on authoritative evidence that, even after 1761, the 
iron industry was generally tied to charcoal; it also 
corroborated what had been said of coal as a means 
of smelting iron, particularly pig-iron—that its fault 
was in the failure to convert coal-smelted pig-iron into 
good bar-iron, not to mention into steel. 

Dr. E. F. Armstrong, F.R.S., who presided, added 
to the author’s prefatory remarks that, about a year 
ago, a bundle of about 5,000 old documents and letters, 
written to the Royal Society of Arts between 1750 and 
1800, had been found in the Society’s building, and 
he believed they would prove of importance in tracing 
the beginnings of many technical developments. The 
documents had been moved to a place of safety, and 
their further study must be postponed until after the 
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war; but Mr. Gwynn Jones had picked out certain 
of them, and one in particular, which formed the basis 
of his paper. 

Dr. C. H. Desch, F.R.S. (President of the Institute 
of Metals) drew the author’s attention to the important 
series of papers, read before the Newcomen Society 
during recent years, on charcoal-iron and kindred 
subjects. The difficulty in using raw coal in earlier 
times was due to the manner in which it would set 
into a solid mass when heated ; it was only after the 
splint coals were found in southern Scotland and parts 
of Staffordshire that raw coal was used for smelting. 
Most of the early workers had not realised that coal 
must be coked before it could be used for smelting ore. 
It seemed that Mr. Gwynn Jones had accepted the 
traditional view that Dud Dudley had succeeded in his 
object. He (Dr. Desch) had been sceptical for years 
about that, and cited the conclusion of Dr. Mott, of 
Sheffield, after an analysis of the whole of Dud Dudley’s 
work, that the claim was entirely fraudulent. It was 
claimed that he produced not only pig-iron, but also 
high-quality merchantable bar, from his coal-smelted 
material ; but with the ores and fuels then available, 
that was impossible. It was surprising that the coking 
of coal for smelting was not tried earlier than, in fact, 
it was; Mr. Rhys Jenkins had said that the first 
reference he had traced to the coking of pit coal was 
a letter from Sir Francis Willoughby to the Earl of 
Rutland, offering him a quantity of coke from his colli- 
eries, in 1587. Mr. Jenkins had also brought forward 
good evidence that it was the first Abraham Darby who 
had accomplished the smelting of iron ores with coal. 

Dr. G. E. Foxwell, who followed, said that the iron 
industry was practically dead by the middle of the 
eighteenth century, but was saved from extinction by 
the discovery that coke could be used for iron produc- 





tion. He believed that the first beehive coke oven was 
used towards the end of that century. One reason for 
lack of earlier success, he suggested, was that, although 
coke could be made, it was not presentable coke ; the 
kind of coke made by coking coal in a heap, in the 
manner of producing charcoal, was probably very 
different from the coke made in a beehive oven. From 
1620 onward, there was a whole series of patents 
by people who wanted to make coke, or to make iron 
by the aid of ‘ charked”’ coal. Major P. J. Cowan, 
discussing the decline of the Weald iron industry as a 
result of keen competition as well as fuel difficulties, 
said that there was no doubt that fuel had become 
expensive. The area devoted to hop-growing in Surrey 
and Sussex was then much greater than at present, 
and that industry required an immense amount of 
small timber, so that there was much competition for 
wood that could be used as charcoal. Again, the water 
power used in Sussex was irregular, and placed that 
branch of the iron industry at a disadvantage when 
steam power was introduced. 

Mr. J. D. Ellis asked whether any reference had been 
found to “‘ Osmund ” iron in England. In some notes 
he had found in Germany on industrial history in the 
Saar, it was stated that the Swedes were not acquainted 
originally with the manufacture of Osmund iron, and 
that a Liibeck ironmaster had started the manufacture 
in Sweden. Mr, Ellis produced a reprint of a complete 
list, dated 1766, of the manufacturers of Osmund iron 
in the Saar, giving the quota to be made by each firm. 
The number of masters was 95. Mr. John G. A. 
Rhodin, referring to the term “ Osmund,” said that 
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it was derived from the Swedish “ A,” meaning a small 
river, and “‘ mund,” a mouth ; bog ore had been used 
from the mouths of certain rivers in Sweden. Osmund 
smelting, he added, had been practised since the 
beginning of Christianity. 

Mr. Gwynn Jones, replying to the discussion, said 
that he had founded his belief with regard to Dud 
Dudley upon an unpublished thesis. He was ready to 
admit that Dud Dudley was unable to make good 
commercial iron; but he was able to smelt, and, 
| therefore, had produced iron. 








‘MOBILE DIESEL GENERATING SET. 


A NEw type of mobile generating set, illustrated in 
the accompanying figure, has been put on the market 
by Messrs. Blackstone and Company, Limited, of 
Stamford, Lines., and is now being used by Govern- 
ment departments and local authorities as a ready 
means of providing electric current in case of emer- 
gency. The set consists of a 120-brake horse-power 
Blackstone engine and a 75-kVA alternator on a 
| trailer. The smooth running of the engine, together 
| with efficient silencing of both the air intake and the 
| exhaust outlet, reduce noise and vibration to a mini- 
|mum. For transport purposes, the trailer can be 
| easily coupled to any suitable tractor and hauled at a 
|maximum speed of 20 m.p.h. The chassis, manu- 
factured by Messrs. R. A. Lister and Company, Limited, 
of Dursley, Gloucester, is made of rolled-steel channel 
with welded cross-members, and has high-pressure 
pneumatic tyres. The steering assembly carries the 
front axle, while the rear axle, carrying twin wheels, is 
attached to laminated springs with trunnion ends. 
Internal brake shoes are fitted to each rear wheel ; 
they are cable-operated at the drawbar end of the 
trailer when travelling, but for parking they can be 
applied by a hand-wheel at the rear end. 

The trailer is totally enclosed, and has ventilators 
with louvres in the roof and front panel. Double 
doors give access on the near side to the spare wheel 
and on the offside to the compressor set. The top 
two-thirds of the sides hinge to form a roof, as shown 
in the figure, while the lower third, constructed 
from substantial chequer plating, hinges down as a 
platform. A large double door at the back gives access 
to the control end of the engine. A favricated-steel 
baseplate, bolted to the chassis, carries the engine and 
alternator, which has a belt-driven exciter. The engine 
is a vertical Blackstone three-cylinder unit developing 
120 brake horse-power at 600 r.p.m., direct coupled to 
a 75-kVA alternator generating at 230-400 volts, 
three-phase, 50 cycles, 0-8 power factor. Six self- 
sustaining screw jacks, visible in the figure, three on 
each side, take the weight off the springs and wheels 
when the plant is generating. The gross weight of the 
unit is approximately 15 tons. The cables from the 
alternator terminal box are carried in a solid-drawn 
conduit to the switchboard. Power for the external 
load is taken by a trailing cable permanently connected 
to the load side of the oil circuit breaker on the switch- 
board. 

The compressor set comprises a 3-brake horse-power 
Lister air-cooled petrol engine coupled through reduc- 
tion gear to a two-stage compressor. The unit is 
mounted on a raised platform at the front end of the 
trailer, as shown. Six bulkhead fittings are provided 
for lighting, the interior lighting system consisting of 
two circuits, one at 230 volts when the plant is generat - 
ing, the other from one of two 12-volt batteries, which 
are kept fully charged by a trickle charger. The 
radiator is mounted on the front platform, the fan 
being driven from an extension of the alternator shaft. 
It cools both the circulating water and lubricating oil 
for the engine. The fuel storage tank is carried in the 
chassis under the engine bedplate, the fuel being trans- 
ferred as required to the service tank, which has a 
gravity feed to the fuel transfer pump on the control 
end of the engine. We understand that highly satis- 
factory performance is being obtained from sets already 
in service. Although primarily intended for use as 
stand-by units, these sets can be applied to many 


other purposes. 








Goops TRAMWAY CARS IN Moscow.—The practice of 
employing the tramways at night for goods traffic is 
growing in Moscow. When the passenger tramway cars 
return to their depots at night, they are replaced by 
open goods cars, which are used by numerous industrial 
enterprises, and particularly building contractors. The 
vehicles deliver bricks, cement and other building 
materials to the different building sites en route and take 
away excavated earth on their return journeys. This 
method of conveyance is stated to be much cheaper 
than any other used in the Soviet capital. The goods 





tramways cars are also used during the day, but only 
to a very small extent. 
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LABOUR NOTES. 


Rerortixe to representatives of the engineerin 
and shipbuilding trade unions on the subjects discusse: 
at the first meeting of the Central Advisory Committee 
to the Ministry of Supply, Sir Walter Citrine said that, 
in addition to Area Boards, Area Advisory Committees 
were to be constituted including representatives of 
employers and trade unions. It was recognised that, 
owing to the size of the areas, it would be necessary to 
have sub-committees for the munitions industry, 
whose primary task would be (the Minister explained) 
to ascertain which firms in the area were capable of 
undertaking munitions production. It was emphasised 
that these sub-committees would not deal with such 
matters as dilution, simplification of processes, transfer 
of labour and similar questions. The Minister, Sir 
Walter said, gave the General Council's representatives 
an unqualified assurance on that point. 


Broadly speakjng, the functions of the Area Com- 
mittees will be (1) To advise the Area Boards established 
by the Ministry of Supply regarding the efficient output 
of anything required by the Ministry of Supply or other 
Supply Departments, and to assist them in overcoming 
local difficulties. (2) To survey the area within which 
the Committee is working with a view to increasing 
the efficiency of production in it. (3) To take into 
consideration and make recommendations upon any 
matter arising out of the above, except matters which 
are properly the concern of the Ministry of Labour 
or are normally handled by the joint organisations 
of employers and trade unions in connection with wages 
or conditions of employment. 


According to Industrial News, a publication of the 
Trade Union Congress, the engineering trade repre- 
sented at the conference accepted the suggestion that 
the Area Joint Committees should be composed of 
representatives of the industries in the area and that 
sub-committees should function for particular districts 
on a trade basis. Representation, so far as shipbuilding 
and engineering are concerned, will embrace the Con- 
federation of Shipbuilding and Engineering Trades, the 
Amalgamated Engineering Union, the National Union 
of Foundry Workers, and the Association of Engineering 
and Shipbuilding Draughtsmen, which were all repre- 
sented at the conference. It was agreed to set up a 
small sub-committee to advise upon the constitution 
of the proposed committees; in which districts they 
should be established, and similar matters. “ It will 
be seen,” Industrial News says, “that the scheme 
contemplates the possibility of there being, in one area, 
separate sub-committees dealing, for example, with the 
manufacture of munitions, boots and shoes, uniforms 
and other activities in war production. 


Attention has been called by the Trades Union 
Congress, in a circular to affiliated unions, to war 
emergency legislation affecting the holding of statutory 
meetings. During the last war, it is stated, the 
Societies (Suspension of Meetings) Act, 1917, was 
passed. This measure provided that where the execu- 
tive body of a union showed, to the satisfaction of the 
Registrar that,fowing to the danger and difficulties 
of war conditions, it was considered inexpedient to 
hold such statutory meetings as involved the assembly 
of large numbers of persons, the Registrar could agree 
to such meetings being dispensed with. The Act did | 
not place any restrictions upon trade unions holding 
such meetings of members, delegates or representatives 
as their rales and regulations stipulated, but it could 
nevertheless, be invoked if a union so desired. A num- 
ber of queries have been received by the General 
Council from affiliated unions as to whether similar 
legislation is again contemplated. The Registrar of 
Friendly Socicties has also received inquiries as to his | 
intention regarding the matter, and, as a result, he 
asked for a consultation with a representative of the 
General Council. “ It is understood,” Jndustrial News 
says, “ that similar legislation to that of the 1917 Act 
is likely to be introduced. Unions who desire guidance 
in the matter can, therefore, be informed that they 
may reasonably anticipate the early passing of an Act 
which will cover the provisions of the 1917 Act.” 


Under an agreement negotiated by the Institution of 
Professional Civil Servants with the appropriate 
Departments, the following improvements in salary 
scales will shortly come into force :—Laboratory branch 
of the Air-Raid Precautions department of the Home 
Office.—Chentists, 2751.-181.-4551. (efficiency bar)-25i.- | 
5801. in lieu of fixed rates of 3601. and 325i. ; technical 
assistants, 130/.-12/.-2141. (efficiency bar)-12/.-3101. in 
lieu of fixed rates of 2101. and 160/. Office of Works.— 
Technical officers, 5501.-251.-700/. in lieu of 5151.-181.- 
6341.; assistant technical officers, 275/.-181.-5501. | 
n lieu of 2771.-T8I.-515I.. 


courses, the encouragement of voeational red 


j}employment of women. 





ENGINEERING. 





The Admiralty has issued an order dealing with 
the position, under international law, of civilian officers | 
and workmen, including those employed by Admiralty | 
contractors, who may have to embark on commissioned | 
ships for trials, repairs or completion of work left 
unfinished upon the sailing of the vessel. Since such 
vessels will themselves bear the outward signs of their 
combatant status, no penalty should fall on a civilian | 
embarked therein, if he should be captured by the | 
enemy, provided he has taken no part in the fighting | 
of the ship. Editorial refe.ence is made on page 537 | 
of this issue of ENGINEERING to the arrangements 
devised to protect such civilians by providing them 
with certificates of their identity and their reasons 
for being on board. 

The French Government, it is stated, intends to 
stabilise wages generally at the level obtaining at 
September 1. Minimum wages are, however, to be | 
enforced in “ free ” sectors where wages are abnormally | 
low and maximum wages are to be imposed in State | 
industries and those engaged on Government orders. | 
The Government is anxious to prevent competition for 
skilled labour which might force up the costs of muni- 
tions. Employers failing to pay the new minimum 
wages or paying beyond the maxima will be liable 
for a fine equal to treble the amount underpaid or 
overpaid. Amounts paid in excess of the maxima 
will not be allowed as charges against profits in the 
assessment of taxes. 








A joint committee of employers and workers has 
been set up at Lille, partly for the purpose of discussing | 
and, if possible, settling differences that arise and 
partly with the object of increasing the efficiency | 
of war-time production. The industries principally | 
affected include the textile, mining, metallurgical and | 
building trades. According to a Paris correspondent, 
the meeting which decided to form the joint committee 
remarkable for the spirit of friendliness and the 


” 


was “ 
desire for close collaboration shown by all concerned. 


In reply to an application from the Supply Depart- 
ment of the Swedish Directorate of Army Adminis- | 
tration that exceptions should be allowed to the prohibi- 
tion of night work by women in order to speed up the 
manufacture of munitions, the Social Board has 
recommended that the Government should introduce a 
Bill making such exceptions possible. The Board 
points out that the Berne Convention concerning the 
employment of women during the night can hardly be 
intended to regulate night work for women during 
the exceptional circumstances of an _ international 


| all 





political crisis. It is obvious that in case of war and 
preparation for defence, every possible effort must be 
made to satisfy the requirements of the defence services. 
The Board adds that neither the Medical and Health 
Board nor the National Accident Insurance Institution 
(the chief labour inspection authority) has raised any | 
objection to the proposed measure. The Confederation | 
of Trade Unions has also stated that it has no objection 
to the proposed measure ; it considers that shift work 
should be allowed, but that hours of work should not 
exceed eight per day and 48 per week, particularly in 
munition factories, where work is nerve-racking and 
often hazardous. 


Industrial and Labour Information gives a summary 
of an interesting article contributed by Dr. Robert Ley, 
Leader of the German Labour Front, to a Berlin news- 
paper. It deals with the various steps taken by his 
organisation to improve the allocation of labour 
during the shortage. Dr. Ley notes, in the first place, 
that there were large numbers of men who either had 
an unsuitable occupation or were far from fully em- 
ployed in their occupation. The Labour Front, there- 
fore, undertook large-scale re-training for more important 
occupations. In particular, several hundred thousand 
new workers were prepared for the iron and steel 
industry and the metal trades in this way. In addition, 
there were some occupations which existed at the 
time of severe unemployment and had now completely 
disappeared. The second point to which attention 
was directed was the need for greater productivity, 
and to bring this about various measures were adopted 
such as the establishment of training and improvement 





etc. The third series of measures concerned the 
rationalisation of undertakings, and, in connection | 
with the four-year plan and rearmament, 227 under- | 
takings were investigated for this purpose. In the} 
fourth place, measures were taken to increase the | 
Fifthly, skilled German | 
workers living abroad were encouraged to return. 
Finally, the Labour Front placed its Labour Scientific 
Institute at the disposal of the feur-year plan for 
the purposes of propaganda and enlightenment. 
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situation on the employment market, and to propose 
measures for facilitating the necessary adjustments 
between increasing unemployment and the shortage 
of labour. As a first task, calling for rapid action, the 
Minister proposes measures for the rationalisation of 
employment market statistics, in order that changes 
may be followed speedily and in detail. Another highly 
important task is to consider what measures may be 
necessary if the emergency becomes more severe. 
The new institution, which is to be called the State 
Employment Market Commission, is to be an advisory 
body without any administrative powers. It will carry 
out its duties in consultation and collaboration with 
the Social Board, the National Unemployment Com- 
mission and the National Economic Defence Commis- 
sion. The chairman is the Director-General of the 
Social Board, and the members include the President 
of the Confederation of Trade Unions and the Managing 
Director of the Employers’ Federation. The Commis- 
sion has authority to call on experts for assistance. 


The weekly organ of the International Labour 
Office at Geneva states that by a decision published 
on September 2, the Hungarian Government has 
prescribed that the provisions of Order No. 7390, of 
October 15, 1938, with regard to compulsory work of 
assistance shall remain in force until further notice in 
every case where, owing to mobilisation, the continuity 
of agricultural production cannot be secured in any 
other way. The Minister of Agriculture may order 
compulsory work in departments, districts, towns or 


| local Government areas where, owing to partial mobili- 


sation, the continuity of agricultural production cannot 
be ensured in any other manner. All persons who own 
animal-drawn or mechanically-driven vehicles, agri- 
cultural implements or draught animals, may be required 
to place them at the disposal of other farmers. Further, 
male agricultural workers, and all farmers who 
normally do manual work and the male members of 
their families who work on their farms, may be required 
to work for other farmers or on other farms in order 


to ensure the carrying out of urgent agricultural work. 


The persons in question are only obliged to work for 
other farmers if they have already finished the most 
urgent work on their own land or on their employer's 
land, or if they cannot finish such urgent work owing 
to the state of the soil or to weather conditions. In 
principle, every farmer is obliged to supply vehicles, 
agricultural implements or teams of draught animals, 
but in practice, the obligation appiies first to farmers 
owning large farms and possessing material of this 
kind. The personal services are required first from 
agricultural workers. All work carried out under a 
decision of the authorities must be paid, and the rate 
of payment will be fixed by the competent adminis 
trative authorities, taking into account the local con- 
ditions and the value of the work done. Refusal to 
conform to the decisions of the authorities as regards 
compulsory work of assistance constitutes a breach 
of the law, which will be punished by imprisonment 
up to a maximum of two months, or a fine up to a 


| maximum of 8,000 pengés. 








AMERICAN SOCIETY FOR METALS.—Mr. S. P. Rockwell, 
who is well known for his invention of the Rockwell 
hardness-testing machine and for his work on dilato- 
metry, received the Albert Sauveur Achievement Award 
at the Chicago meeting of the American Society for 
Metals, on October 26. 


EGYPTIAN HONOUR FOR BRITISH MANUFACTURER.— 
We are informed that His Majesty King Farouk of 
Egypt has conferred the Order of the Nile upon Mr. R. R. 
Stokes, M.P. for Ipswich, for his work in connection with 
the remodelling of the Assiut Nile Barrage, which was 
successfully completed in March. Mr. Stokes is chairman 
and managing director of Messrs. Ransomes and Rapier, 
Limited, Waterside Ironworks, Ipswich. 

THE KeGumMs WATER-POWER PLANT, LATVIA.—A large 
water-power plant at Kegums, on the Dwina River, has 
recently been put into operation. The plant has been 
built to the order of the Latvian Government and, at 
present, consists of two 50,000-h.p. turbine sets. A third 
unit is under construction, while space has been provided 
for a fourth set. The station operates under a head of 
52 ft., and the scheme embodies a dam across the river 
2,180 yards in length. The installation has been built 
by Messrs. Svenska Entreprenad Aktiebolaget, con- 
tractors, Stockholm, and the consulting engineers for the 
undertaking were Messrs. Vattenbyggnadsbyran (V.B.B.), 
also of Stockholm. The turbines are of the Kaplan type 
and were built at the Karlstad Works, while the electrical 
equipment was supplied by Messrs. Allmdinna Svenska 
Elektriska Aktiebolaget (Asea). The work was com- 





The Swedish Minister of Social Affairs has appointed | menced in the autumn of 1936 and has provided employ - 
a special commission of seven members to follow the | ment for 2,500 men, in addition to 50 Swedish engineers. 
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| re-energised, owing to the system drifting away from | The gear was provided with a standard trip coil @ 


| synchronism. 


Finally, data were required on the| and a high-speed reclosing trip coil b. The closing 


| dead time needed on phase-to-phase faults to prevent | motor drove a cam c, which operated the breaker crank 


| re-striking. 


Favtr Cieartve Wira Raprp-Recrostxa Crrcurr-| be worked out with great precision was, however, | 
| no reason why the great advantages of this method of 


The fact that the problem had not yet | d through the cam roller e. At the end of the closing 


operation a latch f fell into place and held the breaker 
contacts open, the cam at the same time being pre- 





»95 _ _ | fault clearing should not be taken advantage of in| vented from returning to the open position by the 
Ix addition to the paper dealing with short-circuit | practice. The authors, indeed, stated that no high-| pre-setting latch g. When the reclosing trip coil } 


installed to-day except on the basis of ultra high-speed 
reclosing. 
The author went on to say that an ultra high-speed 





control by air-blast circuit breakers, which was presented | voltage line of any importance should be designed or | was energised, the latch f was released and the breaker 
to the conference by Mr. Thommen, of Messrs. Brown 
Boveri, and with which we dealt on page 
a further closely-allied paper was presented by Messrs. | 
P. Sporn and C. A. Muller, of the American Gas and | reclosing arrangement consisted of three elements— 
Electric Service Coporation of New York. 


| contacts began to open. After they had moved 
| through a predetermined distance, an auxiliary switch h 
| energised the closing motor so that the cam began 
| to move in the direction required to close the breaker. 


This was | the breaker, the high-speed mechanism, and the relay. | The contacts, however, continued to open until the 
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and with Ultra High-Speed Reclosing of High-Voltage 
Transmission Lines.” ; 
paper, the authors stated that although a good deal 
of work has been done on the subject of high-speed 
fault clearing by rapid-reclosing breakers and its 
principles were generally known, the accumulation of 


considerable further data was desirable. 
ledge was desirable about the effects of breaker time | 
and elapsed time between the clearing of the are, 
and the re-energising of the circuit on the de-ionisation | contacts. 


In the introduction to their 


More know- 
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| The breaker should be capable of interrupting a fault 
| and de-energising the line in the least possible time. 
| Breakers available until recently in the United States 
required for the purpose a time equal to that of 8 cycles 
after the trip coil was energised. (The normal periodi- 
| city in the United States is 60.) This remark did not 
| apply to breakers of special design. Within the last 
| year, standard breakers had been developed having 
a total time of 5 cycles. Breakers having still shorter 
times were expected to be developed, but were not 
| yet on the American market. The work dealt with 
| in the paper had been carried out with breakers having 
|a time of approximately 8 periods. The re-closing 
| mechanism of the breaker should be so designed that 
it was able to operate within a time no more than that 
necessary for the complete de-ionisation of the arc, 
|so that there was assurance of no re-striking and a 
| minimum possibility of loss of synchronism, or loss of 
load. It had been considered that 7 cycles should be 
the order of the minimum for this operation, but this 
had not been obtainable in practice with standard 
breakers without overstraining the mechanism. In 
actual performance, the time had been from 10 cycles 
to 14 cycles. The relay system should operate to 
clear the circuit positively at both ends in a minimum 
time, which should not exceed | cycle. There had 
been no difficulty in obtaining this speed in practice. 
| In the earlier designs of ultra high-speed oil circuit 
breaker, two mechanisms were provided for closing 
the breaker. One of these was the standard mecha- 
nism for normal operation ; the other was designed for 
high-speed reclosing. The mechanisms were attached 
to opposite ends of a walking beam to the centre of 
which the operating rod for the breaker contacts was 
attached. 
provided by a strong spring, which was reset auto- 
| matically after each reclosure, by a small motor. Each | 
mechanism had a trip coil, and arrangements were made | 
so that all tripping relays for reclosing were transferred | 
to the standard mechanism, after high-speed operation, 

until the reclosing spring had been reset. The high. | 
speed reclosing mechanism was also provided with an | 
opening spring to speed-up the opening of the breaker | 
contacts. When the reclosing trip coil was energised, 
this spring pulled the breaker contacts through a travel | 
| of about 8 in. ; a latch then released the closing spring. | 
| These mechanisms could be adjusted to give reliable | 
operation with a total time of 18 cycles between the | 
energising of the trip coil and the reclosing of the breaker 

These double-mechanisms occupied more | 





Energy for the high-speed reclosing was | 





of the are and the re-establishment of the insulation | than twice the space taken up by normal breakers. | 


strength of the surrounding area. 


Other problems | 


In view of this, a new mechanism was designed, in 


were the probable time of, and the time between | which the same motor was used for both normal closing 
intervals, of multiple strokes ; the effect of the amount | 


and type of load on the likelihood of re-striking ; 
the failure of lines to continue in operation w 





and 





| and high-speed reclosing. This arrangement eliminated 
the reclosing spring and reduced the space occupied. | 


| roller ¢ came in contact with the cam surface. As the 
| cam was then revolving in the closing direction, the 
| motion of the contacts was reversed and the breaker 
| reclosed. Operation of the normal trip coil a released 
|a toggle i and the breaker opened without the high- 
speed reclosing mechanism coming into operation. 
The gear might be adjusted to reclose the contacts 
| within 18 cycles after the trip coil was energised and 
| without straining the mechanism. 
| The first installation of breakers of this new type 
| was made on the 132-kV transmission line between 
| Fort Wayne and Deer Creek, Indiana. The line has a 
| length of 59-2 miles, and the new gear was put in 
| operation in May, 1936. A diagram showing the trans- 
| mission lines in the area was given in Fig. 30. As 
| would be seen there was a loop circuit radiating from 
| the Fort Wayne station supplying not only the Deer 
| Creek station, but also the Delaware station of the 
|same system. There was an inter-connection to the 
| Kokomo station, but this was not of sufficient capacity 
| to supply the whole load of the loop system when 
| separated from the Fort Wayne station. The arrange- 
|ment represented a branch load supplied from an 
| interconnected system either by a single line or a 
| double-circuit line on a single line of towers. It was 
| felt desirable to introduce ultra high-speed reclosing 
| to maintain continuity of service. Single-cycle carrier- 
current relays were used. The idea of the arrangement 
| was that, in the event of trouble occurring simultane- 
ously on the two circuits of the single-tower line between 
Fort Wayne and Deer Creek, reconnection would be 
made quickly enough to avoid the normal consequences 
of a double-circuit trip out. The two ultra high-speed 
reclosing breakers were adjusted for an overall time 
of 20 cycles from the energising of the trip coil to 
the reconnection of the line, giving a dead time of 
| approximately 12 cycles. The carrier relay system gave 
| an actual relay operating time of slightly less than one 
cycle. The results of this installation were so successful 
that the system was applied to other line sections. 

The next installation was made on a 350-mile 
double-interconnecting line between the Philo station 
| of Messrs. The Ohio Power Company, the Twin Branch 
| station of the Indiana and Michigan Electric Company, 
and the Michigan City station of the Northern Indiana 
Public Service Company. The power transmitted 
by this 132-kV line at times reaches a figure of 
100,000 kW. The layout of the system, which connects 
through the Fort Wayne, Fostoria and Howard sta- 
tions, is shown in Fig. 31. The 17-mile line between the 
South Bend and New Carlisle substations was equipped 
| with ultra high-speed reclosing breakers in January, 
1938, and the 65-4-mile double-circuit lines between the 

Twin Branch and Fort Wayne stations were similarly 
| equipped a little later. The breakers on the three lines 
were set to give an overall time of 18 cycles, repre- 
senting a dead time of approximately 10 — 

On these three lines, on which rapid-reclosing equip- 

ment has been installed, eight 132-kV circuit breakers 
were in service during the latter part of the year 1938. 
There were a total of 15 breaker operations during this 

period. All except one, which was due to sleet, were 
traced to lightning. In all cases a flash-over occurred 
between a phase conductor and the earth ; in 12 cases 
it took place between the top conductor and the earth. 

In 13 out of the 15 cases, the breakers at both ends of 
the line tripped and reclosed without the arc restriking 
and without any of the normal effects of a feeder 
outage being experienced. In the other two cases the 
breakers failed to stay in after the initial rapid reclose. 
Analysis showed that at least one of these cases was 
due to a multiple lightning stroke, and it is probable 
that the same cause in the other case. Prior 
to the adoption of ultra nea on the Fort 
Wayne-Deer Creek line, 25 per cent. of lightning flash- 
overs involved both circuits, but in more than two 
years since the rapid-reclosing equipment was installed 
not a single double-circuit flashover has taken place. 
In the case of a flashover on the Fort Wayne-Deer 
Creek line which took place on May 20, 1938, the fault 
was very close to Deer Creek and records show that 
the line was de-energised for a period of 10 cycles ; 
reclosure, however, was entirely successful. 

An example illustrating the success with which 
reclosure may be carried out between two systems 








when transferring 4 heavy load, without losing syn- 
hen | The mechanism was shown diagrammatically in Fig. 29. chronism, was furnished on November 16, 1938, on the 
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South Bend-New Carlisle line, shown in Fig. 31. A 
fault on the branch to the Plymouth substation caused 
the South Bend-Plymouth-Michigan City line to trip 
out when the Michigan City station was delivering 
about 80,000 kW. Of this, 50,000 kW was being 
delivered to South Bend and 30,000 kW to the Ply- 
mouth substation. The fault on the Plymouth circuit 
threw the whole of the 80,000 kW on to the direct 
Michigan City-New Carlisle-South Bend circuit, which 
tripped and then reclosed successfully when carrying 
this load. A further 80-6 miles were now being equipped 
with these rapid-reclosing breakers and it has been 
decided to extend the system to other important trunk 
lines in the near future. 

The authors were satisfied that ultra-rapid reclosing 
gear would materially reduce the outages due to light- 
It also had a favourable influence in connection 


ning 
with two-circuit flashovers when an earth wire was 
used. It did not appear that the rapid reclosing could 


to the main reason in this case, and it was probable 
that the effect was due to the speeding-up of the 
relaying and circuit-interrupting actions. It appeared 
to be definitely established that such gear on inter- 
connecting lines between two large generating stations 
would result in minimising the effect of flashovers 
on the continuity of power supply. The experience 
which had been obtained indicated a need for a complete 
re-examination of the problem of switching on impor- 
tant high-voltage circuits and that at least one reclosure 
on faults should become standard practice. The 
work referred to had all been carried out with breakers 
having a maximum opening speed of 8 cycles. If five, 
or possibly three, cycle breakers could be developed, 
the results would be obtained with more certainty. 
Finally, it appeared that this work might usefully 
be extended to medium- and low-voltage circuits. 


(To be continued.) 


TRANS-ATLANTIC AIR SERVICES.* 
By Masor R. H. Mayo, O.B.E. 
(Coneluded from page 567.) 


ReruRLLING in flight was introduced many years ago 
in America, and was first applied for the purpose of 
keeping an aircraft in the air for long periods. Almost 
incredible records of this kind were set up, one aircraft 
and its crew having remained in the air continuously for 
a period of about three weeks during a spell of fine 
weather. But the object gained was not apparent, and 
enthusiasm soon died down. Refuelling in flight has 
never since been applied to practical purposes in 
American aviation. Some years ago, refuelling in 
flight was taken up in this country, at first with the 
more or less similar object of increasing the time during 
which an aircraft could remain in the air. It was 
subsequently realised that it might be used to overcome 
the take-off problem by allowing the aircraft to take-off 
light and then adding a considerable part of the fuel 
load during flight, and this application of refuelling in 
flight has sinee received several years of intensive 
development in this country. 

One of the main problems involved was, of course, 
to provide a satisfactory and reliable method of making 
contact and then passing the hose between the tanker 
aircraft and the air liner. Several methods of effecting 
this have been proposed, one by Squadron-Leader 
Atcherley, which has been developed by the Royal 
Aircraft Establishment, Farnborough, and various 
alternative methods by Sir Alan Cobham and his 
company, Messrs. Flight Refuelling, Limited. It is 
beyond the scope of this paper to go into the details of 
these different methods or the ways in which various 
troubles have been overcome. It is obvious that any 
system of refuelling in flight must involve a serious 
tire risk unless meticulous care be taken to prevent the 
spilling or discharge of fuel in the region of the air 
liner during or on completion of the process of refuelling. 
This fire risk is associated with the possibility of static 
discharge, about which present knowledge is somewhat 
deficient. There are many other mechanical problems 
involved, and Sir Alan Cobham and his company are 
to be congratulated on the determination with which 
they have tackled these problems and gradually evolved 
a refuelling scheme suitable for trial in actual service. 
A demonstration of refuelling the long-range Empire 
boat Cambria was made successfully in January, 1938, 
and it was then decided to employ refuelling in flight 
in connection with the experimental North Atlantic 
service with the 8.30 flying boats Cabot and Caribou 
this summer. 

There were, however, many difficulties to be over- 
come, and unfortunately there were also delays in the 
completion of the aircraft, so that it was not until 
August that a start could be made. The 8.30 boat is 


* Paper read before Section G of the British Associa- 
tion, at Dundee, on Friday, September 1, 1939. Abridged. 
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tunately, it cannot be realised in full for trans-Atlantic 


and it was originally intended that its take-off weight | services, owing to the increase in the wind speed with 


should be limited to about 46,000 Ib., and that the 
balance should be taken on board by refuelling in 
flight to the extent of about 950 gallons. It was found | 
later that the take-off of the 8.30 boat with constant- 
speed propellers was so satisfactory that the permissible 
take-off weight could be considerably increased, and 
this weight has been fixed at 50,500 lb., at which a 
take-off in about 40 seconds is achieved. Actually, 
when refuelling in flight is to be employed, the weight 
at take-off is usually limited to about 47,000 lb. to 
48,000 Ib., the balance of 5,000 Ib. or 6,000 lb. being 
supplied by the tanker. For the purpose of this 
experimental Atlantic service the tanker employed 
was the large Harrow bomber with the necessary 
modifications, and one of these aircraft was sent to 
Foynes and two to Hatties Camp, Newfoundland. It 
is not actually necessary for the 8.30 boat to be refuelled 
in the air for the easterly crossing, because its range 
with direct take-off gives a sufficient margin for the 
crossing in this direction. It was decided, however 
to send two tanker aircraft out to Hatties Camp in 
order that a fuller demonstration of refuelling in flight 
could be made. The process of refuelling in flight was 
successfully carried out for the first westward flight, 
but weather conditions between Hatties Camp and 
Botwood prevented it from being employed for the 
first eastward flight. It was, however, again success- 
fully employed for both flights of the second service. 

The conclusions which can be reached from these | 
demonstration are that, for an aircraft of the size and 
wing loading of the S.30 boat, the mechanical diffi- 
culties of refuelling in flight can be successfully over- 
come, and that the process can be regularly carried 
out in suitable weather conditions during daylight. 
Unfortunately, this experimental service has not 
provided an opportunity of testing whether refuelling in 
flight can be successfully applied to an aircraft of very 
high wing loading. With a total loaded weight of 
53,000 Ib. after refuelling, the 8.30 boat has a wing 
loading of just over 35 lb. per square foot, and it seems 
that it will be necessary to raise the wing loading to 
the order of 50 lb, per square foot if the full performance 
requirements for the Atlantic are to be met. It does 
not immediately follow that what can be done at | 
35 lb. per square foot can be done at the higher loading. 
As the stalling speed of the air liner increases so must 
the minimum speed at which the operation can be 
done, and so must the drag of the hose and the loads 
imposed on the aircraft. The increase in wing loading 
suggested causes an increase of 20 per cent. in the 
stalling speed, and to ensure adequate control at the 
higher loading it may be necessary to fly at a speed 
giving a proportionately greater margin over the stalling 
speed. I do not suggest that refuelling in flight up 
to a wing loading of 50 lb. per square foot is impossible, 
but that considerable further development work may 
be required before it can be assumed to be practicable. 

It appears to me that any system of assisted take-off 
must carry the wing loading to an extreme figure if 
it is to justify itself for Atlantic services, and I do not 
think it can yet be assumed that refuelling in flight 
can be so applied. It may be, however, that further 
development work will show that refuelling in flight 
can effect a sufficient increase above the practical limit 
for direct take-off to justify its employment for the 
larger sizes of aircraft. I do not think it could be 
applied effectively to the smaller sizes owing to the 
weight and capacity required for the apparatus, the 
additional crew required, and the relatively greater 
loads imposed on the small aircraft during the process. 

Stratosphere Flying.—A good deal has been heard 
during the last few years about stratosphere or high- 
altitude flying, especially in connection with trans- 
Atlantic services. The principal advantage to be 
gained by flying at high altitude is that, with suitable 
supercharging of the engines, a higher cruising speed 
can be obtained. There is also the possibility that the 
pilot may be able to find better average weather 
conditions at heights of 20,000 ft. or more. On the 
other hand, continuous flying at these altitudes neces- 
sitates the provision of a pressure cabin to contain all 
members of the crew and any passengers carried. The 
pressure cabin need not be maintained at full sea-level 
pressure, but only at some intermediate pressure 
such as that corresponding to a height of 8,000 ft. 
Nevertheless, the provision of a pressure cabin, even 
for this moderate pressure rise, entails a considerable 
amount of additional weight and many difficult design 
problems. Aircraft with such pressure cabins are 
now under development anc within the next few years 
a great deal more will be known about the possibilities 
in this direction. 

So far as trans-Atlantic services are concerned, the 
effective utilisation of high-altitude flying represents 
a somewhat complex problem. It may be taken that 
increasing the operational height, and supercharging 
the engines accordingly, will increase the available 
cruising speed at the rate of about 1-5 m.p.h. per 1,000 
ft. of altitude. This is an important gain, but, unfor- 


| material advantage for a high-speed mail service. 





height. Meteorological experts have estimated that 
the prevailing westerly wind increases at an average rate 
of about 2 m.p.h. per 1,000 ft. of altitude. It follows, 
therefore, that increasing the operational height of the 
aircraft will normally mean a loss of net speed for the 
westerly crossing. On the other hand, there will be a 
definite gain for the easterly crossing, and a substantial 
increase in speed on the easterly crossing would be a 
If, 
for instance, the average westerly wind at a height of 
25,000 ft. were assumed to be 60 m.p.h. instead of 


|20 m.p.h., and the cruising speed of the aircraft 


330 m.p.h. instead of 300 m.p.h., the effective time 
for the easterly crossing would be reduced to 13-7 hours, 
and this would enable the delivery to be made in 
London at 10.45 a.m. instead of 12.30 p.m. The 
westerly wind at 25,000 ft. would probably often 
exceed 60 m.p.h. and the advantage would be corres- 
pondingly greater. 

Unfortunately, the conditions over the Atlantic, 
especially in winter, are frequently so bad that it is 
impossible for the pilot to fly at a predetermined height, 
and for this reason considerable flexibility in the 
operational altitude must always be provided for. 
The case for stratosphere or very high-altitude flying 
over the Atlantic does not appear to be strong and 
the balance of argument appears to favour a moderate 
operational height of from 5,000 ft. to 10,000 ft., with 
ability to fly considerably above or below this height 
without appreciable loss of performance. This con- 
clusion does not imply that the development of pressure 
cabins is not worth while, because recent experience 
is tending to show that continuous flying at heights 
above 10,000 ft. without cabin supercharging or a supply 
of oxygen may have a harmful effect. A moderate 
degree of cabin supercharging may, therefore, become 
necessary for all Atlantic aircraft. The pressure cabin 
can, at a sacrifice in weight, be incorporated in any 
size of aircraft, but the smaller the size of aircraft 
the less the relative sacrifice in weight. The provision 
of a pressure cabin for the crew of a small high-speed 
mail carrier is a relatively easy matter, but it is going 
to be a much more formidable matter in the case of a 
large passenger air liner. 

The best hopes of establishing worth-while trans- 
Atlantic services appear to me to lie in aiming from the 
first at through non-stop services, segregating passen- 
gers and mails, developing at once a land-type composite 
aircraft with extreme wing-loading for mail services, 
developing by stages the large flying boat with mode- 
rately high wing-loading for passenger services, and 
providing a suitable marine base in England for the 
operation of such flying boats. 








STEAM-JACKETED ‘‘LOLOS”’ 
OIL-STRAINER. 
Fies. 1 to 3, on the opposite page, show a com 


pletely automatic * Lolos”’ oil strainer recently con- 


structed by Messrs. Auto-Klean Strainers, Limited, 
Tower House, 40, Trinity-square, London, E.C.3. 
(Temporary address: Mayford House, Mayford, 


Surrey), to deal with 800 gallons per hour of impreg- 
nating oil. This oil, used for the impregnation of 
electric cables, is very viscous at low temperatures and, 
from the nature of the process, picks up a considerable 
amount of solid matter. In order to obtain a high 
degree of filtration, very fine interstices are employed 
and to make effective use of these the oil has to be 
heated to a temperature of 300 deg. F., the viscosity 
thus being lowered to a degree enabling proper separa- 
tion to be secured. The straining cage is of the norma! 
Lolos type, i.e., a slotted cylinder round which is 
wound a helix of fine wire, closely spaced. The cylinder 
is 9 in. in diameter and 12 in. in effective length, and the 
wire is of non-corrodible steel, 0-020 in. in diameter, 
wound with 45 turns per inch, which gives a space 
between the turns of 0-002 in. An external view of 
the strainer is given in Fig. 1, from which it will be 
noted that, with the exception of the domical cover, 
no castings are used, the body being wholly of welded 
steel protected by hot-dip galvanising. Details of 
construction are given in Figs. 2 and 3. 

It may be remembered from our previous accounts 
of the Lolos strainer that the dirty oil passes from 
the exterior of the wire-wound cage to the interior. 
The solids are, therefore, left adhering to the wire on 
the outside, and, in order to prevent choking, have to 
be removed periodically. There are two ways of doing 
this, viz., by blowing the deposited matter off with a 
stream of fluid passing from the inside to the outside 
of the cage, or by scraping it off mechanically. Both 
ways are adopted in the strainer now under considera- 
tion and both are operated by the vertical electric motor 
seen at the left of Fig. 1, and indicated at a in Fig. 3. 
The motor is of 0-75 h.p. and drives, through reduction 
gearing, a crankshaft which is coupled by a normal con 
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necting rod to a lever on the shaft 6. The shaft is 
thus given an oscillating movement. It carries, within 
the cage, a flap c, which extends between the cage end- 
plates. The top plate is a solid disc, but the bottom 
plate is perforated by quadrantal ports, though it is 
solid in the region marked d. At one side of the larger 
port, to the left of Fig. 3, is a fixed partition e across 
the cage, the continuation of this partition, lying on 
the centre line to the right of the illustration, having 
no other function than that of acting as a stiffener. 
When working normally, i.e., when the dirty oil is 
being filtered by passing through the wire without 
undue pressure drop, the filtered oil passes through 
the ports in the bottom end plate into the cylinder f, 
and thence through the 4-in. clean-oil outlet at the 
left of Figs. 1 and 3, the flap c remaining stationary. 
But, sooner or later, depending on the degree of 
dirtiness of the oil, the accumulations on the outside 
of the cage have to be removed and when this point is 
reached the motor is automatically started and the 
flap oscillates. On making its anti-clockwise stroke, 
(see Fig. 3), the flap travels beyond the edge of the port 
in the bottom end-plate and moves over the segmental 
area d. The oil entrapped between the flap c and the 
partition e is, therefore, forced through the wires and 
blows off the accumulations on them, the deposits 
falling into the annular space between the cylinder f 
and the casing. It would appear at first sight that 
this action clears only a small strip of the cage. The 
cage, however, is rotated continuously in the anti- 
clockwise direction by means of the ratchet device 
seen in the right-hand upper quadrant of Fig. 3. A 
spring-loaded pawl attached to the top of the shaft b, 
engages with a circular rack on the top of the cage, 
and as this rack has sloping teeth the pawl turns it 
in one direction only, the alternate strokes being idle. 
A rotative movement of 66 deg. is made at each 
working stroke of the pawl. Any very adherent dirt 
is cleaned off the wire screen by a spring-loaded 
scraper g. This consists of a blade of the full length 
of the screen hinged so that the scraping edge can be 
lifted clear. The object of this freedom of mounting is 
to clear the edge of the scraper from fibrous material 
which has a tendency to remain on it. A projecting 
bar on the outside of the screen, seen to the left in 
Fig. 3, is carried under the scraper edge once per 
revolution of the cage and removes any accumulations 
which, together with the dirt normally rejected by the 
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screen and that blown off by the action of the flap, falls 
into the annular space below the screen and is removed 
periodically through the sludge door seen to the right 
of Figs, 2 and 3. 

The motor is automatically controlled by the devices 
visible at the top of the casing in Fig. 1. That on the 
left is a differential-pressure control switch made by 
Messrs. The British Thermostat Company, Limited, 
Sunbury-on-Thames. It consists, briefly, of two 
bellows units connected to the inlet and outlet branches, 
and actuating a tilting mercury-tube switch. As long 
as the pressure in the outlet branch is not more than 
2 lb. per square inch less than that in the inlet branch, 
the strainer is working normally, t.e., the screen is not 
being choked. But an increase above 2 lb. indicates 
that the screen is getting dirty and the switch*is 
thrown in to operate a relay actuating the delayed 
contactor starter seen to the right of Fig. 1. This is 
made by Messrs. Igranic Electric Company, Limited, 
London, and is furnished with start and stop buttons 
for occasional testing of the motor and gear. When the 
motor is started the screen is rotated at about 3 r.p.m. 
and continues at this speed until the screen has — 
cleaned and the pressure difference between the inlet 
and outlet branches falls to 2 lb. per square inch. The 
switch then cuts out and the motor stops in about 
15 strokes to 20 strokes of the ratchet. The differential- 
pressure control switch can be adjusted to operate 
between any pressure difference from zero to 30 Ib. 
per square inch, as required. The strainer cage can 
be lifted out after removal of the top cover, but this is 
rarely necessary except for, say, an annual inspection, 

The type of strainer described above is employed 
for numerous other purposes than filtering oil, such as 
for supplying filtered water to the bearings of deep-well 
pumps, for filtering brine used in fish cleaning and 


preserving, for filtering oils used in heat-treatment | 


| rimming in the mould. 


{ 
| has to be worked out by actual trial on a small scale 
| and under conditions closely resembling those in which 
the strainer will have to work. Factors which have 
to be taken into account are the screen mesh, rate of 
| flow, speed of rotation of the screen, pressure, tempera- 
| ture, etc. Further, some fluids call for special types 
| of filter ; thus, those used for pigmented paints, gravure 
| inks, etc., introduce other factors. When dealing with 
liquids of this kind the loss of pressure across the 
| straining medium must be kept low or the solids will 
| be compacted into an impenetrable mass. At the same 
|.time, it is of advantage to keep a layer of pigment 
| on the screen, since such a layer itself acts as a strainer 
| and assists in obtaining effective filtration. 








|GENERAL SURVEY OF THE PRAC- 
| TICAL ASPECTS OF RIMMING-STEEL 
MANUFACTURE.* 


By J. Mrrceneg te. 


Tue descriptive pares included in the present report 
| give, in some detail, the practice of rimming-steel 
| manufacture at various works, and the author’s 
| intention is to correlate the various facts recorded, in 
| order that the essential features of manufacture of 
| this very important type of material may be brought 
| into relief. In general, the material. shows, in cross- 
section, a relatively pure outer envelope, which varies 
| considerably in thickness, depending on the practice 
employed, and a relatively impure core. A feature of 
these ingots is that there is no pipe and that they 
contain, in defined positions, certain collections of 
blow-holes. It has been recognised that, for uses 
where good surface and a high degree of malleability 
are important, a steel of this kind is particularly 
desirable, When cast from the ladle into the mould, 
rimming steel exhibits a vigorous effervescence, and 
from the open mould top there is a constant spray of 
fine particles blown up by the gas evolution. When 
the metal is in proper condition, the steel freezes 
inwards from the mould walls and the evolution of 
gas continues until only a small liquid core remains, 
An ingot of this type may be referred to as a “ fully- 
rimmed ingot.”’ It is generally recognised that, if the 
metal is in a proper condition, there is no rise or fall 
in the mould, 1.e., the steel proceeds to rim-in flat at 
the level to which the mould was filled. 

The rimming process just described gives material 
with a maximum thickness of pure envelope for any 
given carbon content. In certain cases, it is usual to 
suppress the rimming action by throwing a plate on 
to the effervescing surface when the desired thickness 
of envelope has been obtained, Yet another variation 
in practice of this kind is to have the metal in such a 
condition that it rises in the mould after filling, and 
the depth of filling is so regulated that the metal rises 
and chills against a cap, which again suppresses the 
rimming action—in this case with a comparatively 
thin outer envelope of pure material. It is pena | 

he 


agreed that these variations in practice may be applie 
as is desirable, when there is a knowledge of t 
ultimate use to which the steel is to be put. 

The first point to be noted with respect to the 
manufacture of rimming steel is that the success or 
failure of the rimming operation is dependent on the 
condition of the metal—primarily as regards the 
temperature and degree of effervescence. There are 
various secondary and undesired actions which may 
take place during the rimming, arising from factors in 
the preparation of the steel, but, for practical purposes, 
the objective of the steel operation is to produce in 
the mould a metal giving the necessary action and at 
the correct temperature. At first sight, it would 
appear that the condition demanded for correct rim- 
ming is rather difficult of achievement and that there 
are very narrow limits within which correct practice 
can be obtained. Actually, as will be seen later, it is 

ible to eecure the desired conditiqns within a fairly 
| wide range of operation, because of the pe of 
using corrective measures while the steel is actually 
There are certain general 
empirical rules which give an indication of the way in 
which this treatment should be applied, and there are 
certain recognised conditions of the metal itself which 
are a guide to the pit operator in producing the desired 
type of metal. 
As already indicated, the two important factors are 





processes, and the like. Where abrasives are present | temperature and the vigour of the effervescence. So 


in the liquid to be filtered, as in —s fluids for | far as temperature is concerned, it is 


grinding machines and other machine tools, the wire 
coil of the screen is replaced by a fine-mesh gauze 
sandwiched between two stout gauzes of coarser mesh. 
Fer grinding machines such as are used to give the 


glass-like finish required for the rolls of paper-making | 
and similar machinery, gauze of 300-mesh is used. | 
The problem of effective filtration is not, however, a 


general one ; each case needs individual consideration, 





and not infrequently the precise technique required ' 





enerally found 
that steel which is cast too hot, even if the conditions 
of manufacture have been otherwise correct, will not 
give satisfactory results. Very hot metal remains 
comparatively quiet in the mould until too late a 





* Paper contained in the Ninth Report on the Hetero- 
geneity of Steel Ingots, prepared for presentation at the 
cancelled Cardiff Autumn Meeting of the Iron and Steel 
Institute. Abridged. 































59° 


stage, when it is inclined to rise and effervesce vigor- 
ously without the necessary time being available for 
the reactions to proceed to completion. Metal which 
exhibits too vigorous an effervescence subsides too | 
rapidly in the mould and the subsequent rimming 
action is unsatisfactory. This difficulty can be readily 
overcome by the use of a few pellets of aluminium. 
On the other hand, metal which exhibits a weak | 
effervescence tends to rise immediately the mould is 
filled. The significance of this rising action is that gas 
holes have been entrapped too early in the, freezing 
envelope, and, in consequence, indifferent surfaces will 
be obtained on the subsequent rolled product. It is 
by no means easy to correct material which effervesces | 
too weakly, but a certain measure of success has been 
obtained by the use of sodium fluoride. While the 
manifestations just described are, no doubt, capable 
of accurate theoretical explanation, the fact remains 
that the successful production of rimming steel is 
primarily an art calling for accurate judgment and 
prompt action on the part of the operators. Given 
the correct practice in the furnace or converter, no 
difficulty need be experienced in producing and con- 
trolling the type of ingot required by the ultimate 
consumer. 

Comparison of Processea.—Material required for the 
casting of rimmed-steel ingots is normally made by | 
the Bessemer process (acid or basic) or in the basic 
open-hearth furnace. There is general agreement 
among practical steelmakers who have had experience 
of both types of process that a controllable rimming 
action is more readily achieved with the Bessemer | 
methods than with the open-hearth. A considerable | 
tonnage of the material required in the rimmed condi- | 
tion is desired with carbon below 0-1 per cent., and 
to obtain material of this kind, without serious over- 
oxidation, there is considerable evidence that the 
Bessemer process, either acid or basic, is peculiarly | 
suitable. 

The outstanding practical requisite in all processes | 
is a boil of the right nature and of sufficient duration | 
during the steelmaking operation. The various papers 
contributed by open-hearth operators make it clear | 
that this is considered essential. From the nature and | 
order of the reactions in both the acid and the basic 
converters, the necessary boiling action is a part of a} 
natural sequence of the process, but in the open-hearth 
the slag and oxide additions must be carefully controlled. | 
There is, of course, the essential difference between | 
the acid and basic Bessemer processes that in the | 
former the drop of the flame on carbon removal is 
the end of the process, whereas in the basic Bessemer | 
the after-blow for the removal of phosphorus follows | 
the carbon elimination. Elaborate tests have shown 
that, from the point of view of avoiding over-oxidation, 
the phosphorus present in the metal is as effective as | 
the carbon. In other words, the heat cannot become | 
over-oxidised so long as phosphorus is present. 

Steelmaking Practice.—-It is, of course, a truism in 
all steelmaking that the boil is the important feature 
of the refining operation. If one regards the mould | 
effervescence, when making rimming steel, as the 
conclusion of the boil proper, it is not surprising that 
all the contributors of practical papers lay special 
emphasis on this most important part of the process. 
There are considerable differences of opinion as to 
the duration of the boil required, but, in general, | 
0-3 per cent. of carbon, after the bath has melted | 
clear, is regarded as the minimum from which to boil | 
down to 0-1 per cent. or under. In actual practice, | 
much higher carbon figures are frequently experienced. | 
It is of interest to note that, in many cases, the | 
importance of adding all the oxide required at the | 
commencement of the boil is emphasised, although, in | 
others, oxide additions are actually made during the | 
boil. It seems probable that this apparent difference | 
in practical ideas arises from the initial composition of | 
the slag—a matter which will be discussed later. It 
would appear that the basic open-hearth very close 
control oF the melting and operating conditions has 
to be applied in order to produce the desired type of | 
reaction, whereas, in the Bessemer process, this appears | 
to be achieved more or less automatically. 

It is abundantly clear, from the descriptions of all 
the processes, that the boiling action required is 
produced not so much by the presence of excess of 
oxide as by having the correct amount of oxide during | 
the boiling period. There is, in fact, a relationship 
between the reaction of oxide available and the beha- 
viour of the metal which must be observed if satis- 
factory rimming conditions are to be obtained. A 
study of the particulars given for various heats would 
seem to indicate that there are wide differences in the 
quantity of oxide added to the furnace, even when 
every allowance is made for variations in the local 
conditions. Doubtless, this is primarily due to such 
factors as the use of hot or cold pig-iron, the pig /scrap 
ratio employed in the charge, and the degree of oxida- 
tion uced during melting. A general study of the 
composition of the slags at the beginning of the opera- 
tion shows that, as a rule, they are higher in silica 
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than the finishing slag and contain relatively little iron 
oxide before the iron-oxide additions are made. 

It is common experience also that, in the finishing 
slag, the lower silica is accompanied by a rise in the 
oxide of iron present, the lime remaining, for all 
practical purposes, constant. This would seem to 
indicate that, in general terms, for the control of the 
reaction, the starting point should be the silica per- 
centage of the slag. This is recognised explicitly in 
some of the contributions and can be read into the 
figures which are given in others. Assuming, as appears 
to be the case, that little trouble is experienced with 
the removal of phosphorus, the other factor which 
probably has a bearing on the sequence of the reactions 
in the bath is the manganese present. In this connec- 
tion, it is interesting to notice that in the practice at 
the works of Messrs. Stewarts and Lloyds, Limited, at 
Bilston, in which a relatively high manganese content 
is carried right through to the low-carbon material, 
there is less iron oxide in the finishing slag than in any 
of the other operations described. 

Attention should be called particularly to the need 
for accurate control which is emphasised throughout 
all the practical papers ; the method of control varies 
at different works, but, in essentials, it comes down 
to obtaining a slag condition suitable to the raw 
materials available at each plant. The commonest 
method of determining the state of the bath is, appa- 
rently, by making a check on the iron-oxide content in 
some form or another. It would appear from the 
figures given that it is necessary to carry a somewhat 
higher percentage of FeO in the finishing slags of the 
basic open-hearth than in the case of the basic Bessemer. 
This is a matter of some interest, in view of the pre- 
vailing misconception that Bessemer steels must, of 
necessity, be more highly oxidised. 

Effect of (omposition on Rimming.—Apart from the 
state of oxidation, there is evidently a general opinion 
that the rimming action in the moulds will be affected 
by the percentage of various other elements present 
in the metal, even before the deoxidisers are added. 
There appear to be differences of opinion as to what 
constitutes the most suitable composition of the bath, 
more particularly with regard to the manganese 
content. A certain maximum residual manganese in 
the metal is indicated in some of the papers as essential, 
usually about 0-15 per cent.. but this requirement 
cannot be reconciled with the figures shown for the 
Bilston practice (0-42 per cent.). As the carbon in 
the finished steel is not required to be below 0-08 per 
cent. at Bilston, it is not possible to state what would 
be the effect on the residual manganese of having to 
push the carbon below this figure. It is interesting to 
note, however, that down to 0-08 per cent. of carbon, 
a low residual manganese figure does not appear to be 
essential to satisfactory rimming practice. 

It suggested for discussion that the residual 
manganese, as such, is not of primary importance, but 
that there may be an upper limit to the manganese 
content in the finished steel which affects the rimming 
action. The quantity of ferro-manganese which may be 
required will depend largely on the condition of the 
metal as regards oxide, and a study of the manganese 
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additions made, together with the oxide figures shown 
in the slag, supports this conclusion. The very low 
quantity of ferro-manganese added in the Bilston 
practice is, in fact, an index of the manganese required 
to adjust the oxide balance. There is general agree- 
ment that the blown metal and the metal after finishing | 
should contain no silicon. It is suggested, in some | 
cases, that the sulphur may have an effect on the rim- 
ming action, but this is a factor, if it is so, that is 
probably related to the manganese content of the 
material. 

Finishing Practice.—In view of the nature of the 
reaction which it is desired to produce in the mould, 
the type of deoxidiser employed and the quantities in 
which it is used are obviously of primary importance. 
In making very low-carbon material, ferro-manganese, 
frequently of the low-carbon variety, is employed, 
although in the case of Bessemer heats spiegel is also 
used. It appears also to be general practice in the 
open-hearth to use a percentage of aluminium in the 
ladle to bring the metal to the point at which the | 
mould effervescence can be controlled by the use of | 
small quantities of the same material in pellet form. | 
A similar practice is unnecessary in the Bessemer | 
heats. The aluminium additions to the ladle referred 
to are usually made on the basis of the iron oxide | 
present in the slag, but, as already indicated, this latter 
figure is, in effect, the basis of control of the process. 

Mould Practice.—It would appear from the figures 
given that satisfactory rimming ingots can be made 
in moulds of a large variety of sizes and shapes, although 
one or two of the papers put limits not only on the 
area figure but also on the height relative to the area, 
or, at least, the width. There appears to be general 
peg that the moulds should be warm (probably 
about 100 deg. to 150 deg. C.), and in one or two 
cases a preference is expressed for anhydrous-tar 
dressing. There is complete unanimity in practice as 
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regards control of the effervescence in the mould, 
aluminium pellets being added on the judgment of 
the teemer. Both top and bottom filling are used in 
Britain. With up-hill teeming, a rather more vigorous 
effervescence is necessary than with top-teeming. It 
is interesting to speculate whether the turbulence 
produced by the filling, in the case of top-teemed 
ingots, assists in the mechanical movement apparently 
necessary to the rimming process. One of the features 
of rimmed as compared with solid steel is the ease 
with which excellent surfaces can be obtained on the 
rolled product. In view of this, it may, at first sight. 
appear illogical to go to the expense and trouble of 
up-hill casting. In the author’s opinion, for special- 
quality work there are two good reasons for the 
practice, namely, (a) the elimination of splash, and 
(b) the control of the filling rate. The rate of filling 
varies widely at different plants. On bottom-teemed 
plates, a rise of 12 in. to 15 in. per minute in the mould 
represents satisfactory practice, but it is not possible, 
from the figures given, to make a direct comparison 
so far as top-teemed material is concerned. The 
moulds, however, appear generally to be filled at a 
faster rate. 

Conclusions.—This general study of practice in the 
preparation of rimming steel in Britain throws into 
relief the essentials of successful operation. In the 
first place, the furnace practice must be such that the 
material is prepared by means of a properly controlled 
boil. The importance of accurate control, usually 
effected through the slag composition and judicious 
use of deoxidisers, is clearly brought out. The produc- 
tion of rimming steel is an art demanding accuracy of 
control, and the product is not, as is sometimes too 
loosely assumed, material melted and cast into moulds 
at random with a minimum of finishing addition. 








HOSE COUPLING WITH AUTOMATIC 
CUT-OFF VALVE. 


It will be conceded that it is not only a waste of 
time but somewhat irritating for a pneumatic-tool 
operator to have to go to the receiver manifold to shut 
off the air supply each time he has occasion to make a 
change either in the tool he is using or to couple up 
to another pipe line from the manifold. To remedy 
this inconvenience, Messrs. Broom and Wade, Limited, 
High Wycombe, have introduced a hose coupling 








(nos) 


embodying a cut-off valve which automatically stops 
the air supply as soon as the coupling is disconnected. 
This device, which is known as the “ Instantair ” hose 
coupling, is shown in the accompanying illustrations, 
Figs. | to 3, though the proportions of the parts have 
been somewhat altered for the sake of clearness. It 
must also be pointed out that the drawings show only 
one form of the coupling, i.e. the swivelling form 
which enables the hose to be twisted without forming 
a kink. A rigid form is also made, but both have the 
automatic valve. : 
Referring to Fig. 1, it will be seen that the —_—s 
consists of two parts, viz., the plug at the bottom an 
the socket at the top. The socket itself is made up of 
three parts, the body a, an inner sleeve 5, and an outer 
sleeve c. The sleeve 5 is screwed firmly on to the 
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1,200-B.H.P. 


MESSRS. SULZER BROTHERS, 











DIESEL ENGINE FOR LOCOMOTIVE. 


WINTERTHUR, SWITZERLAND. 








body and holds in place a hat leather which forms a | 1,200-B.H.P. ENGINE FOR DIESEL- 


seal to the spigot of the plug. 
turned in this sleeve in which groove lies, tangentially, 
a pin passing through the outer sleeve ¢, as shown in 
Fig. 3. It will be clear, that this arrangement allows 
the outer sleeve to rotate on the inner one and, as the 


A peripheral groove is | 


ELECTRIC LOCOMOTIVE. 


Tue eight-cvlinder Diesel engine illustrated in the 
accompanying figure has recently been built by Messrs. 





| Sulzer Brothers, Winterthur, for use in Diesel-electric 


plug is coupled to the former, an unopposed swivelling | locomotives employed on the Swiss Federal Railways. 


action is provided. 


carried in the body a and is indicated at d. It is 


of the ported piston type and, when the plug is not | Biichi system. 
in place, the rubber ring which forms its seating face | piston stroke is 360 mm. 


The automatic cut-off valve is | 
| of the direct-injection type with supercharging on the 


The engine operates on the four-stroke cycle, and is 


The cylinder bore is 280 mm. and the 
The output, on a one-hour 


is held tightly against a conical seat by a compression | rating, is 1,200 brake horse-power at 750 r.p.m., and, 


spring. As the plug is not in place in Fig. 1, the valve 
is closed. In Fig. 2, however, the two lengths of 
hose are connected, and the valve is held open, against 
the compression of the spring, by the spigot of the 
plug. 

The plug is held in place by a pair of projecting 
pins which, as shown in Fig. 2, are held against a flange 
in the outer sleeve by the valve spring. When coupling 
the two parts, the pins pass through the semi-circular 
notches in the edge of the flange seen in Fig. 3. The 
sleeve is then given a quarter turn and the pins slip 
into notches on the inner face of the flange formed by 
drilling a hole right through the outer sleeve in the 
position shown in Fig. 1. The lock thus formed is 
sufficiently positive to prevent any twisting of the 
hose from causing accidental disconnection of the 
coupling, but this is readily done when required by 
turning the outer sleeve by hand, its periphery being 
knurled on the two end rings. 

The rigid type of coupling is employed only for 
}-in. hose and the plug and socket are locked together 
by a bayonet joint similar to that employed on an 
electric lampholder. The swivelling socket is made 
in two sizes, to suit 8-in. and }-in. hose, respectively. 
It is available with either male or female screwed 
ends, or both; thus, in Fig. 1, the plug has a female 
end and the socket a male end, these conditions being 
reversed in Fig. 2. These variations in construction 
enable the coupling to be used in a pipe line or fitted 
direct to a pneumatic tool. Clearly, as the valve is 
held open by the plug spigot, it closes immediately 
the plug is withdrawn, and there is no loss of air when 
making or breaking the joint. Any leakage of air 
past the seat of the plug spigot on the valve is inter- 
cepted by the hat leather round the spigot. The 
coupling, we are informed, is completely air-tight in use, 
and the example we have inspected is light, neat and 
very well finished. 








ELECTRIC-LIGHTING FITTINGS FOR A.R.P.—Messrs. 
The General Electric Company, Limited, Magnet House, 
Kingsway, London, W.C.2, are now manufacturing a 
ceiling fitting for use in corridors, staircases and store- 
rooms under A.R.P. conditions. The fitting is provided 
with louvres which confine all the light within 45 deg. of 
the vertical. It is important that the mounting height 


of the fitting should be less than half the width of the 
room, in order that no direct light should fall on the 
walls. The fitting is constructed of copper with blue glass 
above the louvres, the interior being enamelled white, the 
louvres black and the exterior white. It is designed to 


on a continuous rating, 1,050 brake horse-power at 
650 r.p.m. In order to obtain a design suitable for 
locomotives, no attempt wa; made to obtain extreme 
lightness. On the other hand, the weight of the engine 
had not to exceed a certain limit, in order that the 
comparatively low axle loading permissible on the 
lines where the locomotives will be used could be | 
maintained with the chosen arrangement of axles. | 
Consequently, the method of building up by welding. | 
already used successfully with a large number of | 
Sulzer locomotive engines, was adopted. In this method | 
the main parts of the engine, the crankcase and cylin- | 
der block, are built up by welding together small parts | 
in the form of steel castings and pieces of steel plate. 
Automatic lubrication of all moving parts is another 
feature of the Sulzer type. Because of this, it is possible | 
to enclose all moving parts so as to be perfectly dust- | 
proof. 

‘he crankcase consists of separate cast-steel cross- 
pieces carrying the bearings, with steel-plate longi- 
tudinal walls welded to the cross-pieces. The cross- 
pieces are connected to the outer walls of the crankcase 
through strong ribs, thus making the casing extremely 
resistant to any deformation through internal stressing. 
A welded auxiliary frame, carrying the Diesel engine 
and the generator set, is connected to the crankcase 
by welding to form a single piece. All eight cylinders 
are joined together to form one block, which also con- 
sists of separate cast-steel cross-pieces and longitudinal 
walls of steel plate connected by welding. The cam- 
shaft is arranged within the crankcase, whilst the fuel 
pumps are mounted on a block in front. of each cylinder. 
These each have a separately replaceable liner of 
special cast iron, held down on the block by means of 
the cylinder cover. The cylinder liners are water- 
cooled. The crankshaft has nine bearings and is | 
fitted with a dynamic vibration damper. In order 
to keep the running gear as light as possible, the 
connecting-rods are of H-section, and the pistons are 
made of light metal. The hollow steel gudgeon P a 
is fixed in the piston and held in place by a he 
pin is carried in a one-piece bronze bush at the small 
end. The camshafts embody the cams for the inlet 
and exhaust valves, and also the cams for the fuel 
pumps, the latter being adjusted in accordance with 
the results obtained during trials. The camshaft and 
the governor are driven by gearing arranged close 
beside the coupling within the covering of the crankcase. 

The arrangement of the fuel pumps immediately 
beside their own cylinders allows all the fuel pipes to 
be of equal length. The fuel pumps can be put out 
of service separately without it being necessary to 
stop the engine. The driver sets the speed as required, 





accommodate one 15-watt clear Pygmy lamp. 








'and the governor keeps it constant by adjusting the 








quantity of fuel delivered. The governor also regulates 
the excitation of the main generator by actuating the 
servomotor valve of the field-regulating system. A 
| spring member is fitted between the governor and the 
| linkage regulating the fuel pumps, which prevents 
| the governor from controlling the fuel regulation when 
the supercharging protecting device comes into opera- 
| tion. This device consists of a servomotor operated 
by the supercharging pressure and also acting on the 
| linkage of the fuel-pump regulation. This servomotor 
| leaves the normal regulation free as long as the super- 
charging pressure, and therefore the combustion air 
available, is sufficient for the quantity of fuel as set by 
| the governor. If the supercharging pressure is too low, 
| for example, at starting, the quantity of fuel is reduced 
to correspond to the amount of air available. In case 
/of a breakdown of the supercharging set, the super- 
charging protecting device also comes into operation. 
In the extreme case, it is always possible to start with- 
out the supercharging set, in which case the super- 
charging protector, in conjunction with the engine 
| governor and field regulator, reduces the output to the 
value which the non-supercharged engine can give. 

With the help of an air-controlled oil-pressure servo- 
| motor, the governor may be set for four different 
| speeds. This speed-adjusting device is controlled 
| electro-pneumatically by the controller operated by 
| the driver. With the governor linkage are also con- 
nected two air-operated pistons, one of which reduces 
the quantity of fuel injected at starting, while the 
other serves for stopping the engine, and is designed 
in such a way that it makes the regulating linkage 
perfectly free when any compressed air is available, 
| but stops the engine should the supply of compressed 
air fail. Combustion air is led to the engine from 
a Brown-Boveri supercharging set, which is supported 
on the main generator ; the blower and turbine impel- 
| lers of the set are mounted on the same shaft, which is 
carried at each end in a roller bearing. The casing and 
the suction branch of the blower are built of light metal 
in order to reduce weight. Amply-dimensioned air- 
filters are fitted in the suction air boxes suspended on 
the roof of the locomotive. These ensure not only good 
cleaning, but also a reduction of the noise made by the 
air drawn in. The turbine casing is of special cast iron 
and has water cooling, which is arranged as a by-pass 
in parallel with the cooling system of the engine. The 
blower supplies not only the combustion air, but also 
the air required for scavenging the cylinder at the end 
of the exhaust stroke. Consequently the times of 
opening of the inlet and exhaust valves of the working 
cylinder overlap, so that both valves are open together 
| for a certain time and the air from the supercharging 
| pipe can flow through the valves in the cylinder cover 
into the exhaust pipe, thus ensuring effective cooling of 
the valves and pistons, and also a reduction in the 
exhaust-gas temperatures. 

In addition to the supercharging protecting device, 
the engine is fitted with oil and water-pressure contacts 
in the circuit of the electro-pneumatic stop valve, which 
cause the engine to stop whenever the cooling-water or 
lubricating-oil pressures fall below a certain value. 
There are two switchcs in the same circuit, which breaks 
the circuit if the temperature of the cooling water or 
of the lubricating oil should exceed the maximum per- 
missible limit. This safety device stops the engine if 
the cooling fan runs too slowly or not at all, or if the 
thermostats that short-circuit the coolers when the 
oil and cooling-water temperatures are low, do not 
function properly. A gearwheel pump installed below 
the crankcase delivers oil from the oil sump into the 
forced lubricating system. Another pump arranged in 
the same manner delivers to the cooler the oil that 
flows back from this system into the oil sump. The 
cooling water is circulated by an electrically-driven 
pump, which automatically starts at the same time 
as the engine. The cooling-water is passed through 
coolers arranged in the side walls of the locomotive. 
When the engine is stopped, the pump continues to 
run for some time in order that the cylinder walls 
may be further cooled by the water circulating round 
them. When the pumping set is stopped, all water 
runs out of the cooler, thus preventing any risk of 
damage through freezing in winter. The cooler fan 
is driven by an electric motor connected directly to the 
auxiliary generator. The motor consequently starts 
as soon as the auxiliary generator is excited after the 
starting of the engine, and it stops again when the 
engine stops. 

















RAILWAY TRANSPORT IN THE U.S.S.R.—According to 
recently-issued statistics, the total length of the railways 
in operation in Russia was 52,817 miles in 1938, as com- 
pared with 36,350 miles in 1913. The freight carried. 
which aggregated 132 million tons in 1913, had risen to 
268 million tons in 1933, and to 516 million tons in 
1938. Similarly, passenger journeys, which totalled 185 
millions in 1913, rose to 927 million in 1933 and to 
1,178 million in 1938. Road and river transport has also 
greatly increased in recent years. 
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** ENGINEERING ’’ ILLUSTRATED 
PATENT RECORD. 


ABSTRACTS OF SPECIFICATIONS RECENTLY 
PUBLISHED UNDER THE ACTS OF 1907 TO 1939. 


The number of views given in the Specification Drawings 
is stated in each case; where none i# mentioned, the 
Specification is not illustrated. 

Where inventions are communicated from abroad, the 
Names, etc., of the Communicators are given in italics. 
Copies of Specifications may be obtained at the Patent 
Office Sales Branch, 25, Southampton Buildings, 

Chancery-lane, London, W.C.2, price 18. each. 

The date of the advertisement of the acceptance of a 
Complete Specification ia, in each case, given after the 
abstract, unless the Patent has been sealed, when the 
word “* Sealed is appended. 

Any person may, at any time within two months from the 
date of the advertisement of the acceptance of a Complete 


Specification, give notice at the Patent Office of 
opposition to the grant of a Patent on any of the 
grounds mentioned in the Acts. 

LIFTING AND HAULING APPLIANCES. 
511,629. Spoil-Tipping Conveyor. J. S. Lane, of 


Brierley Hill. (6 Figs.) May 21,1938 The object of the 
invention is to enable a conveyor for stacking colliery 
or quarry refuse to extended beyond the normal 
length without having to dismantle the head end. The 
conveyor consists of a tail belt-storage section 1, a main 
a telescopic jib boom 3 located within the jib 2 
In the storage section the 


be 


jib 2. 
and extension jib sections 4. 
conveyor belt 1 a driving drum and various 
floating drums so that double the length required to 
allow for the extension of the jib is stored. The belt 
passes beneath a collecting chute fed with material by 
an automatic feeder from hopper 19. The storage 
section 1, main jib 2 and extensions 4 are connected by 
pivot pins so that they can be raised or lowered through 
plus or minus 5 deg. without causing lateral misalign- 
This allows the inclination of the conveyor to 
be set for a varied acclivity to suit the nature of the 
site on which the bank is to be formed. Within the 
main jib 2 is located the telescopic jib boom 3, which 
is built up of channel side members fitted with cross 
hearers 24 for the rollers 25, which carry the loaded belt 


f 


9 passes roun 


a 


ment. 
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when the jib boom 3 is extended. A discharge head 28 
is mounted on the end of the jib boom. The extensions 
4 carry rails 30, so that when an extension is required, 
it is mounted on detachable bogie wheels and is hauled 
along the rails 30 of the preceding sections to its position 
in line with the main jib 2 by a hawser wound on a 
capstan at the forward end of the storage section 1. 
Upon the same shaft is a similar capstan for paying out 
the conveyor belt, and a further capstan for extending 
the jib boom. Spring catches hold the jib boom rigidly 
in an extended position. To give extra strength to 
the structure and at the same time to prevent a smoulder- 
ing bank from injuring the belt, corrugated-steel plates 35 
are fitted to the underside of the jibs 2 and 4. The jib 
structure as a whole is supported by standards. To 
extend the structure beyund the normal length the belt 
is disconnected and run back, and the extension jib 4, 
without the plates 35 and lower rollers to carry the 
retura run of the belt, is moved forward upon the rails 30 
of the preceding jib sections and placed in alignment with 
the main jib 2. The jib boom is then telescoped through 
the new extension, a new length of belt, connected up 
on the top aide only, is passed over the upper rollers 
of the main jib 2, and the extended jib sections and the 


lower rollers 27 and plates 35 are replaced. (Accepted 
August 22, 1939.) 
MINING, METALLURGY, ETC. 


511,846. Wire-Annealing Furnace. Electric Resistance 
Furnace Company, Limited, of London, and W. J. Millar, 
of London. (1 Fig.) February 19, 1938.—The furnace 
enables bright metal wire, particularly brass, to be con- 
tinuously annealed witbout risk of the formation of scale 
or oxide and overcomes the difficulty of rapidly heating 
wire of this character due to reflection. The furnace 
is a tank in a setting of firebrick and containing fused 
ealt 3 which is kept molten by furnace electrodes 4. Two 
horizontal shafts carry flanged drums, 7, 8, the lower part 
of each of which is immersed.in the bath of fused salt. 
The bearings for the shafts are secured to the frame of the 
furnace roof 9. The wire 12 to be treated is passed 
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through a pair of adjustable tension rollers 13 and enters 
the furnace through an inlet slot formed between the 
lower edge of the roof 9 and the upper edge of the setting. 
This slot is provided with sealing flaps 15, of sheet asbes- 
os. The wire passes from the tension rollers 13 between 
the sealing flaps and underneath the drum 7. From this 
drum it passes horizontally beneath the surface of the 
molten salt 3 to the drum 8 and then upwards and over a 























cs 
roller 17. From here the wire passes out of the furnace 
through an outlet slot and into a cleaning bath 22. The 


fused-salt bath ensures rapid transmission of heat to 
the wire during its submersion while at the same time 
the wire is effectively protected from the formation of 
scale or oxide. Upon leaving the vath, the wire carries 
with it a coating of fused salt which protects it during 
August 25, 1939.) 


cooling. 


( Accepted 


MOTOR ROAD VEHICLES. 


511,961. Tractor-Chassis Extension. E. Boydell and 
Company, Limited, and E. Boydell, of Manchester. 
(2 Figs.) February 28, 1938.—The invention is an exten- 
sion for tractor chassis in which the engine crankcase, 
cluteh housing, gearbox and rear-axle casing are 
assembled as a single unit. The drawing shows how 
the wheelbase of a “ Fordson” chassis is extended 


about 15 in. by separating the casing at the flywheel 
and inserting a new casing section a. This section takes 
the standard clutch pedal d and its associated mecha- 
nism, a cover plate e closing the opening thus left in the 
old section. The new section is provided with a web 
similar to that in the old section to hold a standard 
ball bearing g for a duplicate standard shaft length A, 














one end fitting into the clutch and the other end beyond 
the bearing g having the standard socket. A spigot 
end of a short connecting piece j fits into the socket while 
its other end is socketed and internally splined to fit 
on to the splined end of the original shaft. Although 
the duplicate shaft length has other machined parts 
which are not brought into use, its cost and that of the 
simple connecting piece j is far less than the cost of 
making a whole new shaft of the required length. The 
transmission brake mechanism is also extended. A 
duplicate of the original part o is fitted in the new section 
and passes through a lug in the web of the new section. 
The adjacent ends of the old and the duplicate parts are 


coupled by a small connecting piece gq. (Accepted 
fugust 28, 1939.) 
PUMPS. 
511,517. Self-Priming Centrifugal Pump. Worthing- 


of Newark-on-Trent, and J. 
(3 Figs.) February 18, 1938.— 


ton-Simpson, Limited, 
Southern, of London. 


The drawing shows a vertical-shaft bilge-pump unit 
which is designed to operate either tnsubmerged or 
submerged, and with variable suction heads. The 


centrifugal pump 1 forms the base of the unit and the 
motor driving the shaft is mounted above it. The motor 
is enclosed and the casing is extended downwards at 3 
to form an air bell, which entraps air and prevents 
water from entering the motor casing when the unit is 
-ubmerged. Between the pump and the driving motor 
is the rotor 4 of the water-ring priming pump, which is 
unloaded automatically when the centrifugal pump is 
fully primed. Its casing has double walls which enclose 
an annular make-up reservoir 7. The reservoir has a 
pair of limbs 8 and 9, which form an arch and communi- 
cate at their upper ends through passages on each side 


of the bearing which they support. These arched 
members constitute an air bell above the make-up 
reservoir. The control of the priming pump, when 


loading and unloading, is effected by a valve 13 housed 
in a float chamber mounted upon a branch of the main 
pump suction with which it communicates. A float 17 
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operates the valve with a snap action. The valve 
consists of a pair of pistons on a common piston rod, 
which controi the various ports, and a mushroom valve 23 
at the top of the rod, which, when closed, isolates the 
priming pump from the float chamber. The unit operates 
as follows :—Assuming that air is present in the suction 
of the centrifugal pump and the unit is started up, 
the valve 13 is in the position shown, the float chamber 
being filled with air. The make-up reservoir is then in 
communication with the priming pump, thus supplying 
water to form the sealing ring, and the unloading port is 
closed. The suction of the priming pump is in communi- 
cation with the float chamber through the mushroom 
valve 23, and the pump therefore evacuates the suction 
of the centrifugal pump. The evacuated air is discharged 
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into the limbs 8 and 9 and any excess escapes into the 
skirting bell 3. As soon as the pump is primed, the 
water rises in the float chamber and operates the valve 13. 
The priming pump is cut off from the float chamber by 
the valve 23 and the suction side is connected to the 
junction of the limbs 8 and 9. At the same time, the 
sealing water is discharged by centrifugal force and 
returns to the make-up reservoir, being replaced by the 
air trapped in the limbs, thus obviating the necessity of 
an external air supply. The priming-pump rotor now 
revolves freely in air. These conditions continue until 
there is a loss of suction in the centrifugal pump sufficient 
to cause the water in the float chamber to fall and 
operate the valve 13. (Accepted August 21, 1939.) 


MISCELLANEOUS. 


511,502. Muffle Furnace. Birmingham Electric Fur- 
naces, Limited, of Birmingham, and W. E. Reading, of 
Birmingham. (3 Figs.) February 18, 1938.—The 
invention is a device for eliminating temperature stresses 











ones 


(5,502) 


in furnace parts when they are allowed to cool. The 
furnace muffle a is secured at one end to an inlet tunnel d 
and at its other end to the cooling chamber. The muffle 
is freely mounted at its charging end and is restrained 
at its other end by a thrust block. The muffle rests on 
the refractory material of the furnace shelle. Weights / 
are suspended from one end of a cable g, which passes 
over a roller A on the casing and a second roller it mounted 
on the inlet tunnel, the cable being attached at its other 
end to the casing. Thus the weights tend to move the 
roller i to compress the muffle, and are adjustable to 
suit the temperatures encountered, but are always 
sufficient to overcome the friction between the muffle and 
(its refractory bed. When the muffle a is being heated, 
the weighte are removed. (Accepted Auguat 21, 1939.) 
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CATERPILLAR CARRIAGES FOR | neither is more power required for locomotion than is | 


| sufficient to propel and turn the loaded machine 
| at a slow speed, 1 m.p.h. or less, and to climb, when 
By E. G. Freeney, M.I.Mech.E. | unloaded, reer tome gradient not exceeding, say, 
WIruIn the last twenty years, there has been a/1 in 4. For quick transport the smaller sizes 
steady development of vehicles and _ portable | may be loaded upon a flat car using their own power 
machines equipped with self-laying belt tracks, |to climb a loading ramp. With the tracks released 
known in this country as “ caterpillar tracks” and | from the driving gear, the smaller sizes may be 
in America as “ crawlers,” which provide a bearing | towed by a motor truck and will conform to its 
area, upon the ground, much in excess of that | turning movements. 
available when road-wheels are used, even when of | Power Unit.—The power unit may be a boiler 
large diameter and having wide treads, and thus | and steam engine, an internal-combustion engine, 
permit the machine to travel and operate satis-|or an engine-generator set with associated motors, 
factorily upon unprepared and soft ground without | or electric motors supplied with current from a 
undue sinking or excessive tractive effort. One trailing cable. Electric motors have the substantial 
of the earliest continuous-track machines was the | advantages, for this application, of compactness, 
Holt ‘ Caterpillar” (1905). This was a tractor | 


CRANES AND EXCAVATORS. 


great possibilities of application to agricultural | losses and facilitate the design problems of trans- 
work ; it was in this direction that inventive effort | mission and control. The increasing use of the 
was first directed, being encouraged by a vigorous | hydraulic coupling, or * fluid flywheel,” between an 


demand. internal-combustion engine and the gearing has 
Application to Cranes and Ezxcavators.—The | imparted tosuch transmissions many of the overload 


reversibility and great overload capacity, say, | 
machine, and its unusual performance indicated | 2} times full-load torque. They have no stand-by | 











success of this method of carriage mounting directed 





This improves the grip somewhat when climbing 
inclines, does no damage to roads or pavements, 
and does not reduce the effective bearing area upon 
soft ground. When a track shoe engages with or 
leaves a driving sprocket or end roller, a relative 
angular movement in the vertical plane occurs at 
the hinge joint. In the case where an 8-tooth 
sprocket is used, this relative movement amounts 
to 224 deg. In the earlier machines, small stones 
were often trapped between approaching surfaces 
of adjacent shoes. An examination of Fig. 3 will 
show how this defect has been remedied either by 
bevelling the edge of the shoe or by arranging that 
one edge of a shoe shall shield the opening between 
the shoes. The shoes must be provided with driving 
teeth, or the equivalent, for engagement with the 
sprocket. Some makers employ a single tooth of 
trapezoidal form set between machined tracks for 
two lines of track rollers, or one line of double-tread 
rollers, as shown in Figs. 1 and 2, which illustrate 
the design of Messrs. The Link Belt Company. 

An alternative construction provides two trape- 
| zoidal teeth on each shoe with a track surface for a 





features of the electric drive, and neither can be| single line of rollers between them, as shown in 


Fig.2. 


( 
| DP ae. 














attention to the potential advantages of such 
construction as applied to cranes and excavators, 
for the support of which railway tracks and plank 
roads had previously been necessary when required 
to operate upon soft ground. The general principles 
of design were therefore adapted to requirements 
that differ in many important respects from the 
original application. 

Firstly, the loads to be supported upon the tracks 
were much greater. Secondly, cranes and excava- 
tors are not, normally, required to travel over and 
operate upon extremely soft ground, such as plough- 
land and swamps ; consequently the tracks may be 
designed for a specific ground pressure ranging 
from about 7 lb. per square inch, in the smaller sizes, 
to, say, 20 lb. per square inch in the case of large 
machines. These intensities compare with 1-8 lb. 
to 5 lb. per square inch suitable for agricultural 
tractors upon swamp and arable land, respectively. 
\s a basis of comparison the approximate bearing 
pressure imposed upon the ground by an average 
man, whilst supported upon one foot as in walking, 
is 6 lb. to 7 lb. per square inch. Thirdly, the methods 
of steering applied to agricultural tractors find no 
application in connection with the more heavily- 
loaded constructions suitable for cranes and exca- 
vators wherein steering is accomplished, in the 
majority of applications, by the relative movement 
of the track belts, a method introduced in the 
development of military ‘‘ tanks.” Fourthly; cranes 
and excavators carry their motive-power unit 
upon a revolving platform, necessitating special 
arrangements for power transmission and steering. 
Lastly, such machines are rarely used for extraneous 
tractive purposes, so that it is not necessary or 
desirable to provide projections upon the track 
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stalled nor seriously overloaded when the resistance 
of the drive becomes abnormal. 

Track Belts.—Each continuous track belt consists 
of shoe castings, of heat-treated nickel-chrome steel, 
hinged together by hardened and ground nickel-steel 
pins. It is common practice to permit the link pins 
to “float ’’ in the holes with a small longitudinal 
freedom confined by stops. No lubricant is used in 
these hinge joints, since it would combine with 
grit to form a cutting compound. Careful attention 
to the design and fitting of the shoe hinges has 
resulted in gratifying results in the matter of wear 
under distinctly unfavourable conditions. In this 
connection, Messrs. Ruston Bucyrus, Limited, state 
that there is actually very little wear in the links and 
pins, due to the heat-treated steel castings and the 
hardened alloy-steel pins, and they have one recent 
record where a machine, weighing over 30 tons, 
travelled over very rough ground a distance of 
over 400 miles without any renewals or replacements 
to tracks or pins being necessary in three years. 
Take-up screws are provided, generally at both ends 
of the roller-box, to compensate for wear in the 
track belt and in the final drive chain. Some 
makers apply a horizontal spring-loading to the 
sliding bearings of the end track-roller. This 
tends to keep the track link pins constantly in 
contact with their seatings, so helping to exclude 
grit. It also absorbs shock in the track drive, which 
may be severe. 

Track Shoes.—The face of the shoes in contact 
with the ground is substantially flat but may be 
slightly curved transversely, since this facilitates the 
skidding which occurs when turning. In some cases, 
as shown in Fig. 3, Plate XXIII, which illustrates 
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Fig. 4, Plate X XITI, for the Ruston-Bucyrus mode 
It will be seen that the driving sprocket has teeth 
on each side of its central web. In each case, the 
driving-sprocket functions also as a track roller, 
turned circumferential bearing faces being provided 
for that purpose. An early design, adopted by 
Messrs. Ransomes and Rapier, Limited, still in 
satisfactory use, incorporates a driving sprocket 
which is, in effect, a wide track roller having pro- 
jecting teeth at the centre of its face. This design 
is shown in Figs. 5 and 6, Plate XXIII. The teeth 
enter rectangular outwardly-tapering holes in the 
centre of each shoe. 

Makers state that there is little to choose between 
the types described, but that, inasmuch as the 
inwardly-projecting-tooth construction permits of 
a more rigid design of shoe, it is increasing in favour. 
When the pitch of the track-belt lengthens, in 
service, all the driving effort tends, as in most chain- 
drives, to be concentrated upon one tooth at a time. 
In this respect, the trapezoidal form of tooth 
would appear to have an advantage, having the 
ability, like the inverted-tooth “ silent-chain ”’ 
drive that it resembles, to accommodate itself to 
moderate changes in chain pitch; further, the 
narrow, unconfined face of the teeth facilitates the 
removal of dirt. In passing over the track-belt, 
the track rollers require to be guided in correct 
alignment with the track. This can be accomplished 
in several ways :— 

(a) By flanging some of the track rollers, the 
flanges bearing upon the sides of the shoes. 

(b) In the case of shoes with inwardly-projecting 
teeth, the sides of the teeth are arranged to bear 





against the sides of the track rollers, the edges of the 


the Ruston-Bucyrus design, the shoes have a central | teeth being bevelled to facilitate engagement, as 





shoes to improve their grip upon the ground ; 





rectangular recess of small depth in the bearing face. | shown in Fig. 4. 
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(c) In the tooth and hole drive, special guiding 
plates are sometimes fitted, as in Fig. 6. 

(d) In some of the American designs, having 
central teeth on the shoes, the sprocket teeth are 
provided with a single flange, alternately upon the 
left and right of the teeth. This arrangement is 
shown in Figs. land 2. It may be noted, in passing, 
that the reaction for slewing the superstructure is 
provided at the point of contact of the track rollers 
with the shoes. Since the frictional resistance here 
is likely to be insufficient, it will have to be supple- 
mented by the horizontal support of the track-guid- 
ing elements, which must, therefore, be strong enough 
for the purpose. 

Track Loading. 


a comparison of the types illustrated will show some 
diversity in the number and size of track rollers 
provided. 


Many small rollers, closely spaced, are favoured | 
by several makers, and inasmuch as they tend to | 


maintain the flatness of that portion of the track 
which is in contact with the ground, a reduction of 
tractive effort should result. In favour of designs 
incorporating larger rollers, it has been claimed that 
the bearings of such rollers are higher from the 
ground and so less exposed to dirt, and that owing 
to their larger diameter and more favourable roller- 
pin diameter ratio, both the rolling and frictional 
resistance is less. A typical example of the latter 
practice is shown in Figs. 1 and 2. 

Effective Bearing Length of Track.—To make some 
allowance for the increased length of contact, 
resulting from the settlement of the track in soft 
ground, it has become the custom to compute the 
“ effective length of contact ’ as the centre distance 
between driving sprocket and end idler (‘‘ wheel- 
base’) plus the horizontal projected length of one 
shoe at each end. When an 8-tooth sprocket is 
used, as is general practice, each shoe subtends 45 
deg. at the centre of the overall track circle, as 
shown in Fig. 15 opposite. Consequently its pro- 
jected length on the ground line is r sin 45 deg. 
0-707 r, where r is the radius of the overall track 
circle. The projected length of two shoes, one at 
each end, is, therefore, say, 0-7 D, where D is the 
diameter over the shoes at the bend. It will be 
observed that this usual allowance corresponds to a 


' ‘ D. . ; 
penetration of about | into the soil. In a certain 
‘ 


machine, the tracks are 16 in. wide, the “ wheel- 
base” is 7 ft. 11 in., and D is 2 ft. 6 in., while the 
weight of the machine is 17 tons. 

The “nominal” bearing area in this case is 
then : 

32 > 
and the “ nominal” bearing pressure, assuming, as 
is customary, that the centre of gravity of the 
unloaded machine coincides with the centre of the 
track plan, is : 

17 x 2,240 
3,700 


195 + (0-7 x 30)} 3,700 sq. in. 


== 10-25 lb. per aq. in. 


This ‘‘nominal’’ ground pressure forms a con- | 
venient basis for comparison, but the assumptions | 
upon which it is based must be borne in mind. | 
British makers find that for standard machines a | 
“nominal” pressure of, say, 21 lb. per square inch, | 
is suitable for the larger machines, while for small 
machines, 8 Ib. to 10 lb. per square inch gives better | 
adaptability to the conditions upon which the 
lighter machines operate. In all cases, tracks of 
greater width can easily be fitted to reduce the 
ground pressure, if required. 

Distribution of Track Loading.—Actually, the 
centre of gravity of the machine when unloaded | 
will usually be behind the centre of the track plan, | 
resulting in an intensity of pressure, under the front 
of the superstructure, lower than the average, and 
under the tail of the superstructure, higher than the 
average or “‘ nominal” pressure. 

The machine referred to above, for instance, when | 
operating as a crane, has a safe lifting capacity of 
3 tons at 20 ft. radius, with a stability factor of | 
50 per cent., which means that the tipping load, at | 
this radius, will be 4-5 tons. The transverse ae 
tance, centre to centre, of tracks, is 7 ft., and this | 
forms the tipping base, and the “ effective radius ” | 
is thus 16-5 ft. 





‘The weight of the machine is | 
transferred to the tracks by flat-faced rollers, and | 
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! 
| If the centre of gravity of the unloaded crane be 
|a ft. behind the tipping point, assumed to be the 
|centre of the track beneath the jib, 17 x z= 4-5 
< 16-5; the weight of the machine, as stated 
jearlier, being 17 tons. The centre of gravity of the 
|unloaded crane is therefore 4-37 ft. behind the 
tipping point, or 4-37 — 3-5 = 0-87 ft. behind the 
centre pin. 
To determine the position of the centre of gravity 
with a load of 3 tons suspended at 20 ft. radius, 
|moments may be taken about the crane hook. 
| If y be the distance of the centre of gravity from 
|the hook, y x (17 + 3) = 20-87 x 17, where y = 
| 17-73 ft. The centre of gravity is thus 20 — 17-73 

2-27 ft. in front of the centre pin in these 
circumstances. 

Referring to Fig. 11, on the opposite page, it may 
be assumed that the maximum intensity of pres- 
sure below the track belt will occur when the 
revolving centre of gravity of the machine lies on a 
line at right angles to a diagonal connecting the end 
rollers, as shown. The outer circle L, around the 
centre pin, has a radius of 2-27 ft., and represents 
the path of the centre of gravity as the super- 
structure revolves when slewing a load of 3 tons at 
20 ft. radius. The inner circle U, of 0-87 ft. radius, 
| indicates the movement of the centre of gravity of 
|the machine when the superstructure revolves 
|unloaded. Considering the critical points L and U, 
|the resulting load upon the two tracks can be 
| apportioned. Considering the lower or heaviest 
| loaded track, only, it is found from Fig. 11 that in 


|the case of loading L this receives 20 x 5-2/7 
| 14-87 tons, and in the case of loading U 17 


| 4-2/7 = 10-20 tons. 
The intensity of the ground pressure for the lower 
| track can be determined graphically by employing 
|the usual graphical method for eccentric loading. 
| Verticals are projected from the critical points of 
| Fig. 11, as shown in Figs. 12, 13 and 14. The method 
of construction for these three diagrams is essentially 
| similar, and it will therefore be sufficient to describe 
| the construction of the top diagram, Fig. 12. An 
| equilateral triangle is constructed on the “ middle- 
third ” of the base line, as shown, and a horizontal 
|b a is drawn from the intersection of the side of the 
| triangle with the vertical drawn through U. The 
| line 6 c drawn from 6 through the apex of the triangle 
and continued to d, is then the “ influence line ” 
| from which the pressure can be read off. To deter- 





|mine the scale of the diagram, it has been shown 
|that the total loading on the track is 10-20 tons. 


. . . 38,700 . 
|The nominal bearing area is 5 8q. in. = 1,850 
2 


|8q. in., so that the average bearing pressure is 
2,240 
1,850 

| therefore, represents the length of the line ec, and 
| from the diagram it will be found that the general 
| pressure varies from 6-74 lb. per square inch at 
}one end of the track to 18-25 lb. per square inch 
| at the other. 

| In the case of Fig. 13, showing the influence line 
for loading L, the average bearing pressure is 18 Ib. 
per square inch, the maximum ground pressure is 
39-3 lb. per square inch under the left-hand end 
roller, while under the right-hand end roller, there is 
no pressure, since the pressure ceases at the point o. 

When the crane is travelling unloaded, with the 
superstructure in line with the tracks, loading U 8S, 
Fig. 14, each track will support half the total weight 
of 17 tons, and consequently exerts an average 
2.240 
350 = 10-3 Ib. per 
square inch, shown to scale by the depth of the 
diagram at the centre as before. 

On the left, it is found that there is a pressure of 
3-65 lb. per square inch, and on the right 17-26 Ib. 
per square inch, under the assumed conditions. 

As a matter of interest, it is found that the weight 
of a suspended load at 20 ft. radius that will bring 
the centre of gravity of the loaded crane just over 


— 17 = 17-74 


17 = 0-74 ton. The resulting pressure upon the 

tracks will be uniform, in any position of the load, 
pe pe 

17-74 3.700 © 10-74 Ib. 


| 10-20 12-35 lb. per square inch. This 


bearing pressure of 8-5 x 


- 
of. 





the centre of the track plan, is 30 


and will amount to: 


per square inch. 
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This pressure is appreciably less than the maxi- 
mum exerted when the crane is unloaded, and 
suggests a favourable condition for traversing 
unusually soft ground. 

The above theoretical treatment of the problem 
of distribution of ground pressure assumes, neces- 
sarily, a uniformity of ground level and resistance 
that will, in practice, rarely occur. If, for instance, 
one track is passing over a piece of rock, it is clear 
that its loading might be concentrated at that point 
and the track must be strong enough to resist the 
bending and twisting stresses resulting from such 
loading. It is, however, evident from the diagrams 
that the carriage frame will be subjected in service 
to severe torsion, and, if it resists this with no appre- 
ciable distortion, the restraint of the upper track, 
in the plan, Fig. 11, will to some extent modify the 
calculated distribution upon the lower track in which 
such a disturbing factor has here been ignored. 

Track Drive.—Caterpillar carriages for cranes and 
excavators are usually designed for a relatively 
low travelling speed, { mile to § mile per hour 
(77 ft. to 55 ft. per minute). For machines operating 
exclusively as excavators, a still lower speed may 
suffice for the occasional adjus:ment of position. 
In some cases a gear-change is fitted, to provide a 
higher speed, say, 2 m.p.h., that is useful when 
travelling over good ground requiring reduced 
tractive effort. In studying the operation of a 
caterpillar track, it is usual to imagine the track 
belt laid flat upon the ground, as in Fig. 18. It is 
then seen that the lower horizontal section of the 
track is clamped securely to the ground surface by 
the pressure of the track rollers upon it. For the 
propulsion of the machine, the sprocket teeth 
engage with the stationary and anchored track, 
giving, in effect, a rack railway. 

The resistance to traction may be summarised as 
follows :— 

(a) Rolling friction, at the point of contact of the 
track rollers and the track shoes. Employing the 


WK 
usual formula, P = zr and taking K = 0-015 in., 


it is found that the rolling friction of 20-in. rollers 
amounts to 3-35 lb. per ton, while that of 10-in. 
diameter rollers is 6-7 lb. per ton. Under unfavour- 
able conditions these figures may be higher. 

(6) Roller-pin friction, which depends upon the 
ratio of roller to pin diameter. Taking the co- 
efficient of friction, with grease lubrication and 
unfavourable conditions, at 0-15, it is found that 
this friction may amount to about 85 lb. per ton of 
roller load, when a 4 to 1 ratio is involved, and 
56-5 lb. per ton where the roller diameter is six 
times that of its pin. 

(c) Flange and boss friction, which is involved in 
the guiding of the rollers, and will vary according 
to the roughness of the ground and other conditions. 
As an approximation, it may be taken ait twice the 
rolling friction (a). 

(d) Link-pin friction. Each shoe turns upon its 
pin when engaging or leaving a sprocket or end 
roller. It is difficult to suggest a value for this item 
of frictional resistance. 

(e) Rolling friction of track nose on ground. It 
may be considered that the leading semi-circular 
nose of a track is continually surmounting an 
obstacle equal in height to the sinkage of the track 
into the ground at that point. Suppose that the 
outside diameter over the track shoes is 30 in. and 
that the sinkage is 1} in. Then, referring to Fig. 16, 
it is seen that the lever-arm for the tractive effort 
P is 15—1-5= 13-5 in., while the lever-arm 
for the wheel load W is /15* — 13-5? = 6-52 in. 
The tractive effort, therefore, to move each track 
2,240 x 6-52 
ms UF 
= 1,083 Ib. per ton of load, on the end rollers only. 
If the two leading rollers carry, say, } of the total 
weight of the machine, the resistance to traction, 
developed by track-rolling only, becomes 1,083/8 = 
135 lb. per ton, related to the total weight of the 
machine. The trailing length of track remains in 
| the depression formed by the track-nose, where it 
| is, temporarily, at rest. 

(f) Gravity resistance upon incline’. Caterpillar- 
mounted machines are frequently tested by climbing 


nose forward will, in this case, be P 





le gradient of 1 in 4, when unloaded. The corres- 
| ponding tractive effort, exerted parallel to the 
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incline, is then 2,240/4/17 = 545 Ib. per ton. This 
component of the. weight of the machine is, of 
course, available as propelling force to cause the 
machine to roll back down the incline, when the 
engine power is shut off. The overall efficiency 
of transmission in these machines is, however, so 
low that it will usually be necessary to apply power 
for descending also. 

(g) Friction at track-sprocket teeth, which depends 
upon the cleanliness of the surfaces and the condi- 
tions of contact. The efficiency here, is therefore 
very difficult to assess and must vary greatly. 

(hk) Friction of final chain drive. It is usual 
to employ high-class hardened-roller chains and 
machine-cut sprockets which have a high efficiency, 
when new and clean. Under the usual dirty condi- 
tions, it would not be safe to expect a greater 
efficiency than, perhaps, 75 per cent. to 80 per cent. 

(t) Friction of transmission shafts and gearing. 
The remaining gears and bearings are, in all modern 
designs, better protected from dirt, and lubrication 
is more effective. Assuming two bevel pairs and 
two spur pairs, with their associated shaft bearings, 
and allowing an average efficiency of, say, 85 per 
cent. for each pair and its bearings, an overall 
efficiency is arrived at, for this portion of the trans- 
mission, of, say, 0-85'= 0-52, or 52 per cent. 

Overall Efficiency.—Makers state that the overall 
efficiency of transmission is very low, say, 25 per 
cent. to 30 per cent. Since the speed is low, and the 
daily distance covered small, the actual energy 
consumed for travelling is very small. In prepar- 
ing designs for a standard range of machines, manu- 
facturers have to provide driving power that will 
be adequate for satisfactory operation under the 
normal conditions in which the machines are likely 
to operate, according to their experience. These 
generally include the ability to climb an incline 
of 1 in 4 and to turn sharply when one track is 
locked. This latter operation demands considerable 
effort, for the locked track, fully loaded, has to be 
forced to skid round churning up the ground, 
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while considerable relative sliding also occurs 
between the driving track and the ground. One firm 
state that it is their practice to assume a maximum 
tractive effort of 1,000 lb. per ton at the crawler 
sprockets, although, when travelling in a straight 
line and on the level, the resistance may only 
be half that amount. Assuming, therefore, a 
tractive effort of 1,000 lb. per ton at the crawler 
sprockets and a speed of 55 ft. per minute, there 


is input of ae > 
18 an Input oO ———— 
I 33,000 


Taking the efficiency of the final chain drive and 
its bearings at 80 per cent.; of the two bevel 
drives at 85 per cent. each ; and of a spur drive at 
90 per cent., an approximate power input is arrived 

1-67 
0-8 x 0-85 x 0-85 x 0-9 
of machine weight, which corresponds very well 
with the average brake horse-power installed upon 
15 representative machines. The great variation 
in tractive effort experienced during a day’s work 
emphasises the value of a form of drive having good 
overload capacity, such as a Diesel engine equipped 
with a fluid coupling, or a series-wound electric 
motor, either of which will provide high torque 
at reduced speed to overcome peak loading, and 
will speed up when the peak has been passed, 
while both are protected against stalling conditions. 

Steering.—While moving forwards or backwards 
in a straight line, both tracks will be clutched to 
the driving gear and will travel at the same speed. 
Should it be desired to turn to the left, the driver 
pulls a lever which may be connected to an operating 
rod passing down a hole in the centre pin and 
connected, below, to levers the movement of which 
releases the dog clutch, by means of which the left- 
hand track is driven, against the pressure of a 
restoring spring. On starting the engine, the 
thrust of the right-hand track will then turn the 
machine in a circle to the left, the left-hand track 
having been freed. To make a sharper turn in this 
direction, the operator pushes his lever farther, to 
engage the left-hand dog-clutch with a spragging 
clutch, or pins, fixed to the carriage frame, thus 
locking the left-hand track and utilising its sliding 
resistance as a fulcrum to effect a sharper turn. 
On completing the turn, the operating lever is 
restored to its former position, when the restoring 
spring pushes its associated dog clutch into engage- 
ment with the drive. By moving both right- and 
left-hand clutch levers into the neutral position, 
both tracks are freed and the machine is ready for 
towing. 

Messrs. The Link Belt Company, Chicago, U.S.A., 
in their series of ‘‘ Speed-o-Matic” excavators 


55 





= 1-67 lb. per ton here. 


at of = 3-21 Ib. per ton 
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and cranes, provide controls of great delicacy 
for all motions by the employment of servo-motors 
to do the hard work of clutch engagement. These 
servo-motors are controlled by the movement of 
small levers, centrally grouped and operated by 
finger-pressure only. In the latest crawler carriages 
made by Messrs. The Industrial Brownhoist Cor- 
poration, Bay City, Michigan, U.S.A., each track 
is quite independently driven by a train of bevel and 
spur gearing from the clutch-shaft upon the super- 
structure; chains are not used. Each train is 
controlled by a friction clutch and has its own 
brake located also upon the superstructure. Two 
concentric vertical shafts convey the motion through 
the hollow centre-pin to their respective tracks. By 
this means each track may be driven or arrested 
to any required degree without pausing to engage 
dog-clutches ; it is claimed that these machines will 
turn within their own length. Figs. 5 and 6, Plate 
XXXII, illustrate an interesting type of steering 
gear made by Messrs. Ransomes and Rapier, wherein 
the dog,clutches driving the final spur pinions are 
disengaged by the slewing movement of the super- 
structure. The latter is provided with fingers 
which can be lowered to engage with the collars 
seen upon the sliding shafts located on the top of 
the carriage (Fig. 5). Fig. 17, on this page, shows 
how the tooth spaces of the final-drive spur wheels 
are tapered outwards to eject dirt. 

Rapier Patent Steering and Compensating Gear.— 
Fig. 7 to 9, Plate X XIII, illustrate the carriage of a 
34 cub. yd., electrically-driven stripping shovel 
weighing 230 tons, built by Messrs. Ransomes and 
Rapier. It is mounted upon four hydraulically- 
loaded swivelling track units, Fig. 9. A motor- 
driven pump mounted upon the carriage supplies 
oil under pressure to the hydraulic cylinders. 
Valves, seen mounted upon a bracket on the right 
of the carriage in Fig. 8, regulate the flow. Before 
commencing work, the machine is levelled by 
regulating the flow of oil to the supporting cylinders 
as required. When the weight of the machine is 
wholly borne by the oil, the interconnecting valves 
are closed and the levelled position is maintained. 
To prepare the machine for travelling, the inter- 
connecting valves are opened to the required extent, 
which equalises the oil pressure in the cylinders so 
that, when travelling, the track-units rise and fall, 
following the irregularities of the ground, but still 
supporting their proper share of the weight of the 
machine and protecting the carriage frame from 
the heavy torsional strains that would otherwise 
occur. Power for travelling is transmitted by a 
vertical shaft passing through the centre pin. This 
shaft has at the bottom a bevel pinion which 





engages two bevel wheels, visible in Figs. 7 and 8, 
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keyed to the inner ends of two independent hori- 
zontal shafts. The outer ends of each of these 
shafts are geared to a differential box. ‘The two 
output ends of each differential are connected by 
universal couplings and square telescopic shafts to 
the projecting end of the driving spur-pinion shaft 
of each track unit. The spur drive to the track 
sprocket shafts are totally enclosed. The steering 
linkage is of the Ackermann type, Fig. 8. The 
rocking levers, mounted upon the outer end of each 
differential housing, are connected by links the inner 
of which connected to travelling nuts 
mounted upon screw threads cut upon a shaft which 
can be rotated, in either direction at will, by the 
operation of dog-clutches engaging two spur gears 
running in opposite directions. Engagement of the 
selected dog clutch is effected by levers actuated by 
electric thrusters, the casings of which can be seen, 
«cured to angle brackets, in Fig. 8. Steering is con- 
trolled by switches in front of the operator on the 
superstructure. Fig. 10 shows the machine after it 
has completed a turn, and the correct action of the 
steering gear is evident from the sharp impressions 
left upon the ground with no evidence of churning. 
The result 


ends are 


reduction 


is a considerable in tractive 
force compared with the usual two-track construc- 
tion. The machine will turn in a radius of only 


+1 ft. measured to the centre of the carriage, which 
is remarkable for a machine of this size. 

It is the general practice to lubri 
cate the shaft bearings of caterpillar carriages by 
high-pressure grease gun. Grease pipes connected 
to the converge to 
lubricating stations at the side of the carriage. 
the employment of 
ipplied, it is possible to exclude dirt and water 
the bearings if these are closely fitted and 
well designed for the purpose. 

Clearance.--When operating over ground strewn 
with rocks, broken concrete, it essential 
that adequate vertical clearance should be available 
below a caterpillar carriage. The usual construction, 
incorporating two final chain drives close alongside 
the tracks, this requirement very 
factorily, for it permits the horizontal shaft, with 
ite bevel gear, to be raised within the lower limit 
of the carriage frame without loss of accessibility. 
The ground clearance available with such machines 
ranges from, say, 9 in. in the smaller sizes, to, say, 
14 in. in machines of 1 cub. yd. bucket capacity. 


Lubrication 


accessible 
By 
pressure-greasing, frequently 


various bearings 


from 


etc., 18 


meets satis- 





EMERGENCY LAW—III. 
By W. Summerrtetp, M.A., B.C.L., LL.B. 


Civil Defence.—Questions in connection with civil 
defence, apart from their purely war aspect, are 
likely to continue to arise for a long time ahead. 
It is important, therefore, to examine its statutory 
basis. By the Civil Defence Act, 1939 (Chapter 31), 
passed on July 13, 1939, a substantial portion of the 
activities of the engineering world has been diverted 
into abnormal channels, in accordance with the 
fourth main principle of Government policy, referred 
to in the first article of this series. The statute is 
the longest and most complex of all the legislation of 
1939, enacted with a view to emergency conditions. 
It extends to no fewer than 93 Sections and two 
Schedules, and is arranged in nine Parts. The 
official printed copy of the Act contains 105 pages, 
so that all who are engaged in works of engineering 
construction must be reconciled to an arduous 
search for the portions particularly affecting them. 
The following summary may serve as a useful 
guide towards shortening their task. 

Part II (comprising Sectioas 2 to 11) deals with 
the provision of public shelters. The local authority 
empowered to “designate” premises which 
appear to be, or can be rendered, suitable for use 
as public air-raid shelters or for use in civil defence 
“in the event of hostile attack.” If the authority 
consider that the premises can be rendered suitable, 
or more suitable, for any such purposes, or be 
maintained in a suitable condition by the execution 
of works, they may themselves carry out such works, 
if they are unable to secure agreement for their 
execution. 


1s 


Once premises have been designated, the permis- 


sion of the local authority becomes necessary 
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before any structural alteration can be made in 
them, but if permission is refused or withheld, the 
applicant may, after the expiration of six weeks, 
appeal to a Court of Quarter Sessions. If the Court 
which convicts a person of having contravened 
this prohibition—for which it may impose a fine 
up to £50—is satisfied that he has rendered the 
premises for their designated public 
purposes, it may direct him to pay to the local 
authority expenses incurred by them in work 
undertaken to render the premises suitable again. 
On the other hand, the occupier of premises may be 
awarded compensation for any damage suffered 
by him during the execution of works on his premises 
by the local authority. If the usefulness of the 
impaired, the local authority must 
compensate the occupier; compensation is to be 
calculated by reference to the diminished annual 
value of the premises, and it is to be paid quarterly 
When the premises cease to be designated, 


less suitable 


premises is 


in arrear. 


the local authority is responsible for restoring 
them to their original condition, so far as that 
may be practicable, and to pay compensation 


to cover any resulting difference in value. Inter- 
ference with the use of the premises which has 
occurred must also be compensated for. 

Underground air-raid shelters and other civil 
defence premises may be constructed by the local 
authority, for which purposes they are empowered 
to enter the premises above. They may 
construct, entrances and shafts and any 
necessary works for ventilating, draining, lighting 
and heating the underground premises. Under- 
ground premises may constructed, in 
protected squares, allotments, commons or open 
spaces, and under highways, provision again being 
made for objections by parties affected to be 
considered and for compensation to be paid to them. 
The authority, however, may not interfere 
with mains, pipes or apparatus without giving an 
opportunity to those controlling them to make 
any necessary removal, diversion or alteration, at 
the expense of the local authority; likewise, the 
authority must make good any damage they may 
cause by their own operations. The construction 
of underground parking places, which may be 
suitable also for use as air-raid shelters, likewise 
may be undertaken by the local authority, who must 
pay due regard to the amenities of the neighbour- 
hood. Compensation depreciation of their 
property is payable to owners of buildings adjoining 
highways where shelters are constructed. 

Private shelters are dealt 
of the Act (Sections 12 to 25). 


upon 
also, 


be also, 


le CA l 


ior 


with by Part Lil 
Factory premises, 


mines and commercial buildings are affected. ‘The 
Minister (as defined in Section 1) must issue a 
Code prescribing requirements with which the 


shelter must comply, and he may revise it from 
time to time, so as to ensure that all shelters shall 
comply at least with “the approved standard.” 
The owner or occupier may not execute works 
except in compliance with the requirements of the 
factory inspector, mines inspector or local authority 
(in the case of commercial buildings). 

If a tenancy terminates within ten years of the 
completion of the works, the interest in the premises 
which then comes into operation must be charged, 
in favour of the outgoing tenant, with a proportion 
of “the net ascertained cost of the works” as 
defined in Section 18. If the amount cannot 
be agreed by the parties interested, proceedings 
will have to be taken to determine the proportion ; 
in either case, the parties will normally require 
expert assessors to examine into the costs of the 
works executed. Occupiers of commercial buildings 
may claim compensation from the owner in respect 
of interference with the use of their parts during 
the execution of works, charged upon the interest 
of the owner. Provision is made also for decrease 
of rent under leases consequent upon impairment 
of value, and for increase where the owner has 
prov ided shelters of approved standard, as detailed 
in Section 19. Questions of compensation are 
referable to official arbitrators appointed by the 
Reference Committee under the Acquisition of 
Land (Assessment of Compensation) Act, 1919. 
(Section 74.) 

An occupier may, notwithstanding any agreement 
or restrictive covenant into which he may have 
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entered, in following the advice of the local authority, 
break up the surface of land occupied (whether paved 
or not), and if he takes due care not to damage 
any drains, sewers, pipes or cables, he shall not be 
liable to pay damages in respect of any reasonably 
necessary work executed (Section 26). Sections 
27 and 28 deal with the provision, free of charge, 
of shelter appliances ; but owners of dwelling-houses 
who desire to erect permanent shelters may, under 
Section 29, obtain loans from the local authority, 
repayable with interest, within a maximum period 
of ten years—and “owner” for this purpose 
includes a lessee whose term has more than three 
years to run. Section 30 affects a large number of 
property owners. If more than 50 per cent. of the 
occupiers of a block of residential buildings require 
the owner so to do, he must provide shelter, in or 
near the block, for the residents and employees 
there working. 

A very important provision to “ persons having 
professional or other special qualifications” is 
contained in Section 33. The Minister is thereby 
empowered, after consulting with such persons, to 
make regulations prescribing, for specified classes 
of buildings, materials to be used and construction 
to be adopted so as to make them less vulnerable to 
air-raids and for providing shelter. The regulations 
apply to all buildings erected, extended or structur- 
ally altered after they are promulgated, unless plans 
were passed by the local authority under the Public 
Health Act, 1936 (or any corresponding local Act) 
before the date on which such regulations come 
into operation. The requirements prescribed by 
regulations may vary for different areas and for 
various classes of buildings. The regulations are 
to be enforced by the local authority as if they were 
building bylaws, and they may include requirements 
as to deposit of plans, sections, specifications and 
written particulars, and inspection of work, and 
the taking of samples of materials to be used in the 
construction of buildings or “in the execution of 
other works.” Indeed, if any building bylaws are 
inconsistent with these regulations, the bylaws are 
void to the extent of their inconsistency. 

Part V of the Act (Sections 36 to 42) deals with 
public-utility undertakings, including: railways 
(Section 40), and the arrangements to be made for 
providing plant, materials and equipment so as to 
maintain essential railway services; docks and 
harbours (Section 41); and electricity undertakings 
(Section 42). Part VI deals with “ obscuration of 
lights and camouflage.” and comprises Sections 43 
to 49. Section 44 deals with the requirements 
which may be imposed by the Minister or appro- 
priate Department to secure the screening or pre- 
vention of glare or flames resulting from processes 
carried on in factory premises, in mines or in the 
premises of public-utility undertakers which cannot 
be screened by the means which would be adequate 
for ordinary forms of lighting. Accumulation of 
mining refuse which is liable to spontaneous com- 
bustion must similarly be provided for. Measures 
for camouflaging industrial premises may likewise 
be ordered (under Section 45). 

In Part VIII of the Act (Sections 56 to 73), which 
comprises “ miscellaneous ” provisions, the following 
matters call for special notice: under Section 57, 
the Minister may authorise (a) the local authority 
to take possession of any “ designated *’ premises ; 
(b) the Commissioners of Works to take possession 
of any premises which in their opinion ought to be 
at the disposal of any Government Department 
“in order to meet the exigencies of the situation 
which would arise in the event of hostile attack” ; 
and (c) the local authority to take possession of any 
vehicle. The authorisation referred to includes the 
power to do such work on the property requisitioned 
as may be necessary to adapt it for purposes of 
emergency use. 

Fire authorities may obtain Parliamentary grants 
up to 90 per cent. of their expenses under schemes 
prepared by them for ensuring special supplies of 
water for extinguishing fires caused by hostile 
attack, by laying mains ‘and pipes, installing on 
bridges and embankments pipes or other apparatus 
for drawing water, and the construction of under- 
ground tanks. ‘The Minister of Transport may 


(Section 59) acquire stocks of plant and materials 
for them to be available for the repair of roads 
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and bridges damaged by hostile attack, and he may 


use or dispose of such stocks on conditions to be | 


determined by the Treasury. Similarly, he may 
(Section 60) acquire and dispose of stocks for the 
repair of buildings. Structural alterations or 
improvements for providing air-raid shelter are not 
to involve increase of valuation for rating ; and the 
object of rendering an area in whole or in part less 
vulnerable to air-raids shall be included among the 
general objects for which a scheme may be made 
under the Town and Country Planning Act, 1932 
(Sections 69 and 70). 

Part IX of the Act contains “ supplemental ” 
provisions (Sections 74 to 93). Of these the following 
are noteworthy: by Section 81, exemption from 
building bylaws is available in respect of works 
executed by (a) local authorities, (b) any person on 
advice given by the local authority under this 
Act, (c) any person on advice given by a Govern- 
ment Department for the purposes sought to be 
secured by this Act, and (d) any person on notice 
given under the Act by the Minister or appropriate 
Department. Exemption is applicable in respect 
of (i) erection of buildings, (ii) erections or excava- 
tions or reconstruction of buildings, or (iii) the 
laying out of means of access to or from roads, or 
(iv) the submission of plans and specifications. 

Sections 89 and 90 contain numerous important 
definitions relating to factories, mines and com- 
mercial buildings, railways, canals, docks. harbours 
and gas and electricity undertakings. 








THE AMERICAN Moror-Car INnDUsTRY.—According 
to statistics issued by the Guaranty Trust Company 
of New York, the American motor-car industry produced 
188,751 vehicles in September, against 99,868 in August 
and 83,534 in September, 1938. The progress of the 
industry towards higher levels of production, it is pointed 
out, however, has been seriously impeded in the last few 
weeks by labour troubles at some of the leading plants. 
This has led to the enforced idleness of some 60,000 
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SOME NEW INVESTIGATIONS 


ON OLD COMBUSTION ENGINE 
PROBLEMS —III.* 


By Professor Dr.-Ing. G. EICHELBERG. 


TEMPERATURE EFFECTS. 


14. Temperature Stresses and Deformations.— 
We have discussed the heat-flow conditions in 
combustion engines and have found a way to 
calculate the temperature fields in the cylinder 
walls, in so far as there is a symmetrical tempera- 
ture distribution. Such temperature fields not 
only enable us to discuss the heat losses and the 
temperature conditions; they also form the basis 
for calculating the temperature stresses and de- 
formations. It is not possible here to develop all 
the details of heat-stress calculations, but I will 


* Third of a series of five lectures delivered before the 
University of London, at the Institution of Civil Engin- 
eers, on January 30, 1939, by Professor Dr.-Ing. G. 
Eichelberg, Professor of Mechanical Engineering in the 





workpeople and a consequent diminution of output. 
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‘try to tell you what must be done to obtain the 
results which will be referred to later. 

Let us assume as a generalised form of cylinder 
walls, an axially symmetrical shell with an axially 
symmetrical temperature distribution, that is to 
say with the temperatures varying only along the 
meridian x and across the shell thickness z (Fig. 38). 
The temperature drop along the thickness is gene- 
rally not linear; but for every section a mean 
temperature over the thickness 


h 
+> 


1 2 
n= 5] Tdz 
h 


and a mean linear temperature drop 


+3 
12 e 

AT = | Tzdz 
ht h 


2 
can be found. Deformations and stresses will 
result from both T,, and AT, but not from the 
difference §T between T and Tijnear, which only 
causes additional local stresses but no resulting de- 
formations of the shell. Free elements of the shell 
would be deformed by 8T in such a way that they 
can only remain in solid connection because local 
stresses, such as pressure in the corners, and tension 
in the middle, occur as shown in Fig. 39. These 
forces have neither a resulting force nor a resulting 
bending moment; they are locally in equilibrium 
and will not cause any additional deformations 
of the shell. 

The stresses resulting from 5 T are— 
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* Done 


has a value of about 18 kg. per 


8a 





The factor . -B 


-_ — 
square centimetre per degree C. for cast iron and of 
about 40 for steel. As an example, Fig. 40 gives 
the temperature distributions and stresses in a 
piston ring operating under a mean effective pressure 
of 6-5 atmospheres and a mean piston speed of 
2-5 m. per second, The temperature fluctuations 
penetrate to a depth of only about 3 mm. The 





tension stress in the outer ring surface increases 
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from 100 kg. per square centimetre when cold to 250 
kg. per square centimetre when hot. In a thick 
cylinder wall, the periodic temperature fluctuations 
at the wall surface will cause periodic heat stresses 
which will be proportional to the temperature 


E.p 


amplitudes. The factor i is 40 for steel or 
= 9 


cast steel, so that for every 10 deg. C. of temperature 
variation at the surface the stress will vary by 
400 kg. per square centimetre. 

Even much higher additional stresses may occur 
in the first 10 to 20 seconds after starting an engine, 
as is shown in Fig. 41, page 603. The surface 
temperatures of the wall on the gas side and on the 
water side are measured and recorded on the same 
diagram.* The boundary conditions allow us to 
find the tangents, so that the temperature curve 
inside the wall is easy to draw. A mean linear 
temperature line gives 8T, and the additional 
stresses 5c in a free plate, which are proportional 
to them. In a steel wall, soon after starting, 
pressure stresses of more than 1,000 kg. per square 
centimetre are reached. 

In addition to such additional stresses we must 
calculate the temperature stresses in the cylinder 
walls, i.e., in a shell, caused by the temperature 
distribution, T,, and AT, along the meridian. Let 
us discuss the procedure briefly, as applied to the 
cone, or, as special forms of the cone, the cylinder 
and the circular plate or disc. If we choose the 
tangent of the deformation curve of the meridian 
as one of the two variables, and the total tension 
along the meridian as the second one, we get two 
simultaneous differential equations, which become 
very simple for the cylinder and the circular plate. 
For the latter the two equations are independent, 
one for the bending of the plate and the other for 
the shrinking of the disc. The equations are given 
in Table IT, 


: iT 
Only the change of the mean temperature, ‘ Th 
a. 
' ad@AT 
and that of the temperature drop, , enter the 


dr 


equations, as loads analogous to the gas-pressure 
load. The absolute temperature will naturally 
appear in the boundary conditions.t The solutions 
are, in addition to the particular solutions, a series 
of four functions, each with a constant to be found 
from the boundary conditions. The functions for 


the plate and the disc (« and =) and for the cylinder 


(exponential and sine functions) are well known- 
The solutions for the cone are complex Bessel 
functions. 

The results of calculations of this kind, for a 
simplified piston consisting of a flat circular plate 


* G. Eichelberg. Temperaturmessungen in Verbrunn- 
ungsmaschinen, Zeitschrift V.D.I., 1926, page 429. 

+ G. Eichelberg. Temperaturverilauf und Warme- 
spannungen in Verbrennungsmotoren, !.D./], Forachungs- 
Aaft, 263 (1923), 





and c. The combined effort is 
shown in d. The mean temperature and the tem- 
perature drop in the plate cause opposed bend- 
ing stresses in the cylinder. The results for 
a two-stroke piston of 600 mm. diameter are given 
in Fig. 43, page 603, the deformations being magni- 
fied 100 times. Specially large clearance is needed 
at the top edge of the piston as well as for 


of an 


. . 3 
the first ring groove, which closes by 1,000 


inch. 
The stresses and deformations in Fig. 44 are 
calculated for a more complex form consisting of a 
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symmetrical two-stroke cylinder-head loaded by the 
temperature distribution shown in Fig. 1, page 463, 
ante. The deformations are magnified 40 times. 
About one-third of the pressure due to the gas is 
carried by the walls of the inner valve port and the 
upper plate. The head is considered to be composed 
of a cone of variable thickness, two cylinders and a 
plate. The axial and tangential stresses reach 
high values and demand thin walls. Some other 
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couples in the middle of the valve head, which was 
50 mm. in diameter. At that point, the temperature 
varies with the load and the piston speed as shown 
in Fig. 46. At a low piston speed (3 m. per second), 
the valve temperature rises with increasing load 
from 200 deg. to 500 deg. C., and reaches 700 deg. ©. 
at full load (100 Ib. per square inch) and high piston 
speed (9 m. per second). 

The valve face is cooled by the heat flow to the 
valve seat in the cylinder head, and it is of special 
interest to compare the temperatures in the middle 
of the valve head, in the valve face and in the 
valve seat. This comparison is shown in Fig. 47a 
in terms of mean effective pressure, at a constant 
piston speed of 7 m. per second, and in Fig. 476 
in terms of the piston speed at full load (M.E.P. 
equals 7 atmospheres). As there is a temperature 
drop of about 270 deg. between the centre and the 
circumference, it is evident that high temperature 
stresses will occur in the valve head. By an approxi- 
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mate calculation given in Table III, we find a high 
circumferential tension stress, about 20 times the 
temperature drop. Radial cracks or permanent de- 
formations may occur, even if we take into account 
that the modulus of elasticity and therefore the 
stresses will diminish with higher temperatures. A 
spherical or a conical form of the valve head, allowing 
for some bending, will give smaller stresses. 

16. Exhaust-Valve Cooling Through Seat and 





results of temperature stresses and deformations | Stem.—To study the cooling influence of the seat, 


will be dealt with later. 


|temperature diagrams were recorded, as shown in 


15. Exhaust- Valve Temperatures.—Exhaust valves | Fig. 48, page 605, which shows the temperature fluc- 
are subjected to very severe temperature conditions | tuations at the centre of the valve head, at the face 
and the question of valve temperature and cooling | of the valve and at the seat. The curves are repro- 
is of the greatest interest. Last year we began to| duced to a uniform scale at the left of the diagram 
study this subject at our Institute by measuring the | to show the relative magnitude of the temperature 


valve temperatures in a Saurer Diesel engine of | fluctuations r 
As a first| ments were a mean effective pressure of 6 atmo- 


150 mm. bore and 200 mm. stroke. 


The conditions during these measure- 


result we found the well-known fact, as shown in| spheres, a mean piston speed of 7 m. per second. 
Fig. 45, that the exhaust valve is about 200 deg. C.| and 1,120 r.p.m. The curve for the centre of the 


hotter than the inlet valve. 


The temperatures | valve head shows the normal heat intake during 


shown were measured when the engine was running | the combustion stroke. At the valve face there isa 
at 1,125 r.p.m., the mean piston speed being 7-5 m.| sharp temperature rise during the exhaust period, 
per second. The exhaust valve is also hotter than| when the valve is opened, as the valve face 18 
the exhaust gases, as it is heated during the working | heated by the exhaust gases. Actually, the escaping 
cycle, especially during the combustion period. | exhaust gases are hotter than the valve face, but 
These temperatures were measured by thermo-|they are also much hotter than the valve seat in 
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the cylinder head. The diagram shows, however, 
that the seat is rapidly cooled as soon as the valve 
is opened, and this can easily be explained. 

With an ideal metallic contact between valve face 
and seat we have a common surface temperature, 
but this is not the case in practice, as Fig. 48 
shows. The heat-flow from the valve to the cylinder 
head corresponds to a temperature gradient of equal 
direction on both sides, as shown in Fig. 49a, in 
which metallic contact is assumed. If we assume 
an isolating air layer between face and seat, as 
shown in Fig. 49b, the tangents of the temperature 
curves at the surface will become horizontal. The 
amount of temperature variation will be the same 
on both sides of the space, but in opposite directions. 
If we now heat the surfaces by a hot gas stream, 
as shown in Fig. 49c, the tangents of the temperature 
curves at the surface on both sides will have an 
upward direction given by the gas temperature and 
the rate of heat transfer. The temperature of the 
valve face will change much more than that of the 
seat. 

This fact is very clearly shown by the diagrams 
in Fig. 48. When the valve is closed, the tem- 
perature difference diminishes, at first slowly and 
thegach more rapidly during the compression 
and expansion stroke. This -can be explained by 
the better contact caused by the high gas pressure. 
The small temperature fluctuations in the surface 
of the valve face will cause periodic stresses of 
4 times the temperature amplitude. Together 
with the high steady heat stresses in the valve 
head, this will explain the cracks that are often 
found in the valve face. Especially bad conditions 
for the valve face occur when an engine running 
at full load is suddenly stopped. 

To study the cooling effect of the heat flow 
through the valve face and stem, we measured the 
temperature field in an exhaust valve of a four- 
stroke engine of 380 mm. bore. The exhaust valve 
has a head diameter of 140 mm., so that five thermo- 
couples could be fitted into the valve head and two 
into the stem. A first result is the measured 
temperature field at full load shown in Fig. 50. 
The engine was supercharged and scavenged by a 
Biichi exhaust-driven turbo-blower, so that the 
gas and valve temperatures are not high, and an 
important part of the heat leaves the valve head 
from the back to the relatively* cool exhaust 
gases, 

It is evident that in a non-scavenged engine, 
for which at high load the exhaust gases are even 
hotter than the valve head, all the heat must pass 
by the seat and by the stem. In this case the 
heat flow through the stem is not important and 
60 per cent. of the heat is led off through the seat. 
To investigate other heat-flow conditions that are of 
interest, it is proposed to continue the tests, which 
are being carried on in the Swiss Federal Institute, 
with the scavenged and the unscavenged engine, as 
well as with a smaller and a larger valve seat. 
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THE BUCKLING OF SHIPS’ DECK 
PLATING. 


By J. Lockwoop Taytor, D.Sc. 


For the ordinary transversely-framed merchant 
ship of moderate size, the thickness of plating, in 
conjunction with the spacing of the deck beams, is 
such that, unless the plating can be regarded as 
fixed at its attachment to the beams, the Euler 
buckling stress falls below the value of the longi- 
tudinal compressive stress for the range of sagging 
bending moments likely to be encountered in 
service. Since the fixing effect of the beams 
depends wholly on their torsional rigidity, and 
since, for the bulb-angle sections commonly used, 
this is comparatively small, it is readily seen that 
no such effect can be relied on; this is confirmed 
by observation of the behaviour of the plating under 
service conditions. The buckling deflection, there- 
fore, takes place as shown in the diagram given 
below, which represents a longitudinal section 
through the deck. 

The stress corresponding with the initial incidence 
of compression instability for this type of buckling 
depends to a certain extent on the panel proportions. 


—-—<—-—— 
-_— ——. 





. 
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As, normally, there will be no longitudinal stiffening 
between the ship’s side and the line of the hatch 
coamings, the width of the panels of plating will be 
several times the length or beam spacing, and it is 
known that for such panels the width effect is small. 
The buckling stress also depends on the torsional 
rigidity of the beams, since these may be regarded 
as constrained from rotating at the edges of the 
panel, by virtue of their end connections. The 
torsional rigidity of a bulb-angle beam, however, 
is not appreciably greater than that of a strip of 
plating of the same developed width, and the effect 
is comparable, therefore, with the effect of the 
twisting of the plating itself, due to the finite 
width of panel, which is included in the width effect 
on the buckling stress, already seen to be small. 
To the present order of approximation the critical 
stress may thus be taken as the ordinary Euler 
stress, which, for thickness ¢ and beam spacing 3s, 
i or 11,750 “ taking the 
12°1— os" mare a . 
values E = 13,000 tons per square inch, and 
o =0-3. For t=0-40 in. and s = 30 in., this 
gives a stress of 2-1 tons per square inch, at which 
buckling first begins. 

In the early stages of buckling, the compressive 
stress remains substantially uniform at this value, 
across the width of the panel ; but, as the bending 
moment increases further, the stress ceases to be 
uniform, the edges of the panel taking a greater 
proportion of the load, and more load being also 
thrown on to the adjacent parts of the structure 
which are stable in compression. It is of interest 
to compare the maximum stress at the centre of the 
panel, which, of course, is greater than the figure 
mentioned, due to the bending of the plating, with 
that corresponding with the overall strain, allowing 


is given by 


for buckling, which may also be regarded as the 
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stress at the panel edges. When the latter has 
increased to, say, 5 tons per square inch, the bowing 
strain at the mid-width of panel is approximately 
that corresponding with the difference between 
this figure and the critical stress which still exists 
there, i.e., (6 — 2-1), or 2-9 tons per square inch, 


giving a strain VT or Lan The deflection, 


2 
therefore, is 0-28 in., using the value 2-5 S for 





the bowing strain in terms of the deflection d and 
the beam spacing s. The bending stress in the 
plating may be calculated from this deflection, 
the wave form being approximately sinusoidal. 


The maximum curvature of the bent plate is a’ or 
0-00315 in.~!, and the corresponding bending stress 
this quantity multiplied by = or 8-2 tons per 


square inch. The total plate stress at the centre of 
the panel is, therefore (8-2 -+- 2-1), or 10-3 tons 
per square inch. 

Although the influence of the torsional rigidity of 
the deck beams is not great, it is necessary to verify 
that the loads imposed on the attachment of the 
beams to the plating, in making the beams twist 
to conform to the plate deflection, are not excessive. 
For an actual ship, the free panel width was 120 in., 
and the beams 7-5 in. by 3 in. by 0-40 in., the other 
particulars being as already assumed. The torsional 
rigidity constant for this size of beam may be taken 
as 0:25 in.4 The maximum torsional deflection 
of the beam is equal to the slope of the plating at 


mid-panel, oe we 0-03. The curve of twist of the 
r : 


beam may be assumed to be sinusoidal, giving a 
maximum rate of twist, at the edge of the panel, of 

0-03 
es —] =0-00078 in... The corresponding 
twisting moment in the beam is (5,000 x 0-25 x 
0-00078) = 0-98 ton-in., taking a value 5,000 tons 
per square inch for the rigidity modulus. This is 
the total fixing moment on the plate over the half- 
width of panel; the maximum fixing moment per 


0-98 
inch run is eae , or 0-026 ton-in. For }-in. 
rivets at seven diameters, the fixing moment per 
rivet is (0-026 x 5-25) = 0-136 ton-in. The ten- 
sion load in the rivet may be taken as this moment 
divided by the leverage of the rivet from the edge 
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of the beam flange, or 0-09 ton, the rivet stress 
being thus quite small. 

In the foregoing, the influence of the transverse 
camber of the deck has been ignored, the plating 
being assumed to be flat. Camber has the effect of 
increasing slightly the minimum buckling load, and 
it can be shown from the theory of cylindrical shells 
that the ratio of increase, for a wide panel, is given by 

12 s* 
(i + Pe 
For the vessel already taken as an example, having 
12-5 in. camber on 50-ft. beam, r = 3,600 in., and 
the increase in buckling load due to camber is 
about 5 per cent. according to the above expression, 


), where r is the radius of the camber. 








EXPLOSION HAZARDS OF COM- 
BUSTIBLE GASES AND VAPOURS. 


Tre annual report of the United States Bureau of 
Mines Explosives Division for the year 1938, which 
was published recently*, contains a large amount of 
useful and interesting information obtained by the 
various units of this organisation during the course 
of their investigations in connection with the deter- 
mination of explosive hazards of combustible gases and 
vapours in mines and industries. Limits of inflam- 
mability of certain gases and vapours were determined 
in the Bureau of Mines’ standard eight-litre vertical 
closed steel bomb. The gases were dried by passing 
them through a granular drying agent, the mixture 
being ignited by sparks and the flames propagated 
upwards. Minimum ignition temperatures of N-propyl 
alcohol, N-propyl chloride and glacial acetic acid were 
determined by dropping the liquid combustible into a 
Pyrex tube designed for the purpose. This tube was 


immersed in a salt bath consisting of a fused mixture | 


of sodium and potassium nitrates. A small portion of 
liquid combustible was dropped into the bottom of 
the tube while a slow stream of dry air heated to the 
temperature of the bath was passed through the tube 
from « spiral. 


During the year under review experiments were | 


made to obtain data for the necessary graphs and 
tables for calculating the limits of inflammability of 
complex gases containing propylene in addition to 
methane, ethane, propane, butane, carbon monoxide 
hydrogen, and ethylene mixed with varying proportions 
of nitrogen and carbon dioxide. 


The percentage of | 


oxygen that must not be exceeded to prevent explo- | 


sions in mixtures containing propylene was also deter- 
mined. This is of considerable industrial importance, 
because it indicates safe procedures for removing 
propylene mixtures from confined spaces and, con- 
versely, methods for introducing propylene mixtures 
into such spaces even if they originally contained air. 

Modern city development has led to the creation of 
serious potential hazards arising from the presence of 
confined spaces, such as conduits, tunnels, pipes and 
manholes, into which inflammable gases may leak 
from gas mains, in which inflammable liquids and 
vapours may accumulate by drainage, where gases 
may be generated by electrolysis, or in which gases 
from the degeneration of sewage or other organic 
material may accumulate. The dangers have been 
greatly increased by the widespread use of impervious 
paving and sealing materials, which tend to prevent 
the normal escape of gases to the free air by diffusion 
and leakage. A manhole survey conducted by the 
Bureau of Mines, in co-operation with the public 
utility authorities that supply Roston, has been made, 
with the object of detecting and eliminating the develop- 
ment of combustible and explosive atmospheres in 
confined spaces due to leakages and other causes. 

In the regular routine only key manholes were tested. 


When one of these showed the presence of a combustible, | 


all manholes in the vicinity were tested until five 
consecutive manholes in each direction showed no 
combustibles to be present. Samples of the manhole 
atmospheres were taken in special bottles and sent to 


the Central Experimental Station of the Bureau of | 


Mines at Pittsburgh for analysis. The constituents 
determined were carbon dioxide, il!uminants, oxygen, 
hydrogen, carbon monoxide, methane, ethane, and 
petrol vapour ; nitrogen was determined by difference. 
A general survey of constituents present in manhole 
atmospheres showed that the 
sar sd due to one of two sources. The presence of 
ydrogen, carbon monoxide, methane and ethane have 
usually been shown to be due to the leakage of manu- 
factured gas. Abnormally high proportions of carbon 
dioxide with varying amounts of methane and low 
percentages of oxygen, mostly inexplosive mixtures, 





* Annual Report of the Explosives Division, Fiscal 
Year 1938. By Wilbur J. Huff. U.S. Department of 
the Interior. Bureau of Mines Report of Investigations 
3454. 


| tests made up to 200 deg. C. 


contamination was | 
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are termed “ soil ” gases, because previous surveys have 
indicated that they are reaction products from bacterial 
or other actions taking place in soil] containing organic 
material. The sealing of manholes with tight covers 
does not prevent explosions. If the gases are not allowed 
to escape they will increase and may find their way 
along duct lines and trenches into the cellars of adjacent 
buildings and thus create additional danger. The 
underground spaces should be well ventilated to prevent 
the accumulation. 

Carbon monoxide and hydrogen sulphide are the 
two important poisonous gases encountered in under- 
ground openings ; ammonia and sulphur dioxiae have 
characteristic and very penetrating odours and are 
thus readily detected. The suffocating gases, however, 
may have no smell at all. Natural gas, which consists 
largely of methane, is a case in point, and others 
commonly encountered are nitrogen and carbon 
dioxide. Although natural gas is non-poisonous, it 
may dilute the atmosphere to such an extent that the 
oxygen content of a confined space is below 10 per cent., 
which might cause suffocation. Suffocating atmospheres 
may occur at any time, but appear to be more prevalent 
where there is filled-in ground containing organic 
material. The gases may be produced largely by 
bacterial action. 

Useful information was also obtained in the course of 
investigations of the causes, behaviour, and control 
of fires in anthracite mines. Many of the areas in the 
anthracite fields suspected of harbouring fires under- 
ground are near the outcrop along ridges at rather high 
elevations or in broken and caved-in areas in abandoned 
and reworked sections that are not accessible for direct 
inspection and attack. 
information about conditions in such localities is the 


chemical composition of the mine gases from the sus- | 


pected areas. The interpretation of such analyses 
is rendered difficult from the fact that mine atmos- 
pheres not associated with heating contain carbon 
dioxide and methane, and are often depleted of oxygen. 


Gas samples were taken from various mine-fire areas | 


in the Pennsylvania anthracite region and analysed for 
carbon dioxide, oxygen, carbon monoxide, methane, 
hydrogen, and nitrogen. The results showed that 
carbon monoxide was present in all cases of known 
fires, and where the fires were specially active, hydrogen 
was also found. It therefore seemed desirable to study 


the relation of these gases to the oxidation of anthracite | 


at various temperatures under conditions simulating 
those of a heated area. Special apparatus was designed 
and 
could be made. By this means the following general 
conclusions were obtained : When air is passed through 
heated anthracite, carbon monoxide is not evolved 
in detectable quantities until a temperature of 150 deg. 
C., or higher, is reached, provided that carbon monoxide 


from other sources, such as from explosives, is absent. | 


dangerous condition requiring 


is present. 


that a 
attention 


This shows 
immediate 


300 deg. C. is attained; thus, its presence or absence 
shows whether or not the temperature of the area is 
above that figure. From the same oxidation tempera- 


ture, the data showed that the CO/CO, ratio varied | 
In spite of these varia- | 


widely with the elapsed time. 
tions, there was an increase in the ratio as the tem- 
perature of oxidation increased, but the ratios were 
erratic and could not be used to predict the temperature 
of the coal. The CO/(oxygen consumed) ratios also 
showed erratic results for the same oxidation tempera- 
tures and, in general, increased with the elapsed time 
of oxidation. Fortunately, the values increased with 
temperatures at a higher rate than the CO/CO, ratios. 
The COj/(oxygen consumed) ratios have, therefore, 
been found to be valuable in interpreting and predicting 
the temperature of the anthracite undergoing oxidation 
at elevated temperatures. 

Oxidation tests were made on coals other than 
anthracite to obtain data comparable with those for 
anthracite. These data enable a comparison to be made 
between coals known or suspected of heating spontane- 
ously and anthracite. The sub-bituminous coals 
absorb oxygen far in excess of the amount absorbed by 
anthracite at the same temperature. These coals 
evolved appreciable amounts of carbon monoxide at 
100 deg. C., but no hydrogen was evolved in any of the 
Methane was found in 
some of the tests, but the amounts were small and 
of the order of the experimental error of the analysis. 

Below 350 deg. C., the gases liberated by heated 
anthracite consist mainly of the oxidation products, 
carbon dioxide, water vapour, and carbon monoxide. 
Little, if any, volatile matter is liberated below that 
temperature, but at higher temperatures the volatile 


|matter becomes appreciable and increases rapidly 


as the temperature approaches 600 deg. C. The gases 
liberated at these elevated temperatures are of consi- 
derable practical importance, because their composition, 
density, and explosibility determine the propagation 
of mine fires in broken and fissured veins of coal. 
To obtain information on these points three selected 


Often the only source of | 


constructed with which various determinations | 


Hydrogen is not | 
evolved in detectable quantities until a temperature of | 


|anthracites were investigated. As a result of these 
tests, high percentages of carbon dioxide were found 
at below 600 deg. C. At higher temperatures, carbon 
dioxide almost disappeared from the product. The 
| nitrogen found in a fraction that was taken off at 
lower temperatures was probably due to residual 
nitrogen remaining after some of the oxygen in the air 
in the voids had reacted with the coal. The percentage 
of carbon monoxide liberated is more or less constant 
| throughout the temperature range, and the same is 
true of the hydrocarbons, methane, ethane and illumi- 
nants. Hydrogen shows the greatest percentage change 
with temperature of any of the distillation gases. Since 
the distillation products contain high percentages of 
hydrogen, special attention must be given to this gas 
in combatting, controlling, and extinguishing anthra- 
cite-mine fires. Hydrogen is the lightest combustible 
gas known and has wide limits of inflammability. The 
presence of high percentages of hydrogen may account 
for some of the difficulties experienced in extinguishing 
fires that have gained great headway. 

The presence of high percentages of hydrogen also 

exerts a marked effect on the density of the gas mix- 
tures. The distillation products at the lower tempera- 
tures, due to the high percentages of carbon dioxide 
present, have a density greater than that of air. As 
the temperature is increased, however, the density 
falls rapidly, until a density of only 0-16 is reached at 
800 deg. to 1,000 deg. C. The distillation products 
given off in this temperature range are less than one- 
sixth the density of air, and such products would 
| have an extreme tendency to rise from a fire area and 
| fill all accessible spaces above the area. It may be 
due to these light inflammable gases that fires have 
been able to travel great distances from the point of 
origin through and along broken veins of coal. 

The changes that occur in the composition of anthra- 
cite due to oxidation at low temperatures were studied 
| to determine whether or not these changes have any 
relationship to temperature, in the hope that this 
knowledge might be applicable to the determination 
of the causes of mine fires. In the tests made it was 
found that the percentages of volatile matter and 
oxygen increased as the temperature of oxidation was 
increased until they reached a maximum at about 
350 deg. C. Above this temperature the oxidation 
began to eliminate volatile matter, and percentages 
of this and of oxygen were reduced. From a graph 
which was prepared it would appear that either the 
change in the volatile matter or in the oxygen content 
may be useful in determining whether or not the 
anthracite has been subjected to oxidation. By taking 
| samples of coal on the outer side of the pile, where 
the temperature is normal, as well as a series of samples 
from the region suspected of undergoing spontaneous 
heating, and comparing the percentages of volatile 
matter thus ascertained, the temperature at which 
the coal has been heated in contact with air may be 
estimated approximately with the aid of a graph. 
It was shown that there was a great difference in the 
amount of carbon monoxide liberated in the distillation 
products of the fresh and the oxidised samples. It 
thus appears that the oxidation products obtained 
when anthracite is oxidised with air at elevated tem- 
peratures are such that the initial products are broken 
| down by heat, largely into carbon dioxide and carbon 
monoxide, and that these gaseous products appear at 
the expense of volatile matter and, to a smaller extent, 
at the expense of methane and hydrogen. 

The disappearance of carbon monoxide from the 
gases in a sealed anthracite-mine fire area give rise to 
conjecture when tests proved that the loss was not 
due to air infiltration. In this area, the carbon- 
| monoxide content decreased rapidly during the first 
| two weeks after the fire had been sealed and entirely 
disappeared within another two weeks. Further 
| studies show that the removal could not be explained 
as absorption or reaction with the anthracite at normal 

mine temperatures. It appeared that the action 
| of bacteria might be responsible. A mixture of liquid 
and slime consisting of rotted wood, fungi, manure, 
and sewage materials, such as might be found in an 
anthracite mine, reacted energetically with gas mixtures 
containing carbon monoxide and hydrogen in propor- 

tions comparable with mine-fire atmospheres. Within 
| 11 days to 14 days both the carbon monoxide and the 
| hydrogen were tompletely removed. Further prelimi- 
nary tests with only the supernatant liquid showed 
| that the gas from the action of air on incandescent 
coke mixed with an equal volume of air lost its hydrogen 
‘content of 4-1 per cent. at the end of 10 days. The 
| 11-6 per cent. of carbon monoxide showed little 
| reduction for the first 15 days, but between the six- 
} teenth and thirty-second days a scum formed on the 
| liquid and a marked reduction of pressure occurred. 
The carbon monoxide content was reduced to 4-5 per 
cent. at the end of 36 days. It may be concluded, 
therefore, that the presence of solid decaying organic 
matter is not required, hydrogen is more reactive 
|than carbon monoxide, and the reactions occur in 
atmospheres containing considerable amounts of oxygen. 
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THE DISMANTLING OF THE | 
CYMMER COLLIERY. | 


Some months ago the decision was taken to close 
down the Cymmer colliery at Porth, in the county of 
Glamorgan, as it had become obvious that this well- | 
known mine, which had been worked continuously for | 
more than a century, had reached the limit of economic 
operation. The machinery, etc., above and below 
ground, was subsequently acquired for disposal by | 
Messrs. George Cohen, Sons and Company, Limited, | 
600, Commercial-road East, London, E., to whom we | 
are indebted for the following particulars of the colliery | 
and its history. 

The first pit, sunk to a depth of only 45 ft., was | 
rectangular in section, and was worked by a beam | 
engine, with timber head-gear. After some twenty. | 
five years’ working, the shaft was deepened to 300 ft., 
and, a few years later, to 390 ft. About 1860, a second 
shaft. was sunk, and this is still in use, while dismantling 
continues, as an upcast shaft. The second pit had been 
at work for about ten years when a serious explosion 
occurred, in which some 60 men lost their lives. At a 
later date, this pit was carried down to 450 ft., its 
present depth. In the ‘eighties, a third shaft was 
sunk, this time to a depth of 1,290 ft. While boring 
was in progress for some pipe supports in this shaft. 
about fifty years ago, the drills tapped a pocket of 
natural gas, which was ignited by one of the naked 
lights which, at that date, were still in use to some 
extent below ground. As it was obviously dangerous 
to allow the gas to escape into the shaft, a 2-in. pipe 
line was installed to conduct it to the surface, where it 
burned continuously to waste for half a century. 
Measurements showed that the flow amounted to 
approximately 650 cub. ft. per hour. The gas is 
chiefly methane, and arrangements have now been 
made to compress it in bottles, at about 800 lb. per 
square inch, for industrial and scientific use. 

The output at the colliery was at its peak between 
1912 and 1921, notably during the last war, when 
both house coal and steam coal were produced, and 
the output amounted to more than 3,000 tons per day. 
In 1928, the production of house coal ceased, and the 
number of men employed, which had been as high as 
3,000, was reduced to about 1,400. This number was 
maintained until early in the present year, by which 
time the workings had extended to a distance of more 
than 1} miles underground, and contained more than 
4,000 tons of plant and machinery. Some 600 tons of 
this has already been brought to the surface by Messrs. 
Cohen. An interesting sidelight on the quantities of 
equipment required in the workings of a large coal mine | 
is provided by the inventory of the plant. It includes 
35 compressed-air haulages, ranging from 5 h.p. to| 
150 h.p., and necessitating the provision of some 90 | 
miles of piping, varying in size from 10 in. to 2 in. | 
The rails laid in the workings amount to about 1,200 | 
tons, and the roads are supported by about 1,700 tons | 
of steel arches, of which, it is expected, about 500 tons | 
will be recovered. The supply of air to the under- 
ground haulages, coal cutters, conveyors, etc., absorbed 
the output of a turbine-driven compressor of 15,000 | 
cub. ft. capacity, and two engine-driven compressors 
of 5,000 cub. ft. and 2,250 cub. ft., respectively. 
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used when the material to be filtered is very corrosive | machines are more frequently rated on their piston 
and its contact with a pump is undesirable, Distilla- | displacement or on data obtained from the indicator 


tion of certain materials under vacuum is also more 
advantageous than working at atmospheric pressure, 
because a lower temperature suffices, thus saving heat 
and perhaps deterioration of the material through 
contact with air. Such typical .processes, representa- 
tive of many others, being generally in continuous 
operation, all demand a reliable vacuum service, main- 
tained by one or more vacuum pumps. The choice of 
the latter is governed by the degree of vacuum required 
in the plant. For work such as drying or filtering, a 
pump installation giving a vacuum of a few inches 
above absolute zero pressure is satisfactory; but for 
some distillation processes, e.g., in the deodorisation of 
edible oils, in which minute proportions of volatile 
matter must be vaporised at a relatively low tempera- 
ture, the pressure in the plant must be as low as a 
few millimetres above absolute zero only. In the 
exhausting of electric lamps, a still higher vacuum is 
required, and the pressure in the lamp bulb must be 
only a very small fraction of 1 mm. Incidentally, 


| diagram. In the former calculation of rating, the 
volumetric efficiency percentage derived from the 
nozzle test multiplied by the swept volume is taken ; 
and in the latter, the length of the actual suction 
stroke multiplied by the piston area. But with 
reciprocating pumps, a more reliable criterion is 
necessary, and is afforded by the low-pressure nozzle 
test at the exhaust of the pump. The volume thus 
measured per time unit in cubic feet of air, referred 
back to the pressure and temperature at the inlet, 
forms the base for further calculation. From the 
actual delivered capacity may be determined the 
isothermal compression work, and the ratio of the 
isothermal compression work to the actual work 
(h.p.), measured at the pump'coupling, is the isothermal 
efficiency. The isothermal efficiency of any type of 
vacuum pump, whether air-cooled or water-cooled, 
single or multi-stage, is therefore the basis of comparison 
for different pumps; because it is the ratio between 





even this high vacuum is not usually good enough for 


the theoretical and actual power taken by the Rome. 
As a vacuum pump works on an inlet pressure below 


the lamp makers, they usually remove the last traces | atmospheric and delivers only against atmospheric 
of air by oxidising it with phosphorus painted on the | pressure, it can operate as a single-stage unit for a 
glass stem of the lamp. A vacuum service for some | much higher pressure ratio than a compressor, which 
purposes may be built up in two separate circuits, one | compresses from atmosphere upwards, because the 
being a “ rough” vacuum system operated by one or| maximum theoretical pressure difference between 
more pumps of large capacity, but capable of giving | suction and delivery is only that between absolute 


only a relatively low vacuum ; this circuit is used to| vacuum and atmospheric pressure. A two-stage 


extract the bulk of the air from the plant. The latter 
is then turned over to the high vacuum circuit, usually 
worked by smaller types of pump, but which give the 
higher vacuum required. These two separate vacuum 
circuits are by no means always necessary. For 
example, a whole series of dryers may be operated 
efficiently from one common vacuum circuit, providing 
that approximately the same degree of vacuum is 
required in each dryer. It must not be overlooked, 
however, that in operating a group of plant units on 
one vacuum system, some degree of mixing of the 
volatile constituents from the material being dried will 
inevitably occur whenever any particular unit at a 
different pressure is connected to the circuit, and 
where such contamination would be harmful, separate 
vacuum systems are necessary. Similarly, the vacuum 
distillation of materials of the same type may be carried 
out on one vacuum circuit; but with materials of 
different kinds, each still or series of stills would need 
a separate vacuum service, because of the mixing of 
vapours that would ensue, due to the varying vapour 
pressures. The pumps for creating and maintaining 





| the vacuum are built in three chief patterns, rotary, | 


diffusion and reciprocating machines. 

In a typical vacuum pump, such as that built by | 
Messrs. The B.A. Holland Engineering Company, | 
Limited, 18, Victoria-street, London, 8.W.1, the | 
machine consists essentially of a fixed casing or stator, | 


vacuum pump is therefore built chiefly for producing 
the higher degrees of vacuum, which are not practicable 
with a single-stage machine. The pressure ratio of 
a compressor drawing from atmosphere and com- 
pressing to 100 lb. per square inch gauge pressure is 
1:8; but a vacuum pump with a 99 per cent. vacuum 
at the inlet, and exhausting to the atmosphere, has a 
pressure ratio of 1: 100. Vacuum pump volumetric 
efficiency is influenced by the re-expansion of the air 
due to the necessary running clearances in the machine, 
and this influence is practically proportional to the 
compression ratio. One means of counteracting such 
losses in the pump is multi-stage compression whenever 
high vacuum is needed. 

The “ Geryk” type of rotary vacuum pump, made by 
Messrs. The Pulsometer Engineering Company, Limited, 
Nine Elms Iron Works, Reading, is shown in Figs. 1 
and 2, page 6U8. These figures illustrate a single- 
cylinder machine, the moving parts of which are 
immersed in oil. As will be clear from the illus rations, 
this pump is also of the sliding blade type with an 
eccentrically-mounted rotor through which the blade 
passes. The inlet is on the front cover, the connection 
to the cylinder being through an elbow in the main 
casing, as shown in Fig. 2. The discharge from the 
cylinder is through the spring-loaded valve, shown on 
the left in Fig. 1, and thence into the main casing, the 
discharge opening being at the top of the latter. Good 


in which a rotor is fitted with blades free to move. accessibility is ensured by the large covers on the 
radially. As the rotor is less in diameter than the| front and back of the pump. The rotor shaft is 
bore of the stator and is placed eccentrically within it, | provided with a spring-loaded rotary seal for the gland 
there is a crescent-shaped space between them. When | and a felt washer. A single-stage pump of this pattern 


the rotor is revolved, the blades are maintained by 
centrifugal force in contact with the floating rings and 


| casing. The crescent-shaped space is divided by the 


blades into cells, which in turn expand from a minimum 


|to a maximum cubic capacity (suction or evacuation 


| period), and then decrease to a minimum cubic capacity 


VACUUM SERVICE IN THE 
CHEMICAL INDUSTRY. 


By A. E. Wittras, F.C.S. 


Tue working of processes under vacuum enters into | 
many branches of the chemical and allied industries, 
a typical example being the concentration, by the 
evaporation of the excess water, of sugar liquors; | 
this is really a process of drying. Many other pro- | 
ducts are subjected to a vacuum-drying process, which | 
has for its object the elimination of possibly the whole | 
of the water present in the product. In the edible oil ! 
industry, the water is completely expelled under a/| 
vacuum before the oil is bleached; but with starch | 
and similar products it is uneconomical to dry these | 
completely, both on account of the long period of 
drying necessary to remove all moisture and because | 
of the airtight packing that would be required to | 
prevent reabsorption of atmospheric moisture after 
manufacture. The main advantages of evaporating | 
and drying materials under vacuum are that the proce- | 
dure is speeded up, due to the lower boiling point of | 
the water; while the quality of the products them- 
selves is preserved by the low operating temperature | 
and by the rarefied atmosphere discouraging oxidation. 
Another direction in which vacuum is often used is 
in the filtration of liquids. Such liquids often contain 
very hard finely-divided solids which tend to destroy 
the interior of the filter-feed pump, therefore the | 
liquids and solids are drawn through the press or 
other type of filter by suction to eliminate their contact | 
with a pump. This same method of filtration is often 


| (compression and exhaust period). Floating rings near 


the end of the rotor revolve in unison with it, and 
take the centrifugal thrust of the blades, restricting 


| and controlling their pressure. The consequent reduced 


gives a vacuum of not less than 0-01 mm, mercury 
above absolute, but a much lower pressre is readily 
obtainable by operating two or more machines in 
series. Pumps of this type can be “ backed” simply . 
| by connecting the backing pump to the discharge 
pipe. The constructing of the pump is so arranged 
that should the stop-cock on the inlet to the pump 
be left open when the pump is stopped, the latter will 
vent itself, but the oil will not flow back into the 
vacuum circuit, the quantity of oil being less than 





| rubbing velocity and low friction, and the absence of | the cylinder volume. Similarly, loss of oil at the 


reciprocating parts and valves, allows of high speed of discharge end is avoided by baffle plates fitted there. 
revolution without vibration or perceptible wear even | The pump may be fitted with a water jacket, and for 


after long and continuous use. The metallic glands 
dispense with the use of stuffing boxes and packing. 
Lubricating oil is automatically fed to the machine 


moist-air circuits a discharge chamber would be attached 
| to allow the water to separate from the oil, and so 
| keep the pump oil free from emulsification. Another 


by a pump through sight feeds, and no other attention | form of ‘“‘Geryk” pump is adapted specially for 


is required than the occasional refilling of the lubricator. 
Incidentally, these machines, if arranged with suitable 


evaporation, desiccation and distillation work in which 
a high vacuum is required. These pumps have two 


piping and stop valves, will perform as required the | or more cylinders in series, The sapeond cylinders are 


dual service of compression and exhausting, and can 
therefore be used either as a vacuum pump or as a 
compressor without change of design or direction of 
rotation. 


| provided with a steam jacket for t 


e purpose of keeping 
| them at about 212 deg. F., a very small quantity 
of steam at normal pressure being sufficient for this 
purpose ; while the secondary cylinders are jacketed 





The operative principles of a vacuum pump and of/| for cold water. In the primary pump, the heat 
an air-compressor are very similar; but whereas the | prevents any condensation, and therefore the vapour 
latter serves to compress air from 14-7 lb. per square is pumped as readily as if it were a permanent gas. 
inch to the required higher pressure, the vacuum pump | This grade of machine will evaporate water at a 
operates on a pressure less than atmospheric, or ® | temperature below that of the surrounding air, or 
vacuum, by aspiring air at some point above the zero | below the temperature of the cooling water used in the 
of absolute pressure, In choosing a vacuum pump, condenser. It is often desirable in the chemical 
whether of the reciprocating or the rotary type, the | industries to evaporate water at a very low tempera- 
fundamentals to be considered are the pressure ratio | ture, and in practice a pump of this type evaporates 
between inlet or outlet and the displacement capacity | water at a temperature as low as zero deg. F., it is 
of the pump. With the rotary type, the simple low- | therefore of particular advantage when processes of 
pressure nozzle test measures the actual suction capa- | desiccation must be carried to a degree beyond that 


city, and on this these machines are rated, but an | which is possible with even the most efficient cold-water 
accurate capacity test on a reciprocating pump is condensing plant. In distilling fine essences, for 


more complicated. For this reason, reciprocating 


example, the most refractory bodies can be vaporised 
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at a moderate temperature under the high vacuum 
obtainable. 

Another type of vacuum pump, made by Messrs. 
Northey-Boyce Rotary Engineering Company, Limited, 
was described in Enornererrne, vol. 143, page 195 
(1937). This pump is a purely rotary machine, con- | 
sisting of two rotors which revolve in opposite direc- | 
tions, so arranged that trapped air is released into the 
induced air only after induction is complete and the | 
new charge is sealed. The trapping of compressed air | 
thus entails no loss of work, and the volumetric efficiency | 
is therefore unaffected. When the rotors “ mesh ” the 
ports are closed, and the contents of the machine are | 
at uniform pressure, so that it is not pac to | 
maintain a seal between the rotors. This enables large | 
clearances to be provided, so that the rotors cannot | 
touch and wear each other. Hydraulic balance laterally | 
is provided by the use of identical ports in both covers, | 
and as the rotors are free to float endwise on the shafts, 
they position themselves between the two end cover | 
faces and touch neither. Fig. 3 shows a two-stage | 
high-vacuum pump of this type installed in a factory | 
engaged in distilling perfumes and similar products, | 
the larger pipe at the left leading from the stills to the | 
pump inlet, Connected to this pipe, on the right, is a 
trap or “ catch-all,” which prevents condensed vapours | 
or solids like pipe-scale getting into the pump. Such | 
traps are provided with a drain cock at the base and a 
removable cover for cleaning purposes. In Fig. 4 are | 
seen two of the pumps in an electric lamp factory, with 
the vacuum circuit so arranged that the pumps work 
on & common vacuum reservoir, which minimises the 
loss of vacuum in the system should a slight leak 
occur at any point. The pipe connections in this plant | 
are arranged so that either or both pumps may be 
utilised in the circuit at will. In a lamp factory 
vacuum system, an elaborate arrangement of traps is 
not usually necessary, because the circuit and the 
pumps are dealing with air and atmospheric moisture 
only. These pumps produce a vacuum within half an | 
iach of mercury above absolute for the single-stage | 
machine, and up to half a millimetre for the two-stage | 
pump. The pumps illustrated have a displacement of | 
91 cub. ft. per minute when running at a speed of 1,500 
r.p.m, 

The diffusion type of vacuum pump is not a mechani- | 
cal pump in the ordinary sense, for it has no moving | 
arts, but it enables very low pressures to be obtained, 
»y the vaporisation of mercury, or of a special oil ; | 
and for many purposes in which very high vacuum is 
essential these pumps offer great advantages. The | 
principle on which the pump works is based on the | 
kinetic theory of gases which states that the diffusion | 
of one gas into another is not a function of the total | 
wessure, but of their relative partial pressures. | 
apna: of this, gases can diffuse into a container at | 
high pressure, if their partial pressure there is low. 
This idea can be only employed efficiently when both | 


the inlet and outlet of the pump are considerably below | 
atmospheric pressure. Fig. 5 is a diagram of a typical 
diffusion pump, made by Messrs. W. Edwards and 
Company, Allendale Works, Vaughan-road, London, | 
8.E.5. Mercury is vaporised in s by external electric | 
or gas heat, the vapour passing up the tube a@ to} 
be deflected down in the direction of the arrows, past | 
the opening This opening is of the same dimensions 
as the mean free path of the gas molecules at the | 
working pressure. A is the pump inlet through which 
gas molecules enter the pump and diffuse into the 
mercury vapour stream on account of the higher 
partial pressure. The gas and mercury vapour are 
carried along and make contact with the cooled sur- 
faces at k, which are water-cooled, whereon the mer- 
cury condenses and flows back into 8, while the gases | 
pass out through the outlet ». To maintain the high | 
vacuum at A it is sometimes necessary to extend | 
the cooling water jacket along / to &,, i.e, when | 
fluids with high vapour pressures are being handled in | 
the plant. Unlike the ordinary mechanical pump, the 
diffusion pump necessitates a pressure much lower than 
atmospheric at its outlet r. The specific degree of 
vacuum required at v is determined by the type of 
diffusion pump in use, ¢g., a single-stage diffusion | 
pump connected to a mechanical pump giving a 
vacuum of 0-10 mm. mercury above absolute will | 
pr duce a vacuum of 0-000001 mm. mercury above | 
absolute. While such a combination of pumps is 
satisfactory for many purposes, there are special cases | 
in which large volumes may be pumped at low pres- | 
sures more economically by the use of two-stage | 
diffusion pumps. This will be clear when the method | 
of calculating the required backing pump speed is| 
explained. One example of a two-stage diffusion pump, 
made by Messrs. Edwards and Company, is really a 
combination of two diffusion pumps, in which one is | 
backed by the other. With this arrangement, very 
low pressures can be maintained against considerable 
leakage or gas evolution without the need for an 
exceptionally large mechanical backirig pump. An/ 
electric heater is enclosed in the base for the purpose of 
vaporising the mercury. Although diffusion pumpe are ' 


lair per minute. 


| is 8 c.c. per second, at a pressure of P mm. of mercury, 
}and P, is the rated backing pressure for the pump, 
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relatively small pieces of apparatus, the two-stage 
pump referred to being approximately 2 ft. high, 
their many uses in industry are well established. For 
connection to the plant pipe circuit, a standard-size 
flange fitting is provided on the high-vacuum side of 
the pump. In the multi-stage diffusion pump, several 
vapour jets are arranged one after the other, so that 
each jet represents the backing pump to the next. 
According to Gaede, in such an arrangement the jets 
do not operate as diffusion pumps at the highest 
pressures, but as vapour injectors. Advantages of the 
diffusion pump are that a very high vacuum is obtain- 
able at low running costs and there are no moving 
parts to wear out. Diffusion pumps for general pur- 
poses are made to handle up to about 325 cub. ft. of 
For other uses, however, wherein 
higher speeds are required, a pump has been designed 
by Gaede and Keesom. This is of service, for example, 
for the production of very low temperatures by drawing 
off the vapour from liquid helium, and it handles 
880 cub. ft. of helium per minute under high vacuum. 

If a diffusion pump is to operate at maximum effi- 
ciency, it is essential that the backing pump to which 
it is to be connected shall be chosen with characteristics 
which are suitable for the proposed work. Where it 
is required to maintain a certain speed at some fixed 
degree of vacuum, the speed of the backing pump is 
calculated as follows. If the required diffusion speed 


then the backing pump must have a minimum speed of 


- p : This must not be 

1 
confused with the free air displacement, which will 
generally be several times greater. With the larger 
diffusion pumps, the required backing speed will be 
so high as to make the cost of the mechanical pump 
prohibitive. In this case, a smaller pump may be 
chosen to work between the high-speed diffusion and 
the backing pumps. For example, a diffusion pump 
operating at its maximum speed at a pressure of 
0-001 mm., would have to be backed with a pump 
having a speed of nearly 3 litres per second at 0-05 mm. 
pressure. A rotary pump with this displacement 
would be both unduly large and costly, but an equiva- 
lent performance can be obtained by interposing a 
smaller diffusion pump before the rotary pump. A 
point of difference between diffusion pumps and 
mechanical pumps is the method of assessing speed. 
With diffusion pumps, the speed is the volume of air 
which is exhausted from the plant at a given pressure 
in a given time; thus the speed is dependent on 
pressure. However, with mechanica: pemps, the 
speed is usually given in terms of displacement at 
atmospheric pressure. As the vacuum builds up, the 
speed of mechanical pumps decreases slowly at first, 
but more quickly when the pressure is around 0-10 mm. 


» 
at a pressure of P, mm. 


one-fifth of the speed ‘at atmospheric pressure. A 
diffusion pump has no speed at atmospheric pressure, 
and figures for speed of these pumps always refer to 
volume exhausted at very low pressures. The diffusion 
pump is at its maximum speed when the pressure is 
around 0-001 mm. mercury, and then gradually de- 
creases as the pressure becomes still lower. It will 
be understood that in spite of the high speed of diffusion 
pumps, the actual weight of gas exhausted in the high 
vacuum is very low on account of the low pressure. 
The curves reproduced in Fig. 6 show the speed for 
air of the mercury diffusion pump in cubic metres per 
hour as well as in grammes per hour. Though the 
speed in cubic metres per hour increases down to a 
specific point, the weight of air decreases very rapidly 
due to the increasing rarification at falling pressure. 
The conditions with mechanical pumps at such high 
vacuum are still less favourable, and the weight of 
gas exhausted at these low pressures is negligible. 

A type of pump much used, amongst other purposes, 
for the vacuum evaporation of sugar and glucose liquors, 
ig the reciprocating machine seen in Fig. 7, page 612. 
This is a self-contained steam-driven slide-valve pump, 
made by Messrs. Blairs, Limited, Govan, Glasgow, 
and its robust construction renders it specially suitable 
for processes which operate continuously over long 
periods. It is made in a number of different sizes, 
appropriate to a small single-effect evaporator, or to a 
large quadruple effect. For example, with a steam 
cylinder of 5 in. diameter and a pump cylinder of 8 in., 
the displacement is 73 cub. ft. per minute at a speed of 
140 r.p.m., requiring 4 brake horse-power; while a 
steam cylinder of 14 in. and a pump cylinder of 22 in. 
diameter gives a displacement of 660 cub. ft. per 
minute at 100 r.p.m., the power required being 
30 brake horse-power. This machine, is carried on a 
bed-plate having machined facings to receive the steam 
and pump cylinders. Both these cylinders are of 
hard close-grained cast iron, the vacuum cylinder 
being fitted with a separate liner of the same material, 
which forms a water jacket round the whole barrel. 
Additional cooling of the gases entering the pump is 
ensured by the vacuum cylinder having two jacketed 
covers. Separate equalising ports are provided on 
the vacuum slide valve, and it is fitted with flexible 
steel discharge valves. The slide valves for both 
steam and vacuum cylinders are operated by inde- 
pendent eccentrics, and a governor of the Pickering 
type controls the speed of the machine. 

In the majority of vacuum systems in the chemical 
industries, some type of condenser is used in the 
cireuit. An efficient condenser should be capable of 
condensing the maximum volume of vapour likely to 
enter the vacuum circuit and so help to maintain the 
vacuum. A good condenser enables a smaller pump 
to be used for a given job, and lowers the repair bill 
for the pump. Broadly speaking, there are two main 





mercury, and below 0-01 mm. mercury is only about 


patterns of condenser in everyday use, the surface and 
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| the jet-condenser. 
When the vapours to 
be condensed are of 
| little or no value, as 
in some evaporation 
| and drying processes, 
| and only a moderate 
vacuum is required, 
a low-level jet con- 
denser may be used, 
and the whole of the 
ES " eondensed vapour, 
cooling water and 
air passed through a “wet” vacuum pump. The 
latter machine is built specially to handle liquids and 
scarcely resembles the “dry” vacuum pump, which 
is constructed to handle gaseous products only. A 
simple form of surface condenser is a coil immersed in 
& tank of running water, or it may consist of a long 
length of pipe jacketed by another pipe carrying water. 
But the majority of surface condensers for chemical 
plant are made in the multiple-tube form: a number 
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Nortuey-Boyce Two-Stage Hicu-Vacuum Rotary Pump. 
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of tubes, parallel to each other, being expanded into 
tube plates with a common inlet and outlet chamber 
at each end, and contained in an outer casing to carry 
water. Surface condensation permits the condensed 
vapours to be kept separate from the cooling water 
and so recovered if need be. A barometric condenser, 
which may be either of the surface or jet pattern, 
provides for the constant elimination of the condensed 
vapours or water. It consists of a vertical exit pipe 
from the condenser to a container below, the pipe 
being long enough to hold a column of water equal to 
atmospheric pressure, thus the water from the con- 
denser is continually led away without breaking 
the vacuum. An example of a barometric condenser, 
built by Messrs. Blairs, is shown in Fig. 8, page 612. 
It is generally constructed in cast-iron or mild steel, 
depending on the kind of water used and the nature 
of the vapours to be condensed. Through the use of 
numerous jets inside, the cooling water is brought into 
intimate contact with the vapours being drawn off 
the plant by the vacuum pump. The operation is a 
counter-current one, the air leaving the condenser at 


















Two Nortuey-Boycr Pumps on A Common Vacuum RESERVOIR. 


its coldest point, and the “ catch-all” 
fitted near the top prevents any water 
from being carried over into the pump. 
This particular type of condenser is much 
in favour abroad, where owing to the high 
temperature of cooling water, a large 
amount of water has to be used. Inci- 
dentally, salt water or other form of 
impure water which may have an injurious 
effect on the vacuum pump may be safely 
used. Sufficient attention is not always 
given to the temperature of cooling water 
for condensers. It is obvious that in 
plant such as evaporators and dryers. and 
other apparatus in which water vapour 
has to be condensed, the degree of vacuum 
in the plant will depend on the tempera- 
ture of the cooling water., For example, 
assume this temperature to be 35 deg. C., 
at such a temperature the vapour pressure 
z of water is approximately 40 mm., and 
1o* . this would represent the lowest pressure 
bc mesar obtainable in the plant with cooling water 
at 35 deg. C. - Cooling water at 15 deg. C. gives a 
vacuum of approximately 12 mm. Even with the 
most efficient condenser, the non-condensable gases 
leaving the condenser will contain much water vapo 'r. 
The temperature should also be as low as possible, 
to reduce the absolute volume of gases going to the 
pump. For example, if the degree of vacuum in the 
plant is 100 mm. above absolute, and the temperature 
is 39 deg. C., the pressure of the vapour will be about 
50 mm. and in this case about half of the gases passing 
to the pump consists of water vapour. At a tempera- 
ture of 32 deg. C. the vapour pressure is lowered to 
35 mm., therefore the mixture passing to the pump 
will be 65 per cent. air, instead of only 50 per cent. 


Exhausted Air...Grams per Hr. 


















PRODUCTION OF MOTOR Spi°IT IN ITALY.—We learn 
that works are to be established at Bari and Leghorn 
for the production of motor spirit from crude Albanian 
petroleum, and by the hydrogenation of Tuscan lignite. 
It is claimed that the total annual production will reach 
300,000 tons, 
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THE CONTROL OF ALUMINIUM. 


THe Minister of Supply has issued an Order, entitled 
the Control of Aluminium (No. 4) Order, 1939, which 
came into operation on November 24. The Order, 
which has been made under Regulations Nos. 55 and 98 
of the Defence Regulations, 1939, revokes the Control 
of Aluminium (No, 3) Order, 1939, but repeats its 
principal provisions, in which it was laid down that 
a licence is required for the purchase, sale, or use 
of unwrought aluminium and aluminium alloys. The 
importance of the new Order, however, lies in the fact 
that, under it, the Ministry of Supply becomes the sole 
seller of virgin aluminium. No maximum price is, 
therefore, necessary in the Order, but the Ministry has 
decided to sell aluminium, in notch-bar or ingot form, 
until further notice, at 1101. per ton, delivered into 
consumers’ works, Extra prices will be charged for 
other forms of aluminium, and for metal of higher 
purity. The maximum prices previously in force for 
aluminium alloys, virgin or secondary, and for scrap, 
have been withdrawn, and no maximum prices are 
scheduled in the new Order. It is anticipated, however, 
that they will find a reasonable level by reference to the 
new price for the virgin metal in ingot form, and it 
is emphasised, moreover, that the price situation of 
these materials will be closely followed. Furthermore, 
the Ministry is empowered to impose maximum prices, 
at any time, by the issue of Directions. All inquiries 
regarding the new Order, which will shortly be pur- 
chasable from H.M. Stationery Office, York House, 
Kingsway, London, W.C.2, should be addressed to the 
\luminium Control, Raven Hotel, Shrewsbury. 





BRITISH STANDARD | 
SPECIFICATIONS. | 


{mong the speciications issued by the British | 
Standards Institution, the f llowing may be of interest | 
to our readers. Copies are obtainable from the Publi- 
cations Department of the Institution, 28, Victoria- 
street, London, 8.W.1, and, unless otherwise stated, | 


the price is 2s, net, or 2s, 2d. including postage. 


Read-Traffic Signs.—Specification No. 873-1939, 
covering the construction ef cast-metal road-traffic 
signs and posts, has now been issued. The publication 
deals with the material, quality, dimensions and finish | 
of the signs and posts, while the number and size of | 
reflectors in the symbols of certain of the warning | 
signs, prescribed in the Ministry of Transport Regula 
tions, are also laid down. The optical properties of 
reflectors and reflecting media are not included in the 
present issue, but thev are being investigated, and it is 


intended to issue requirements for them later as an 
addendum to the specification. Meanwhile, certain 
general conditions with which reflectors and reflecting 
media shall comply are given, pending their more 
complete specification. 
; Hardwoods and _ Softwoods. 

The work of standardising definitions for timber 
was outlined by the Building Divisional Council of 
the Institution in November, 1932, and, in September, 
1934, specification No. 565, covering terms and defini- 
tions applicable to softwoods, was issued. It was 
stated therein that the work was being continued by 
drafting definitions and terms applicable to hardwoods. 
This work has now been completed and a revision of 
specification No. 565 issued. This publication con- 
stitutes primarily an amplification to include terms 
applicable to hardwoods, but advantage has been 
taken of the opportunity to make a few modifications 
to certain of the definitions previously included. 
These terms and definitions, it is explained, are put 
forward for adoption by the timber trade with the 
object, as they become more widely known, of simpli- 
fying commercial transactions and removing the many 
misunderstandings which arise from the absence of a 
uniform nomenclature. 

Definitions of Heat Insulating Terms.—In 1936 the 
Building Divisional Council of the Institution 
appointed a committee for the purpose of preparing 
standard terms for expressing heat insulation and also 
methods of test for determining heat-insulating pro- 
perties. Specification No. 874-1989, dealing with 
definitions of heat-insulating terms and methods of 
determining thermal conductivity and solar reflectivity, 
is the outcome of the work of the committee. The aim 
in the preparation of the definitions and symbols has 
been to put forward a consistent terminology which 
should conflict as little as possible with that in use in 
other countries, with a view to clearing up the present 
confusion in many of the terms used. The committee 
has realised that in many cases the thermal conductivity 
alone does not suftice to give complete information on 
the thermal behaviour of a structure (for example, 
the electric oven). The desirability of including speci- 
fications appropriate to various articles in this cate- 
gory was discussed, therefore, but the members were 
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deterred from doing so, both on account of their 
incomplete knowledge of the relevant factors, and also 
because it was felt that thermal insulation is but one 
aspect of the design and performance of such articles. 
Consequently, it was thought preferable to group 
together the various matters affecting any one article, 
in a specification devoted entirely to that article. 
Abrasive Papers and (loths.—Two specifications 
have now been issued dealing with abrasive papers 
and cloths. The one, No. 871-1939, covers materials 
for general purposes and the other, No. 872-1939, 
deals with technical products. The latter provides 
for abrasive papers and cloths used by engineers, wood 
and metal workers, painters and others, and covers 
flint papers, silicon-carbide papers, garnet papers and 
cloth, and aluminium-oxide metal-working cloth. The 
specification for general purposes covers emery cloth, 
glass paper, glass cloth and flint paper and flint cloth. 
It has not been found possible, at this stage, to include 
a comprehensive test for the quality of the finished 


product as insufficient data are available to form | 


the basis of test requirements. Experiments are being 
made and the subject will be given further consideration 
when, in due course, the specifications come up for 
revision. In view of the fact that it is not possible to 
specify grading requirements for the abrasives, and 
since it was felt that no special advantage would be 
gained by the provision of cards to illustrate the grading 
in each specification, it has been decided that coated 
samples and samples of standard sands shall be depo- 
sited at the offices of the Institution. 

Mining-T ype 7 ransformers.—A revision of specifica- 
tion No. 355, which deals with mining-type transformers, 





~ 
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| has now been issued. The specification was first pub- 
| lished in 1929, and the revision has been undertaken to 


bring it into accordance with the present-day require- 
ments of the colliery industry. The specification applies 
to non-flameproof transformers, for use below ground, 
of a rating up to 300 kVA, three-phase, and up to 
50 kVA, single-phase ; and to flameproof transformers 
of a rating up to 3 kVA, three-phase, and 5 kVA, 
single-phase. The publication also embraces trans- 
formers of any size, for use above ground, and trans- 
formers for intrinsically-safe signalling. The specifica- 
tion is divided into three parts, the first of which applies 
generally to transformers for use above and below 
ground. Part 2 applies specifically to transformers for 
use below ground, including apparatus for signal 
bells, and part 3 applies to transformers for use 
only above ground. In the publication are defined the 
requirements for transformers of the oil-immersed, 
naturally-cooled, non-flameproof type, and of the 
flameproof type up to certain rating limits, either air- 
insulated, oil-immersed, or compound-filled. 








ENGINEERING TRAINING AND 


EDUCATION. 


Elgar Scholarship in Naval Architecture.—The Elgar 
Scholarship in naval architecture, which has an annual 
value of 130/. per annum and is tenable for three or 
four years, according to the length of the course at 
the university selected, will be offered for competition 
in 1940. Further particulars regarding the Scholarship 
may be obtained from the Secretary of the Institution 
of Naval Architects, 10, Upper Belgrave-street, London, 
S.W.1. Entries close on January 5, 1940. 








TENDERS. 


We have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, 8.W.1, particulars 
of the undermentioned tenders, the closing dates of 
which are as stated. Details may be obtained on applica- 
tion to the Department at the above address, quoting 
the reference numbers given. 

Pumping Sets of the centrifugal single-inlet type, 
arranged for vertical drive; each to have a continuous 
output of 250 gallons per minute against a delivery head 
of 17 ft., excluding friction losses. Complete with valves, 
piping and motor-control equipment. Public Works 
Department, Wellington, N.Z.; February 6, 1940. 
(T. 29,120 /39.) 

Machine Tools, including screwing and hacksaw 
machines, engineers’ lathe, radial drill, sensitive drilling 
machine, and pedestal-type emery grinding machine. 
Public Works Department, Wellington, N.Z.; January 9, 
1940. (T. 29,121/39.) 





Swepiu Iron Ore.—The quantity of iron ore 
exported from Sweden during July was 1,364,000 metric 
tons, compared with 1,329,000 tons in the preceding 
month. The total for July was the largest in any month 
since September, 1937. 


DEc. 


PERSONAL. 
Mr. E. Bruce BALL, Junr., M.A., sales manager of 
Messrs. Glenfield and Kennedy. Limited, Kilmarnock, 
has been elected a director of the Company. 


Dr. HERBERT CHATLEY, M.Inst.C.E., has been decor- 


I, 1939. 


| ated with the Order of the Brilliant Jade by the President 


of the National Government of the Republic of China, in 
recognition of the valuable services rendered by him as 
Engineer-in-Chief of the Whangpoo Conservancy Board. 
H.M. the King has been pleased to grant Dr. Chatley his 
authority to wear the Insignia of the Order. 








BOOKS RECEIVED. 


Egypt. Ministry of Public Works. Physical Department. 
Paper No. 57. The Nile Basin. Second Supplement to 
Volume III. Ten-Day Mean and Monthly Mean 
Gauge Readings of the Nile and Its Tributaries for the 
Years 1933 to 1937 and Normals for the Period 1912 
to 1937. Bilaq, Cairo: Government Press. [Price 
P.T.50 or 10s.) 

Department of Scientific and Industrial Research. Forest 
Products Research. A Handbook of Empire Timbers. 
Edited by H. A. Cox. London: H.M. Stationery 
Office. [Price 3s. 6d. net.) 

A Romance of Industrial Engineering. By J. A. MORRIs. 


Kilmarnock: Glenfield and Kennedy, Ltd. [Price 
15s. 6d.) 
Department of Overseas Trade. No. 736. Report on 


Economic and Commercial Conditions in Canada, July, 
1939. By A. R. Bruce, under the direction of A. M. 
WISEMAN. London: H.M. Stationery Office. [Price 
2s. 6d. net.) 

Mazak Manual. Zinc Alloys for Die Casting. Revised 
edition. Avonmouth Works, Avonmouth, Glos. : 
Imperial Smelting Corporation, Ltd. [Free.] 

Electricity (Supply) Acts, 1882 to 1936. Nineteenth 
Annual Report of the Electricity Commissioners. ist 
April, 1938, to 31st March, 1939. London: H.M. 
Stationery Office. [Price 2s. 6d. net.] 

Medical Research Council. Nineteenth Annual Report of 
the Industrial Health Research Board, to 30th June, 
1939. London: H.M. Stationery Office. [Price 6d. 
net.] 

Mechanics Applied to Vibrations and Balancing. By 
D. L. THorntron. London: Chapman and Hall, Ltd. 
[Price 36s. net.] 

Western Australia. Annual Report of the Inspection of 
Machinery Branch, Mines Department, for the Year 
1938. Perth, Western Australia: Fred. Wm. Simpson. 

Planning, Estimating and Ratefiring for Production 
Engineers and Students. By A.C. WHITEHEAD. Third 
edition. London: Sir Isaac Pitman and Sons, Ltd. 
[Price 10s. 6d. net.] 

Theory of Machines. By Louis Tort and A. T. J. 
Kersey. Fourth edition. London: Sir Isaac Pitman 
and Sons, Ltd. [Price 12s. 6d. net.] 

** Verbal"’ Notes and Sketches for Marine Engineer 
Officers. i Manual of Marine Steam Engineering 
Practice. Including Indicator Diagrams. By J. W. 
SOTHERN. Revisedandenlarged. Fourteenth edition 
In two volumes. London: Technical Press, Ltd. 
[Price 60s. net. together.) 

Second Year Engineering Science. Mechanical. By 
G. W. Birp, revised by B. J. Tams. Second edition. 


London: Sir Isaac Pitman and Sons, Ltd. [Price 
6s. net.) 
Ministry of Transport. Roads Department. E.rperi- 


mental Work on Roads. Report for 1938-39 of the 
Experimental Work on Highways (Technical) Committee. 
London: H.M. Stationery Office. ([Price 2s. 6d. net.) 
The Railear 1847-1939. By R. W. KipNerR. 19, The 
Drive, Sidcup, Kent: The Oakfield Press. London: 
The Locomotive Publishing Co. [Price 4s. 6d.) 
Lloyd’s Register of Shipping. Rules for Electric Propelling 
Machinery and Electrical Equipment. November, 1939. 
London: Lloyds Register of Shipping. [Price 5s.] 








PRESENTATION TO Mr. A. J. GRANT.—-To commemorate 
his successful year of office as Master of the Cutlers’ 
Company of Hallamshire. the directors and staff of 
Messrs. Thos. Firth and John Brown, Limited, Atlas 
and Norfolk Works. Sheffield, have presented Mr. A. J. 
Grant, the managing director of the Company, with 
his portrait in oils, painted by Captain Oswald Birley, 
of London. In ordinary circumstances, the presen- 
tation would have been made, at a meeting of the 
subscribers, by Mr. John Smith, chairman of the Staff 
Society, but owing to the outbreak of the war, this 
ceremony could not be held. The portrait was given 
to Mr. Grant with the congratulations and good wishes 
of his co-directors, the members of the Staff Society. 
and the agents and representatives of the Company 
from all parts of the world. In view of the cancellation 
of the meeting, Mr. Grant has sent a personal letter of 
acknowledgement and appreciation to each of the sub- 
acribers. 
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NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

General Situation.—-A gradual increase in the supply 
of iron and steel for ordinary industrial needs permits a 
little expansion in the usual transactions, but producers 
have still to concentrate largely on meeting wartime 
requirements. While trading is on a less restricted scale 
than of late, material movement towards the restoration 
of normal market activity is not yet in sight. 


Cleveland Iron Trade.—The make of Cleveland pig 
is still suspended and the light stocks at the blast furnaces 
are decreasing at a rate that will soon necessitate the 
resumption of production, unless foundry-iron consumers 
increase the already heavy use of tonnage from other 
home producing centres. The demand for Cleveland 
qualities continues to be met. Merchants are handling 
rather more iron and have little difficulty in obtaining 
delivery licences for distribution among home firms. 
The output of Cleveland pig could be promptly enlarged 
by changing over plant making other descriptions of 
iron to the production of the foundry quality. Continental 
parcels of iron continue to be offered here, but the prices 
asked are well above the figures named for Tees-side 
brands, and much too high to tempt foundry owners to 
return to the use of foreign products. Stabilised quota- 
tions for Cleveland pig are at the level of No. 3 descrip- 
tions at 108s., delivered to local buyers. 


Hematite.—Consumption of East Coast hematite is 
large and is steadily rising. Output is not equal to the 
current needs, but the tonnage accumulations at makers’ 
yards are heavy and as the make promises to be at least 
maintained, the supply is regarded as ample for the 
requirements of several months ahead. Producers’ own 
consuming departments absorb the bulk of the supply. 
Full deliveries are being made against running contracts, 
ahd users dependent on the market for iron are anxious 
to negotiate extensive new business, but producers are 
disinclined to enter upon further important commitments 
until they have executed a good deal of the orders with 
which they are now dealing. Fixed prices are based on 
No. 1 grade of heniatite at 124s. 6d., delivered to North 
of England areas. 

Basic Tron.—The large output of basic iron continues 
to be fully absorbed by the needs of producers’ own 
steelworks and the quotation of 101s. 6d. is nominal. 

Foreign Ore.—Imports of foreign ore cover users’ 
present requirements; consumers have little or no 
occasion to purchase. They have large contracts against 
which to draw and expect supplies to come in satisfac- 
torily. 

Blast-Furnace Coke.—Durham blast-furnace coke is 
in very ample supply. Local userg have made provision 
for their needs over considerable periods, and the volume 
of business passing is light. Recognised market values 
are ruled by good medium qualities at 29s. 2d. at the 
ovens. 

Manufactured Iron and Steel.—-With deliveries of 
home-made semi-finished iron and steel on a further 
improved scale and the continuation of imports of 
Continental commodities, re-rollers are in a position to 
keep their works busily employed. Finished-iron 
producers have well-filled order books and finished-steel 
manufacturers have still to run plant at its full capacity 
in order to cope with the demand. Sheet makers are 
rapidly completing Government work and gradually 
turning attention to the usual orders, the execution of 
which has been necessarily delayed. Firms turning 
out shipbuilding material are assured of the employment 
of their plant for some time to come. The output of 
structural steel continues to be heavy. The principal 
market quotations for home trade include :—Soft steel 
billets, 82. 7s. 6d.; hard steel billets, 91. 10s. ; steel ship 
bridge and tank plates, 11/7. 10s. 6d.; steel boiler plates, 
121. 10s.; joists and sections, 111. 10s.; black sheets, 
No. 24 gauge, 161. 2s. 6d.; and galvanised corrugated 
sheets, No. 24 gauge, 181. 12s. 6d. 

Scrap.—The supply of iron and steel scrap still falls 
short of the unabated demand, but deliveries are expected 
to improve. 








THe “‘ TimKEN TriMEs.”’—Messrs. British Timken, 
Limited, Cheston-road, Aston, Birmingham, 7, have sent 
us a copy of the second issue of T'imken Times, a quarterly 
publication in which are reviewed recent applications of 
ball and roller bearings. The issue contains an article 
on the mounting of taper-roller bearings, and descrip- 
tions of large bearings, each weighing 4 tons when 
assembled, for a cold sheet-Polling mill ; a vertical-spindle 
grinding machine made by Messrs. John Lund, Limited, 
Cross Hill, near Keighley ; a dough-mixing and kneading 
machine made by Messrs. James Cruickshank, Limited, 
Edinburgh ; a concrete-mixing machine made by Messrs. 
Millars Machinery Company, Limited; and other 
machines and equipment in which the firm’s bearings 
are employed. 


NOTES FROM SOUTH YORKSHIRE. 
| SHEFFIELD, Wednesday. 

| tron and Steel.—A feature of the market in raw and 
semi-finished materials is the increased demand for acid 
carbon steel scrap, wrought-iron scrap and cast-iron 
varieties. Maximum deliveries of all kinds of steel are 
leaving the local furnaces. An encouraging feature, 
having regard to the difficulties of the British auto- 
mobile engineering industry, is the enlarged call from 
manufacturers in the Dominions and elsewhere overseas 
for automobile steel and constructional parts. Business 
with the United States shows an upward trend after a 
dull period. Tools and agricultural implements figure 
among revived specifications. More inquiries are cir- 
culating from Holland, Sweden, and Denmark. Makers 
of milling cutters and reamers are hard pressed to keep 
pace with current demands, and producers of small 
tools, though working at full pressure, find it impossible 
to satisfy all requirements quickly. 

South Yorkshire Coal Trade.—Amendment of the 
rationing scheme has brought solid benefit to the house- 
coal trade. Enlarged supplies being available, depots 
have no difficulty in satisfying requirements in any 
representative grade. There is a sustained demand for 
industrial fuel on inland account, with a slight improve- 
ment in foreign inquiry. Having regard to all the 
circumstances, shipments are maintained at a satis- 
factory level. The market in gas coal and slacks is 
active, while current business in blast-furnace coke is 
brisk, and there is evidence of a strong forward inquiry. 
Easier conditions obtain in central-heating coke. 








NOTES FROM THE NORTH. 
GLascow, Wednesday. 

Scottish Steel Trade.—More and more steel for essential 
purposes is being demanded by consumers, and the 
Scottish steel makers are replying with a steadily increas- 
ing output. All the works in this area are operating at 
top speed. A fair proportion of the present production 
is being spread over different engineering concerns with 
connections in overseas countries. Their finished 
manufactures represent a considerable sum in money 
and Government credit is thus strengthened. The export 
of unmanufactured steel itself is also being encouraged 
by the Government and our overseas connections are 
being maintained thereby. The demand for black steel 
sheets continues on a large scale and makers are hard 
pressed to cope with the demand; the current output 
is at a maximum. Structural sections are moving 
steadily, as there is a large amount of erection work in 
hand at present. Prices are steady and the following 
are to-day’s quotations :—Boiler plates, 121. 8s. per ton ; 
ship plates, 111. 10s. 6d. per ton; sections, 111. 8s. per 
ton; medium plates, 131. 2s. 6d. per ton; black-steel 
sheets, No. 24 gauge, 161. 2s. 6d. per ton; and galvanised 
corrugated sheets, No. 24 gauge, 18/1. 12s. 6d. per ton, all 
delivered at Glasgow stations. 

Malleable-Iron Trade.—Active conditions prevail in 
the malleable-iron trade of the West of Scotland, and 
a good output is being produced. The re-rollers of steel 
bars continue to be busy and as stocks of raw materials 
are very satisfactory there has been no falling-off in 
output. Fairly good supplies of semies have been 
coming in from the steelworks and from the Continent, 
but in order to maintain output on the highest possible 
level, negotiations are now going on for increased supplies. 
Current quotations are as follows :—Crown bars, 
12/. 15s. per ton; re-rolled steel bars, 121. 19s. per ton ; 
No. 3 bars, 121. 7s. 6d. perton ; and No. 4 bars, 121. 12s. 6d. 
per ton, all for home delivery. 

Scottish Pig-Iron Trade.—The demand for Scottish 
pig iron continues to be very strong and the present 
large output of hematite and basic iron is speedily 
absorbed. The tonnage being delivered to the steelworks 
has been increased to a large extent because of the heavy 
demand for steel. Foundry grades of iron are also moving 
away freely. Prices are firm and are as follows :— 
Hematite, 61. 4s. 6d. per ton, and basic iron, 51. 1s. 6d. 
per ton, both delivered at the steelworks; foundry 
fron No. 1, 5l. 12s. per ton, and No. 3, 51. 9s. 6d. per ton, 
both on trucks at makers’ yards. 

Shipbuilding.—Much activity is general at the various 
Scottish shipbuilding yards, and the industry is fully 
employed. Deliveries of the necessary materials for 
construction is ample to meet all requirements. 











FuvEL LUNCHEON CLUB.—The next meeting of the 
members of the Fuel Luncheon Club will take place at 
the Connaught Rooms, Great Queen-street, Kingsway, 
London, W.C.2, on Thursday, December 7, at 12.40 for 
| 1 p.m., when the after-luncheon address on “ Possible 
| Fuels * will be given by Professor A. C. G. Egerton, 
| F.R.S. The Chair will be taken by the President, 
| Lt.-Colonel W. A. Bristow, M.I.E.E. 


! 





NOTICES OF MEETINGS. 





Roya InstirutTron.—To-day, 2.30 p.m., 21, Albe- 
marle-street, W.1. ‘‘ Infra-Red Spectra and the Struc- 
ture of Molecules,”’ by Drs. W. H. J. Childs and H. A. 
Jahn. Monday, December 4, 3 p.m., General Meeting 
of Members. Wednesday, December 6, 2.30 p.m.., 
‘* Magnetiam and the Structure of Matter,” by Mr. K. 
Lonsdale ; 5.15 p.m., “‘ Transmission of Radio Waves 
Through the Atmosphere,” by Mr. E. V. Appleton. 
Thursday, December 7, 2.30 p.m., “‘ History of the 
Vacuum Flask,” by Professor Sir William Bragg. Friday, 
December 8, 2.30 p.m., “‘ Infra-Red Spectra and the 
Structure of Molecules,” by Drs. W. H. J. Childs and 
H. A. Jahn; 5.15 p.m., “‘ Transmission of Radio Waves 
Through the Atmosphere,” by Mr. B. V. Appleton. 

NorTH-East Coast INSTITUTION OF ENGINEERS AN) 
SHIPBUILDERS.—Student Section : Saturday, December 2, 
2.30 p.m., Bolbec Hall, Newcastle-upon-Tyne, 1. Address : 
“ From the Shipowner’s Point of View,’’ by Major T. R. 
Cairns. 

INSTITUTION OF STRUCTURAL ENGINEERS.— Yorkshire 
Branch: Saturday, December 2, 2.30 p.m., The Hotel 
Metropole, Leeds. ‘‘ Coast Erosion and Defence Works,”’ 
by Mr. G. McLean Gibson. 

INSTITUTION OF ELECTRICAL ENGINEERS.—South Mid- 
land Students’ Section: Monday, December 4, 7 p.m., 
The James Watt Memorial Institute, Birmingham. 
Problems Evening. 





NOTES FROM THE SOUTH-WEST. 


CARDIFE,, Wednesday. 


The Welsh Coal Trade.—The likelih of any large- 
scale change-over from petrol and oil to producer gas, 
using home-produced coal for road-transport vehicles 
was again under discussion in South Wales last week. 
Interest in the system has been revived during recent 
weeks, following the lead given by the Government to 
encourage alternative fuels. A conference representative 
of the coal industry, road transport, industrialists and 
the local] authorities was held at Cardiff during the week, 
when the importance of the matter to the district was 
stressed. It was pointed out that, if half of the existing 
heavy goods and passenger vehicles on the roads turned 
over to producer gas, it would mean a steady market 
for about 3,500,000 tons of Welsh anthracite coal per 
annum, and employment for about 16,000 miners. It 
was announced that an industry was to be established 
in the area, first, for the manufacture of producer-gas 
units for the conversion of existing vehicles, and later for 
making producer-gas vehicles. Prospects of an increase 
in trade with Italy as a result of the blockade by Great 
Britain upon Germany’s export trade were arousing a 
good deal of speculation. It was pointed out that, in 
recent years, Italy has drawn practically half of her 
total coal imports, amounting to about 12,000,000 tons 
per annum, from German sources. By far the largest 
portion of this quantity has been sent by sea via the 
Dutch ports, and this trade will now be brought to a 
complete standstill. Only a very small proportion of 
German coal has been sent by the overland route, and, 
following the numerous complaints that have been madc 
in Germany concerning the shortage of railway wagons, 
it would not seem likely that Germany would be able 
to increase the trade by any material extent. Demand 
continued active on the steam-coal market throughout 
the week. Buyers in both the home and principal 
overseas trades were showing keen interest, but the 
amount of business that could be negotiated was still 
severely limited by the shortage of available supplies. 
Collieries were kept busy completing deliveries on account 
of past contract bookings, and, as a rule, held sufficiently 
well-filled stem lists to ensure the steady absorption of 
almost the whole of their potential outputs over some 
months ahead. As a result the general tone was firm. 

The Iron and Steel Trade.—Active conditions continued 
also in the iron and steel and allied trades of South Wales 
and Monmouthshire during the week. Works were 
engaged almost to full capacity and a keen demand was 
encountered, while orders were booked for delivery 
several months ahead. The tone was strong. 








IRON AND MANGANESE-ORE MINES IN RussIA.—We 
are informed that two new iron-ore mines, each having 
an annual output capacity of 2,700,000 tons, have 


| recently commenced operations in the Krivoi Rog ore 


field, in the Dniepropetrovsk Province of the Ukraine, 
U.S.S.R. The sinking of another mine, which, it is 
said, will be capable of producing 5,400,000 tons annually, 
is also proceeding. No particulars regarding the nature 
or composition of the ore are apparently available for 
publication. We understand that two further new mines 
at Nikopol, which is also in the Krivoi Rog district, are 
now in operation. They are capable of producing 
300,000 tons of a manganese ore per annum. 
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IMPROVED LIGHTING ON Matn-Line TrRatvs.—The 
London Midland and Scottish Railway Company informs 
us that upwards of 50 main-line train services are now 
equipped with the improved standard of interior lighting, 


affording sufficient light for passengers to read in comfort. 


REPAIR OF DAMAGED WATER MAINS 
aspect of Air Raid Precautions is that dealing with the 


An important 


SERVICE IN THE 


(For Description, see Page 607.) 


aTING Vacuum Pump; 


8. Barometric ConpENSER; M RS. 


repair of water mains which may be damaged through 
enemy action Messrs. Glenfield and Kennedy, Limited, 
Kilmarnock, have given considerable attention to this 
question, and have developed a ready repair system 
which is described in a brochure entitled Glenfield E’mer- 
gency Repair System for Water Mains. The brochure deals 
with possible types of damage and suggests how they 
may be handled. It also illustrates the different types of 


_ 


MEssrs. 


CHEMICAL 


arrs LIMITED. 


Biarrs LiMirep. 


fittings that are available; for example, the gland con 
| nector for blanking off the ends of a broken pipe .and 
| providing for hoses or other pipes to carry the flow 
| temporarily, by bridging over a heap of debris or other 
| obstruction, and to enable local supplies to be obtained. 
| Practical instructions are given for the rapid installation 
| of the repair system, whether the break be situated in a 
bomb crater or buried under a collapsed building. 
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Steer rales reds Vahicice aaa in this allocation the demands both of the services 
Notes flex 615 and of home and export trade have to be considered 
7 | with due regard to emergencies; and he dealt, 


The Report of the Pacific Locomotive Committee 616 , 2 
particularly, with timber as an example of the prob- 
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Cycles 618 In so doing, he did not conceal the fact, which is 
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.9.| turn to substitute materials for many purposes, 
.5, | including the provision of hutments, which are 
626 urgently required. The reason for this is clear 
i Deas ‘ : vibes | enough ; and as we are dealing with an enemy who 
OF Poe tbe fie Z ye sana add ‘esha | has displayed a remarkable capacity for turning the 
anne AND SaVLV ATOM. | most innocent statement to the purposes of a propa- 
| ganda which is distinguished by an absolute disregard 
| for truth, it is undesirable to say more. The Ministry 
| believe, however, that they now have the situation 
under control and that before long some improve- 
ment may be expected. 

We may, perhaps, be permitted to endorse 
| that hope, not the less because we feel that the 
|war should not be conducted on lines which 
———— - = oe ‘entirely ignore the future. The position at the 

|moment differs from that of 1914-18 in that, in 

PRIORITIES AND CONTROLS. | addition to a war expenditure which, as is obvious 

Durtna the war of 1914-18, the Ministry of| from what the Chancellor of the Exchequer has 
Munitions, in an endeavour to assist the production hinted, has already reached figures which exceed 
and delivery of material essential for the successful | 6Ve" the gargantuan amounts of those days, there 


furtherance of hostilities, issued no less than 200,000 has heen, for many years, an increasing outlay on 
we 


priority certificates in a period of two years. The | What are known as social services. 
Admiralty and other service departments adopted a | have been gradually approaching, perhaps unknown 
similar procedure, with a result that requires no | to ourselves, a state in which everyone, whose own 
great stretch of the imagination to visualise. In the | Tesources did not enable him to maintain a certain 
human sphere, in fact, Gilbert had foreseen the | level of comfort, was beginning to expect, if not to 
situation years before, and stated correctly that | demand, that the difference should be made up by 
“when everyone is somebody, then no one’s any-| the community. Whether this is a good or a had 
body.” Priority certificates, indeed, lost their value | thing is not within the scope of this journal to discuss, 
as a means of assisting the proper organisation of |¢xcept to say that matters have now gone 80 
essential war work and it is highly probable that, had | far along the road we have indicated that no 
the war continued beyond November 11, 1918, funda- | Tetracement is possible. It may well be that for 
mental changes in procedure would have to have many reasons the pace will be accelerated ; and that 
been made to avoid chaos. One of the strange | many of the amenities that the individual has 
advantages of the present war is that, as it follows so | regarded as his duty and pleasure to provide for him- 
soon upon its predecessor, there has not been time | Self will have to be provided, in future, by the state 
for all the lessons, then so painfully learned, to| OT not at all. 
be forgotten. Instead of beginning all over again,| For many ordinary citizens this is not an attrac- 
therefore, as we had to do in 1914, we have been| tive outlook, but it may well be argued that the 
able to start more or less where we left off ; and | alternatives are still more unpleasant. If this state- 
to apply our experience from the beginning, instead | ment of the position is correct, it is clear, however, 
of waiting until lives and money have been unneces- | that we cannot afford to check too abruptly what is 
sarily wasted in experiment and by conservatism. | being done under the headings of health, housing 
How this is being done in the important field of | and education ; and that along with our increasing 
what it is still convenient to call munitions (for| war effort must go an increasing endeavour to 
that term covers very much more than ordnance | design a more efficient peace-time organisation. 
and other military equipment) was well brought | In putting forward this suggestion, it may seem that 
out in a statement made last week by Colonel J. J.| we have wandered far from the subject which forms 
Llewellin, M.P., Parliamentary Secretary of the | the title of this article, but further reflection, we 
Ministry of Supply. He insisted, and no one will be | think, will show that in the limit the two are closely 
disposed to disagree with him, that the proper | interconnected and that it would be unwise to allow 
allocation of productive capacity and raw materials | the urgent necessity of winning the war—and that, 
is the only basis upon which a successful war can/| of course, is the immediate and urgent task—to 
be waged. With that end in view, the Ministry | obscure the fact that there must be as little weaken- 
which he represents was formed and has organised ing as possible of the social structure, if victory 
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is not to be followed by collapse. As doctors 
know, the dangerous time for the patient is often | 
not so much when he is ill as when he is convalescent. | 

To return to our main subject, though fundamen- 
tally we agree that the present organisation of 
controls is better than the old scheme of priorities, 
that is not to say that we regard it as per- 
fect. The Ministry of Supply would, therefore, be 
unwise to regard the useful work which they have 
admittedly done with too great an air of compla- 
cency. One of the drawbacks of the system is the 
decentralisation of the controlling officials. This | 
makes it difficult to communicate with them by 
personal contact and even by telephone. Another is 
that the regional organisation has not always been 
designed with a proper regard to the “load” in a 
particular area. Until we know for certain what 
form air warfare is likely to take during the coming 
months, the decision to persevere with decentralisa- 
tion is probably correct. On the other hand, the 
Ministry has been allowed time to perfect its organi- 
sation in a way which it could hardly have expected 
a few weeks ago, and it would, therefore, be well 
advised to conduct without delay a careful investi- | 
gation of the whole machine, so that causes of 
friction, both internal and external, may be elimi- 
nated. This is for every reason desirable, not the | 
least because it will remove reasons for just criticism 
and turn a number of those who are irritated and | 
dispirited with certain phases of the operations 
into willing helpers. In principle, the idea of a 
Ministry of Supply is sound. It would have been 
as well, in fact, if its organisation had been started 
If those who control it can make it as| 
sound in practice and performance they will have 
deserved well of their country. 


sooner. 
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what proportion of the fatigue normally resulting 
from a long car journey is due to noise as distinct 
from motion, comparison between different vehicles 


| being almost impossible, due to the fact that the 


quietest cars are usually those in the more expen- 
sive classes, and, therefore, are also the roomiest 
and best sprung. There is no question, however, 
that noise in itself is a cause of fatigue and dis- 
comfort, and that it is desirable to reduce it to 
a minimum. Unfortunately, as was pointed out | 
by Dr. D. B. Foster in a recent paper* contributed 
to the Proceedings of the Institution of Automobile 
Engineers, the aural loudness of a noise and the 
strength of the sound producing it are related by a 
law which operates to the disadvantage of the noise- 
reduction investigator. This law is such that, if it be 
wished to reduce the total loudness of a noise to 
one-quarter of its original value, it is necessary to 
reduce the sound power producing it to one-| 
hundredth of its original value. Dr. Foster points 
out that a struggle with such an overpowering 
law is doomed to failure ; automobiles will never 
be absolutely silent, since the energy corresponding 
to their present sound level of about 80 decibels | 
would have to be reduced by about 100 million | 
times to secure this result. Happily the object to 
be aimed at is not absolute silence, but an appre- 
ciable reduction in the total volume of sound 
emanating from the average car. 

In this connection, it is advisable to make a| 
clear distinction between the noise made by a new 
vehicle and one that has been on the roads for any 
length of time. Every motorist is aware that cars 
tend to become more noisy with lapse of time, and, 
in fact, it is no bad guide in estimating the mechanical 
condition of a used car to listen to the noise generated 
on the various gears. While noises made by vehicles 
with some thousands of miles to their credit form 


|an interesting study, they may be left out of the 


INTERNAL NOISES IN MOTOR 


VEHICLES. 


ALTHOUGH the whole development of the modern 
petrol vehicle is embraced by a period of some 
thirty years, it seems a far ery to the day when 
automobile designers were chiefly concerned to 
produce a vehicle of sufficient reliability to ensure 
an absence of breakdown every few miles, and no 
attention whatever was given to the comfort of 
the driver or passengers. As reliability increased, 
however, it was realised that motoring could never 
make a wide appeal so long as it was regarded only 
as a pastime for heroes in exotic leather garments, 
and once the idea of comfort as a factor in design 
was accepted, it may almost be said to have become 
the dominant note. That this is true to-day, at any 
rate, is suggested by the most casual study of 
automobile advertising. Quite apart from develop- 
ments in the coachbuilder’s art, carefully-balanced 
engines, simplified gear changing, independent wheel 
suspension, and other purely mechanical improve- 
ments are all presented to the buying public as 
adding to the comfort of driver or passenger, though 
many of these improvements have been made pri- 
marily to reduce manufacturing costs, to secure fuel 
economy, or to reduce the stresses to which parts 
are subjected. So much emphasis, in fact, has been 
laid on the comfort aspect of car design that the 
future might appear to offer little scope for further 
development... There is one direction, however, in 
which room for further progress undoubtedly exists, 
namely, that of noise reduction. While it may 
appear, to those who can recall the noise emitted 
by early cars, that the modern vehicle repre- 
sents the ne plus ultra of progress in this respect, 
it is only necessary to notice the performance of 
an ¢ lectric-battery vehicle to be convinced that this 
is not the case. 

It is usual when considering the noise made by 
motor vehicles to look at the problem from the | 
point of view of the man on the pavement, as it is 
in its external effects that the noise may be con- 
sidered most objectionable. This aspect of the 
question was discussed quite recently in our 
columns,* and on the present occasion we propose to 
consider the question of noise as it affects the driver 


present discussion. They arise partly from wear 
and partly from the shaking loose of components, | 
neither of which causes of noise is germane to| 
the noise created in a new vehicle. The chief 
sources of noise in the latter are those arising from | 
movements caused by road irregularities, from the | 
engine, from the transmission, and from the wind. | 
The relative importance of these sources of noise | 
varies with the make of car, and even with individual 
cars, but it may, be said that, even in cars of the | 
highest class, engine and transmission noise pre- 
dominate on the lower gears. In fact, it would be 
aiming at an impossible ideal to attempt to design 
a car which would be as quiet on the lower gears 
as on direct drive ; and, except in cases where engine 
or transmission noise becomes excessive at the high 
shaft speeds imposed by indirect drive, it is 
generally sufficient to judge the performance of a 
car when running in top gear. A point which has 
to be taken into consideration when considering the 
noise arising from the various components is the fact 
that one noise may be regarded as much more 
objectionable than another of equal volume. This 
factor is expressed by Dr. Foster in the statement 
that the ear dislikes change of sound or a pre- 
dominant feature in a sound, and that the aim of 
the noise-reduction engineer should be to drive any 
such predominant features or variations into the 
general background, so that the sound is colourless 
or flat in its characteristic. Perhaps this aspect of 
the question can best be brought home by pointing 
out that quite a low noise may possess the charac- 
teristic of “ setting the teeth on edge.” 

The commonest noises arising from running on 
an irregular road surface are squeaks and rattles 
due to the movement of loose parts. This type of 
noise, while annoying and difficult to locate, should, 
of course, be entirely absent in a new car. Even 


| when there is no audible squeak or rattle, however, 
| noises arise from the body to which the names of 


“rumble” and “growl” are given by Dr. Foster, 
rumble being characterised by a very low frequency 
and growl being a higher-pitched sound. One or 
both of these noises will always be present, due 
to the fact that the body is not a rigid structure, 
but flexes as the wheels encounter road irregularities. 
They should be distinguished from the rattle or 


and passengers. It is extremely difficult to estimate | drumming caused by a panel or other part being set 


“ The Noise of Motor Vehicles. "ENXGmxeerine, vol. 
147, page 446 (1939), 


* “The Instrumental Attack on Automobile Noise,” 
The 1.4.E. Journal, October, 1939. 
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in vibration by the primary out-of-balance force of 
the engine or by a harmonic of this force. Rumble 
and growl were investigated by Dr. Foster, using 
a sound meter consisting essentially of a microphone, 
amplifier, volume control, and indicating meter. 
Total-sound measurements were carried out in the 
car on the road over the whole speed range. It 
was necessary to work on two different types of 
road surface to bring out the worst features of each 
type of noise. The runs were made by driving the 
car up to a high speed and then coasting in neutral 


| while the measurements were taken, wind noises 


being minimised by travelling in the direction of 
the wind. A smooth tarmac road, having waves 
of about 2 ft. pitch, produced by heavy traffic, 
was used to bring out the body rumble, while a 
new concrete road having transverse indentations 
was chosen to bring out the higher-pitched growl. 
As would be anticipated, the curve representing 
the rumble in decibels, on a road-speed base, rose 
with the speed, the lowest reading being about 80 
decibels at 10 m.p.h., and the highest about 
87 decibels at 65 m.p.h. The curve was decidedly 
irregular, however, the most characteristic feature 
being a well-defined peak at about 20 m.p.h. The 
curve representing the growl also showed a general 
rising tendency from about 77 decibels at 15 m.p.h. 
to about 89 decibels at 65 m.p.h. This curve was 
even more irregular but, again, had a well-defined 
peak, in this case at about 32 m.p.h. By making 


| use of a frequency analyser, and running the car 


down a gradient to keep the speed constant, it was 
found that the rumble had major frequencies at 
30 cycles and 43 cycles per second, with a few higher 
harmonics, and that the grow] has a major frequency 
at 140 cycles per second, with a range of harmonics. 
It was possible to simulate the road conditions 
on a chassis dynamometer in the laboratory. A 
single cam on the driving rollers, with a gradual 
build-up and a sudden drop, enabled a rumble having 
peaks at 30 cycles and 43 cycles per second to be 
reproduced, the effort on each wheel being studied 
in turn. The 30 cycles per second peak was found 
to be predominant for both front wheels, and the 
43 cycles per second peak for both rear wheels. 
The rumble was investigated by applying pressure 
to various panels in turn. This method of investi- 
gation demonstrated that very little rumble was 
due to local panel resonance, and that the important 
features were functions of the structure as a whole. 
It indicated how practical steps could be taken 
to reduce the rumble. The 30-cycle front-wheel 
peak, which originally represented 71 decibels, 
was reduced to 69 decibels by stiffening the front 
end of the body round the dash, to 66 decibels by a 
change in the method of mounting the battery, and 
to just below 65 decibels by a modification of the 
spare-wheel mounting on the luggage-boot grid. 
The same modifications reduced the 30-cycle rear- 
wheel peak from 68 decibels to 65 decibels. The 
43-cycle peak for both the front and rear wheels was 
found to be associated with structural weakness of 
the rear part of the body, and by structural changes 
to the part of the body immediately beneath the 
rear light, this peak was reduced from 67-5 decibels 
to 64 decibels for the front-wheel rumble, and from 
72-5 decibels to 68 decibels forthe rear-wheel rumble. 
The car was re-tested on the road after the modi- 
fications had been made and it was then found 
that the rumble curve on a speed base was markedly 
more regular, rising fairly steadily from 79 decibels 
at 10 m.p.h. to the original value at 65 m.p.h. The 
analysis was carried out on most of the popular 
10-h.p. saloon cars available, and every car exhibited 
rumble characteristics not markedly different from 
the original model. It is of particular interest to 
note that there was very little difference between 
the orthodox and the integral chassis-body design 
in this respect, if the latter had undergone a certain 
amount of tidying up. Dr. Foster expressed the 
opinion that the rumble-producing potentialities of 
integral construction, with its stressed body, are 
high, but that it is capable of refinement to the 
same order of excellence as the orthodox design. 
The road conditions giving rise to body growl 
were reproduced in the laboratory by winding the 
dynamometer wheel with rope at about 2 in. to 3 in. 
pitch. By experiments similar to those adopted 
in investigating rumble, it was found that growl 
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could be reduced by introducing rubber between | 
the rear axle and the springs, and by stiffening 
certain resonant sections of the body, and parti- | 
cularly the floor. It appeared that this type of | 
noise came through the suspension in the form of 
wave transmission instead of mass vibration, and 
as such was not adequately attenuated by the 
springs, which, in theory, should be fully capable of | 
dealing with the high frequencies involved. The | 
insertion of rubber appeared to act not so much | 
by sheer insulation value as by changing the resonant 
combinations of the various sections of the chassis, 
and thus breaking up resonant paths of trans- | 
mission. Asaresult of the modifications, the growl 
curve on a road-speed base became almost linear, 
peaks being absent and other irregularities largely , 
smoothed out. These investigations were followed | 
by tests designed to ascertain the relative value 
of various panel-damping materials. The materials 
tested varied in many ways in chemical compo- | 
sition, but observations indicated that it was the 
specific gravity of the material which was the| 
deciding factor. Fibrous qualities appeared to have 
little damping value, and certain materials con- 
sisting almost entirely of fibre, although applied | 
about 4 in. thick, had almost no damping effect. It | 
may be mentioned, in conclusion, that Dr. Foster 
pointed out that normal anti-drum material will not 
appreciably reduce fundamental panel resonance | 
of the boom variety below 100 cycles per second. 








NOTES. 
THe Loss or H.M.S. RAWALPINDI. 
THE first naval action between surface vessels, | 
in the present war, has ended in a decided victory | 
for the German Navy ; a result which hardly could 
have been otherwise in a conflict between ships of 
such disparity in gun power, protection and speed 
as the “ pocket battleship ’’ Deutschland and the | 
armed merchant cruiser Rawalpindi. The fact that | 
the Deutschland was supported by another enemy | 
ship, the identity of which has not been disclosed, 
may have hastened the end, but the lack of such | 
support could not have averted it. The first| 
Admiralty announcement regarding the Rawalpindi 
stated merely that she had been sunk, with the 
loss of all but 17 of her complement, but a later | 
statement was more specific. From this it appears | 
that the cruiser, formerly well known as a unit of | 
the P. and O. fleet, sighted the Deutschland at 
3.30 p.m. on Thursday, November 23, while patrol- 
ling to the south-east of Iceland. The German ship | 
fired a warning shot across the bows of the Rawal- 
pindi, and, when this was ignored, opened fire with 
her 1l-in. guns at a range of 11,000 yards. The | 
Rawalpindi replied with her four starboard 6-in. 
guns, but the third German salvo wrecked her 
ammunition hoists and the fourth demolished the 
bridge and wireless room. The second German ship, 
meanwhile, was firing on the port side of the 
Rawalpindi, which continued to fight ‘ until every 
gun was put out of action and the whole ship ablaze 
except the forecastle and poop.” Firing ceased at 
about 4.20 p.m., and the three remaining boats 
were lowered. One, with 11 survivors, was picked 
up by H.M.S. Chitral, and it is believed that the 
Germans rescued about 30 men from the other two 
boats before the approach of a British cruiser 
caused them to withdraw. The Rawalpindi, still 
burning, foundered at about 8 p.m. Deeply as the 
nation deplores the fate of her gallant ship’s com- 
pany, it must be admitted that the action was one 
legitimately to be described as “the fortune of 
war’; and although it would be easy to find in it 
criticisms of the policy of using converted liners as 
patrol vessels, the fact remains that such vessels 
are satisfactory enough for most circumstances 
incidental to patrol duties. 


Tue Ligutine oF Rattway TRAINS. 


Some advance has recently been made towards 
the provision of better lighting in railway trains | 
during the hours of black-out and passengers are, 
it is stated, more generally to be relieved of the dis- 
comfort of travelling for longer or shorter periods 
in a state which can best be described as “‘ darkness 
visible.”’ 


| be 


| think this lesson at least has 


|may not only be harmful, but uneconomical ; 
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restaurant and sleeping cars, by employing methods 


of covering the windows which are by now familiar | 
in household use, and more recently the London | 
Midland and Scottish Railway adopted a system of | 


white “ reading ” lighting on the principal main-line 
express trains, as well as on various Scottish 
services. 


| man. 


The London and North Eastern Railway | 


and Southern Railway have followed suit, and it; 


is stated that 128 trains, with more than 750 coaches, 
on the latter system, have now been fitted with a 


sufficient illumination, at least, to make reading | 


possible. 
which is unavoidable, the problem of providing 
adequate lighting on suburban trains is more 
difficult, but a train fitted with shades adequate to 
satisfy the demands of the authorities is now running 
between King’s Cross and Potters Bar on 


of equipping over 1,000 coaches in a similar manner 
is now being put in hand. On the system of the 


| London Passenger Transport Board another solu- 


tion to that being adopted on the main-line railways 
is necessary, owing to the different conditions of 
operation. Most of the trains on this system run, 
for the greater part of the journey, in tunnels, where 
full lighting can be used. Where, however, they 
run outside it is proposed to install special reading 
fittings, consisting of shrouded 15-watt lamps.and, 
in addition, to continue to utilise the Osylim 


|lamps, which have been provided for employment 


during the hours of darkness, during air raids. 


| Both these lamps and the “ reading’ circuits will 
| be under the control of the guard, so that they can 


switched off in emergency. These attempts 
indicate that both the Government and the railway 
companies now realise that the original policy was 
too drastic. At the same time, it may well be argued 
that considering that in many trains the lighting 
is already under the control of the guard, further 
advances towards what was once called “ ncrmalcy ” 
might be permitted. 


THe Human Factor in InpustRy. 

The Annual Report of the Industrial Health 
Research Board for the year ended June 30, 1939, 
calls attention to the fact that this body was 
brought into being by the last war. Although the 
effect of war conditions on labour will undoubtedly 
comprise a large proportion of their work in the 
near future, the past twenty years have at least 
brought some enlightenment, and industry as a 
whole is aware of the problems that have to be 
faced. That being so, it is not inappropriate to 
recall that the original duties of the Board included 
the investigation of the effects of hours of work 
on output, upon accident incidence, and upon lost 
time in munition factories. ‘ As a result, and we 
been appreciated, it 
was clearly shown that over-long working hours 
in 


|most of the foremen and executives enga, 


Owing to the frequent opening of doors, | 


the | 
London and North Eastern Railway, and the work 





in 
our modern factories. Another is that, though 
they may be clear to the investigators, many of the 
reports may be difficult reading for the practical 
We are glad to learn that this drawback is 
to be overcome by summarising the various points in 
popular language and circulating the summaries 
through hitherto untried channels. 


THE [RON AND STEEL INSTITUTE. 


The statutory autumn meeting of the Iron and 
Steel Institute was held at the offices of the Institute, 
4, Grosvenor-gardens, London, 8.W.1, on the 
afternoon of November 23. Mr. J. Henderson 
occupied the chair and, in his opening remarks, 
apologised for the absence of the President, Lord 
Dudley, whose important duties in connection with 
National Service in the Midlands had prevented 
him from attending. Continuing, Mr. Henderson 
stated that the Institute had recorded with deep 
regret the death, on September 18, of Mr. C. M. 
Schwab, one of the outstanding figures in the iron 
and steel industry of the world, who had received the 
Bessemer Gold Medal in 1928. He then announced 
that Mr. John Craig, C.B.E., had accepted the Coun- 
cil’s invitation to become President of the Institute 
and to serve for two years from the annual general 
meeting, 1940. Further announcements were to 
the effect that, as a result of the appeal issued by 
the President in May, contributions of 13,033/. had 
been made to the House Fund, and annual sub- 
scriptions of 3,315/. promised by leading companies 
in the industry. The Council, however, wished to 
point out that there was still a very large number 
of companies from which no contribution had been 
received. There was always a tendency for central 
organisations, and perhaps particularly research 
organisations, to be financed mainly by a limited 
number of firms, but it should be emphasised that 


| the work of the Institute was of importance to all 


engaged in the manufacture of iron and steel, as 
well as to many who were re-rollers and manufac- 
turers of steel products. The joint committees of 
the Institute and the British Iron and Steel Federa- 
tion, which were part of the organisation of the 
Iron and Steel Industrial Research Council, were 
continuing their work. The Alloy Steels Research 
Committee, the Corrosion Committee, the Hetero- 
geneity of Steel Ingots Committee and the Steel 
Castings Research Committee, had all held meetings 
since the outbreak of the war and meetings had also 
been held of their twelve sub-committees. Pro- 
grammes for next year were now under consideration 
and it was proposed that the various researches 
should be continued, and, in some cases, accelerated. 
Arrangements for meetings of the Institute next year 
had not yet been completed. The annual meeting, 
however, would be held as usual, probably in London, 


at a date to be decided upon, and it was proposed 
‘to hold meetings in the main centres of production 


other words, that the shortening of hours may | 


actually bring about increased production. 
that time the Board has occupied itself with a 
number of other problems with the main general 
object of determining by laboratory experiment and 
factory observation what conditions are likely to be 
detrimental to health and efficiency and what 
improvement can be made. This work is, of course, 
continuous, and the study of any one report hardly 
gives a clear idea of what has been done as distinct 
from what is being done. It may be mentioned, 
however, that the beneficial effect of introducing 
scientifically-planned rest hours has been demon- 
strated, while a good deal of work has been done 
on what are conveniently called environment condi- 
tions, e.g., the effects of atmospheric conditions, 
illumination and noise ; on methods of work, such 
as time and movement studies, and into the physical 
and psychological problems of modern mechanised 
repetitive work, such as speeding up. The complaint 
is made that it is difficult to make known the 
results of such of this research work as is capable 
of application to the practical needs of industry, 
and that it cannot be claimed that the Board’s 
report is sufficiently read by those to whom it 
is primarily addressed. There may, however, be 
two reasons for this. One of these is that many 
of the Board’s conclusions have already been 


A start was made some weeks ago with | reached with the help of instinct or experience by | 


Since | 


in order to give ample opportunity for technical 
discussion. It was also hoped to continue to 
arrange joint meetings with local societies, as had 
been the practice of the Institute in the past. Mr. 
Henderson emphasised that it was intended to carry 
on the activities of the Institute to the fullest extent 
possible. Circumstances might arise which would 
make it difficult to hold meetings at dates provision- 
ally arranged, but the Council was convinced that 
the work of the Institute was now as important as, 
if not more important than, it was in peace time. 
The Secretary then announced the names of the 
officers of the Institute who are due to retire in 
rotation at the annual general meeting in 1940, 
all of whom, however, are eligible for re-election. 
The list comprised three vice-presidents, namely, 
Sir William Larke, K.B.E., Mr. A. O. Peech, and 
Dr. C. H. Desch, F.R.S., and five members of the 
Council, namely, Mr. E. J. Fox, Mr. J. R. Menzies 
Wilson, Dr. T. Swinden, Dr. A. McCance and Mr. 
P. B. Brown. The last business of the meeting was 
the announcement by the Secretary of the award 
of Andrew Carnegie Scholarships. The list contained 
the names of Mr. F. L. Gillemot, of the Mechanical 
Technological Institute, Budapest, Hungary; Dr. 
'l. P. Hoar, of the University of Cambridge ; Dr. A. 
Latin, of the University of Manchester; and Mr. 
G. Parker, of the University of Leeds. All have been 
awarded scholarships to the value of 100/. each. 
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THE REPORT OF THE PACIFIC 
LOCOMOTIVE COMMITTEE. 


(Concluded from page 561.) 


THE second question on which the Committee 
were asked to give an opinion was “ the suitability 
of the procedure followed in preparing and approving 
the designs for these engines.’’ Their views under 
this heading, as summarised in the Report, are that 

(1) The procedure, though modified from previous 
standards, was sound and practical, but involved 
divided responsibility ; (2) the various railways 
in India were not so fully consulted as they should 
have been in the preparation of the new designs, 
but there was generally no criticism of the designs 
from that (3) the original intention to 
obtain the collaboration of the B.E.S.A. in prepara- 
tion of the designs was not entirely fulfilled, but 
that this had bearing on what 
(4) the preparation of drawings and 
specifications for the X-class Pacifics should have 
awaited more definite results of the performance 
of the six pre liminary Pacifies: (5) the consulting 
engineers failed to appreciate the importance of 
correct side control, the responsibility for which 
they share with the Railway Board ; (6) the consult- 
engineers should have able to obtain a 
valuable lead from the experience of other countries ; 
(7) the consulting engineers were not asked formally 
to collaborate in solving the problem of oscillation, 
but they were generally kept informed; (8) while 
the closest contact between India and London is 
highly desirable, and may well be encouraged by 
that 
important decisions should not be taken by such 
communications.” 

In discussing the third of the terms of reference, 
namely, “the circumstances attending, and the 
justification for, the initial and subsequent purchases 
of these engines,”’ the Committee review the three- 
fold reasons of the Railway Board for their intro 
duction and continued purchase, namely, the antici 
pation of greatly increased traffic, the need for cur 
tailing the fuel bill, and standardisation as a measure 
They that the Board, in 
being unduly sanguine regarding the prospects of 
railway traffic, merely shared feelings that were 
generally prevalent ; that, in deciding to 
purchase modern powerful Pacific engines in large 
numbers, they satisfied that this the 


source ; 


we consider no 


followed ; 


ing been 


semi-official correspondence, we consider 


of economy conclude 


and 


were was 


hest type to handle the growing passenger traffic 
which was then expected. “ As already stated,” 
the Committee continue, we have no grounds 


for thinking that anything but efficiency of opera 


tion was the actuating motive. -Even with the 
traffic now offering on a number of the Indian 
Railways, the use of the Pacific type of engine is 


desirable.” 

“ No criticism can be raised against the Board’s 
desire to reduce the fuel bill; indeed, it is much 
to their credit that they developed railway collieries 
and acquired others with a view to reducing and 
stabilising coal prices.” Nevertheless, the Com- 
mittee point out, it is true that the burning of 
lower-grade fuel on 4-6-0 type engines has been 
found to be practicable as, for instance, on the 
latest the Bengal-Nagpur Railway, 
which are not of I.R.S. design and have a tractive 
effort of 27,797 Ib. “ We understand that they 
adequately meet the needs of fast passenger traffic 
that railway, and, because a rocking grate is 
fitted, they are able to burn second-grade coal 
efficiently on a grate area of 36 sq. ft. So far as 
moderate power outputs were required, therefore, 
there does not appear to have been any urgent 
need for the Board to have introduced Pacifics 
in large numbers, as was pointed out by the consult- 
ing engineers but, here again, we hesitate t 
be critical after the event. Had traffic developed 
to the extent anticipated without adequate power 
to cope with it, the Board would have been rightly 
criticised for want of enterprise and foresight.” ; 

Standardisation, as a measure of economy, for 
all the State-owned railways in India, while capable 
of support by many sound general arguments, has 
resulted, to quote the Report, “in certain railways 
being equipped with locomotives of power in excess 
of requirements where density of traffic is less than 
the average.” The Committee criticise the 


engines on 


on 


also 
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Railway Board for discarding their traditional 
policy of trial before bulk purchase. While admit- 
ting that it cannot be said that there was no justifi- 
cation, they consider that the wiser course, in view 
of the warnings conveyed by the consulting engi- 
neers, “ would certainly have been to have continued 
purchasing a further number of the well-tried 
B.E.S.A.-type engines (suitably modernised as 
necessary), pending thorough trial of the new Pacific 
classes. In our view, the Board’s action in this 
matter was regrettable; but, in making this 
criticism, it should be recognised that, had the trials 
and alterations been conducted on no more searching 
lines than those carried out after the first X-class 
*acifics were delivered, it seems unlikely that the 
policy of trial before purchase would have assured 
immunity from the troubles which followed. Its 
principal effect would have been that a smaller total 
number of Pacific engines might be running at the 
present time. While, therefore, it appears that 
the Board laid themselves open to criticism for 
abandoning their declared policy, it can hardly 
be said, in view of what we now know to be the 
state of knowledge at that time, that adherence 
to their policy would have materially altered the 
conditions of operation which have led to this 
Inquiry.” 

The fourth of the terms of reference concerned 
“the conditions subject to which these engines 
can be used with safety, with particular reference 
to their suitability for the track on which they 
are required to run and, conversely, the suitability 
of the track for these types of engine.” The Com- 
mittee review in detail what preventive action was 
taken by the Administration and by the Railway 
Board, what improvements were effected to the 
engines, and whether the measures adopted were 
reasonably sufficient. They then make the follow- 
ing recommendations for improvement : 

Bogie.—* (a) The amount of spring control, both 
initial and final, should be considerably increased. 
The control must have sufficient initial value to 
avoid lateral displacement of the bogie on the 
straight, and must have a load-deflection curve 
sufficiently inclined to avoid undue flange forces 


| material substituted ; 


at the leading coupled wheels, when traversing | 


curves of minimum radius without speed restriction. 
We recommend the following values: for the XA 
class, 3} tons initial and 5 tons final; for the XB 
class, 5 tons initial and 7 tons final; for the XC 
class, 5} tons initial and 7 tons final. These values 
should be verified by test slight upward and 
downward variations being tried. It is impossible 
to provide springs giving these values within the 
limitations of the original design ; if, therefore, the 
bogie slide and centre castings are not to be scrapped, 
it is necessary to alter them by incorporating a new 
arrangement of coil springs. 

‘““(b) The surfaces of the bogie slides should have 
as low and constant a coefficient of friction as 
possible. 
surfaces, if adequate lubrication can be maintained. 
Owing to their position, however, these slides are 
always difficult to lubricate, and if the oil supply 


| by any clearances that may exist. 


rails and crossing noses. An increase of 4 in. 
on each side of the flange is suggested. 

““(f) Ali bogie maintenance should be of a high 
standard, and side-play should be reduced to a 
minimum. In this connection, we draw particular 
attention to the proper adjustment of side-control 
spring gear, to the clearance between bogie centre 
pin and its hole, and to the side-play in the axleboxes. 

““(g) The freedom of the bogie boxes to find their 
own position should be improved, and, incidentally, 
their liability to heating would be reduced, by 
substituting a ball end for the flat knife-edge 
arrangement, where the spring-cradle bars rest on 
the crown of the axlebox. 

““(h) Special attention should be paid to the 
rigidity of the bogie frame between horn gaps and 
centre castings. The greater the flexibility of the 
frames, the less is the efficiency of the side control 
provided.” 

Hind Truck.—* The Cartazzi slides, as distinct 
from the radial-type of axlebox, are unsuitable for 
Indian conditions . .. and _ there no doubt 
that the spring-controlled pony truck gives a more 
satisfactory arrangement.”” The Committee recom- 
mend this for new construction. As an alteration 
to the existing X-class engines it is recommended 
that the Cartazzi slides should be replaced by flat 
slides, faced with unlubricated friction material. 


is 


Drawgear.—*‘ The Goodall drawgear should be 
eliminated and a simpler plain bar type of drawbar 
introduced, in conjunction with rubbing blocks and 
independent side buffers.” The German buffing 
gear, the Committee suggest, may retained, 
where already fitted, subject to certain modifications, 
namely, “‘(1) inclined-plane rubbing blocks should 
be removed, and plain blocks faced with friction 
(2) buffer heads should be 
made flat, instead of V-shape ; (3) collars should be 
fitted on the buffer spindles, so that only one buffer 
at a time acts on curves. These modifications are 
recommended with the object of obtaining an 
increased centring effect at the back end of the 
engine on curves, to compensate, in some measure, 
for the absence of control springs on the hind truck. 
The arrangement has the further advantage that it 
comes into action immediately, and is not affected 
Where 
German buffing gear has not yet been provided, the 
effect outlined above can be obtained by fitting on 
the tender simple side buffers having coil springs, 


be 


|an arrangement likely to be less costly than the 


This may be achieved by metal-to-metal | 


were to be interrupted, partial seizing and very high | 


coefficients of friction can result. We recommend, 
therefore, that a trial should also be made with a 
suitable fabric material on the slides, which is 
lubricated from an external source; this will 
provide a low coefficient of friction (0-1) in normal 
and will limit the upper coefficient (0-25) 
should the supply of lubrication fail. In time, 
it may be possible to obtain material with a coeffi- 
cient of friction below 0-15 when dry, which would 
be the ideal solution. 

“(c) The slides themselves should be reduced in 
area, and should be ground to a smooth finish, 
level, as well as true, in both directions and with 
each other. 


use, 


“(d) To reduce the nosing tendency of the bogie, 
in so far as it behaves as an independent vehicle 
of very short wheelbase, the circular pivot plate, 
on which the bogie centre casting rotates, should be 
faced with friction material. The fitting of such 
dises to the tender bogie centres would improve the 
riding of the tender. 

“(e) To decrease the side clearance between 
bogie flanges and rails, certain relationships must 


be observed as between wheel flanges and check! 


German type. An initial load of 4 tons on each 
buffer is suitable.” 

In addition, the engine main frame is to be 
stiffened, while, on the tender, “discs of friction 
material should be fitted at the centre of each 
bogie, in order to damp out separate nosing of the 
bogie on its own wheelbase. The Committee recom- 
mend that, in the first place, two engines of each 
of the XA, XB and XC classes be altered according 
to the foregoing proposals, and a full series of trials 
should then be carried out with each. Among 
other recommendations, they make a point of 
testing and research, remarking that “it is not 
sufficient merely to adopt the measures outlined 
above. It will also be necessary to carry out 
extended trials with the two engines of each class, 
altered to our recommendations, to ensure that 
they do not exert forces higher than the track can 
safely resist under all the varying circumstances of 
Indian climate and maintenance. The remaining 
278 engines should be altered only after the Railway 
Board are satisfied from the results of the trials 
that the modifications introduced have definitely 
reduced flange forces to a permissible limit under 
representative conditions both on straight and 
curved track. It is of the highest importance that 
these conditions should include the worst; the 
tests should, therefore, preferably be carried out 
during the monsoon, and should be made with an 
engine having the maximum permissible clearances 
(specially fitted up, if necessary).”” In the event of 
Pacific engines being required for India in the 
future, the foregoing recommendations should be 
embodied in their design, together with certain 
additions and qualifications. 

On the general question of speed, the Committee 
recommend that “ all existing X-class Pacific engines 
should remain restricted to the maximum speed 
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limit of 45 m.p.h., subject to the conditions already 
imposed by the Railway Board.” With the actual 
test records before them, they state, “we cannot 
feel justified in recommending the raising of this 
lower speed limit until the engines have been altered 
in accordance with our suggestions, and until the 
apparatus developed by the Railway Board has 
demonstrated that the present flange forces have 
been reduced.” They expect, however, that when 
the engines have been modified according to their 
recommendations, and when measures have been 
adopted\ to improve track and engine maintenance 
on the lines indicated in the Report, it will be 
permissible to remove the restriction of speed now 
in force on X-class Pacifics. They do not consider, 
however, that it is within their province to prescribe 
the maximum appropriate speeds for the various 
sections of the Indian railways. 

On the assumption that, in the fifth term of 
reference (‘* Any modifications which would have the 
effect of increasing their scope without any sacrifice 
of safety ”’), the phrase ‘“ increase of scope,” applied 
to the Pacific locomotive, is intended to mean 
“improvement in reliability, economy, availability 
and haulage power,” the Committee remark that, 
“in these respects, apart from riding, the engines 
have given a great deal of trouble, and their effec- 
tiveness has been considerably less than could 
reasonably be expected from a modern design.” 
The parts observed to have given trouble are 
frames, firebox tube plates, bogie axleboxes, coupling 
rods, and connecting rods. Several detailed sugges- 
tions are put forward for improving the design of 
these components. In addition, comments and 
recommendations are niade with regard to cylinders, 
valves, valve gear and the regulator. 

Under the sixth term of reference, which asks 
for “any modification that should be made in the 
procedure hitherto followed for the trial and pur- 
chase of engines,” the Committee consider the 
possible methods that can be employed for this 
purpose, on the assumption that, for some years 
to come, engines will continue to be built outside 
India. They then formulate their main recom- 
mendations, with the following objects in view: 
“(1) To provide facilities for training designers by 
strengthening the existing Central Standards 
organisation, and, therefore, to assist India in the 
direction of ultimate self-sufficiency ; in this way, 
the proportion of responsibility carried in the 
preparation of new designs will be gradually in- 
creased. (2) To outline future procedure for the 
design of engines obtained outside India. (3) To 
ensure that there shall be the fullest co-operation, and 
prompt interchange of information, as between the 
Administrations, the Railway Board, and the 
Consulting Engineers with regard to all new designs. 
(4) To broaden the base on which research, stan- 
dardisation, and development are carried out in 
India.” 

In concluding their Report, the Committee 
reiterate their opinion “that the introduction of 
Pacific engines into India was justified, and that 
they have a definite field of use for efficiently meeting 
certain traffic and technical requirements.” They 
state that they are “generally satisfied that the 
major defects, which have affected the engines as 
vehicles, have been under constant consideration 
by the Railway Board.” They appreciate that 
“developments took place slowly because of the 
complexity of the problem of hunting, the lack of 
quantitative data, and particularly because of the 
conflicting nature of the reports received,” and 
emphasise that “it was not until research was 
commenced by the Board that it became possible, 
for the first time in India, to bring the relationship 
between engine and track under scientific examina- 
tion.” In this connection, they “recommend an 
enlarged organisation for research and standards, 
so that technical development can be progressively 
dealt with, and the necessary training and experience 
gained, to enable India, as time goes on, to cope 
with her own problems, including the building of 
broad-gauge locomotives.” 

They refer again to the favourable impression 
that they gained, from inspection of the track, 
shops, sheds and engines, of the standards of main- 
tenance; but insist that design for India must 
have regard to the inescapable features of the 


country, and to the financial limitations which 
control the conditions of both track and engine. 
Finally, the Committee re-affirm their belief that 
“there appears to be no reason why X-class Pacifics 
should not have many years of useful and reliable 
work ahead of them, provided that they are modified 
as recommended, that attention is paid to particular 
aspects of track and locomotive maintenance, and 


that speed of operation is adjusted to prevailing | 


conditions in both respects.” 


Q 








JOHN GEORGE BODMER, 
ENGINEER AND INVENTOR. 


By Davip BRowNLiE. 


One of the most versatile engineers of his time 
was John George Bodmer, a Swiss subject of German 
and Huguenot descent, who was born in Ziirich on 
December 6, 1786. He was one of those excep- 
tional men who become accepted experts in half-a- 
dozen branches of engineering. Rubber machinery, 
cotton, wool and other textile machinery, the 
mechanical stoking of steam boilers, bridge building, | 
artillery and small arms, machine tools, and loco- | 
motives and rolling stock were among the subjects | 
on which Bodmer was not only an expert of inter- | 
national repute, but in many cases also a pioneer. 

Not much is known regarding his work on rubber 
machinery, and, although he had 18 British patents, 
none of them relates to it; nor, so far as can be 


ascertained, do any of his models, drawings, and | 


other material, some of which are in the Science 
Museum, South Kensington. It is known, however, 
that he was engaged in 1837 by Mr. Hugh Hornby 
Burley, of the firm of Messrs. Mackintosh and 
Company, Cambridge-street, Manchester, for whom 
he originated many of the modern methods of 
treating rubber. He discontinued this work in 
1846, on the death of Mr. Burley. Apparently his 
engagement was of a_ confidential character ; 

he acted, in fact, as resident inventor, evolving 
various types of rubber machinery, which were kept 
secret and not patented. In consequence, the 


influence he exercised on the treatment of rubber | 


and the manufacture of rubber goods has never 
been generally realised. 

Even as a child Bodmer showed signs of great | 
inventive ability ; in fact, he was a striking example 
of that somewhat rare phenomenon, the child 
prodigy who continues to display the same genius | 
throughout his life. Although his parents intended 
him to be a merchant, he persuaded them to} 
apprentice him when 13 years or 14 years old 
(1799-1800) to a clever millwright named Mesmer, | 
at Hauptweil in the canton of Thurgau, near 
Ziirich. On the conclusion of his apprenticeship, | 
he started a small works of his own in the village | 
of Kusnacht, also near Ziirich, for general repair 
and millwright work. ‘The demands for armaments, 
stimulated by the French Revolution, led Bodmer 
to make his first successful invention. This was a 
percussion shell, fired from a muzzle-loading rifled 
cannon, and embodied the modern principle of the | 
detonator. The first shell on this principle was 
constructed in January, 1806, when Bodmer was 
only 20 years old, and the invention rendered 
obsolete the clumsy method of lighting a fuse 
before the shell was fired from the cannon. 

In 1806, he went into partnership with Baron 
d’Eichtal, who had purchased buildings at St. Blaise, 
in the Black Forest, to start a cotton mill. For this 
establishment Bodmer devised and constructed not 
only water wheels and general equipment (the steam 


engine had not yet reached Baden), but much of the | 


spinning machinery as well. Many of his ideas 
were in advance of English cotton-mill practice, 


| Bodmer invented a detachable bayonet for breech- 
loading rifles, but the importance of this was not 
realised by the military authorities of the period, 
and the idea was abandoned for many years. 

The Grand Duke of Baden persuaded Bodmer 
to accept an important position as Director-General 
of the Government Ironworks. He was also made 
| Inspector of Artillery, and in this connection carried 
out much work on artillery, particularly 12-pounder 
| rifled breech-loading cannon. In 1812, he obtained 
letters of introduction to the Emperor Napoleon 
and went to Paris to show him details of new cannon. 
| He never saw Napoleon, but met instead a number 
of army officers of high rank, to whom he demon- 
| strated a model cannon firing a 1-Ib. shell. However, 
| the French authorities did not appreciate his work, 
| and, in 1816, he paid his first visit to Great Britain, 
bringing with him to London an actual 12-pounder 
| breech-loading rifled cannon of improved design. 
| | The British Government did not adopt the invention 
| and he left the gun in a London warehouse. The 
warehouse was subsequently burned to the ground, 
and what happened to Bodmer’s cannon is not 
Meanwhile, he had sent his brother, 
| J.J. Bodmer, to St. Petersburg to offer his invention 
to Czar Alexander, but with no better success. 
During his visit to Britain, Bodmer travelled all 
over the country, and in Manchester, Liverpool, 
Derby, Leeds, Sheffield, Birmingham, and Edinburgh 
inspected a large number of workshops and factories, 
especially cotton and woollen mills, and print works. 
| In 1821 he left the service of the Grand Duke of 
Baden, dissolved his partnership with Baron 
d’Eichtal, and returned to Switzerland. Here he 
took up again the subject of textile machinery and, 
in 1828, when 42 years of age, he returned to England 
to sell his textile-machinery patents. He lived for 
a time in Manchester, but encountered much diffi- 
culty in trying to convince the Lancashire cotton 
experts of the merits of his designs. Accordingly, he 
took into partnership a man named Novelli and 
started a cotton mill at Egerton, near Bolton-le- 
Moors, filling it with his new machinery, while he 
himself lived in Bolton. 

At the end of 1828, he returned to Switzerland 
}on account of ill health. When he recovered he 
went into practice as a consulting civil engineer 
'and carried out a number of important construc- 
i. tions, including the installation of cotton machinery 
in Alsace, the design and erection of a large flour 
| mill in Ziirich, and a bridge over the Rhéne at 
|Geneva. In 1831, he re-organised a large iron 
works at Niederbronn, about 30 miles from Stras- 
| bourg, and in this connection invented a mill for 
| rolling tyres and a machine for cutting nail rods. 

He returned to England in the summer of 1833, 
living first in London and then in Manchester, and 
in 1834 settled again at Bolton. There he turned his 
attention to the mechanical stoking of steam 
boilers and commenced the long association of the 
town of Bolton with mechanical stoking. He 
invented also a double-piston balanced steam engine 
with the two pistons moving horizontally in opposite 
directions, and the ‘ diagonal ’’ engine, used in the 
| dyeing, bleaching, rubber, and other industries 
| for driving calenders, drying cylinders, and similar 
|equipment. In 1834, he patented an advanced 
| design of locomotive, and in 1844-1845 supplied 
three locomotives to the London, Brighton and 
South Coast Railway. He also designed a mill 
for rolling steel tyres for railway wheels, which was 
set up in 1844 at the rolling mills of Messrs. P. R. 
Jackson and Company, of Salford. 

There seems to be some evidence that two well- 
| known steam-engineering devices, namely, Meyer’s 
|expansion valve and the “rider” valve, were 
originally invented by Bodmer. He also designed 











Years 





then pre-eminent. During the Napoleonic Wars,|a corridor coach with a central gangway. 
a factory for the production of firearms was estab- | afterwards, this type of train was re-invented in the 
lished at St. Blaise under Bodmer’s management, | United States. Bodmer also gave evidence before the 
and skilled workmen were imported from the | Commissioners appointed in 1845 to inquire into the 
French armaments factories at St. Etienne. In this | gauge of railways. On October 15, 1835, he was 
connection, Bodmer developed his remarkable | elected a member of the Institution of Civil Engin- 
genius for machine-tool design, inventing a number | eers. During this period Bodmer continued to make 
of special tools for making small arms, especially in| improvements in machine tools, including the 
connection with the lock. Hitherto, hand labour | circular planing machine, and he is credited with 
only had been employed, and the factory at St. the original invention of the band-saw. He built 
Blaise caused a revolution in certain sections of the| many stationary engines, which were supplied, 
manufacture of arms, Between 1809 and 1813,' particularly, to the Bolton and Manchester areas. 
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As stated above, it was in 1837, when 51 years 
of age, that Bodmer turned his attention to rubber 
machinery, which occupied him for nine years. 
Leaving the service of Messrs. Charles Mackintosh 
and Company in 1846, he lived in London until 1848, 
before returning to the Continent and settling in 
Vienna. Here he did a considerable amount of 
consulting work, especially in connection with sugar- 
beet machinery, and then moved for a short time 
to Lanzendorf, near Vienna. 

During his residence there, in ostensible retire- 
ment, he returned to the improvement of steam 
boilers and invented an improved safety valve, 
a water gauge, an anti-incrustation valve, a feed- 
water regulator, and a feed-water meter. This 
last, incidentally, must have been one of the first 
instruments of its type in the world. He also 
forecast the feed-water economiser, while, un- 
doubtedly, he was the original inventor of the chain- 
grate stoker, with which the name of John Juckes 
is usually associated. Juckes’ stoker appeared in 
1841, but it is possible that it was copied from 
an earlier travelling-grate stoker invented by 
Bodmer, who was one of the four pioneers in this 
field of engineering, the others being William Brun- 
ton, John Stanley and John Juckes. Some of 
Bodmer’s mechanical-stoker designs were of the 
most intricate and advanced type, and far ahead 
of his time. One of these was his so-called ‘* drun- 
ken” screw, which was cut with a wavy thread, 
80 that a series of loose firebars, instead of moving 
forward with a uniform motion as would have been 
the case with the ordinary screw, were made to 
reciprocate, to cause the fine ash to fall out under- 
In order to make these screws Bodmer had 
‘The gear was not 


neath. 
to devise special machine tools. 
& success, being too delicate and complicated to 
withstand the heat of the furnace. His first patent 
on mechanical stoking dates from 1834, and embodies 
three different designs, one of which, on the travelling- 
grate principle, was the first in the world of this type. 
The drunken-screw stoker was invented in 1843 
and was presumably copied from the gill bars of 
flax and other textile machinery. In 1860, when 
he was 74 years of age, Bodmer returned again 
to his native towg of Ziirich, where he died on 
May 29, 1864. 


LETTER TO THE EDITOR. 


THE NOMENCLATURE OF STRESS 
CYCLES. 
To Eprror oF ENGINEERING. 

Sir,—A defect of the extensive literature devoted 
to the fatigue of metals is the absence of any agreed 
nomenclature for the various types of stress cycle to 
which test specimens may be subjected. It will be 
generally accepted that precise numerical formulation 
of the stress cycle imposed is essential at some point in 
every account of fatigue effects. In written and verbal 
discussion, however, distinguishing names for the 
principal types of stress cycle are equally necessary, 
as is evident from the pains taken by many writers 
on fatigue to define what they themselves mean. The 
terms at present in use are not, perhaps, the most 
rational nor etymologically suitable, and it may be, 
also, that names might, with advantage, be given to 
types of fatigue not mentioned below. 

Endoubtedly, the most pressing need, however, is 
to get agreement for whatever nomenclature in 
general use. The existing lack of uniformity is illus- 
trated by the accompanying table, in which the terms 
employed by authoritative writers on this subject are 
defined typically by two numbers, of which the first 
represents the mean stress while the second indicates 
the cyclic range of stress superimposed upon the first. 
Numerical values have been used in preference to 
algebraic symbols in order to express more simply the 
relative magnitude of the mean and varying stresses. 

It should be remarked that although, in the paper 
referred to, Haigh and Robertson do not distinguish a 
stress cycle of the “repeated” type having zero 
stress as one limit, this may be because such cycles 
were not considered in the work they described. 
Cazaud and Persoz use the French word “ alterné” 
for all cycles which pass through zero stress between 
tension and compression, but apply it especially to the 
common case of equal stresses on either side of the 
zero, The types defined by Denaro as “ repeated ” 
and “ reversed "’ are, it will be noted, special cases of | 


rHe 
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the “ pulsating” and “ alternating” types, respec- 
tively; but they are so important—more especially 
the “ reversed” type—as probably to warrant being 


given separate names. The “ repeated” and “ pul- 
sating ” (or “ undulating *’) cycles, in which the stress 
does not pass through the zero value, obviously, can 
be further distinguished, where necessary, by the 
addition of the word ‘ or “* compression,”’ as 
may be appropriate. 

The chief difficulty seems to be in discriminating 
between “ alternating ’’ and “ reversed.”” The words 
themselves do not afford much guidance, since both 
have many shades of meaning in ordinary as well as 
technical usage. It noteworthy that Gough*, 
rather conspicuously, avoids the issue of nomenclature 
reversed,” which he 


tension ” 


is 


and uses only one special term, “ 


Author. 


rerm 


Cazaud 
Haigh.* Denaro.t and 
Persoz.{ 
Repeated ! I 1 l 
Pulsating ‘ 2 3+ 2 
Alternating 0 2 2+ 3 0 2 
Reversed 2+ 3 0+ 2 
Undulating — 3+ 2 
* Haigh and Robertson Vatigue in Structural Steel Plates.” 


451 


Trans. 1.N.A., 1039. See ENGINEERING, vol. cxivii, page 
(1939) 

+ DS.LR. Report Welding of Steel Structures,”’ page 253 
(1938) 

t Cazaud and Persoz La Fatique des Metaur, page 47 (1937) 
defines in the same sense as Denaro. Other investi 


‘complete reversal,”’ with the same meaning. 


The definitions used by Denaro in the Welding of 


Steel Structures Report, thus appear to conform to 
the majority view, and to involve the least disturbance 
of existing terminology. 
like to advocate their general acceptance by engineers, 
and to invite through your correspondence columns 
other which an agreed nomenclature 
may be reached 


opinions upon 
Yours faithfully, 
Research Department, F. C, JOHANSEN. 
L.M.S. Railway, 
London-road, Derby. 
November 20, 1939. 





THE LATE MR. R. DUMAS. 


We note with regret the death of Mr. Robert Dumas, 
which occurred on November 20, at his home in Leam- 
ington Spa. Mr. Dumas, who was for many years 
manager of the Rugby Works of Messrs. The British 


Thomson-Houston Company, Limited, was born at 
Weldon, Bucks, in 1865, and educated at Bristol 
Grammar School. He served his apprenticeship with 


the Fairfield Shipbuilding Company, Glasgow, and, 
gaining a Whitworth Exhibition in 1888, attended 
Anderson College, Glasgow. He was subsequently 


employed by Messrs. R. and W. Hawthorn, Leslie and 
Company, Limited, on the installation of machinery, 
and on the trials of H.M.SS. Magicienne and Marathon. 
He then obtained an appointment in the scientific office 
of Messrs. Richardsons, Westgarth and Company, 
Limited, Hartlepool, but soon afterwards joined the 
staff of Messrs. Siemens Brothers and Company, 
Limited, Woolwich. His first managerial post was that 
of mechanical superintendent of Messrs. Siemens’ 
Stafford Works, which, however, he relinquished in 
1903 to become works manager of the Witton Works, 
Birmingham, of Messrs. The General Electric Company, 
Limited. In 1905, Mr. Dumas was appointed works 
manager of the works, at Edinburgh, of Messrs. Bruce 


Peebles and Company, Limited, which position he 
continued to hold for three years. 
Mr. Dumas’ long association with Messrs. The 


British Thomson-Houston Company, Limited, Rugby, 
commenced on his appointment as works manager in 
May, 1908. He continued in this capacity until the 
beginning of 1929, when he transferred to the 
consulting engineering department of the firm. During 
his service of 21 years as works manager he introduced 
a rational system of limits, which has since been adopted 
by many firms in the industry, and instituted a measur- 
ing room furnished with well-kept accurate standards. 
He was also responsible for the development of a 
scientific and practical method of commutator building 
which was greatly superior to the previous somewhat 
haphazard methods. Furthermore, the freedom from 
labour troubles which his company enjoyed under his 
guidance was a tribute to his fairness in dealing with 
During the war of 1914-18 he 


was 


labour problems. 


* Gough. The Fatigue of Metals, page 12, (1924). 
t University of Illinois, Bulletin No. 302, page 43 (1938). 
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organised the manufacture, at the Coventry Works, of 
magnetos for aircraft, and served as a member of the 
Ministry of Munitions Committee on Gauges and 
Primers. He was also, in later years, a member of 
several technical committees of the British Standards 
Institution. Mr. Dumas, who only retired from his 
activities last June, became an associate member of 
the Institution of Mechanical Engineers in 1895 and 
was transferred to the class of member in 1908. 








GLASS FOR A.R.P. PURPOSES. 


A DEMONSTRATION Of the uses of glass in war time, 
combined with methods of protecting windows without 
excluding daylight, is being given by Messrs. Pilkington 
Brothers, St. Helens, Lancashire, at their London show- 
rooms, 63, Piccadilly, 8.W.1. Contrary to popular be- 
lief, some forms of glass offer considerable resistance to 
blast. Glass bricks set in concrete can, therefore, be used 
for either wholly or partially filling window frames; 
and in several London hospitals, openings on to landings 
have been fitted with ordinary brick except for a 
narrow vertical slit which glazed with Insulight 
glass bricks. This obviates the use of artificial light 
in the day time, while at night the slit can be easily 
and inexpensively blacked out. The resistance of 
Armourplate glass to blast is five or six times that of 
ordinary polished plate glass of the same thickness. 
It is also claimed to withstand great changes of 
temperature better than any other types of glass, and, 
if broken, disintegrates into small pieces, which are 
neither large enough nor sharp enough to cause injury. 


1s 


| Considerable protection against splinters, though not 
| against bullets, is provided by 13/16-in. Triplex Armour- 
gators, such as Wilson and Thomas,? amplify the term to | 


For these reasons, I should | 


| 


| wall lining, 


}it is pointed 


plate, which consists of three layers of Armourplate 
glass with intervening layers of cellulose acetate. 
Although a splinter might break the outer layer, the 
other two would remain intact and the unit would 
remain gastight and would still permit vision. 
Toughened glass lenses, which are 20 times as strong 
as an annealed glass lens of similar design, will, when set 
in concrete, resist the blast from a 500-lb. high explo- 
sive bomb at a distance of 50 ft. Tests have shown 
that the same lenses, when used in concrete roofs, 
will also withstand the action of thermite and other 
incendiary bombs, in so far as they prevent the perco- 
lation of gases. Wire-reinforced glass has also been 
shown to be satisfactory for this purpose. Vitrolite, 
the opaque glass which is used so much as a decorative 
is also being adopted extensively for decon- 
tamination chambers because of its hygienic surface, 
and because it is absolutely non-absorbent and easily 
washed down. It has been suggested that Ivory 
Vitrolite, which is fluorescent under ultra-violet light, 
could be used for marking obstructions and for guiding 
The white Vitrolite glass is already in extensive 


signs. 
use for marking curbs. 

Messrs. Pilkington make some useful suggestions 
regarding the protection of windows and the prevention 
of glass splinters. There is, they point out, no 


method of protecting windows against fracture from a 
heavy explosion, short of covering them with thick 
timber or steel plate. Windows are not strengthened 
appreciably by sticking strips of paper across the glass 
and Cellophane is not regarded as effective, owing 
to the difficulty of making it adhere permanently 
to the glass. Some reinforcement is obtained if thick 
paper board is used, as this not only strengthens the 


glass against fracture by blast, but reduces the risk 
of detached glass splinters flying into the room. 


Nevertheless, the protection afforded by such board, 
out, small in the event of a bomb 
bursting in the neighbourhood and the same is true 
of rubber latex or lacquer coatings. To stop flying 
glass splinters satisfactorily, some form of loosely 
hanging screen inside the window is really essential. 
This might take the form of a }4-in. wire-mesh screen 
hanging 3 in. to 6 in. from the glass or a heavy curtain. 
Two or three sets of curtains separated by 2 in. or 
3 in. would be more effective than a single curtain of 
the same total weight. These could be of some quite 
cheap material, such as hessian. 


18 








TROLLEY "Buses FoR SoutH Arrica.—The Durban 
Corporation has recently placed a contract for eleven 
six-wheel double-deck trolley ‘buses in this country. 


The electrical equipment is being constructed by Messrs. 
Metropolitan-Vickers Electrical Company, Limited, Man- 
chester, the chassis by Messrs. Leyland Motors, Limited, 


Leyland, and the bodies by Messrs. Metropolitan- 
Cammell-Weymann Motor Bodies, Limited, London, 
S.W.1. The laden weight of each vehicle, with a full 


passenger load of 70 persons, will be about 144 tons. A 
modified form of the standard Metropolitan-Vickers 
braking system is being fitted and, owing to the severe 
gradients, the "buses are also being equipped with run- 
back and coasting brakes. 
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30,000-KVA.., 


CONSTRUCTED BY MESSRS. 


132/33-KV. MOBILE TRANSFORMER. 


METROPOLITAN-VICKERS ELECTRICAL COMPANY, 


LIMITED, MANCHESTER. 








30,000-KVA., 132/33-KV. MOBILE 
TRANSFORMER. 


THE accompanying illustration shows one of the five 
30,000-KV A 132/33-kV three-phase transformers which 
have recently been constructed by Messrs. The Metro- 
politan-Vickers Electrical Company, Limited, Trafford- 
Park, Manchester, 17, for the Central Electricity Board. 
The transformers form part of the National Reserve 
which, as was reported some time ago, is intended 
for installation where required should the existing plant 
be out of commission for any reason or should abnormal 
increases of load occur at any point in advance of the 
ordinary development programme. 

To render them suitable for such purposes, these 
transformers have been designed and constructed so 
as to form a self-contained unit with all the fittings and 
accessories attached. They are also filled with oil 
ready for installation and immediate connection to the 
line. As will be seen from the illustration, they are 
suitable for transport complete, either by rail or road, 
and the principal problem in their design has been to 
produce a unit with the maximum output that could 
be carried within the limits of the British railway 
loading gauge. For this purpose, a truck of the side- 
girder suspension type is employed, as this enables the 
transformer to be slung between the side girders and the 
whole of the height available between the rail and 
the top of the loading gauge to be utilised. A London 
Midland and Scottish Railway 80-ton low side-girder 
suspension-type truck is shown in the illustration, but 
we understand that the transformers have been designed 
so that they can be carried on the maximum number of 
similar trucks of other railway companies which 
are in existence. They have also been designed for 
mounting on the various types of road trucks which 
are available. The total weight of each transformer, 
complete with accessories, is 73 tons. 

The transformer is cooled on the forced-oil circulation 
system, with air blast. This system has been adopted 
as it gives the greatest effect for the minimum space 
occupied by the coolers. The latter, which are shown 
in the illustration mounted at the left-hand end of the 
transformer tank, consist of duplicate units, each of 
which is capable of dealing with half the total losses 
at full load. They were specially designed by Messrs. 
Serck Radiators, Limited, Warwick-road, Birming- 
ham, 11, in co-operation with Messrs. Metropolitan- 
Vickers, Limited, and are shaped so that their contour 
fits that of the truck side-girders. The cooling fans 
and oil pumps, which are of the glandless type, are 
mounted on the top of the cooler just within the 














loading gauge. The oil conservator consists of a flat 
rectangular chamber, which is mounted on the top 
cover and is also shaped to the contour of the top of 
the loading gauge. It is provided with screwed lugs, 
into which jacking screws can be inserted if it is desired 
to raise it so that a Bucholz protective device can be 
inserted between it and the cover. Operation without 
the Bucholz protector is, however, quite feasible with 
the conservator in the ‘‘ down ”’ position as dispatched. 

A special problem which had to be solved was how 
to mount the terminal bushings permanently in position 
within the loading gauge. The usual arrangement of 
mounting the terminals on the top of the tank had to be 
abandoned and, as will be seen, the 132-kV terminal 
bushings are mounted in a pocket at the right-hand 
end of the tank. This pocket is also shaped to suit 
the contour of the railway truck and the top of the 
highest bushing is just within the railway loading 
gauge. The 33-kV bushings are set at an angle and 
are mounted on the top of the front side of the tank 
so that, while giving the necessary electrical clearances, 
they fall just within the loading gauge. All the bushings 
are arranged on pockets so that they can, in case of 
damage, be replaced without draining the oil from the 
main tank. These were constructed by Messrs. Micanite 
and Insulators Company, Limited, Walthamstow, 
London, E.17, and are of the condenser type with solid 
filling inside the porcelain rain sheds. The porcelain 
sheds themselves are encased in woven-wire guards 
to protect them during transport and storage. 

Each unit is provided with an auxiliary transformer, 
which is mounted in a separate chamber between the 
cooler and the end of the tank. The high-tension 
side of this transformer is connected to the 33-kV 
terminals of the main transformer through oil-sub- 
merged bushings in the junction wall between the main 
tank and the auxiliary transformer chamber. The 
secondary side is connected to a fuse chamber, which 
contains fuses for the auxiliary circuits, such as those 
supplying the oil pump and fan motors and the 
lighting and other services on site. The transformer 
is thus completely self-contained and is independent 
of any external circuit for supplying the fan and pump 
motors. Tap-changing equipment, giving voltage 
adjustments of + 2-86 per cent. and + 7-15 per cent., 
is provided on the 132-kV windings. The tappings 
for this purpose are connected to off-circuit hand- 
operated tapping switches since, owing to the space 
restrictions, it was impossible to mount on-load tap- 
changing gear on the tank. The voltages of the four 
tappings have been selected so that they are identical 
with those of corresponding tappings on the normal grid 





trans- 


the 
formers could be operated in parallel on any of these 


transformers. In emergency, therefore, 


tappings. 








MERCURY-SWITCH RELAY. 


THE mercury switch relays designed by Messrs. 
Londex, Limited, Anerley Works, 207, Anerley-road, 
London, S.E.20, are now being constructed for current- 
carrying capacities up to 50 amperes, three-phase. 
This relay, like the other types made by the same 
firm, is provided with a highly efficient magnetic 
circuit in which the core and tilting armature are made 
throughout of laminations of high-grade material. The 
coils are continuously rated and are suitable for 
pressures up to 600 volts on either alternating or 
direct-current circuits. The consumption is very 
low, not exceeding, it is claimed, 2 volt-amperes on 
alternating current and 1 watt on direct-current 
circuits. 

For alternating-current excitation, the relay is fitted 
with shaded poles, which are provided with a highly 
polished surface in order to ensure silent working. 
The relay is designed to give ample power for opera- 
tin gseveral heavy-duty mercury switches, which 
are mounted on the armature. These can be arranged 
to make or break circuit, or to change-over, as required. 
Obviously, these relays can be employed for a number 
of purposes, such as the remote control of street 
lighting, lifts, motor starters and speed regulators, and 
for the automatic change-over from normal to stand-by 
lighting systems in hospitals. — forms are also 
available for push-button control and delayed opera- 
tion. Where the switching capacity is above 6 amperes, 
a porcelain liner is fused into the glass tube forming 
the mercury switch, so as to increase the mechanical 
strength, and it is claimed that in this form it is 
suitable for use both on high voltages and for direct- 
current circuits. 

The same firm also manufactures a multi-eontact 
electromagnetic relay for controlling as many as nine 
circuits, either straight switching or change-over. For 
loads up to 300 volt-amperes, alternating or direct- 
current, silver contacts are used, but the load can be 
increased to 900 volt-amperes by the substitution of 
tungsten. The standard design of relay is suitable for 
use on 250-volt circuits, but a special type for higher 
pressures, up to 500 volts, can also be supplied. As in 
the mercury switch type, the tilting armature is 
laminated and the shaded poles are provided with a 
polished surface to give silent operation, 








620 


LABOUR NOTES. 


Art the annual general meeting of the Central Board 
of the Shipbuilding Employers’ Federation in Carlisle, 
on Friday last week, Mr. Henry Main, managing 
director of Messrs. The Caledon Shipbuilding and 
Engineering Company, Limited, Dundee, was elected 
president for the ensuing year, in succession to Mr. 
A. M. Stephen, chairman of Messrs. Alexander Stephen 


and Sons, Limited, Linthouse, Glasgow. Mr. J. M. 
Ormston, shipbuilding manager, Messrs. Vickers- 
Armstrongs Limited, Barrow-in-Furness, becomes 


senior vice-president, and Mr. G. 8. Cromar, of Messrs. 
Barclay, Curle and Company, Limited, Glasgow, second 
vice-president. The vacancy amongst the vice-presi- 
dents caused by Mr. Henry Main’s promotion to the 
presidency, has been filled by the appointment. of 
Mr. H. B. Robin Rowell, shipyard manager and 
director of Messrs. R. and W. Hawthorn, Leslie and 
Company, Limited, Hebburn-on-Tyne. Mr. J. G. 
Stephen, yard manager and director, Messrs. Alexander 
Stephen and Sons, Limited, Linthouse, Glasgow, was 
elected chairman of the Conference and Works Board 
of the Federation, and Mr. E. W. R. Pinkney, director 
of Messrs. Swan, Hunter, and Wigham Richardson, 
Limited, vice-chairman. 


The Ministry of Labour Gazette states that among | 


insured persons between the ages of 16 and 64, the 
percentage unemployed in Great Britain and Northern 
Ireland at October 16 was 9-4, as compared with 
9-0 at September 11 and 12-3 at October 17, 1938. 


G. 
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In ordinary circumstances, cost of living adjustments 
are made at the beginning of each year and are based 
on the index figure for the preceding twelve months. 
The time for reviewing the situation had, therefore, 
not arrived; nor did the statistics showing the cost 
of living changes during the current year up till the end 
of October warrant increase. It was agreed by 
both however, that the circumstances were 
exceptional. In future, wages are to be reviewed in 
the light of the cost of living index figure once every 
four months instead of once a year. There are about 
1,000,000 building -trade workers. 


an 


sides, 


It is stated that employers in the rubber manufac- 
turing industry are now, under a decision of the new 
Rubber Manufacturing Trade Board 


which the Minis- | 


ter of Labour and National Service has confirmed, | 


paying a minimum wage of 48s. to men and 28s. to 
women on the basis of a 48-hours’ week. About 
60,000 workpeople are affected. 


At the end of October, 3,492 members of the Boiler- 


| makers’ and Iron and Steel Shipbuilders’ Society were 


For persons insured under the general scheme, the | 


corresponding percentages were 9-7 at October 16, 
9-2 at September 11, and 12-7 at October 17, 1938. 
For persons within the agricultural scheme, the per- 


centages were 3-9, 3-4 and 4-3, respectively. 


At October 16, there were on the registers of Employ- 
ment Exchanges in Great Britain, 1,221,655 persons 
who were out of a situation. This was 169,437 more 
than at September 11, but 187,277 less than at 
October 17, 1938. There were registered as unemployed 
in Great Britain, 146,451 persons who were on short 
time or otherwise temporarily suspended from work. 
This was 80,648 less than at September 11 and 161,496 
less than at October 17, 1938. Of persons who normally 
seek a livelihood by means of jobs of short duration, 
there were 62,532 on the registers in Great Britain. 
This was 10,921 more than at September 11, but 1,816 
less than at October 17, 1938. 


The total of 1,430,638 persons on the registers at 
October 16 comprised 1,214,562 applicants for benetit or 
allowances and 216,076 non-claimants. The latter 
figure showed an increase of 29,552, as compared 
with September 11; the increase consisted mainly of 
women and girls registering as applicants for work, 


In the industries for which statistics are regularly 
compiled by the Ministry of Labour and National 
Service, the changes in rates of wages reported to have 
come into operation in October are estimated to have 
resulted in an increase of about 86,000/. in the weekly 
full-time wages of over 600,000 workpeople, and in a 
decrease of 2,300/. in those of 40,000 workpeople. The 
principal increases in rates of wages affected work 
people in the cotton-spinning and the textile-bleaching, 
dyeing, printing and finishing industries, felt-hat makers 
in certain districts, women and girls employed in 
engineering establishments, and coal miners in Notting- 
hamshire, North Derbysh're and Warwickshire. The 
decreases mainly affected coal miners in the Forest of 
Dean, blast-furnacemen in West Cumberland and North 
Lancashire, and workpeople employed by electrical 
contractors in various districts. The changes so far 
reported in the ten completed months of 1939 are 
estimated to have resulted in a net increase of about 
300.0001. a week in the full-time wages of over 2,100,000 
workpeople, and in a net decrease of 26,0001. in those 
of about 330,000 workpeople, 


The number of trade disputes involving stoppages of 
work reported to the Department as beginning in 
October was 80. In addition, 10 disputes which began 
before October were still in progress at the beginning 
of that month. The approximate number of work 
people involved in these 00 disputes, including work- 
people thrown out of work at the establishments where 
the disputes occurred, was 38,000, and the aggregate 
duration of the disputes in October was about 102,000 
working days. 


At a meeting in London last week, the National Joint 
Council for the Building Industry decided that the 
wage rates of craftamen and labourers should be 
increased as from December | by $d. an hour. The 
advance is equal to Is. 10d. in a full week in winter, 


“ signing the books,” as compared with 3,590 at the | 


end of September. During October, the number of 
members on superannuation benefit decreased from 
3,940 to 3,920 and the number in receipt of sick benefit 
increased from 833 to 840. The expenses for October 
amounted to 3,544/. 3s. lld.; in September, which 
had to bear five weeks’ outlays, they were 
4.3741. 15s. lld. A net increase of 1,063 in the 
membership is recorded in the orgavisation’s monthly 
report. 








in the seamless branch of the hosiery industry will 
receive a minimum of 32} cents per hour, and those 
in the full-fashioned branch 40 cents per hour, while a 
32} cent minimum will be established for textile workers. 
According to the Department of Labour’s statistics, 
approximately one-third of those whose wages are to 
be increased are located in the Southern States, and are 
chiefly employed in saw mills and textile factories 
and in cotton-seed oil and fertiliser production. Those 
receiving a cut in working hours are mainly located in 
New England, Pennsylvania, Maryland, West Virginia 
and Kentucky. 

The French Minister of Labour has issued a statement 
to the effect that, since the provisions of the legislation 
at present in force with regard to holidays with pay 
have not been modified in any way whatever as a result 
of the outbreak of hostilities, it is necessary that 
employers should, in the general interest, regularly 
fulfil their obligations under the legislation in question. 


Orders issued in the Netherlands on August 8 and 
September 2, under section 39 (3-4) of the Act of July 2, 
1934, concerning hygiene and safety, provide for the 
enforcement of certain sections of the measure which 
prohibit the use of white lead in painting. The Act 
of July 2, 1934, contains a chapter dealing with lead 
pigments used in painting. Section 13 prohibits the use 
of white lead, sulphate of lead and other lead pigments 
not only in the interior painting of buildings, as pre- 
scribed by the White Lead (Painting) Convention, 1921 


| (No. 13), but also in the painting of vehicles. Excep- 


} 


tions are contained in sections 14 and 18, and section 15 
regulates the use of lead pigments mixed with oil and 
other thick liquids, etc., under certain conditions. 


The writer of the editorial notes in the November Sections 16 and 17 provide for the compulsory publica- 
issue of Man and Metal, the journal of the Iron and/ tion of the preventive measures to be observed by 


Steel Trades Confederation, says, on the subject of 
the cost of living: ‘ If there is one thing the last war 


taught, it is that when wages try to keep up with | 


prices they are running a losing race. With the experi- 
ence of methods of price control that has been gained 
within recent years, there is no earthly reason why the 
cost of living should be continually increasing. A 
certain rise was to be expected during the initial period 
of dislocation caused by the outbreak of war, but, when 
the prices have found their new level there no 
economic necessity that they should not remain there 
without any greater fluctuations than in normal times. 
If supplies are short, let there be restriction, but there 
is certainly no need for the high prices because of a 
searcity of commodities. This can be controlled. If 
the Government does not take the necessary and 
effective steps to deal with this question, the unions 
are not going to rest content to travel the old road of 
wages following a long way behind prices. The wage 
levels existing at August, 1939, were not so high that 
they can afford any depreciation. Their pre-war 
value has, at the very least, to be maintained.” 


is 


A message from the British Government to the 
conference of American States belonging to the Inter- 
national Labour Organisation was delivered last week 
by Mr. F. A. Norman, of the Ministry of Labour and 
National Mr. Norman attending the 
conference at Havana as an observer on behalf of the 
Government. After expressing the British Govern- 
ment’s satisfaction that the conference was being held 
even in the present difficult circumstances, the message 
referred to the warm support which Great Britain had 
always given to the I.L.0., and which she did not 
propose to although she was now, unfortu- 
nately, involved in war, The war had not diminished 
the vital labour problems which were the concern of the 
organisation, and in some respects they had been 
intensified. Given good will, not only among Govern- 
ments but also among employers’ and workers’ organi- 
sations—and of this there abundant evidence 
throughout the world—the organisation's present 
difficulties would be overcome. To those who desired 
this end nothing could give greater satisfaction than the 
signal proof of the strength of the ties which the 
organisation had forged with the free nations in the 
Americas, now afforded by the holding of the conference. 


1S 


service 


less n 


was 


The United States Department of Labour, in a 
recently-issued statement, estimated that 690,000 
workers throughout the country would receive increases 
of pay under the mandatory wage-schedule increase 
provision of the Wages and Hours Act, and that a total 
of 2,382,500 workers would have their hours reduced 
from 44 to 42 per week. Under the law, employees in 
inter#tate commerce must receive a minimum of 
30 cents per hour from October 24, instead of the 
25-cent minimum fixed during the first year of the 
statute, and at the same time normal weekly work 
hours are reduced to 42. Employees in the hosiery 
and textile industries, covered by special recommenda- 
tions, are scheduled to obtain larger increases ; workers 


| 


employers and workers. 


A statement issued by the French Ministry of Labour 
points out that the state of war is not in itself a sufficient 
reason for the termination of contracts of employment. 
The war has not affected collective agreements con- 
cluded between employers’ and workers’ grganisations, 
and, in the absence of supplementary agreements in 
the form of additional clauses, all provisions of collective 
agreements must be fully observed. In a statement 
to the Labour Committee of the Chamber of Deputies, 
the Minister of Labour gave the assurance that the 
collective agreement system, which was the keystone 
of the whole French social structure, would be main- 
tained subject to changes which might be required by 
unforeseen events. 

It was announced in the House of Commons, on 
September 22, that it was the intention of the Govern- 
ment that the services of all aliens who were not 
interned should be available in the national interest, 
subject to such safeguards as might be necessary both 
in the interests of security and to avoid prejudicing 
the employment of British subjects. In reply to offers 
from refugees from Austria and Germany to engage 
in national service, the Minister of Labour and National 
Service stated that a record was being established of all 
aliens possessing scientific, technical, and professional 
qualifications. A list was to be compiled of all aliens 
whose services were likely to be of use, and they would 
be employed once the tribunals had testified to their 
political and private reliability. These tribunals 
have been appointed to examine the position of all 
Germans and Austrians in the country, to decide which 
of them ought to be interned on grounds of national 
security, and which of them might reasonably be 
exempted from the special restrictions imposed on 
enemy aliens by the Aliens Order. 


A Home Office Order on the employment of aliens 
which came into force on Monday this week revokes 
any previous condition attached to the leave to land 
in the United Kingdom, and prescribes that any alien 
to whom leave to land was granted before September 3 
‘shall be subject to the restriction that he shall not 
enter into any employment . without the permis- 
sion of the Minister of Labour and National Service.” 
In the second place, no alien must enter into, or con- 
tinue in, any employment set out in the schedule to 
the Order unless he obtains the permission of the Home 
Secretary and complies with any conditions attached 
to the permission. The schedule specifies any pro- 
hibited place within the meaning of the Official Secrets 
Act and any protected place within the meaning of 
Regulation 12 of the Defence Regulations, munitions 
works, and certain auxiliary war services. 








SwepisH Woop-PuLp INnpustry.—Exports of wood 
pulp from Sweden during the first six months of the 
present year totalled 936,400 tons, compared with 
850,200 tons during the period January to June, 1938. 
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DovetarL Prx-Curtine SxEcrion. 





























Fie. 3. 


TWO-OPERATOR DOVETAILING 
MACHINE. 


THE accompanying illustrations, Figs. 1 to 3, show 
a new electrically-driven dovetailing machine intro- 
duced by Messrs. Thomas Robinson and Son, Limited, 
Railway Works, Rochdale, and distinguished by them 
as the electric dovetailer ZU/E. The machine is 
designed for the mass produ_tion of dovetailed boards 
for boxes which have to withstand a considerable 
amount of rough usage, such as those for holding 
mineral-water and beer bottles, and so forth. As the 
machine is made in two distinct, though conjoined, sec- 
tions, two operators can work on it simultaneously ; 
that is, one can produce box ends and the other box 
sides, the wall components of a box being thus turned 
out together. A production of up to 250 complete boxes 
per hour is stated to be easily obtained, a 40-hour 
week thus resulting in an output of 10,000 boxes. 
The machine, moreover, can be used equally well 
for three different types of box, viz., those having 
the wall corners dovetailed from top to bottom ; those 
having the corner dovetails ceasing within a short 
distance from the bottom, so leaving an open space 
at the bottom of each side; and those in which the 
sides consist of two separate bars with spaces between. 
Only the mortises and pins actually required for each 
type of box are cut and thus the usual wastage of 











Mortise Section Operatine Face OF MACHINE. 


time in filling up unwanted mortise gaps is etiminated. 

In order to understand this flexibflity of operation 
reference should first be made to Fig. 1. This view, 
shows the dovetail pin-cutting section, the particular 
board being worked upon belonging to the first type 
of box mentioned above, viz., that in which the corners 
are dovetailed for their full depth. The dovetailing is 
effected by means 6f ordinary circular saws of uniform 
diameter, heavy gauge, and having teeth of a special 
“set.” The saws are assembled in gangs as shown, 
each side of the machine accommodating, when required, 
18 saws. It will be clear that by spacing groups of 
saws by distance pieces, the dovetailing can be made 
to stop short of the bottom of the corners or with 
gaps, as may be desired for the second or third types 
of box mentioned above. The mortise dovetailing 
section is shown in Fig. 2. It differs from the pin- 
dovetailing section in that it has a horizontal sliding 
table and the saw assembly is covered in at the top by 
its exhaust hood, these two variations giving a different 
appearance to each section. The relation of both sections 
is clearly visible in the view of the complete machine 
given in Fig. 3, in which view the mortise section is at 
the left and the pin section at the right. The central 
column houses a 12-5-h.p. alternating-current squirrel- 
cage motor, on the extended rotor shaft of which the 
saw assemblies are mounted, outside bearings being, 
of course, provided. It may be noted here that when 





Fig. 2. Doveram Mortisr-Currine SEcTION. 


this standard squirrel-cage type motor cannot be used, 
either due to the kind of current available or to special 
electrical regulations, the machine can be arranged with 
a central multiple Vee-belt drive. 

Referring again to Fig. 1, the actual operation of the 
pin-dovetailing section may be followed. It will be 
realised that the face of the boards must be set first 
at one angle and then at another, in the horizontal 
plane, to the axis of the saws in order to give the well- 
known dovetail shape to the pins. This involves two 
settings for each end of the boards, of which two are cut 
together. The table is carried on rollers on a fixed 
frame, so that it can be pulled backwards and forwards 
though its motion is restrained by an adjustable spring 
device. The clamping gear is attached to the top of 
the table and can be swivelled in the horizontal plane. 
This swivelling clamp provides the two angular settings 
mentioned above. In Fig. 1, the operator has pulled 
over the table to its normal position at the front of the 
machine, and has, moreover, swivelled the clamping 
gear until its free end is up against the front stop of 
the table, the stop being visible on the extreme left. 
The boards are clamped by means of a lever-operated 
eccentric bar, the knurled screws seen in front being used 
for adjustment to suit different thicknesses of board. 
The boards being firmly fixed in the clamp, the operator 
then pushes the table towards the back and the boards 
are traversed across the saws which then make a series 
of oblique cuts. The boards are then at the other side of 
the saws, and, while the table is in this rear position, the 
clamp is swivelled so that its free end is in contact with 
the rear stop of the table seen in the left hand fore- 
ground. This reverses the angle, and when the table 
is pulled back the saws make a second series of cuts 
with a different “hand” slope. This completes the 
Operation on one end of the boards, which are 
then turned over and the cycle repeated for the other 
end. In Fig. 1, the first operation has been done on 
the top edge of the board and it will be appreciated 
that the two cuts have finished the pins with the dove- 
tails back to back, though the boards are identical 
when separated. The operator is just about to make 
the first cut on the bottom edges of the boards. 

The table of the mortise section of the machine is 
actuated by a }-h.p. motor through reduction gear, 
and is operated on sliding ways. The eccentric lever- 
operated clamping gear can readily be identified in 
Fig. 2. Two boards are clamped in it at once, their 
position being determined by appropriate fences. A 
slight movement to the right of the lever projecting 
from the front of the table engages a dog clutch between 
the camshaft driving the table motion and the motor 
reduction gear. The table then begins its forward 
feeding movement and, by means of an angled slide on 
its underside, is given an oblique traverse relative to 
the plane of the saws. This traverse is at the correct 
pre-determined angle of the desired dovetail. The 
first cut only removes a portion of the wood from the 
mortise, and on its pode! a. the table is returned to 
its normal position and then immediately started 
forward again. This time, however, another angled 
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slide comes into operation and the table is traversed 


in a direction having the same amount of angle as at | 


first, though the slope is opposite. The second traverse 
removes the remainder of the material and completes 
the mortise. The whole cycle of movements for the 
set of mortise dovetails on one end of two boards is 
, entirely automatic once the clutch has been engaged 
and is completed in 10 seconds. The boards are then 
turned round, reclamped, and the cycle repeated for 
the other end. 
The various adjustments of both sections of the 
machine are simple and are quickly effected, and 
tight or slack dovetails can be made at will. Mortises 


and pins which match perfectly can be produced | 


and any subsequent cleaning-up operation is thus 
minimised. The cutting equipment is stated to be 
simple, cheap and easy to set up. Sharpening is the 
only operation likely to cause any appreciable idle 
time, but if it is desired to keep the machine in constant 
production, the obvious course to pursue is to have 
two sets of saws so that one set can be kept ready 
sharpened for immediate change-over when necessary. 
The changing of a full complement of 36 saws takes a 
few minutes only. Messrs. Robinson state that their 
records show that on occasion one machine has dove- 
tailed 25,000 boxes before re-sharpening was necessary. 
In any case, a bench-type truing stand is available, 
in which stand the saws are rotated by a small motor 
and can be trued to uniform diameter in complete 
gangs by means of a carborundum jointing stick. The 
dovetailing machine is very clean in operation, as all 
cutting waste is in the ‘hom of sawdust, which is 
easy to remove through the exhaust hoods provided. 
These hoods not only afford adequate safety protection 
but are arranged so that they can be either readily 
coupled up to a central suction plant or bags can be 
fitted on them to collect the waste. Skilled labour is 
not required to operate the machine, though, naturally, 
the precise output depends to a certain extent on the 
quickness with which the boards can be handled by 
the operators. 








1,000-KV. X-RAY TUBE FOR 
ST. BARTHOLOMEW’S HOSPITAL. 


1,000-kV X-ray tube 
Mozelle Sassoon Department 


been 
St. 


which has recently 
at 


THE 
installed in the 


tartholomew's Hospital, London, marks an interesting 


stage in the employment of this form of energy for the 
treatment of cancer and other the basic 
reason for constructing such a tube was to produce 
X-rays of as short a wavelength as possible, in order 
that their biological properties might be investigated. 
An increase in voltage also decreases the wavelength 
of the beams and thus increases the penetrating power 
and depth dose. Moreover, it augments the absolute 
intensity of the beam, so that the distance between 
the tube and the patient may be raised as well as the 
percentage depth dose. As the intensity of the beam 
as the square of the distance, the 


diseases. 


decreases 


advantage of these factors can only be obtained if the | 


fullest | 


available energy is high, so that the use of an extra | 


high-voltage tube is essential. 

The first attempt to increase the operating voltage 
of vacuum tubes above 200 kV was made by Dr. Coolidge 
in 1925, when he constructed a 300-kV Lenard tube. 
In 1928, he introduced the cascade principle by con- 
necting three of the tubes in series. In the same year 
a tube of an entirely different type was constructed by 
Lauritsen and Bennett, the former of whom later 
designed a double-ended vertical tube which was ener- 
gised to 1,000 kV by two transformers. 
Cockcroft and Walton constructed a tube and generator | 
for 600-kV direct-current, the generator being very 


similar to that described below, while in 1935, a tube | to build a double-ended tube with an earthed central 
operating on a radically new principle was introduced | section, close to which the treatments would take place. 
Hafstad | The anode and cathode were both to be insulated for 
and Dahl designed a twelve-stage positive ion tube | | 500 kV to earth and to extend into the central section 
The tube at St. Bartholomew's | to within a few inches of one another. 


by Sloan and others. In the same year, Tuve, 


operating at 1,200 kV. 
Hospital was designed in 1934-35, at a time when none 


of the above-mentioned tubes were operated at 1,000 | from consideration of the electrical gradients at their 
and it was not easy to assess the relative merits | surfaces. 
It was considered | ing the vacuum in the tube, which is an advantage, 
X-rays should be | since evacuation of such a tube takes about 2 hours. | 


kV, 
of the few tubes then at work. 
desirable that the source of the 
available at as short a distance as possible and that | 
the tube should be shock-proof and ray-proof. Con- 
tinuous evacuation by oil-diffusion pumps was essential 
to reduce maintenance costs and allow of great flexi- 
bility of design. In order to locate the source of the 
X-rays as definitely as practicable on one small area, 
the filament was brought as near to the target as 
possible. Experience indicated that voltages of at 
least 300 kV, and probably 500 kV, could be maintained 
between concentric cylindrical electrodes im vacuo, 
without excessive degassing. It therefore seemed 
that 1,000 kV could probably be applied to a tube 
consisting of three or four concentric cylindrical 
electrodes, the outer cylinder being earthed, the inner 
cylinder being at 1,000 kV, and the intermediate 


In 1932, | 
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1,000-KV. X-RAY TUBE. 


MESSRS. 


Fig. 1. 


METROPOLITAN-VICKERS ELECTRICAL COMPANY, 


LIMITED, MANCHESTER. 


























electrode or electrodes at the appropriate intermediate 
potentials. Alternatively, the tube could consist of an 
outer earthed vacuum cylinder with the cathode and 
target projecting into it from opposite ends, each being 
supported by insulators capable of withstanding 500 kV. 
With the single-ended tube the diameter of the neces- 
sary vacuum cylinder would be about twice that 
of the double-ended tube. With regard to the genera- | 
tors, the single-ended tube would require a generator | 
for 1,000 kV to earth, while the double-ended tube 
would require two 500-kV generators of opposite 
| polarity. 

Taking the above factors into account, it was decided 


The diameters 
of the cathode, anode and central section were’ fixed 


The filaments can be changed without break- 








A closed water- cooling system operating at target | 
potential and comprising a radiator and fan ranged 
of dissipating 10 kW was installed. The tube has 

volume of 8,000 litres, with a surface area of 180 sq. ft, 
and two oil-diffusion pumps, each of 180 litres per 
second pumping speed, are, therefore, employed to 
— with the gases released from the surfaces of the 
tu under electrical bombardment. In addition, 
two vapour condensation traps are provided fer experi- 
mental purposes. The high-speed pumps are each 
backed by a high backing pressure oil-diffusion pump 
and a rotary pump. A large single-stage rotary pump | 
connected to the tube is provided to exhaust the 
tube from atmospheric pressure. As the medical 
authorities were anxious that the minimum distance 
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between target and patient should be as small as possible 
a lead thickness of 12 cm. was decided upon and a 
rotary type of X-ray shutter was designed. The lead 
shielding consists of a cylinder surrounding the central 
earthed section of the X-ray tube, and is capable of 
being rotated about the axis of that tube. This cylinder 
contains only one part, which can be rotated to the 


required position for treatment. It is, therefore, 
unnecessary to remove the voltage from the tube 


between treatments. 
The X-ray tube and direct-current generators were 
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both manufactured by Messrs. Metropolitan-Vickers | each side of the radial centre line is water cooled b | , C 

—rael fer . y|/ THE DESIGN AND 

Electrical Company, Limited, Trafford Park, Man-| means of a copper tube ¢, which is soldered on to the | OF THE om es gg 
chester, 17. The earthed central section of the X-ray | body. This serves to dissipate heat generated by | ¥ 

tube horizontally spans the treatment room, which secondary electronic bombardment. The body cylinder; IN a paper which was to have been read before the 
is 11 ft. wide. The anode projects into this section | is fixed to one of the supports only, the other end | Institution of Electrical Engineers on Thursday, 


of the tube from the positive generator room and the being free to slide on its support to allow for differential | November 9, Mr. G. F. Sinclair discussed the principles 
focal point on the target is located at the mid-point of upon which the double-deck trolley "bus now used by 


: expansion. 
the central section. From the focal spot, X-rays} Several methods were considered for the construction | the London Passenger Transport Board is constructed. 
A single-motor drive to the back axle is used, the rating 


radiate in all directions. The port in the rotatable | of the protective lead cylinder. The attachment of 
lead cylinder surrounding this section is located in| sheet lead or suitably interlocked cast lead blocks of the motor depending on the load cycle of the ser- 
the same vertical plane as the focal spot perpendicular | to a steel cylinder did not appear to be satisfactory, | vices. This cycle is influenced by such known variables 
to the longitudinal axis of the tube, so that by rotation | so it was designed as a double-walled cylinder and the | 4& maximum speeds, stops per mile and lie-over times, 
of the cylinder an X-ray beam can be obtained emerging | Space between filled with lead shot. It was constructed | Which can be shown on speed/time curves, and by 
in various directions in this plane. In addition, a| in two half sections with a longitudinal joint, flanged | Such unknown quantities as traffic signals and slow- 
part of the treatment floor, comprising a platform 10 ft. | and bolted together, as illustrated in Fig. 2, where it is| moving traffic, which can be recorded graphically. 
by 12 ft., under the tube, can be traversed vertically | shown in a temporary mounting. The inner diameter | As a check to determine the capacity of the motor, 
from a height 4 ft. above floor level to 3 ft. below.|is uniform and the outer diameter varies in three | the root-mean-square current and temperature are 
With these various adjustments it is possible to treat | steps, giving radial depths of 2 in., 3-5 in. and 6 in.,| measured under service conditions. These show that 
any part of a recumbent patient with a beam directed |so that all direct rays pass through at least 6 in. a trolley bus equipped with a single compound motor, 
at any angle. The ends of the X-ray tubes project | of the annular space within the cylinder. Experiments | arranged for rheostatic braking, and loaded to 11 tons 
into both positive and negative generator rooms. | indicated that the best packing coefficient could be | 12 ewt., had an average speed of 11-45 m.p.h. on a 
Here the central metallic section of the tube ends | obtained with lead shot of two sizes, # in. and yy in. heavy-duty congested route. The proportion of time 
and porcelain insulating sleeves clamped on each | diameter, and a figure of 80 per cent. was secured, | &t rest was 12 per cent. The r.m.s. armature current 
end of the central section, insulate the cathode and | Thus, all direct rays pass through at least 12 cm. of lead. | was 103 amperes, the shunt-field current 3 amperes, 
anode for 500 kV. To avoid excessive mechanical | When the cylinder is completely filled, the noise of the ‘and the highest temperature rise 70 deg. C. in the 
strain on these sleeves, the anode and cathode are| moving shot during rotation is negligible. The port| main field and interpoles. The characteristics of 
supported from the ground by insulators. at the centre of the cylinder was formed by welding | the services have been found to have sufficient simi- 
The direct-current generators each consist of four | in a steel cone of 30 deg. apex angle. The cylinder is| larity to allow for standardisation on three-axle 
250-kV thermionic valves, three 250-kV and one 125-kV | mounted on ball-bearing flanged wheels and is rotated trolley ‘buses weighing 13} tons laden and having 
condensers, one 125-kV (peak) transformer, and the| by means of a chain drive, motor and gearbox, one | & 95-h.p., 550-volt motor, with a lower rated motor 
necessary filament-supply generators. The condensers, | revolution occupying } minute. The motor is fitted for use on two-axle vehicles. The yearly cost with 
valves and filament-current generators are all mounted | with an electromagnetic brake and although the cylinder | energy at 0-5d. per unit is about 286/., assuming a 
on vertical columns. Each 500-kV generator is con-| weighs 8 tons, it can be stopped within } in. in the | mileage of 50,000. The saving which would result 
nected to the X-ray tube through a high resistance to | circumference at the outer extremity of the port. The | from the use of series-parallel working would be about 
limit short-circuit currents. The apparatus rooms and | cylinder rotates only in one direction, so that in giving |8 per cent., but this is more than offset by the lower 
treatment room are enclosed in walls of barium-sulphate | short exposures of X-rays it is analogous to the focal- | maintenance and lower capital cost of a single motor. 
concrete to absorb the X-ray energy from the table. | plane camera shutter and gives equal dosage over the | The type of motor which is mot suitable for trolley 
The control room is placed in line with the treatment | whole irradiated field. "bus work has a wide range of speed variation and limited . 
room, the intervening wall being of barium-sulphate | Surrounding the protective lead cylinder is the light | maximum values of braking torque. The necessity 
concrete 18 in. thick. Patients may be seen from the steel cylinder on which application or beam-limiting | for retarding the vehicle by reversing the motor torque 
control desk by means of a periscopic system of mirrors | devices are carried. This cylinder is also mounted on | has led to a design enabling the desirable features of 
and a two-way microphone system operates between | ball-bearing flanged wheels and is likewise driven by a both acceleration and retardation to be embodied in 
the control and treatment rooms. | chain and motor gearbox unit. As the target of the | one machine. The speed on the level with full field 
4 The general arrangement of the tube is shown in| X-ray tube does not rotate, X-rays of uniform intensity | and the resistance cut out is about 12 m.p.h, This can 
Fig. 1, opposite. The tube spans the treatment are only available over about 100 deg. of arc, so this | be obtained by either a regulated-field series motor 
room a at a height 6 ft. above floor level and extends | cylinder is made to rotate through 110 deg. as shown in | Or 4 compound motor, both machines running as series 
through the walls to the apparatus rooms 6 and b,. Fig. 3. This illustration is a diagrammatic cross-section | Motors at the maximum speed. The method of field 
The openings in the wall are provided with steel frames | through the centre of the X-ray tube, in which a is the weakening adopted in order to reach the maximum 
on which are supported the central earthed section c, | central section of the evacuated envelope, b the target, | Speed is that of field shunting or tapping in the case 
which consists of a 14-in. diameter steel tube 17 ft. | c the protective lead cylinder, d the application cylinder, | of the series motor and that of inserting resistances 
long. On these frames are also supported a double- | ¢ the lead block, f the lead rim, g the ionisation chamber, |in the shunt field and diverting the series field in a 
walled steel cylinder d, the space between the walls | A the filter, k the lead diaphragm, and | the applicator. | compound motor, With a series motor, rheostatic 
of which is filled with lead to absorb unwanted X-rays. |The target is controlled from the treatment room | braking is irregular, but with a compound motor it is 
Surrounding this is a light steel cylinder e on which are | and is rotated only when the port of the protective | controlled by the excitation. The series field opposes 
carried an ionisation chamber, to record the intensity | lead cylinder is directed upwards, the “ rest ’’ position, the shunt field, thus giving automatic regulation of the 
of the X-ray output of the tube, filters and beam- | in which the emergent X-ray beam is absorbed by the braking down to a ’bus speed of 4 m.p.h. Wheel 
limiting diaphragms. Each end of the central earthed | lead block. This block is suspended from the ceiling | skidding is thus prevented and the stresses which can 
section of the tube—which is known as the body cylinder | and is shown at u in Fig. 1. The applicator turntable | be applied to the transmission system are limited. 
—has a flange f, to which a conical porcelain insulator g | is mounted at the centre of the cylinder and at this | The characteristics of the compound motor permit 
is jointed by a special vacuum joint. The cathode | point a further lead shield v, consisting of a band of | regeneration to be obtained on the accelerator pedal 
and the anode i are secured to the end plates & at the | lead 1 in. thick and 20 in. wide, is fitted round the appli- | down to a speed of 15 m.p.h. This is a valuable asset. 
remote ends of these insulators. These electrodes | cator cylinder to reduce the intensity of the main beam | The arrangement of a strong series field and a relatively 
are concentric with the body cylinder. The anode | of X-rays as the lead cylinder rotates before and after | light shunt winding with tappings on the series windings 
terminates at a point such that the focal spot on the | each treatment. The protective lead cylinder, which | for speed regulation has been adopted. The shunt 
target is midway between the walls of the treatment | is controlled by push buttons on the control desk, is | augments the series field during motorin, and thus is 
room, and the cathode terminates at a point 7 in. away | electrically linked to the applicator by cam-operated | capable of providing a small amount of regenerated 
from the extreme end of the target. The overhanging | switches. It cannot be operated from the treatment | current, in the neighbourhood of 40 amperes. On 
weight of each electrode is balanced by a lead disc /,| room or when the doors of that room are open. When | rheostatic braking, the shunt field only is used. The 
which is attached to a cradle m secured to the end | the applicator cylinder has been set at the required | amount of regeneration is sufficient to give a braking 
plate of the insulator. The whole weight of the|angle for treatment, and the treatment-room doors | rate of about 1 m.p.h. per second from 30 m.p.h. to 
electrode assembly is carried by the porcelain insulating have been closed, the protective lead cylinder may be | 20 m.p.h. 
column ». A filament-current generator 0 is mounted | rotated from its rest position by pushing a button on| The factors controlling the design of the motor 
at the top of the insulating columns at the cathode | the control desk, and the cam switches ensure that it is | are weight, restricted dimensions, commutation under 
end of the tube and is driven through an insulating | stopped with its port in true alignment with the appli- k loads both as a motor and generator, and noise. 
shaft by a motor p at the base. At the anode end cator port. At the termination of treatment, the Phe first two essentially control the others. The most 
of the tube a radiator ,, fan and pump for circulating | cylinder is further rotated in the same direction back | difficult problem is to secure a quality of commutation 
the cooling water for the target are mounted together | to its rest position. The lead block suspended above | which will not cause deterioration of the commutator 
on a separate porcelain column to prevent vibration | the tube is thick enough to absorb the beam passing | surface over a long period of operation. A single-turn 
from being transmitted to the tube. The fan and pump | through the lead on the applicator cylinder, and is | winding is, therefore, employed so as to reduce the 
are driven by an insulating belt from a motor at the | wide enough to absorb the ensuing sideways scattered | reactance voltage. This means a larger number of 
base of this column. The water is forced through copper | rays. Parallel to the axis of the tube the scattered | commutator bars, but no mechanical weaknesses have 
pipes to cool the target r. | rays are absorbed by two rings of lead. These are| been experienced. To obtain good commutation 
Dealing with these component parts in more detail, | indicated at w in Fig. 1 and are 1 in. by 2 in. in section. | over a wide range of current and flux variation, the 
the central earthed section of the X-ray tube is built up| An ionisation chamber indicated at g in Fig. 3 is| yoke sections are thickened up in the parts required 
from three equal cylinders which were rolled from mounted permanently on the applicator cylinder and | to carry the interpole flux in addition to the main flux, 
automobile-finish sheet steel, } in. thick, and welded | covers the entire port, so that all the emergent X-ray | the aim being to give, as nearly as possible, uniform 









































together. Each section was completed separately, beam traverses the chamber. Metallic filters 4 and} flux density at all cross sections under conditions of 
the end sections having their flanges and pumping lead diaphragms k are also mounted over the port on 
branches welded on. Each section was also ground this cylinder. Applicators or compressors / are 
smooth and polished internally. The smooth polished | mounted on a turntable fixed to the applicator cylinder 
surface on the inside of the tube is important for two so that they may be rotated about the axis of the emer- 
reasons: it avoids the possibility of sharp points,| gent beam. 


which may increase the local potential gradient and so (T'o be continued.) 











merease the auto-electronic emission, especially at 
the positive end of the tube where the body cylinder 
is at a negative potential with respect to the anode ; and | 
it also enables the surface to be readily cleaned. The 
cylinder extends beyond the end flanges and each end 
is fitted with a stress distributor s, which was fabricated 





THE PETROLEUM INDUSTRY IN THE UNITED STATES.—— 
The average daily production of crude oil in the United 
States, during the week ending November 4, was 3,501,350 
barrels, compared with 3,498,500 barrels in the preceding 





week, and 3,628,550 barrels during the corresponding 
week of 1938, 


from 2 in. diameter steel tubing and highl i 
ghly polished. | 
The part of the cylinder extending for about 6 in. on 





heavy load. As regards the arrangement of the field 
windings, the series and shunt sections of the main coils 
are wound on separate formers and are separately insu. 
lated before being assembled. The shunt winding is of 
asbestos-covered wire and the series and interpole 
coils are wound in the usual manner with asbestos- 
paper separators. The motor is usually placed under 
the floor of the vehicle, and arrangements must be 
made to ensure that the level of sounds emitted from 
it is less than the level of conversation inside the 
vehicle. The loudness of the tone of the brush chatter 
is greatest at low speeds and the noise from the fan 
greatest at high speeds. Brush noise has been consi- 
derably reduced, as has the intensity of the fan sounds, 
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by using an aerofoil blade and suitable arrangement of 
the air outlets. Magnetic hum has been obviated by 
trial and error in determining the best proportion of 
the main pole gaps. 

The control circuit includes seven contactors in the 
armature and three in the shunt circuit. The overload 
and over-voltage relays are interlocked with the main 
contactors. The majority of the faults which cause 
delays of five minttes or more in service are attributable 
to control defects. Experience shows that the most 
reliable contactor is a line energised coil, which operates 
a plunger or clapper forming the armature. In the 
plunger type, all the magnetic lines of force are used, 
as the air gap between the plunger and the core is 
in the centre of the coil. The necessary limitation in 
size involves high flux density in the air gap between 
the plunger and core, and this is obtained by a compara- 
tively large number of turns on the operating coil. 
[n the clapper type, the core is comparatively large in 
order to compensate for the magnetic leakage. There 
being no air gap in the core, the magnetic flux can be 
used at a high density with a small number of ampere 
turns. The clapper is made with a surface area greater 
than the end of the core, which gives a low density in 
the air gap between the two and allows a coil to be 
used with few ampere-turns and therefore less induction. 
Mechanically, the clapper is of more robust construction 
than the plunger type. The use of enamel-insulated 
wire for the winding of the operating coils has become 
universal. A change-over switch operated by the 
master-controller reverser key enables the batteries to 
be placed in series for propelling the vehicle. The 
no-load voltage is then 70 and gives a trolley "bus 
speed of 5 m.p.h., the shunt field of the motor not bcing 
energised, 

The rheostatic and air brakes are controlled by a 
single pedal, the first movement of which open circuits 
the control and applies the rheostatic brake. In 
the final section of travel, rheostatic and air braking are 
combined. The reciprocating air compressor is driven 
by a }-h.p. series motor and the reservoir stores braking 
power sufficient for 15 normal applications. The com- 
pressor motor is controlled by the main control switch, 
so that until it is started the control gear cannot be 
energised. This prevents the possibility of operating 
the vehicle without switching on the air brake and 
provides against faults in either circuit, as both are 
fed through a common fuse. An audible and visible 
alarm is fitted to indicate when the air pressure falls 
below 45 Ib. per square inch. This alarm is energised 
from the low-voltage supply. 

The low-voltage generator used for lighting can either 
be driven directly from the main motor shaft, through a 
belt from the propeller shaft or coupling, or by a high- 
voltage motor. With the first two methods the per- 
centage of time during which the lighting load has 
to be maintained by the battery depends on the 
characteristics of the service, but tests show that the 
performance of the generator on a given route is 
sufficient to maintain the battery in a satisfactory 
condition on a winter service, where the lighting load 
is necessary throughout the whole running time. 
This would occur with all vehicles operating in the 
early morning and evening only. During fog, the 
margin of generated current would not be sufficient 
to avoid the batteries becoming discharged. The motor- 
generator set gives constant vehicle illumination, irre- 
spective of the trolley "bus speed or battery condition, 
a feature which is of special importance in dense 
traffic. The battery is of 96 ampere-hour capacity. 
It is merely used for manceuvring and, with a motor- 
generator, can be charged at will. As the regulations 
require double insulation between the low-voltage 
wiring and parts connected with the 600-volt supply, 
the motor armature is electrically insulated from the 
generator armature by a moulded micanite cone. The 
high- and low-voltage yokes are insulated from each 
other and in order to prevent the common shaft from 
short-circuiting the two, the bearing housing at the 
motor end is insulated by micanite. To obviate the use 
of thin wire in the field coils and to provide better pro- 
tection against voltage surges, a series motor is used 
To prevent its speed becoming excessive, a permanent 
load is connected across the generator. 

There are three conditions um ler which trolley ’ buses 
may become electrically charged in service; electro- 
statically by the friction of the tyres on the road 
surface, by a rise in potential due to an inductive 
kick from the contactor coils or to induction from 
transmission mains, and conductively when a leakage 
occurs from the power circuits to the body. Only the 
last of these has to be guarded against in practice, 
and the regulations call for a daily test of the insulation. 
This test is made at the end of the day’s service, as 
the "bus is then in the condition in which it has been 
operating. This is specially important in wet or snowy 
weather, as the insulation resistance varies with the 
climatic conditions. For convenience, the frames of the 
individual 600-volt units are connected with a test 


socket at the back of the trolley "bus, and this is con- 
nected by a plug to the test panel in the depot. The 
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trolley ‘bus is designed to ensure secondary, and where 
possible, tertiary, insulation on all high-voltage com- 
ponents. The nightly test is between the conductors 
and the chassis, the secondary insulation being short- 
circuited. Each high-voltage circuit is also individually 
tested every 14 days. The apparatus fitted to ensure 
suppression of radio interference now includes two 
liberally current-rated chokes, one in each of the two 
main master-controller feeds, in conjunction with a 
centre-tapped condenser filter connected across the 
line and chassis. The two control chokes do not 
adequately suppress the control interference, as they 
are placed some distance away from the source of that | 
interference and because the intervening control wiring 
induces interference in the power wiring, which is | 
earried directly to the overhead system. To reduce this 
by-pass effect, a centre-tapped condenser filter is used, 
which tends to short-circuit the high-frequency poten- 
tials appearing between the trolleys and the chassis. 
The condenser filter also provides efficient suppression 
of interference in the main motor, the motor-generator 
set, the compressor motor, and the power arcs on the | 
contactors within the wavelength range from 1,500 m. 
to 200 m. The average interference signal strength of 
25 db. obtained over these wavelengths compares 
favourably with the results obtained from vehicles | 
equipped with individual chokes. 

As regards mechanical parts, the automobile design | 
of chassis used in public-service vehicles has been | 
adapted to trolley *bus operation. The orthodox 
pressed-steel side members are used and the springs, | 
besides taking the loads, provide the reactions to the | 
traction and braking efforts. With the three-axle | 
trolley "bus, the two rear axles are driving axles. In| 
the majority of cases a third differential is used. Worm | 
gears are employed in the rear-axle drives in preference 
to bevel wheels, owing to the greater ease in accommo- 
dating high ratios between the driving shafts and axles. 
Quietness of running and the low height obtainable 
by the use of underslung worms are also factors. The 
load capacity of the worm gear when driven by an 
electric motor has to be substantially greater than 
with the oil-engine drive, to provide for the high 
sustained torque on the worm wheel during accelera- 
tion. This has been found by observation in service 
to require over 20 per cent. greater torque capacity. 
On single-axle drives, 8} in. worm-gear centres are 
frequently used and 7 in. or 8 in. centres where the drive 
is divided between two axles. This is much above | 
the calculated load capacity required, but has been | 
adopted as a result of experience with the heavy | 
momentary overloading during acceleration. With | 
the high propeller-shaft speeds up to 3,000 r.p.m. | 
experienced in trolley "bus operation, it was necessary 
to design transmission shafts to reduce vibration to a | 
minimum. This requirement was met by placing the 
motor close to the driving axles and using a single 
short shaft. With this type of drive, the transmission | 
from the motor shaft to the leading axle, with an | 
unladen vehicle, allowed for a working angle of 2 deg. 
on each of the universal shafts. This was obtained by | 
tilting the worm shafts. Heavy emergency braking 
causes relative movement between the driving bogie | 
and the motor, which increases the normal working | 
angle of the shaft, so that the universal joint assumes 
a working angle of 4 deg. With these conditions and | 
with a shaft about 28 in. long, smooth running is | 
obtained. Tests show a freedom from vibration up | 
to a speed of 35 m.p.h. in normal operation, and under 
heavy braking conditions, with the maximum angular | 
vibration of the couplings. Very little noise or vibration | 
is apparent even when passing through the true critical | 
speed of the shaft at 1,400 r.p.m. 

With a coach-built body the chassis is essential for | 
mounting the power unit and for anchoring the spring- 
ing system. The all-metal body now used for passenger | 
road vehicles can, on the other hand, form part of a| 
chassis-less vehicle with an inherent structural strength 
necessary for the various loads. In such a system of 
construction it is possible to make better use of the 
materials, heavy sections being employed where 
justified and the vehicle being designed as a whole 
instead of in two parts. The reactions to centrifugal 
force and wind pressure can be more adequately 
provided for in a unit-built vehicle. There are no cross 
bearers carrying the structure. The members form 
an integral part of the framing. The bulkheads 
take the form of deep girders with heavy transverse 
pressed-steel stiffening channels at the bases riveted 
to the longitudinal members. When a rigid fixing is 
provided for the individual side members there is no 
necessity for the pillar position to coincide with the 
members. A_ better distribution of loading 
between the side pillars removes some of the tension 
stresses in the tacking plates. The method of support 
of the bulkheads to and between the side framing gives 
the necessary stiffness to the structure to enable it to 
resist lateral forces. 

In one of the latest examples of chassis-less trolley 
“bus the body frame is made to take the driving motor 
and running units, and the steel lining panel below the 


| 








cross 





| arched longitudinal frame. 


| resisting buckle and twist. 


window line of the lower deck is made of sufficient 


| thickness and quality to act as a continuous girder or 


truss plate along each side of the body. The bottom 
edge of this truss plate is riveted to a comparatively 
heavy-gauge solebar and crib rail to which the main 
floor cross members are connected. The wheel arches 
are built into the framework of the body side and 
underframe and are effective structural parts of the 
design. The rear-wheel arches are also supported from 
the underside of the arch by gusset brackets from the 
The special feature of the 
design is that it transfers the work done by a chassis 
limb to the body side. It is of interest to compare 
the strength-for-weight value of the two members : 
The chassis frame of a normal heavy-type chassis has a 
section modulus of about 15 with a weight per foot of 
18 Ib. at its heaviest section. On the latest type, the 
section modulus for the truss-plate combination is 
27, with a weight per foot of 15 1b. For the same vertical 
load the body truss plate combination gives an advan- 
tage of about 80 per cent. on the section at the point of 
maximum bending, with a reduction of nearly 18 per 
cent. in weight. The vertical load is the easiest to 
provide for. The steel box character of the body, 
with its heavy-duty cross members and strong trans- 
verse bulkheads, renders it structurally capable of 
The heavy sections used 
ensure a low stress in the material and are helpful 


|in that they reduce the risks associated with fatigue 


and corrosion. 

The front springs are anchored to the first two cross- 
bearers, giving freedom to the forward longitudinal 
arms to extend forwards on a level plane between the 
springs. The springs can be made of either negative or 
positive camber, and with either overslung or under- 


| slung shackles. The design of the spring is not limited 


by an over-riding frame member. The full front 
design usually adopted for trolley ’buses in preference 
to the half-cab affords the opportunity of departing 
from the principle of supporting the driver’s cab from 
the top structure to free it from vertical oscillations 
due to road shocks. With a chassis-less vehicle, the 
front of the body can be of sufficient weight and 
strength to resist vibrations. This reduces the struc- 
tural weight in the girth of the body which is necessary 
when the front road shocks are transmitted to the body 
through the leverage of the front arms anchoring the 
front springs. 

The wheel is less suitable for current collection than 


| the sliding carbon collector, as its free motion is 


impeded in response to the change of direction by 
gyrostatic action and the inclination of the spindle 
to the vertical. It also restricts the design of the 
overhead fittings. On the other hand, with the shoe 
the longitudinal line of carbon contact with the wire, 
the absence of rotational inertia, and the length of the 
guide at frogs and crossings allow smaller angles to be 
used at the overhead fittings. To protect the carbon 
from impact at these fittings, holders with a suitable 
profile are provided and the fittings are made to angles 
of 65 deg. The change-over of the carbon from the wire 
to the angled faces of the holder forces the shoe down- 
wards until the carbon is free of the metal or insulated 
sections. The 65-deg. angled section of the holder 
only comes into action at special work on the overhead 
line, as normally the carbon bears on the wire and the 
vertical walls of the holder retain it in position. The 
vertical displacement of the holder when entering the 
fittings occurs in rapid succession at junctions. The 
impact between the holder and the ramp on the over- 
head fittings causes a downward reaction, in addition 
to which the frictional drag of the head when the 
trolley boom is not tangential to the wire sets up a 
downward force, all acting against the total upward 
trolley-boom spring pressure of 35 Ib. Reaction to 
these downward forces is provided by fitting a hydraulic 
shock absorber to the trolley base. This damps the 
downward movement of the boom while allowing free 
upward swing to meet the varying heights of the wire. 
This one-way shock absorber enables the boom to 
store momentarily the energy given out by the impact 


lof the holder on the fittings and to maintain the 
| upward pressure of the springs, thus preventing the 


head from reaching a state of equilibrium where a 
de-wirement would take place. The absorber has the 
effect of damping any oscillations which may arise 
from the road surface or from the elasticity of the 
boom. 

In London, the use of carbons is general on a fleet 
of over 1,600 trolley *buses. A grade of carbon is 
used which has the mechanical properties necessary to 
provide a reasonable life. Tests show that electrolytic 
action does not play an important part in producing 
rapid wear. In dry weather, when arcing occurs, the 
heat generated is sufficient to graphitise the surface 
film and set up resistance to wearing action. In wet 
weather this action does not take place and the wear 
is increased. To obtain a highly burnished surface on 
the wire, so that wear is negligible, lubrication must 
be applied at intervals varying from 7 days to 21 days, 
according to the density of the traffic. It must be 
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effected still more frequently where side running is 
excessive. The lubricant from which the best results 
are obtained is a mixture of graphite, gum solution, 
trichlorethylene and petroleum spirit. 

As regards overhead construction, the present 
practice is to use a tight wire in order to provide smooth 
running. The conductor wire is tensioned up to 1,500 
lb., while the span-wire tension is about 800 Ib. Assum- 
ing a trolley wire with the maximum permissible span 
of 120 ft., the load on the hanger is that due to the 
deadweight of the wire with the additional load due 
to ice and windage and the angular change in direction 
of the wire. To enable the two wires, which are spaced 
2 ft. apart, to be suspended at an equal distance from the 
ground and to maintain the ears which grip the wire 
vertical, the ends of the hangers and spacer bars are 
bent in a downward and upward direction, respectively, 
so that the span-wire pull is directed above and below 
the trolley wire. The wire is so located in relation 
to the normal path of the trolley ’bus that the boom is 
as nearly as possible in line with the wire ; usually 
it is about 10 ft. from the curb. At special work, where 
the head passes through the frogs and crossings, the 
radius of curvature of the fittings is made as great as 
possible. On the system in which the negative side 
is earthed the insulation of the overhead line is ascer- 
tained by measuring the current passing at full working 
voltage from the positive line to earth with a milli- 
ammeter. On the unearthed system, the insulation is 
measured by a special instrument, which enables the 
insulation of the cables and overhead lines to be 
measured at the substation over what is normally 
2 miles of route. 

The case for the trolley *bus is most pronounced 
where the traffic density is high on established routes. 
The acceleration, braking and simplicity of control 
allow a better road performance than with other types 
of vehicles. On hilly routes, a margin of speed is 
available; for example, a 12-ton bus can climb a 
| in 9 gradient at a speed of 20 m.p.h., starting from 
rest. The cost per vehicle-mile varies from 0-6d. to 
1-1d. on headways of 1 minute to 6 minutes, and the 
cost of maintaining a 70-seater trolley ’ bus is no greater 
than that ot the much smaller Diesel ’bus. The average 
energy consumption with an intensive service on @ 
comparatively flat route is about 2-75 kWh per car mile 
at the substation. With direct current costing 0- 5d. 
per kWh, this compares favourably with the Diesel ’ bus. 
In densely-populated areas it has the advantage of high 
acceleration and its most severe critics acknowledge 
its fine riding qualities and noiseless operation. The 
ability to marshall vehicles in different areas and the 
use of non-stop vehicles play little part in the movement 
of the people to and from work on our roads in towns 
and cities. The travelling public have shown their 
appreciation of the comfort in travel of the trolley ’bus, 
as is witnessed by the sustained popularity of the vehicle 
and the increased volume in many instances of the 
week-end traffic. The residential population and busi- 
ness people on the routes served by trolley ’buses have 
greatly benefited from the smooth and quiet running of 
the vehicles. 


SIX-CYLINDER MARINE ENGINE 
FOR HIGH-SPEED CRAFT. 


THE airless-injection engines manufactured by Messrs. 
F. Perkins, Limited, of Peterborough, are now 
thoroughly established as reliable units for road- 
vehicle use, and the introduction by the firm of a 


high-speed engine for marine use is, therefore, a matter | 


of some interest. At the moment, three models are in 
production, a four-cylinder engine with the type 
number P 4 M, having a maximum output of 53 brake 
horse-power at 2,500 r.p.m., and two six-cylinder 
engines, with the type numbers P6M and S6M, 
having maximum outputs of 80 brake horse-power at 
2,500 r.p.m., and 130 brake horse-power at 2,500 r.p.m., 


respectively. All three engines are of the vertical type, | 


operating on the four-stroke cycle, and embody the 
maker’s “ Aeroflow” system of combustion. This 
system has been previously described in our columns, 
and it may be recalled that two fuel sprays are used, 
one directed into the open cylinder, and the other 
into the air stream at its entrance into the combustion 
chamber. Other features common to all three engines 
are that they are of unusually light weight for the 
power developed, and that they are all designed for 
normal operation with the forward cylinder appreciably 
higher than the after cylinder, so that they can be 
installed in the vessel at a very appreciable angle. 

The S 6M model is illustrated in the accompanying 
figure. The cylinder bore is 4} in., and the piston 
stroke is 5in. The output of 130 brake horse-power at 
2,250 r.p.m., already quoted, represents the overload 
capacity for periods not exceeding two hours, the 
maximum continuous output recommended at cruising 
speed being 100 brake horse-power at 2,000 r.p.m. 
The brake horse-power curve rises from about 60 brake 
horse-power at 1,050 r.p.m. to about 95 brake horse- 
power at 1,600 r.p.m., and thence passes through the 
two higher points given. The cylinder block and 
crankcase are in the form of a rigid one-piece casting of 
chromium-iron alloy. Cylinder liners are not fitted 
as standard, but dry nickel-chrome austenitic-iron 
liners can be fitted as an extra. The cylinder head is 
composed of two units, each embracing three cylinders, 
also of chromium-iron alloy. The valves, of the over- 
head type, are carried in the heads, and are located on 
the centre line of the engine. They are operated by 


rockers and tappet rods in the usual way. The tappet | 


rods pass through guides in the cylinder heads, and 
are relatively short, as the camshaft is mounted high 
up on the side of the cylinder block. The pistons are 
of the flat-top type with a slight depression under the 
opening leading to the ante-chamber. They are of 


| shaft is carried in seven bearings having steel shells 
| lined with lead bronze. The bearings are mounted in 
water-cooled housings and supported by rigid forged- 
steel caps. The camshaft is carried in four bearings, 
and runs in an oil bath. 

The fuel pump, clearly visible in the illustration, is 
a C.A.V.-Bosch unit fitted with a pneumatic governor, 
| and the atomisers are also of C.A.V.-Bosch construc- 
| tion with two-hole nozzle. High-pressure force-feed 
| lubrication is used throughout the engine, the oil pump 
being driven through spiral gears from the fuel-pump 
| driving shaft. A large-capacity oil filter is mounted in 
| an accessible position on the engine. The dynamo and 

water pump are mounted in tandem below the fuel 
| pump, and are driven by enclosed gearing as shown. 
The water pump is of the gear type, and is provided 
with plastic bearings requiring no lubrication. It is 
| self-priming. A bronze oil cooler is provided, mounted 
at the after end of the engine. The flywheel is mounted 
at the forward end of the crankshaft to allow the 
unit to be placed as low as possible in the boat, and is 
fitted with a starter ring, which is engaged by a 24-volt 
Bosch-type axial starter mounted on the starboard side 
of the engine. The reversing gear is of the epicyclic 
type with a multi-plate clutch. The gearbox is bolted 
directly to the engine, as shown in the illustration, and 
is force-lubricated from the engine system. A two-to-one 
reduction gear for use in conjunction with the reversing 
gearbox can be supplied if required. Four facings for 
supporting feet are provided for the engine mounting. 
The equipment includes a C.A.V.-Bosch fuel-transfer 
pump, fuel filters, lubricating-oil filters, flywheel guard, 
water-cooled exhaust manifold in sea-water-resisting 
| alloy, and a lubricating-oil pressure gauge. The engine, 
| complete with reverse gear and standard equipment, 
| weighs approximately 1,200 Ib. 

It may be of interest in connection with the descrip- 
tion of this engine that Messrs. Perkins have also 
recently introduced a new six-cylinder unit for use in 
| passenger vehicles and lorries. This engine, which is 
| known as the S86, has the same bore and stroke as the 

S6M marine unit, and closely resembles the latter in 
| mechanical details. The vehicle engine is governed 
to run at 2,000 r.p.m. for use with passenger vehicles 
jand at 1,800 r.p.m. for use with maximum-load 
type lorries. The outputs at these two speeds are 
| 115 brake horse-power and 105 brake horse-power, 
| respectively, the former representing 89 per cent. of 
| the maximum rating. The engine is supplied complete 
| with a flywheel and a housing which can be machined 

to match up with the existing clutch and gear box. 


| 








CATALOGUES. 


Rock Drills.—Messrs. Holman Brothers, Limited, 
Camborne, have sent us a well-illustrated catalogue 
containing a detailed description of the component parts 
of their rock drills, and the methods of operation em- 
ployed in mines and quarries. 


Wheatstone Bridges.—Messrs. H. Tinsley and Company, 
Werndee Hall, South Norwood, London, 8.E.25, have 
sent us leaflets and a price list of their standard type of 
Wheatstone bridges, measuring from 0-:0001 ohm to 
100,000 ohms. 


Contractors’ Plant.—We have received from Messrs. 
Aveling-Barford, Limited, Grantham, a booklet which 
describes their 24-3 cub. yd. dumper, fitted with pneu- 
matic tyres and patent tipping gear, which requires neither 
ejector plates nor manual labour to clear the load. 


A.R.P. Equipment.—For the decontamination of wear- 
| ing apparel exposed to gases in war-time, Messrs. Radia- 
tion, Limited, are manufacturing a gas-heated boiler, 
of which they have sent us particulars. This type of 
boiler may also be used for any domestic purpose. 


Electrical Controls.—Messrs. A. Reyrolle and Company, 
Limited, Hebburn-on-Tyne, have sent us a pamphlet 
relating to their unit-type metal-clad distribution 
gear for handling up to 1,000 amperes at 660 volts, 
alternating current. 

Air-Vent Bricks.—To provide a simple but effective 


means of excluding poison gas from A.R.P. shelters, and 
| for installation in houses equipped with gas appliances, 





Messrs. Richardson, Tuer and Company, Limited, 
Hope Foundry, Farnworth, near Bolton, Lancashire, 
have designed a cast-iron sealed air-vent “ brick,” 


| particulars of which are given in a leaflet recently 
| received. 












































































light aluminium alloy with a fully-floating gudgeon | 
pin. Three pressure and two scraper rings are fitted,| Marine Oil Engines.—Messrs. Ruston and Hornsby, 
one of the latter being above, and one below, the | Limited, Lincoln, have sent us a copy of a catalogue 
gudgeon pin. The connecting rods are of H-section, | describing and illustrating marine oil engines made in 
made from the highest quality steel. The crankshaft | sizes ranging from 90 brake horse-power to 1,040 brake 
is a nickel-chrome-molybdenum alloy-steel forging with | horse-power, and particularly adapted to auxiliary use. 
integral balance weights. It is heat-treated and | In the same catalogue particulars are given of pressure- 
hardened by the Tocco process on the bearing surfaces | charged engines in sizes ranging from 415 brake horse- 





to a Brinell hardness number of approximately 600. The | power to 1,560 brake borse-power. 
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“ENGINEERING” ILLUSTRATED 
PATENT RECORD. 


ABSTRACTS OF SPECIFICATIONS RECENTLY 
Pt MILISHED UNDER THE ACTS OF 1907 TO 1939. 


The number of views given in the Specification Drawings 
ie stated in each case; where none is mentioned, the 
Specification is not illustrated. 

Where inventions are communicated from abroad, the 
Names, etc., of the communicators are given in italics. 
Coptes of Specifications may be obtained at the Patent 
0 Sales Branch, 25, Southampton Buildings, 

Chancery-lane, London, W.C.2, price 18. each. 

acceptance of a 


The date of the advertisement of the 
Complete Specification is, in each case, given a the 
abstract, unless the Patent has been sealed, w the 


word “* Sealed" is appended. 
An raon may, at any time within two months from the 
of the advertisement of the acceptance of a Complete 
Specification, give notice at the Patent Office of 
opposition to the grant of a Patent on any of the 
grounds mentioned in the Acts. 


MACHINE AND OTHER TOOLS, SHAFTING, 
ETC. 


A. V. Roe and Com- 


510,482. Rivet-Removing Tool. 
pany, Limited, of Manchester, and R. F. Taylor, of 
Manchester. (3 Figs.) May 30, 1938.—The invention is 


a tool for removing tubular rivets, which overcomes the 





difficulty experienced when the drive which removes | 
the rivet grips it and spins it in its hole. An attachment c 
ie secured to the body of the drilling machine, and has a 
reduced lower end d, surrounding the drill b, within | 
which elides a spring-loaded sleeve ¢. A peg engages a | 
slot in the sleeve to prevent its rotation. Into the| 
outer end of the sleeve is screwed a tool i, bored to/| 
form a guide for the drill, its end being forked and | 
shaped with two diametrically opposite prongs j. These 
prongs engage a slot in the head of the rivet to be| 
removed, so that the rivet is held against turning during | 
the drilling operation. The tool i can be unscrewed from | 
the sleeve ¢ and changed for a tool of a different size, | 
according to the size of rivet to be removed.—( Accepted 


August 2, 1939.) 
MOTOR ROAD VEHICLES. 


Sectional Lorry Body. Lever Brothers and | 
Unilever, Limited, of London, and J. B. Walton, of| 
Upminster. (8 Figs.) August 10, 1938. —The invention 
is a lorry body which is light and resistant to damage in | 
minor accidents. The body illustrated consists | 
of a metal frame covered with 2-in. mesh wire netting 
on the top and sides, the wire having a covering of felt | 
and proofed canvas. The frame consists primarily of | 
six equally-spaced hoops 3. Each consists of two upright | 
metal channels inserted one within the other and con- 
nected at the top by beaded strips. The hoops are 
secured to the lorry chassis by I-section cross-pieces 9, 
which are attached to the chassis members 10 by U-bolts 
passing diagonally over the cross-pieces and chassis 
members, the hoops being connected to the cross-pieces 
by gusset plates, The hoops are also connected to each | 
other by longitudinals 13, 14, 15, 16,17. Wooden slats 24 | 
between the hoops prevent damage to the covering " 


3 gw 3 


511,561. 


5-ton 








9 7 


(544 56/) 


the body by the load to be carried. 
located over the rear axle is supported from the adjacent 
hoops and cross-pieces by stays. The back of the body 
is a roller blind. 4 wire-netting partition separates 
the driver's cab from the interior, the cab being secured 
to the front hoop. The wire ne‘ting is in strips of a 
width equal to the spacing between each pair of hoops. 
One end of each strip is attached to the longitudinal 15 
at one side of the body, the strip being taken over the top 
of the hoops and the other end attached to the member 15 
at the other side. The netting is of the kind in which 
the wires are at an angle of 45 deg. to the length of the 
strip and are not attached to each other where they 
cross. The netting is secured to the uprights by plates 
held by screws driven into blocks of wood inserted in 
the channels. Felt-covered cardboard is applied with the 
felt side outermost and secured to the blocks, and at 
frequent intervals to the hoops, with wire. The top and 
upper parte of the sides of the body are then covered 
with a single sheet of waterproofed canvas. The wire 
netting strengthens the frame, which can therefore be 


of light construction. The frame is readily divisible | 


The hoop which is 
| 
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into sections, and to convert the design into one for a 
4-ton lorry it is only necessary to omit the rearmost hoop 


and its connections to the adjacent hoop overlying the 
back axle and to attach the back of the body in its 
place. Damaged sections can be replaced without 
disturbing the rest of the body. (Accepted August 21, 


1930.) 


STEAM ENGINES, BOILERS, ETC. 


512,414. Steam Separator. Foster Wheeler, Limited, 
of London, and G. H. Hopewell, of London. (4 Figs.) 
December 1, 1937.—-The invention is a self-cleaning steam 
scrubber. A purifier unit of the “‘ Tracy ”’ type is fitted 
with two receivers 3 connected to feed-water inlets. Rowg 
5 of gutter baffles communicate with the receivers so that 








These baffles discharge 
connected to distributing troughs 6. 
The steam bubbles through the water in the scrubbers 


the feed water flows down them. 


into scrubbers 7 


before encountering the baffles 5, the surface of which is 


wetted by the feed water to separate out the solid particles | 


from the steam, which is then passed through the remain- 
ing dry baffles in the unit as usual to separate the moisture. 
The baffles thus directly wetted with feed water flow- 
ing down them are automatically -( Accepted 
September 15, 1939.) 


cleaned. 


MISCELLANEOUS. 
512,357. Bright-Annealing Electric Furnace. The! 
General Electric Company, Limited, of London, C. J. 
| Smithells and S. V. Williams, of Wembley. (5 Figs.) | 
July 7, 1938.—It is customary to make the wall of a 
| Stainless-steel annealing furnace of a refractory clay, 


but when cooled in contact with air, refractories absorb 
and stainless steel is tarnished if exposed to water 


water, 
Accordingly, the furnace has 


vapour during annealing. 


to be heated for many hours before use to eliminate the 

invention allows a substantial reduction to 

The main part of 
some 15 ft. 


water. The 
be made in this cleansing period. 
the wall is the nickel-chromium casing 1, 
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long. It contains thin cylindrical formers 2, 3, 4 of 
refractory material, which carry heating elements near 
their inner surfaces. The thickness of these formers is 
gauged to ensure their rapid heating while at the same 
time protecting the metal casing from an excessive 
temperature rise. Each former is supported by brick- 


work, which is loosely joined to permit expansion of the | 


formers relative to the casing. The formers decrease in 
diameter from the entrance in order that the elements 
may be removed without the whole furnace being dis- 
mantiled. 


casing by the insulating blocks 12. The casing is sur- 


rounded by powdered insulating material in the outer | 


jacket 11, and the insulating material must extend over 
the ends of the casing to ensure that the blocks 12 are 
heated to expel moisture as soon as the furnace is started. 
| The casing is integral with the cooling chamber, and is 
connected to the exit chamber by an expansion joint. 
The part of the casing which is brought outside the 


jacket to be joined to the cooling chamber is cooled by | 


the water-jacket 18. 
the furnace in the 
September 1, 1939.) 


conventional manner. (Accepted 


511,621. Concrete-Spreading Machine. Stothert and 
Pitt, Limited, of Bath, and W.P. Robinson, of Kingston- 
on-Thames. (3 Figs.) April 12, 1938.—The object of 
the machine is to enable concrete to be distributed over a 
comparatively large area at a time and to a uniform level, 
the depth of concrete being controllable. The machine 
consists of a travelling carriage having a rectangular 
frame 1 of rolled-steel sections and supported on flanged 
wheels. The axles on one side of the frame are lengthened 


’ widths. 





, | cable drums 20. 


Strip metal 19 is passed through | 


so as to allow adjustment of the wheels for varying road 
A superstructure 4 provides tracks for a traver- 
sing hopper 5 into which the concrete is loaded. The 
hopper is rectangular, and the edges of the side plates 
which form the discharge mouth 8, level off the concrete 
according to the height at which the hopper is set above 
the road surface. This height is adjustable in relation 
to the truck frame 9 which supports the hopper. The 
frame has four wheels running on the tracks 4, and 
mounted on the end beams 11 of the frame, which are 
duplicated. The inner pair of the beams 11 carry guides 
for lugs on the end plates of the hopper. Hand screws 

















+ 
|} mounted on the beams raise or lower the hopper. A 
| second superstructure 16 supports an electric motor 17 
for driving both the carriage and the hopper. The 
| drive to the hopper is through chain and spur wheels to a 
reversing clutch 18 coupled to a shaft, on which are 
On these are wound wire ropes anchored 
at one side to the hopper, their other ends passing over 
pulleys to be anchored to the other side of the hopper. 
The drive from the motor to the carriage wheels is taken 
through a separate clutch and reversing mechanism 
so that the machine may be moved along the track irres- 
pective of the truck frame movements. The height 
of the hopper is kept to a minimum so that tipping 
lorries can be brought up close to the side of the carriage 
| for charging the hopper.—( Accepted August 22, 1939.) 


u 


511,553. Conveyor. G. Hopkins and Sons, Limited, of 
London, and A. D. Hopkins, of London. (5 Figs.) 
April 4, 1938.—-The conveyor is for use in a heat-treat- 
ment process. Containers are slid along a stationary 

| platform 3 through a chamber 4, while being heat treated, 
}and are ejected without handling. The containers are 
heated by sprays of water drawn from temperature- 
| controlled tanks beneath the platform 3. On each side 
| of the chamber 4, outside the range of the water sprays, 
is an endless chain 15. Transverse pusher bars 18 are 
mounted between the two chains 15, and pass through 
the chamber 4 about } in. above the platform 3, their 
ends being supported in sockets in the chains so as to be 
| freely detachable. At the inlet end of the chamber the 


} 18 15 29 
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The formers are spaced from the ends of the | 


containers are delivered in a continuous line on a slowly 
moving feed-conveyor by which they are conveyed across 
the inlet end of the chamber. The pusher bar 18 which 
|is advancing into the chamber crosses the conveyor, 
| sweeping before it the containers in its path. At the 
discharge end of the platform two sliding plates 29, 30 
form an extension. Beneath the sliding plate 29 is an 
abutment engaged by rollers 33 on the ehain sprocket. 
| To the second sliding plate 30 is secured a lug engaged 
by successive pusher bars 18, which push the plate 30 
forward out of abutment with the plate 29, to form a 
gap through which the pusher bar passes. On the under- 
side of the plate 30 is a roller which engages one arm of 
|@ bell-crank lever 38, bringing the other arm into the 
path of a roller 42 on the chain sprocket. After the 
pusher bar has passed through the gap, the roller 33 
| advances the plate 29 so as nearly to close the gap. The 
slight gap left permits any broken glass to fal] through. 
The roller 42 then rocks the bell-crank lever, which 
returns both plates to their initial positions. (Accepted 
August 21, 1939.) 














Dec. 8, 1939 


LETTER-SORTING MACHINES AT 
THE BRIGHTON GENERAL POST 
OFFICE. 

(Continued from page 462.) 

THE first part of our account of the Transorma 
letter-sorting machines at the Brighton General Post 
Office terminated on page 462, ante, with a descrip- 
tion of that part of the keyboard mechanism con- 
cerned with the passage of a letter through the 
insertion slot. The present account, which is illus- 
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| opposite the keyboards and the carriers discharge 


| letters while travelling over this portion of the track. 


A view of the receptacles at the front of the 
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transmitted to the keyboards by a small roller a, 
Fig. 33, on the axle of each carrier, which roller 
engages with a slot in the cylinder 6. The cylinder 


machine, that is, underneath the operator’s plat-| has five slots, each cut, as will be evident from 


|form, is given in Fig. 60, page 640. 


There are | Fig. 30, in a helix, of a pitch such that the cylinder 


|25 vertical rows on this face and another 25 rows| makes one complete revolution from the passage 
back to back with these on the front face, so that | of five carriers. A shaft c, Fig. 30, driven by chain 


25 carriers can be in actual operation discharging | from the cylinder, is itself connected by chain 


letters at the same time, the other 50 being occupied | drive to the camshafts previously referred to as 
in receiving letters and carrying them round the | actuating the other parts of the keyboard mechanism. 


track ends. During the receiving period, the carriers 


Fig. 45. 


It will be realised from Fig. 30, however, that the 
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trated by Figs. 25 to 60, on Plate XXIV, on this 
page, and on pages 629, 630 and 640, deals with the 
distribution of the letters into the receptacles from 
which they are collected, this constituting the mech- 
anical operations of sorting. It will be remembered 
that the letters are ejected from the slots by positive 
roller action and that they are received in carriers 
which travel below the keyboard. Some of these 
carriers are visible in Fig. 4, Plate XVII, ante, but a 
better general idea of them will be obtained from 
Figs. 25 to 28, Plate XXIV. In each machine there 
are 75 carriers, which run on wheels on a track, oval 
in plan, disposed round the upper part of the ma- 
chine. The carriers are coupled together so as to 
form an endless train, a portion of which is seen in 
Fig. 25, while another part, rounding one end of the 
track, is shown in Fig. 26. The receptacles are built 
under the operating platform and are arranged at 
both the front and back of the machine in two walls 
of 125 receptacles each. In the cross-section, Fig. 58, 
































| are vertical, and during the discharging period set at 
suitable inclinations, re-setting mechanism coming 
|into operation in each cycle. As there are five 
|receptacles in each vertical row, it follows that 
| there are 250 receptacles in each machine and the 
| mechanism has to be so designed that a particular 
| carrier will deposit its letter into that one of these 
| receptacles selected by an operator at the keyboard. 
This is the general problem, but for an explanation 
| of its solution a return must be made to the key- 
| board, or at least to that portion of it known as 
the tumbler cam box and illustrated in Figs. 29 
to 36, Plate XXIV. In discussing the various mo- 
tions of the keyboard mechanism no mention was 
made of the manner in which the mechanically- 
| operated ones were driven. The drive for the 
whole of these is derived from the movement of the 
carriers round the track, these being driven by a 
vertical shaft from the motor seen in Fig. 26, 
which shaft carries a sprocket wheel engaging with 





page 640, the receptacles are symmetrical with | what amounts to an endless chain on the inside of 
respect to the straight portion of the carrier track | the carrier assembly. The motion of the carriers is 








driven sprocket on the shaft c is not keyed to the 
shaft, but is coupled to it when required by a 
sliding clutch d, a hole in which engages with a pin 
on the cam e fixed to the shaft. The clutch is slid 
along the shaft by the knob seen at the side of the 
keyboard in Fig. 3, Plate XVII, ante, and identified 
by f in Figs. 30 and 36, Plate XXIV. The knob is 
shown in its pushed-in position in these views, 
which is the position required before the operator 
can start work. When the knob is pulled out the 
keyboard mechanism is disconnected. This indi- 
vidual control of the keyboards is necessary since 
the number of keyboards in actual use varies from 
time to time with the volume of the traffic. The 
rod on which the knob is mounted carries a double 
cone g, with the narrower periphery of which cone 
a roller at the end of a lever h is kept in contact 
by a tension spring, this arrangement ensuring that 
the movement of the lever is not affected should 
the knob be accidentally turned. Referring to 
Fig. 30, it will be seen that the lever h is attached 
to a shaft i, which runs to the region of the clutch d 
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and carries a lever j having a roller engaging with 
the groove of the clutch. As here shown, the clutch 
is engaged and transmission is taking place from 
the cylinder to the camshafts. If, however, the 
knob should be pulled out to the chain-dotted 
position of Fig. 36, the lever h is drawn down by the 
spring and the clutch is disengaged, motion of the 
camshaft being thus arrested. ‘lhe wider cone g is 
simply to facilitate the pushing in of the knob. 

It will be remembered that when the keys are 
depressed, in accordance with the destination of a 
letter entering the machine, they drive down 
notched levers, of which there are 10. The end 
of one of these levers is shown at & in Fig. 32. 
‘these ends are guided in the notches seen at the 
right of Fig. 33 and lettered from A to J to corres- 
pond with the lettering on the diagram of Fig. 8, 
Plate XVI1, ante. The depression of the end of the 
notched levers under the keys results in an upward 
movement of the ends in the slots, from which it will 
he clear that, by means of push rods, the shafts /, 
Fig. 32, are rotated, the particular shafts thus 
illected depending upon which keys are depressed 
The shafts / are arranged in two vertical rows of 
tive per row, and the disposition of their actuating 
levers will be clear from the right-hand portions 
of Figs. 30 and 33. At the left of these views, 
each of these shafts is seen to carry another lever 
which, by reference to Fig. 31, it is clear, actuates 
a lever m, having a roller at its end bearing on a 
tumbler cam n. This view, however, applies only 
to nine of the shafts /, the remaining shaft, belonging 
to the lever in the notch G, Fig. 33, having the 
arrangement shown in Fig. 34. The significance of 
this will be explained later, as will also be the 
function of the sliding fingers seen on the top of the 
letter carrier in Fig. 33, which fingers make contact 
with the tumbler cams n when these are released. 

In Fig. 31, one of the tumbler cams is shown in 
its withdrawn position, in which position it does not 
affect the fingers of the letter carrier. It cannot 
move from the withdrawn position owing to the 
restraint imposed upon it by the roller of the lever m 
and the bar o. The real function of this bar is, 
however, to restore the cam to its withdrawn posi- | 
tion. It is actuated by the bell-crank lever p, | 
Fig. 35, the roller of which bears on the cam e. 
Chis cam, as has already been explained, derives | 
its rotary motion from the cylinder 6, which, it will 
be remembered, is rotated by the passage of the 
carriers, As five carriers must pass to rotate| 
the cylinder through a complete revolution, the} 
har o is swung to the left once in the passage of | 
tive carriers and the tumbler cam is free to fall, under | 
its own weight and by the pressure of the spring- | 
loaded lever g, as tar as the bar itself is concerned. 
it is still, however, held in place by the lever m, 
and is only finally released when this is lifted~by 
the movement of the corresponding lever &. It then 
swings in a clockwise direction, as seen in Fig. 31, 
so that its bottom edge is sufficiently low to 
make contact with a finger of the letter carrier, 
the are through which it swings being determined 
by a notch at the back into which the roller of the 
lever q falls. This notch is not deep enough to offer 
resistance to the anti-clockwise movement when the 
bar o makes its return stroke. 

At this point it may be as well to explain that 
of the carriers passing under a particular keyboard 
only one of every five can receive a letter from that 
keyboard position. This does not mean that the 
remaining four are empty ; on the contrary, con- 
sidering the last keyboard of the five comprising 
a machine, each of these four carriers may contein 
a letter deposited severally by the four preceding 
keyboards, that is, assuming that all the key- 
boards are in use. If the carriers are numbered 
1, 2, 3, 4. . . 75, keyboard No. 1 serves carriers 
1, 6, 11,16. . . 71, keyboard No. 2 serves carriers 
2, 7, 12, 17... 72, and so on, it being always 
the same keyboard which charges the same series 
of carriers. This sequence will account for the 
release of the tumbler cams of a keyboard by the 
swinging aside of the bar o once only during the 
passage of five carriers. Obviously, the tumbler 
cams of each keyboard must be held up out of 
the way to allow the four carriers charged by the 
preceding keyboards to pass without interference. 
If the traffic requirements should be so smal] as 
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to call for the operation of one keyboard only, it is | The frame of each carrier consists of a loop of plate 
immaterial which particular one of the five is| attached to a link of the driving chain. The loop 
selected for use, for though it will deposit the letters | carries on its outer face a rubber-tyred travelling 
into its own series of carriers only, these will be | roller, a similar roller being attached to the links 
distributed into any of the 250 receptacles as may be | at their point of junction, as seen in Figs. 40 and 42. 
the latter illustration showing how the arrangement 

Returning to the consideration of the cam-box | provides the necessary flexibility for the assembly 
mechanism, the particular construction of the shaft /, | in rounding the ends of the track. Attached to the 
carrying the levers corresponding to the notched | loop and links is a box-like frame a containing the 
lever G, of Fig. 33, and shown in Fig. 34, calls for | nine fingers previously referred to as coming into 
explanation. The lever on this shaft is coupled | contact with the cams n, Fig. 31. ‘These fingers 
to a hooked lever r, which engages with a pin on one | are merely strips of steel passing through the box, 
of the levers carrying the bar o. The lever in notch G| as shown in Fig. 41. A flat spring at the back of 
is operated by the depression of either of the annull- | each finger supplies the necessary friction to retain 
ing keys. On the position of the mechanism | it in the up or down position into which it may be 
shown in Fig. 34, the bar o is not restrained by the | pushed, stops on the front of the finger limiting its 
lever r, but, should a mistake be detected and the | travel so that its ends cannot accidentally be pushed 


determined by the operation of the keys. 


operator desires to divert the letter, he depresses| beyond a pre-determined position above or below 


one of the annulling keys, which causes the lever r| the box. Pivoted on the loop, in a manner enabling 
to rise and prevents displacement of any of the | it to swing to either side of the vertical position, is 

. - ‘ | . . . . 
tumbler cams. None of the fingers of the letter| the carrier proper b. As already mentioned, this is 


carrier are, therefore, displaced and the mis-sorted | open at the top and is closed in at the bottom by 


letter is deposited in the receptacle set aside for | the hinged doors cc. ‘These doors are not plain flaps, 
such letters, to be reclaimed later for re-circulation | but have projecting spines along the closing edges, 
clearly seen in Fig. 28, the object being to prevent a 


through the machine. 
Another locking device is shown in Fig. 365. | letter sticking. At the backs of the doors are flat 


This is mounted on the shaft i, which controls the | Springs bent into a curve, as indicated in Fig. 39. 
clutch of the keyboard camshaft drive and, as wil] | This shows, by full lines, the position when the doors 
readily be seen, consists of a lever with a terminal | 4re closed, the letter which has been delivered to the 
pin engaging with a bell-crank stop having a | ©@!Tier standing edge on between the springs. When 
quadrantal face. When this stop is in the position the desired receptacle is reached, the doors are 


shown, the lever p can move freely, but, when the | pened to the position shown by the dotted lines and 
knob f, Fig. 36, is pulled out to stop the camshaft the letter, being pinched between the springs, is shot 
drive, it will be realised that the shaft i is rotated | Out into the chute leading to the receptacle. 
in a clockwise direction, as seen in Fig. 35, and} The opening and closing mechanism is shown in 
that the quadrantal stop then comes into con-| Figs. 37 and 38, and also in Fig. 27. It should 
tact with a pin on lever p and prevents it from} be noted that the doors are not hinged on fixed 
moving. If the lever p is not lying in the position! pivots but that these are carried on levers dd, 
shown, the knob cannot be pulled out and this at | so that the pivots can move inwards or outwards, 
once draws attention to the fact that all the tumbler 
cams have not been returned. This must be done| between the gripping springs. The movement 
before the keyboard is left, since any projecting | of these levers is restricted in the inwards direction 
cams would cause mistakes in sorting by inter-| by the fibre stops ee. The position of the stops 
ference with the carriers from other keyboards. | is adjusted by washers underneath them, by the 
The safety device, seen in Fig. 29, is an electrical one. | removal of one or more of which, it will be clear, 
The suspended lever s actuates a switch and cuts off | the inward traverse of the pivots can be varied. The 
the current from the motor driving the machine | levers dd are actuated by the bent links ff, which 
should a letter project from the top of a carrier,|are provided at the bend with tension springs 
the exposed part of the letter coming into contact | continually tending to open the doors. The links 
with the lever. The device also checks whether the | are attached to the bolting rod g, previously referred 
bottoms of the carrier are shut or not. If this|to, which rod carries an eccentrically-mounted 
has not been done, the bolting rod of the carrier|dise 4. The disc, when the doors are closed, as 
would be left in the upper position, in which, as | in Fig. 38, is in contact with a disc ‘, lying in a plane 
will be obvious from Fig. 29, it will come into| at right angles to it and carried on a pair of links 
contact with s and drive it to the left, thus operating | jj, so that it is capable of being swung outwards 
the switch and cutting out the motor. On the other | clear of the disc A. One of the links j is notched and 
hand, when the bottom of the carrier is closed, the | engages with a lever k, having a quadrantal contour 
rod is well clear of the lever, as indicated in the | on its bottom arm and with its top arm bent over, 
illustration. }as shown in the top left-hand corner of Fig. 37. 
To understand the implications of the last two | This lever is mounted on a long pivot /, which is 
sentences above, the construction of the carriers | Surrounded by a torsion spring to return it after 
must now be considered. Two views of one of them | it has been displaced. When the moment at which 
are given in Figs. 27 and 28, Plate XXIV. Each| the doors are to be opened is reached, the bent-over 
carrier is simply a narrow box capable of being | *°P of the lever k is automatically depressed, this 
swung through an angle on its carriage. The top is | movement resulting in the swinging outwards 
open and has curved lips, as seen in Fig. 27. ‘the | of the lower quadrantal arm and, in consequence. 
bottom has a pair of hinged doors. The letter is| of the disc i also. The disc his thus set free and the 
dropped into the box when it is vertical and has the | two tension springs on the links ff are released to 
bottom doors closed, as shown in Fig. 27. In this|open the doors. The closing movement will be 
condition, it travels onwards until it reaches the | described later. The eccentric mounting of the disc h 
top of the receptacle in which the operator has| is for purposes of adjustment, and it will be obvious 
determined the letter is to be deposited. It may that the quadrantal shape of the bottom arm of the 
have to be swung from the vertical to a greater or | lever k is to ensure the working of the opening 
less degree in order to deposit the letter correctly, | 8°4T In any angular position of the carrier, which 
and when in the requisite position the bottom doors swivels on the pivot m. 
are automatically opened and the letter is discharged | Attached to one side of the carrier is a quadrant 
into the receptacle. The doors are open in Fig. 28 |», having a number of teeth providing ten notches, 
from which it will be seen that the bolting rod, | in one or other of which notches the circular detent 
identified by a small transversely-pivoted roller at | of the pivoted pawl o engages. The pivot of the 
its end, projects well above the carrier, i.e., into| pawl is provided with a torsion spring tending to 
the position in which it would strike the switch|engage the detent. The pawl is prolonged to 
lever s of Fig. 29. When the doors are closed, the | carry a small roller g, the function of which will 
roller of the bolting rod is below the level of the | appear later, and the pawl is prevented from engag- 
receiving lips of the carrier, as shown in Fig. 27.| ing with the quadrant by a spring-loaded trigger r, 
The carriers are tilted and the bottom doors are | on which the prolongation bears. he actual swivel- 
closed in Fig. 26. | ling or inclining movement of the carrier is effected 
Details of the construction of the carriers are| by the angular displacement of the roller p, seen 
given in Figs. 37 to 43, Plate XXIV, which will be | at the bottom of the carrier in Figs. 37 and 38, the 
clear when read in conjunction with Figs. 27 and 28. ' trigger being released and the pawl engaging with a 





according to whether a thin or a thick letter lies 
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notch of the quadrant to lock the carrier in any | marked “ letter reception ” 
The carrier} carrier traverse during which the carrier is held 


one of the ten possible positions. 
swivels to both sides of the vertical centre line, 
but it may be mentioned that it is only when it is 
vertical, as shown in Fig. 38, that a letter can be 
deposited in it. The chutes leading to the recep- 
tacles for the sorted letters are arranged with their 


ends opening in an are corresponding to that of | full extent. 
There are ten chute openings | quadrant into a position such that the pawl can 
engage, if desired, with its last notch, this movement 


the swivelling carrier. 
spaced round the are, five leading to one side of the 
machine and five to the other side. Longitudinally, 
there are 25 groups of ten chute openings in the 
machine and the problem is that of discharging 
a letter from a carrier into any one of the 250 open- 
ings thus provided. Each individual carrier has, 
then, two projecting parts which come into contact 
with parts on the frame of the machine as the carrier 
travels round the track and effect the following 
operations : One device selects the inclination of the 
carrier at which the letter is to be discharged, and 
the other its longitudinal position at which discharge 
is effected. 

‘Lhe inclining gear will be dealt with first, as it 
selects the transverse position. As already stated, 
the actual inclination of the carriers is effected by 
traversing the roller p, Fig. 38, along the edge of a 
guide plate, the roller being kept in contact with 
the plate by a tension spring above the pivot, as 
will be clear from the illustration. A diagrammatic 
plan of the inclining plate is given at the left of 
Fig. 54, on this page. The part of the diagram 








indicates that part of the 


vertical and during which it receives a letter from the 
keyboard mechanism. ‘Traversing from right to left, 
in Fig. 54, the carrier leaves the letter reception 
path and is inclined inwards, i.e., in the direction 
of the arrow shown in full lines in Fig. 38, to its 
This movement brings the carrier 


being unimpeded as the pawl is kept out of engage- 
ment by its trigger. The extreme outward position 
is indicated by the line marked ** Inclination Locked” 
in Fig. 54. Thereafter the edge of the guide plate 
is an inclined straight line. By dividing this line 
into ten equal sections, it will be clear that the 
carrier can be given ten equal angular positions. 
As the roller travels along the inclined straight 
length, the carrier is swivelled, in the direction 
indicated by the dotted arrow in Fig. 38, through 
the successive positions 10 to 0, and the corres- 


ponding notches of the quadrant come successively | carrier fingers but projecting upwards. 
It is, then, | fingers have been set by the tumbler cams of the 


into line with the detent of the pawl. 























there are nine sets. Referring to Figs. 45 and 47, the 
lever actuating the pawl trigger of the carrier is 
shown in dotted lines and is indicated by the words 
‘“ pawl trigger.’ It is depressed, and sets free the 
pawl, by contact with a roller at the end of lever « 
as the carrier passes along. In Fig. 45, the lever is 
out of the way of the trigger, this being the condi- 
tion when a carrier is not to be set at the inclination 
| corresponding to the device, and therefore not 
| requiring any control. In Fig. 47, the carrier is to 
be locked in the particular inclined position and the 
pawl trigger is, therefore, depressed to allow the 
pawl to engage with the carrier quadrant. Lever « 
carries a second roller b at about the middle of its 
length, the function of this roller being to form a lock 
in connection with the notched lever c keyed to the 
shaft d. This shaft carries one or more feeler pins ¢ 
projecting downwards, and in line with the fingers on 
the carrier. Shaft d also carries at its inner end a 





|lever connected by a link to a lever on shaft f, 


which shaft carries feeler pins g in line with the 
When the 


a matter of arranging for the trigger to release | keyboard so that they strike the feelers, it is clear 


the paw! at the appropriate moment in order to 
lock the carrier in any one of its ten angular 
positions. 


| shaft d. 


|nected by a link to the redressing lever ¢, both 


| that the latter will be deflected and wili rotate 
Shaft A has a short operating lever con- 


The automatic mechanism for actuating the | levers being also coupled by a tension spring, the 
carrier inclination control devices is shown in Figs. 44 | effect of which is to give lever a a constant tendency 


to 50, page 627. All this mechanism is carried on the 
top of the machine frame above the carriers and 





| to 


| 


move upwards. The redressing lever makes 
contact with the small roller on the end of the 
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outer wheel of the carrier which, it will be remem- 
bered, also actuates the keyboard mechanism by 
passing through a helical groove in the driving 
cylinder. 

The action of the mechanism is best understood 
by first referring to Fig. 46. Here lever a, being in 
its lowest position, pushes down the pawl trigger, 
the carrier fingers having passed the feeler pins 
without touching. As the gear is placed in such a 
position relative to the guide plate that the desired 
angular position of the carrier has been obtained 
by the time the trigger is released, the carrier is 
locked ready to proceed to the discharge position. 
But, if the carrier has to go farther before it is 
locked, the fingers are so disposed that they rotate 
shaft d clockwise by stmxing the feeler pins, when 
the action shown in Fig. 45 takes place. Lever c 
moves clockwise releasing roller b so that lever a 
is pulled upwards by its tension spring. The roller 
on the end of lever a is thus clear of the pawl trigger, 
which is behind the fingers in the direction of travel. 
The redressing lever i goes downwards as lever a 
goes up, and its end comes into contact with the 
roller on the next carrier, which, on pushing it up, 
lowers lever a, which is then locked again by the 
anti-clockwise rotation of lever c, under the pull 
of a tension spring, this movement naturally 
restoring the feeler pins to their vertical position. 
The disposition of the feeler pins is shown in Fig. 50, 
the upper pins being indicated by full circles and 
the lower pins by dotted circles. It will be noticed 
that the disposition of the pins for any particular 
figure is constant ; thus, the figure 3 is represented 
in the diagram by pins in the third and fourth 
rows from the bottom, an arrangement represented 
in the figure 203, the 200 being obtained by a pin 
in the first row. The whole series of nine arrange- 
ments is shown in the diagram. ‘the top feeler pins 
affect the receptacles on one side of the machine, 
while the bottom pins deal with the other side. The 
use of bottom pins is necessitated by the numbering 
scheme adopted, At the “downstream” end of 
the nine sets of inclining gear is a fixed roller shown 
in Figs. 48 and 49. ‘This pushes down the paw! trig- 
ger when a carrier has passed all the nine sets and the 
carrier is thus locked in its farthest outward position 
As no fingers are necessary for this final position, 
which is the “ nought "’ position, it is clear that there 
was no necessity to have any “nought” keys on 
the keyboard. 

The letter-discharging gear is almost identical 
with the inclining gear, so that only two views, 
Figs. 56 and 57, on this page, are needed to illustrate 
it. A diagram of the feeler-pin arrangement is, 
however, given in Fig. 55. As there are 50 rows 
of receptacles which arranged in pairs, 
discharge has to take place at 25 points and the 
feeler diagram is, in consequence, more extended, 
and, since five selector fingers are used, bottom 
feeler pins are not required. Apart from this 
difference, the gear similar in detail that 
its operation can be understood from Figs. 56 and 
without other comment than to point out 
that, as the discharging lever on the carrier is 
considerably in advance of the fingers, the feeler- 
pin shaft and the roller lever depressing the carrier 
lever are farther apart than are the feeler-pin 
shafts and the roller lever depressing the pawl trigger 
in the inclining gear. There is a fixed roller to 
depress the lever of a carrier which has passed 24 
sets of the gear without discharge. The discharge 
due to this fixed roller is independent of the carrier 
fingers and takes place above the last row of chutes. 
If no key has been depressed, or if one of the annull- 
ing keys has been manipulated. the carrier when it 
reaches this row has been inclined to the “‘ nought ” 
position, so that the letter is always deposited in the 
top receptacle in the last vertical row on one side 
of the machine, which is the receptacle for mis-sorts 
or letters with undecipherable addresses, both classes 
being suitably dealt with and re-passed through the 
machine. 

When a carrier has delivered its letter it is still 
locked in any one of the ten inelinations and the 
doors are open. It has to be brought back to the ver- 
tical and the doors closed before it passes under the 
keyboards to receive a further letter. The means by | 
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pawl has to be disengaged from the trigger. This is 
done by the cam plate shown at the top of Fig. 53, 
pushing back the pawl prolongation, this movement 
releasing the trigger which is then pulled by its| 
spring into its undepressed position. 
pawl leaves the cam plate it remains in its dis- 
engaged position and the carrier is free to swivel. 
The release of the paw! does not, however, occur 
until the roller at the bottom of the carrier has 
made contact with one of the ten angles attached 
to a curved plate, as shown in the lower part of 
Fig. 53. The particular angle the roller runs on 





When the} 





depends upon the inclination at which the carrier 
had discharged its letter. The inlet end of the angle 
assembly is open (see Fig. 51), but at its outlet end | 
all the passages are closed by flat springs, as indi- | 
cated is Fig. 52. The closed springs form a con- | 
tinuous surface and the result is that a straight | 
inclined guide plate is formed. 

This guide plate is shown at the right hand of 
Fig. 54. From this illustration it will be realised 
that it is similar to the guide plate which gives the 
carrier its required inclination and which is seen | 
at the left of Fig. 54. What actually happens 
is that as the carrier roller travels from right to left 
through the angle assembly it pushes open the spring, | 
closing its individual path and emerges on the | 
inclined straight length formed by the remaining | 
springs; the spring concerned closes as soon as 
the roller emerges. The carrier is, therefore, swung 
into its extreme outward position and in this position | 
travels on, to be eventually picked up by a curved | 
guide plate at the entry to the straight letter recep- | 
tion length in which it is held vertical. The | 
remainder of the cycle from this point has already 
been dealt with, but two movements require | 
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start of the letter reception guide, and have to be 
closed when they enter this guide. Closing is 
effected by the cam plate seen near the centre of 
Fig. 54. which pushes down the rod g, Fig. 38, Plate 
XXIV. Again, the carrier fingers have all to be 
restored to the neutral position so that they can be 
re-set from the keyboard in accordance with the 
address of the letter to be deposited. The fingers are 
thus levelled up by the roller indicated in Fig. 58 
and shown in detail at s in Fig. 38. The carrier. 
after closure, is now in a position to follow the 
course referred to above. 

With mechanism of the nature described, it is 
only prudent to provide safeguards and four 
safety devices are accordingly fitted. These are 
all of the same general type, namely, a box con- 
taining a double switch actuated by a spring-loaded 
pin. When the machine is functioning satisfac- 
torily, the pin is held down by a lever or other part 
capable of displacement, and one side of the switch 
keeps the relay circuit for the automatic starter 
of the driving motor closed. Ifa passing part of the 
machine projects farther than it should normally 
do, the restraining lever is displaced and the pin 
is pushed out by its spring. This results in the 
breaking of the relay circuit and the whole machine 
is stopped. At the same time the other side 
of the switch closes a circuit which lights up a 
signal lamp and indicates where the fault has 
occurred. One of the four safety devices provides 
a check on the working of the inclining gear.- Should 
a spring actuating either the pawl or its trigger 
break, for example, the carrier will swing out farther 
than it ought to do, and will catch the lever of the 
switch. A second device ensures that the correct 
inclinations are given, as the roller at the end of the 


which these movements are effected are shown in| explanation. The doors on the carrier are, of | carrier has to pass freely through one of ten channels 
Figs. 5] to 54, page 629. 





In the first place, the! course, open between the discharge point and the | formed by short lengths of angle mounted on a tilting 
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frame. Should the inclination not be accurate, 
contact of the roller with either side of the channel 
tilts the frame and actuates the switch, with the 
same results as before. The third device comes into 
operation if the pawl is not completely disengaged 
from the notched quadrant at the right time and 
also if, at this stage, the carrier doors are not open. 
This ensures that a carrier will not be presented 
under the keyboard with a letter still in it. If the 
doors are closed the safety switch functions. Too 
thick a letter or one containing a hard object may 
interfere with the opening of the doors. Such a letter 
may protrude from the bottom of the carrier and 
would, therefore, suffer, and might cause damage if 
carried on, but the full-open checking device prevents 
this. A safety device for detecting whether a letter is 
sticking out from the top of the carrier is illustrated 
in Fig. 29, Plate XXIV, and is indicated at s in 
that view. The fourth of the safety devices referred 
to above is situated under the first keyboard and 
checks the position of the bottom doors, viz., that 
both are closed. 

The construction of the receptacles may now 
he considered. Their external appearance is shown 
in Fig. 60, page 640, in which illustration the 25 
vertical rows of five per row can be readily recognised, 
though only 24 are actually visible. The other 
side of the machine presents the same appearance, 
there being 250 receptacles in each machine. 
The construction of the receptacles and the chutes 
leading to them is shown in Figs. 58 and 59, page 
640. Most of the receptacles are of the same 
size, but three in each machine, which serve 
certain heavy selections, are deeper than the others. 
One of these is seen at the right-hand bottom corner 
of Fig. 58, the front view, Fig. 59, showing all 
three in the left-hand bottom corner. The bottoms 
of these three receptacles are suspended on springs 
so that they descend and increase the capacity as 
the letters accumulate. The other receptacles have 
spring hinged bottoms below which are division 
plates. The majority of the receptacles have dual 
labelling, one name referring to the inward sorting 
and the other to the outward sorting, with the 
distinguishing number between, an arrangement 
which can perhaps be made out in Fig. 60. The 
chutes consist of three main parts: First, a series 
of divisions arranged radially with respect to the 
pivot of the carrier, secondly, five aluminium chutes 
of special cross-section and lying almost vertically, 
and, finally, sloping chutes leading to the receptacles. 
At the bottom of each aluminium chute is a serrated 
celluloid flap which prevents light items, such as 
postcards, from fluttering about after their descent 
of the chute. 

In the centre of the track in the delivery sections of 
the chutes is a hole which allows a ray of light from 
an electric lamp at the bottom of the machine to 
pass vertically through all the chutes. The light is 
concentrated by a lens above the lamp and the 
ray is reflected from an inclined mirror through a 
right angle into a hollow cube of frosted glass 
projecting from the face of the machine. A Vee- 
shaped mirror of stainless steel, with the apex 
pointing inwards and having notches cut in the 
edges, is mounted in the cube. The light from the 
inclined mirror is partly reflected on to the sides 
of the cube and partly passes through the notches 
and illuminates the front face. This arrangement 
gives a light signal which is visible from almost any 
view point in front of the face of the machine, and 
has been fitted since:the photograph reproduced in 
Fig. 60 was taken. The arrangement originally 
fitted consisted of circular holes directly in front 
of the inclined mirrors and visible above the recep- 
tacles in Figs. 58 and 59. The light passing through 
these could not be detected from an oblique view- 
point. The object of this device is to signal to the 
postal staff, whose duty it is to clear the receptacles 
when a chute has become blocked and letters are 
not falling into the receptacle. Should a letter 
stick, it is almost certain to cover one of the holes 
in the bottom of the chutes and the extinction of a 
light above any vertical row of receptacles calls 
attention to the fact that the five receptacles in 
that row must be examined and the fault rectified. 

Reference to Fig. 58 will make it clear that the 
delivery chutes project into the receptacles and 
that below them are curved rods. These ensure the 





] 
letters piling up in an orderly manner on the bottom | 
of the receptacles, a process assisted by a celluloid | 
flap which curves downwards under its own weight, | 
as shown. As the pile of letters grows the flap is | 
bent upwards until it finally comes into contact | 
with a sensitive push-button. This contact causes | 
a red warning light to appear at the bottom of the | 
vertical row concerned, so that the attendant is | 
able to detect and clear the full receptacle. _ At the 
same time, one of the bulkhead lamps fitted in the | 
middle of the installation, under the platform, is 
illuminated. This lamp gives a warning signal 
which can be seen by staff not in attendance on | 
the actual face of the machine. The receptacles | 
are not covered in by any form of door, but the | 
letters are prevented from falling out by a pair of 
vertical rods which carry the identification labels 
and are hinged at the top. These are furnished with 
a torsion spring, and to extract the sorted letters 
the rods have only to be raised. A notch in the 
bottom of the receptacle and in the division plate 
below it facilitates the grasping of the pile of letters. 

The drive of the machine is shown in Fig. 26, | 
Plate XXIV. Power is derived from the motor | 
shown in the foreground, which is connected to a 
reduction gear by a flexible coupling, one half of 
which forms a brake drum. The output shaft of the 
gear is vertical and is provided with a second flexible 
coupling below the driving sprocket for the carrier 
chain. The motor spindle is prolonged at the rear 
to carry a small sprocket coupled by a roller chain 
to a larger sprocket rotated by a crank lever. This 
arrangement enables the machine to be set in motion 
by hand and is used for inspection, cleaning and 
oiling purposes. A free-wheel device is fitted to the 
motor-spindle sprocket so that the spindle is not 
rotated should the crank handle be inadvertently 
turned in the wrong direction, this fitting being 
necessary as the machine is not reversible. In 
normal working, the chain is disconnected, so that 
the crank handle is not driven by the motor. The 
brake is of the solenoid type, the shoes being held 
off the drum as long as current is being supplied to 
the motor. The interruption of the current by the 
functioning of any one of the safety device switches 
frees the brake shoes at the same time, so that they 
are engaged with the drum by spring action in the 
ordinary manner. The braking action is not sudden, 
since such a stoppage might cause the carriers to 
reverse from the elasticity of the flexible couplings. 
Usually, the brake springs are adjusted by a screw 
so that the carriages travel forward for about a 
yard after the brake has been applied before they 
come to rest. This setting of the braking time is 
subject to periodical inspection, in order to keep it 
constant should the shoe linings wear. 

It will be admitted, we think, that the Transorma 
machine embodies a number of very interesting and 
ingenious mechanisms, which, if properly main- 
tained, should be positive in action. Human errors 
in operation cannot, of course, be entirely eliminated, 
but the operators have attained a high degree of 
skill and the percentage of mis-sorts due to machine 
faults is extremely small. The two Transorma 
machines at the Brighton Post Office were designed 
and installed by Messrs. Marchand-Andriessen, of 
The Hague, the actual manufacture being carried 
out at the works of Messrs. Werkspoor, Amsterdam. 
A number of machines have been previously installed 
in postal sorting offices in Holland. It should per- 
haps be mentioned here that the account given above 
does not apply in all particulars to the Transorma ma- 
chine generally. Thus, the machines in the sorting 
offices at Utrecht and Haarlem are arranged, unlike 
those at Brighton, so that both inward and outward 
sorting can be carried on simultaneously in the same 
machine. Again, athough 250 selections are used at 
Brighton, 300 selections or more can be provided, 
the first machine installed, that at Rotterdam, 
having 400 selections, though this has now been 
reduced to 250 selections. The capacity is a 
matter determined by the particular needs of the 
sorting office concerned, within the limits of the 
ability of the operators to memorise long codes. 
There is a degree of flexibility, too, as regards the 
number of keyboards per machine. The Brighton 
machines have five keyboards, while that at Rotter- 
dam has only three. Other machines have four key- 








boards, and it is possible to install as many as six. 


The number of keyboards depends, in the long run, 
on the speed of the train of carriers to which there is 
a practical limit. Experience has shown that the 
maximum machine speed of 53 letters per minute 
per sorter, as adopted at Brighton, is about the most 
satisfactory rate, though the five-keyboard machines 
at Utrecht are reported to work without trouble at a 
slightly higher chain speed. We understand that 
any future machines required in Great Britain will 
be supplied, under licence, by Messrs. Transorma, 
Limited, Dixon House, 1, Lloyd’s-avenue, London, 
E.C.3. 

In conclusion, we wish to record our appreciation 
of the courtesy of Colonel A. 8S. Angwin, D.S.O.., 
M.C., M.I.E.E., Engineer-in-Chief of the General 
Post Office, in permitting us to publish this account 
and of his help in providing the drawings and 
photographs from which our illustrations have been 
prepared. 
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Thermodynamics. By ProressoR H. A. EVERETT. 
New York: D. Van Nostrand Company. London: 
Chapman and Hall, Limited. [Price 18s. 6d. net.) 
ALTHOUGH all the important developments in heat 

engines, refrigerating machinery and air-conditioning 
systems have been based upon practical applica- 
tions of thermodynamic theory, a course of study 
designed for engineering students should take into 
account the desirability, indeed the necessity, of 
indicating as clearly as possible the limitations of 
the theory, and its applications in engineering 
practice. In this connection, mathematical expres- 
sions are short methods of expressing facts and 
relations between definite properties of substances 
and unless an average student is assisted to interpret 
such expressions the study becomes laborious and* 
loses much of its value. Professor H. A. Everett 
is obviously a capable teacher who is interested 
in his subject, and he has presented his matter in an 
attractive form, with due regard to the requirements 
of engineering students. 

It can hardly be expected that a work of this 
nature will contain any appreciable amount of 
new matter, but it may be specially commended 
for the clear statements of principles, orderly and 
logical arrangement, and inclusion of data and 
diagrams which will be of material assistance to 
students and encourage them to retain the book 
for future reference. Considerable stress is laid 
initially on the kinetic theory of heat and its 
implications, followed by what the author describes 
as “ the surprisingly few fundamental concepts vital 
to thermodynamic thinking.” From a survey of 
the properties of a perfect gas he proceeds to a 
consideration of actual gases and vapours, combus- 
tion and ideal cycles of operation. Practical appli- 
cation of the theory to air compressors, steam 
engines and turbines, gas and oil engines, and 
refrigerating machinery are dealt with in subsequent 
chapters, followed by discussions of the properties 
of mixtures of gases and vapours, air-conditioning 
and heating problems. The final chapter on general 
thermodynamic relations is a model of lucidity. 
The value of the book is enhanced by a large number 
of worked examples in the text, and a separate 
booklet of examples is supplied for practice. The 
volume may be recommended as a particularly 
satisfactory text-book for engineering students and 
others. putt 
Semi-Conductors and Metals. By A. H. Wirson. (Cam- 

bridge Physical Tracts.) Cambridge: The University 

Press. [Price 7s. 6d.] 

THE well-known and widely-used Cambridge Tracts 

in Mathematics and Mathematical Physics have 

obviously served as a model for the new series of 

Cambridge Physical Tracts. These, like their elder 

companions, are slim paper-covered volumes, in 

each of which an acknowledged authority presents a 

succinct exposition of a field in which he is specially 

qualified and actively at work. Such a series 
provides one solution to the pressing problem of 
gathering together the threads of an expanding 
physical theme into a unified survey of its current 
status. The alternative would be some form of 

















632 


periodical publication, such as the Keviews of Modern | 
Physics. Any possible preference for the latter is 
met by the regularity with which the first few tracts 
have been issued, and the promise that new editions 
will be brought out as and when necessary. ‘The 
typographical accuracy, it is almost needless to say, 
is of the high order that the subjects demand : 
the only misprint noted in the present case oecurs 
on page 26, where K = d K should read K + d K. 

Mr. A. H. Wilson’s book is based upon his Adams 
Prize essay on “ The Theory of Metals,” and in it 
an attempt is made to supply a simplified version 
of the main conclusions of the latter work. Although 
it makes exacting reading, nevertheless, it 
presupposes an extensive acquaintance with the | 
modern idiom in physics. Engineers, for instance, 
are likely to be unfamiliar with the Rydberg unit 
for energy measurements (page 23), or the Debye 
temperature (page 88), and, as no definitions are 
offered, must seek them elsewhere. Any attempt | 
at a theoretical interpretation of the solid state is 
bound to involve formidable difficulties, which not | 
even the quantum mechanical approach can dissi- | 
pate. The concepts of energy levels and Brillouin 
zones do afford qualitative criteria for difleren- 
tiating between the characteristic features of such | 
important classes of solids as come under the general 
headings of metals, semi-metals, and insulators. | 
‘The quantitative deductions so far obtained neces- | 
sarily refer to an idealised type of solid structure, | 
which may not be procurable even in a research | 


less 


laboratory and are certainly not to be encountered 
in industrial practice, though they should provide a | 
first approximation to carefully-controlled experi- 
It is unfortunate that very few | 
of the predictions of the theory lend themselves to | 
direct test, and that so few of those that do have 
heen tested, as yet, over the necessary range, or 
within the requisite region. A remark on page 66| 
is typical: “ Nickel is the only metal for which | 
detailed measurements have been carried out, but | 
the interpretation of the results is somewhat diffi- | 
cult nickel is ferromagnetic Fig. 21, on| 
the following page, illustrates even more forcibly | 
the lamentable lack of data. A theoretical plot 
is shown on which four experimental values appear | 
to be satisfactorily accommodated, although they | 
are all located over an unduly short are of the curve. 
The satisfaction evaporates. however, when it is 
learned that “ the calculations are based on the low- | 
temperature value 1-74 — l0-*T for the specific | 
heat, and the numbers of the electrons with opposite 
spins at any temperature are chosen so as to give | 
the observed magnetisation at that temperature.” | 

When experimental results of greater precision | 
are available they do not always lend unequivocal | 
support to the theory. This is brought out strikingly | 
in the discussion of the cuprous-oxide rectifier, 
where some doubt seems to have arisen whether the 
theory even predicts the correct direction of easy | 
flow. In view of the commercial importance of | 
this type of rectifier, it is perhaps permissible to 
hope that a suitably detailed investigation may 
soon be available. 


mental tindings. 


because 


Physicists are notoriously reluctant to accumulate 
data as such, and one reason for the dearth of data 
undoubtedly has been the lack of a theory on| 
which to try them out. Mr. Wilson has provided | 
an outline of a promising theory, confined, in the 
present instance, to the volume properties of solids, 
including compressibility, specific heat, magnetic 
behaviour, and electrical and thermal conductivity. 
By stressing the experimental discrepancies and 
deficiencies he has issued a challenge to the experi- 
mental physicist, with whom the fate of the theory 
must now rest. 


Modern Science. By Prorrsson HYMAN Levy, D.Sc. 
London: Hamish Hamilton, Limited. [Price 21s. 
net.) 


SCIENCE is so tremendous a subject and so potent a 
force for the making or marring of civilisation that 
no one, least of all the engineer whose life and work 
are intimately bound up therewith, can afford to 
neglect an opportunity to survey the whole field 
of physical knowledge through the philosophical 
eye of an original thinker. Professor Levy, though 
remarkably well endowed to make such a survey, 
is limited, nevertheless, to seeing and presenting one 


| cases undesirably decorative ; 
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view at a time, and his book is but one of many 
that could be written under the same title. From 
his own particular standpoint, he reviews the 
present state of knowledge about the material 
universe with special reference to the relations 
between that knowledge and mankind, the methods 
by which the knowledge has been acquired, and 


the mutual inter-action of social and scientific 
progress. In developing this thesis, he traces the 
history of science through three main stages, 


characterised respectively by the identification of 
natural law with scientific dogma; by the inter- 
pretation of nature in terms of rigorous mechanical 
laws; and by the recognition that diversity in 
natural processes leads to differences between the 
laws expressing elemental and statistical behaviour. 
He endeavours to prove that each successive phase 
of scientific advance was influenced by the social 
background against which it arose, and that scien- 
tific inquiry in many directions has been determined 
by the current needs and discoveries of society. On 
the other hand, as exemplified by mathematics, 
he shows how sometimes the causal agent has been 
the science, affecting society, up to a point, insofar 
as its findings could be utilised directly or serve for 
applying natural phenomena to industrial purposes, 
but far outreaching immediate utility in its abstrac- 
tions. 

Analysing such qualities of cause and effect, not 
only as between science and society, but also within 
science itself, Professor Levy arrives at the position 
that what appear to independently creating 
agents and created effects really are, and always 
have been, opposing features within a developing 
process. He finds that the significant change points 
in scientific progress have corresponded persistently 
to the growth of inherent contradictions which could 
be resolved only by a new synthesis of the knowledge 
then existing, based on a wider and higher inter- 
pretation of accepted facts, which, in turn, served 
to usher in the succeeding phase and to form the 
guiding principle of its evolution. The outcome is 
a convincing demonstration that the modern 
approach to science should be dialectical, in sharp 
contrast with the mechanistic approach of the 
Nineteenth Century. Scientific truth is no longer 
to be regarded as whole and absolute, waiting to 
be discovered, but as emerging from the interplay 
of theory and practice, essentially linked with the 
experimenter and qualified by his changing mental 
outlook. Natural laws are manifestations of 
statistical regularities rather than absolute and 
unchanging constants, and as such have charac- 
teristics in common with social behaviour. 

It would be plausible to criticise this mature 
work of Professor Levy by saying that its main 
theme lies outside the scope of engineering appli- 
cations of science, and deals with minutie of 
scientific philosophy beyond the layman’s interest 
or comprehension. If this were true (and it is far 
from wholly true), the retort is justifiable that it is 
excessive pre-occupation with the applications of a 
restricted and distorted science which has limited 
its positive beneficence and made its negative uses 
so potent for destruction. With more confidence, 
the author can be criticised for using, to exemplify 
his arguments, such a volume of material as often 
to distract the reader’s attention from the main 
theme. The pictorial illustrations, too, are in many 
in a few cases, indeed, 
they are quite out of place in a work of these 
pretensions. Still, these trifles are easily forgotten, 
whereas the book as a whole leaves a deep and 
lasting impression. Engineers will read it with 
advantage and enjoyment, the latter not least when 
agreement with the author is most difficult. 


lerodynamics. By Proressor LEONARD BalIk- 
F.R.S 2nd_ edition. London: Longmans, 

Green and Company, Limited. Price, 31. 3s. 0d. net.) 
WHEN the first edition of Applied Aerodynamics 
was published, in 1919, it was regarded by the majo- 
rity of those competent to judge as the best and 
most comprehensive exposition of the subject that 
had appeared. Progress, in theory as well as in 
practice, has been so marked since that time that, 
except for the most elementary and fundamental 
theorems, the work has been sadly out of date for 
vears. The appearance of the present edition 
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will be welcomed, therefore, especially by the great 
number of students, research workers and aero- 
nautical designers who, brought up on “ Bairstow,” 
have lately been compelled, reluctantly, to turn to 
other and less familiar pages. 

To all such technicians it will be an added pleasure 
and assurance to find that, while the second edition 
has involved an almost complete re-writing and the 
use of entirely new and more abundant material to 
illustrate the principles under discussion, the 
general layout of the book, which could hardly be 
improved, much the same as before. After 
an introductory essay outlining the nomenclature 
and development of applied aerodynamics, the 
author surveys the fundamental principles of flight 
and enlarges upon the apparatus, instruments and 
technique employed in experimental work. Further 
chapters introduce, in turn, the principle of dyna- 
mical similarity, with its application to scale effects, 
and the equations of motion relative to aerial 
manceuvres. Upon this essenfial foundation is 
based a graduated treatise on fluid motion, ranging 
from the elementary mathematical theory, through 
the theory of aerofoils and the effects of compressi- 
bility at sonic air speeds, up to recent developments 
in the fields of turbulent flow and surface-roughness 
effects. Then follows an admirable review of modern 
airscrew data, extending to the consideration of 
axially-inclined airscrews and of high tip-speeds. 
The way is thus paved, first for an analysis of aero- 
plane performance, and afterwards for the concluding 


Is 


chapter which deals both mathematically and 
practically with the problems of stability and 
control. 


Among the many notable features of this book 
is the immense range of sources upon which Professo 
Bairstow has drawn, and for which he quotes refer 
ences. There are few readers, however, who will 
not benefit from first studying the presentations in 
the book, which are distinguished not only by 
conciseness and lucidity but also by the insight of 
an experienced teacher into those points with which 
difficulty is commonly encountered. In these and 
other respects the author has been well served by 
his publishers, whose reproductions of plates, line 
diagrams, tabulated data and mathematical typo- 
graphy are uniformly excellent. Once again, 
‘* Bairstow ” becomes the standard work on applied 
aerodynamics, and an essential item in the equip- 
ment of all engaged in the study or scientific practice 
of aeronautics. 








THE IRON AND STEEL INDUSTRIES 
OF EUROPE. 


(Concluded from page 574.) 


Or the remaining European countries, both Sweden 
and Spain are of considerable importance as sup- 
pliers of iron ore to the principal steel-producing 
countries which are deficient in ores. Sweden is 
by far the most important source of iron ore in 
Europe and, owing to its geographical position, 
this importance is still further enhanced in times 
of war, both Great Britain and Germany drawing 
considerable supplies from this source. The Swedish 
production of iron ore rose from 11,250,000 tons in 
1936 to 14,953,000 tons in 1937 and 12,300,000 tons 
in 1938. The production of pig iron, at 600,000 
tons to 700,000 tons per annum, and of steel, at 
about a million tons per annum, are comparatively 
unimportant. 

The Kiiruna and Gellivara mines are among the 
richest in the world and are the third largest in 
respect of iron-ore production. At Kiiruna, the 
ore is a finely-grained mixture of magnetite and 
apatite, which is divided into six classes, ranging 
from 0-03 per cent. to 1-8 per cent. of phosphorus 
and from 56 per cent. to 71 per cent. of iron. The 
ore contains not more than 0-05 per cent. sulphur, 
0-7 per cent. manganese and magnesia, 1 -5 per cent. 
silica, 0-75 per cent. alumina, 3 per cent. lime, and 
0-3 per cent. titanium. About 90 per cent. of the 
ore is surface-mined. At Luossavaara, there is a 
smaller deposit of similar ore, while at Gellivara, 
about 50 miles south of Kiiruna, the grade of ore 
is similar but is worked almost entirely underground. 
the annual output being about 1} million tons. 
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The total estimated reserves in the Kiiruna- 
Luossovaara deposits in terms of metal are 226 
million tons in developed ore, 260 million tons in 
probable ore and 520 million tons in possible ore ; 
while the iron content of the reserves at Gellivara 
is estimated at 83 million tons in the developed ore, 
82 million tons in the probable ore and 74 million 
tons in the possible ore. The oldest mining district 
is that of Bergslagen, near Gringesberg, in Central 
Sweden, and recently extensive interests have been 
acquired by German capital with a view to expand- 
ing the output to meet any decline in supplies 
from the northern fields. The iron content of the 
reserves is estimated at 90 million tons in the 
developed ore and 60 million tons in the possible 
ore. 

Most of the sales of ore to foreign markets are 
made by the Trafik A.B. Griingesberg Oxelésund, 
and the ore is shipped through the ports of Narvik 
in northern Norway or Lulea on the Baltic. In 
1937, total exports were 14 million tons, of which 
Germany took 9-5 million tons, and Great Britain 
2-2 million tons. Shipments via Narvik amounted 
to 7-9 million tons, and via Lulea to 3-1 million 
tons, leaving 3 million tons shipped by other routes. 
As already stated, the Swedish iron and steel industry 
is not of great importance. The consumption of 
manganese ore, therefore, is small and is met almost 
entirely by production from mines at Spaxeryd 
and Hohult, south of Jénképing, and at Lingbau 
in Varmland. Sweden is, of course, an important 
producer of ferro alloys, but the industry is based 
on cheap electric power and is dependent on imports 
of the ores of the various alloy metals. 

Spain was formerly one of the most important 
iron-ore producing countries of the world. In 1913 
the output was 9-9 million tons, but it fell severely 
after 1918 and was further dislocated by labour 
troubles and the civil war. No official production 
statistics are available, but the output is estimated 
at 1 million tons per annum in 1936 and 1937, and 
2 million tons in 1938. The principal deposits 
are along the north coast at Bilbao and Santander, 
the largest producer being the Orconera Iron Ore 
Company, Limited, which is controlled by British 
capital. The Bilbao ore consists of hematite and 
limonite, and ranges from 48 per cent. to 58 per cent. 
of iron, with about 1 per cent. manganese and 
0-03 per cent. phosphorus. In the Santander 
district there are extensive deposits of clay contain- 
ing 20 per cent. to 35 per cent. of rich iron ore, which 
is recovered by concentration; and there are 
additional deposits in south-eastern Spain (Alguiffe), 
in Murcia and in the Teruel-Guadalajara district. 
The total iron-ore reserves were estimated in 1910 
at 711 million tons of developed ore, averaging 
52-5 per cent. iron content, and the same amount 
of possible ore, averaging 46-6 per cent. of iron. 
There is also, in Huelva, a large reserve of iron 
pyrites, estimated at 150 million tons. The tonnage 
of pyrite ash available for the recovery of iron is 
governed by the demand for sulphuric acid. The 
Spanish iron and steel industry is comparatively 
small, the production of pig iron being about 300,000 
tons and of steel 600,000 tons, per annum. Although 
there is a small production of manganese ore, the 
industry is mainly dependent on imports. 

The remaining European countries are compara- 
tively small producers. In 1937, Norway had an 
output of just over 1 million tons of iron ore, of 
which the bulk was exported to Germany and Great 
Britain. The ore consists of magnetite, low in 
phosphorus and sulphur, and a small part of the 
output contains some titanium and vanadium. 
Most of the ore produced comes from the Sydvaran- 
ger mines at Kirkenes, the Fordalen mine at Malm, 
and the Rédsand mine at Nesset. The pig-iron 
and steel production is negligible, but Norway is a 
large producer of ferro-alloys. Exports of ferro- 
manganese were 67,100 metric tons in 1937, and 
for its production 130,700 tons of manganese ore 
were imported. There is no actual production of 
manganese ore in Norway, although deposits of 
considerable importance are being explored. Exports 
of ferro-chrome total approximately 11,000 metric 
tons per annum, for which some 40,000 tons per 
annum of chromite are imported. There is a small 


production of nickel ore in Norway, the output | Société Internationale des Mines. 





amounting to 33,000 metric tons in 1936, and 22,000 
tons in 1937. In addition, imports of nickel ore 
were 9,200 tons in 1936 and 12,000 tons in 1937. 
The smelter production of nickel was 6,100 tons in 
1936 and 6,700 tons in 1937, all of which was 
exported. 

In Yugoslavia there has been a sharp rise in the 
production of iron ore from 21,725 metric tons in 
1932 to 610,000 tons in 1938. Only one-third of 
the output is consumed in the country, the remainder 
being exported, mainly to Hungary. The output 
is derived from the State-owned deposits of Ljubija 
in Bosnia, and of Vares, north of Sarajevo. Devel- 
oped and probable reserves are estimated at 
200 million tons. The Vares ore ranges from 40 per 
cent. to 60 per cent. iron, 1 per cent. to 9 per cent. 
manganese, 6 per cent. to 12 per cent. silica, 0-1 per 
cent. to 0-3 per cent. sulphur, and 0-1 per cent. to 
0-3 per cent. phosphorus. The Ljubija deposits 
comprise limonite, averaging 50 per cent. of iron, 
2 per cent. manganese, and 8 per cent. silica ; and 
siderite, averaging 45 per cent. of iron. Yugoslavia 
also has a fairly important production of alloy 
metals. The production of manganese ore was 
3,200 tons in 1938, which is adequate for the 
domestic steel industry. The ore is derived from 
an extensive deposit at Stikovo, 30 to 35 miles 
south of Uzice. There is also a considerable produc- 
tion of chrome ore, amounting to 50,000 tons to 
60,000 tons per annum, of which about half is 
exported. The principal companies are Allatini 
Mines, Limited, which operate mines at Orasje and 
produce about half the total output ; the Ljuboten 
A.C., operating the Radusa mine near Skoplje, the 
ore from which is treated at the mill of Allatini 
Mines, Limited; the Asseo Mining Company of 
Skoplje ; and some smaller mines in Central Bosnia. 

The Hungarian production of iron ore amounts to 
nearly 300,000 metric tons per annum, while imports 
were 485,100 tons in 1939. The production of pig 
iron was 335,000 tons and of steel 655,000 tons, in 
1938. The iron-ore deposits are in the Miskolc 
district, 185 km. north-east of Budapest, the ore 
being surface-mined for the most part. In October, 
1938, Hungary acquired from Czechoslovakia the 
iron mines at Rozsnyo, with an annual output of 
240,000 tons, which, it is believed, can be consider- 
ably expanded. The production of pig iron in 
1937 was 357,900 metric tons, and of steel, 665,300 
tons. The iron and steel industry is almost entirely 
dependent on imports of coke, and there are also 
considerable imports of scrap iron. Manganese 
requirements, however, are met from the mines near 
Urkut, which were re-opened in 1935. 

Bulgaria has no iron and steel industry, but there 
is a small production of iron ore from mines near 
Monastir. There is also a deposit of hematite at 
Kremikovtzi, near Sofia. Total reserves of devel- 
oped iron ore are estimated at 1,400,000 tons, 
averaging 58 per cent. of iron. There are several 
mining concessions for manganese ore, the output 
being exported to Germany, Czechoslovakia and 
Hungary. There is a group of chromite deposits in 
the Rhodope mountains, near Mastanli, which is 
now attracting some attention. In 1937, the output 
was 1,745 tons, but development is handicapped by 
lack of transport facilities. 

Greece, also, has no iron and steel industry, but 
is increasing in importance as an exporter of iron, 
nickel and chrome ore. Exports of iron ore were 
403,000 tons in 1937; of nickel ore, 56,000 tons ; 
and of chrome ore, 50,000 tons. The principal iron 
mines are the Larymna and Loutsi mines of the 
Société Internationale des Mines, and the Tsouka 
mine of the Société des Mines d’Atalanti. The 
ores average 48 per cent. to 50 per cent. of iron, 
1 per cent. to 3 per cent. of chromite, 1 per cent. to 
2 per cent. of manganese, 6 per cent. to 8 per cent. of 
silica, and 10 per cent. to 14 per cent. of alumina, 
and are low in sulphur and phosphorus. Total 
iron-ore reserves, including a number of smaller 
deposits, are estimated at 100 million tons of 
developed and 50 million tons of probable ,ore, 
averaging 49 per cent. of iron. The mining of nickel 
ore started in 1910, and output reached 20,500 tons 
in 1915, but was suspended in 1919. The principal 
mine is situated at Larymna and is owned by the 
Five tons of 








ore yield 1 ton of concentrates, containing 25 per 
cent. nickel, 47 per cent. iron, 3 per cent. chrome, 
14 per cent. alumina and 8 per cent. silica. The 
concentrates are sold to Friedrich Krupp A.G., 
and are treated by the Renn process at Oslebshausen, 
near Bremen, for the production of an alloy contain- 
ing 90 per cent. of iron and 10 per cent. of nickel. 
A new company has recently been formed to exploit 
the iron and nickel mines of Karditsa and Ptoon, 
both in the Larymna district. There are several 
deposits of chrome ore in Greece, the most important 
mines being the Domokos mine at Xinias and the 
Tsagli mine west of Volos. The product of the 
Domokos mine, which is shipped via Aghia Marina 
to the United States and Germany, averages 40 per 
cent. chromite, 22 per cent. alumina, 10 per cent. 
magnesia, 12 per cent. iron oxide and 5 per cent. 
silica. 

The Bureau of Mines paper also contains an 
interesting review of the principal companies and 
the commercial organisation of the iron and steel 
industry in the various countries, and a brief 
description of the various international organisations. 








THE THURSTON CENTENARY 
CELEBRATIONS. 


TxHE commemoration of the centenary of the birth 
of Dr. Robert Henry Thurston at Cornell University, 
on October 25, afforded remarkable evidence of his 
influence on engineering education in the United 
States. Delegates from 60 universities and institutions 
in the United States, Great Britain, Canada, France 
and Germany were among the audience of more than 
a thousand which assembled in the Bailey Hall to 
hear the addresses. The proceedings were inaugurated 
by Dr. E. E. Day, the president of Cornell University, 
who said that in the tense and harried living of this 
twentieth century of ours it is difficult and at times 
well nigh impossible to keep in clear vision the import- 
ance of the really durable values of life, but war- 
wracked and depression-ridden though this world may 
be, the force of individual character remains un- 
diminished. In the annals of Cornell University, 
Thurston belongs to the small group of men to whom 
the institution’s indebtedness is immeasurably great. 
As the years of his actual service recede, his contri- 
butions lose none of their impressiveness. The lives 
of the men who went out from his tutelage continue 
to attest the strength of his mind in spirit and character. 

Five addresses were given during the proceedings, 
four of these dealing directly with Thurston’s career. 
The most generally interesting, perhaps, was that by 
Dr. N. Davis on “ Pioneering in Engineering 
Education at Stevens.” Dr. Davis, who is a past- 
president of the American Society of Mechanical 
Engineers, and is now president of the Stevens Institute 
of Technology, Hoboken, graduated at Cornell in 1901, 
two years before Thurston died. In the course of his 
remarks, Dr. Davis said ‘‘ Sooner or later, the world’s 
attitude towards any really great man undergoes a 
gradual and subtle metamorphosis; and what had 
been a treasured memory enlarges and crystallises into 
a revered tradition; and since biological statisticians 
tell us that the maximum human life span is just 
about a hundred years, may we not, perhaps, regard 
the centenary of a great man’s birth as of emphasis 
in our appraisal of him.” There were two aspects of 
Thurston’s life, continued Dr. Davis, that seem likely 
to be permanent parts of the Thurston tradition in 
engineering education. First, he seems to have invented 
the idea of a mechanical laboratory as an appropriate 
part of an American engineering school. It is difficult 
for us, in 1939, to realise that, in 1870, when Stevens 
was founded, this idea had to be invented. Thurston’s 
conception of a mechanical laboratory was a three-fold 
one; first, it should be a place in which a student 
could become practically acquainted with working 
machinery ; second, it should be a place where staff 
and students, working together, might by research 
make important contributions to the progress of 
engineering ; and third, it should be a place to which 
industry should bring its problems, whether of testing, 
of design, of development, or of a still more funda- 
mental nature. Thurston’s laboratory, which at first 
contained a carpenter’s bench, several lathes, a planing 
machine, a forge, a steam engine, etc., rapidly developed 
into something like the mechanical laboratories of 
to-day. Tests were run, theses were written, and 
experiments were made. Its equipment included auto- 
graphic testing machines designed by Thurston and 
constructed at the institute. Year after year there 
flowed from the laboratory a stream of facts and 
generalisations in letters, reports, papers and treatises. 
As a servant of industry, the laboratory played an 
important part at a time when few industries had 
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their own plant for routine testing. In a letter of 
1874, Thurston set forth a plan, already matured, for 
the establishment of a to 
especially to experimental investigations 


direct and practical bearing upon questions arising in 


department be devoted 


having a 


the course of regular business. Preserved in the 
Stevens library is * a schedule of charges,’’ dated 1877, 
signed by him, from which it appears that a test on 
the “ autographic testing machine, of strength, duc 
tility, resilience, and determination of elastic limit, 
elasticity, homogeneousness of structure, and amount 
of internal strain, with strain-diagram and record” 
could be had for 3 dols \ trial of a steam boiler, 
with record, or of a steam engine, would cost only 
25 dols., plus 60 cents an hour for field and office 
labour. Dr. D. S. Jacobus relates, said Dr. Davis, 
that the staff thought nothing of working all night 


after a hard day's work, with another hard day to 
come. Obviously, Thurston's energy and enthusiasm 
were contagious 

The other aspect of Thurston's Dr. 
Davis referred, and 
scope of mechanical engineering as it should be taught, 
and as it should be practised. When he joined President 
Morton at Stevens in 1870-71 in planning the curriculum 
of a new sort of engineering school, he apparently 
saw clearly the fundamental mechanical 
engineering of the two great fields in which so much 
of his own work lay throughout his later life, namely, 
the materials of engineering, and power. But materials 
and power by no means comprised the scope of mecha 


which 


work 


was his conception of the 


to 
range 


position in 


nical engineering as he saw it 


found coupling the words “ engineering ’’ and “ indus 


try in a way which shows that he foresaw the part 
that engineers are just now beginning to play as 
industrial executives. The management that is now 
being taught, follows from the work of Taylor and | 
Gantt, and both of them were trained by Thurston at | 
Stevens Learned with respect to materials and | 
power "’ concluded Dr. Davis, “ keenly interested in 
industrial and national economic problems, firmly 
convinced that engineers should guide as well as 
serve industry, and indefatigable in public service, 


Thurston exemplified a conception of the scope of the 
service of the engineer that may well be our inspiration 
and ideal for many years to come.’ 

Dr. Davis was followed by Dr. W. F. Durand, the 
biographer of Thurston, who revalled his work for 
Cornell University ; and finally, came the address of 
Dean 8. C. Hollister, on ** Looking to the Future.” 
Taking for his text Thurston’s saying that “* Education, 
like all other great phenomena of the world and of the 
universe, is undergoing evolution constantly, tending 


continually towards the best for our own time, and | 


for the time that is coming,” the Dean said that it 
seemed clear that the engineer is destined to become 
more and more involved in the social and economi 
problems that lie ahead say that there are 
too many engineers being trained to-day, and that, 
therefore, they must seek other fields in which to devote 
their talents. This, however, is a great fallacy. The 


Some 


fact is that in more fields than in engineering alone, the 





Again and again he is | 


engineering training is as suitable as any other forms of | 
training which have been traditionally crystallised into | clamping the fabric over a ring of known area 
The careful assembly of facts, their 


formal curricula. 
honest and thorough analysis, then planning and operat- 
ing on the basis of such analysis, is the pattern of 
training which the engineer receives and this pattern 
is applicable to fields for which no curricula have been 
invented. 

l'o the common view that engineers are not trained in 





civic consciousness and usefulness, Dean Hollister replied, 
‘I think it is fair to say that the whole educational | 
field awaits with interest convincing testimony that 


any given curriculum accomplishes this very desir- 
able end. As far as the engineer is concerned, things 
point to the necessity of training in economic, social 
and business fundamentals, as well as in the funda 
mentals of science. Civic consciousness is a matter of 
community attitude rather than the result of studying 
any system of subjects. The surest way to provide 
the right community attitude is to prepare men and 
women thoroughly for the parts they are to play in the 
community. Cornell for many years has, in varying 
degrees, been functioning in this direction.”’ 








FABRIC-POROSITY TESTING 
APPARATUS. 


| 


Amone the multitudinous demands created, or vastly | 


increased, by the present emergency is the need for 
adequate and increasing supplies of specia] fabrics for 
parachutes, balloons and aircraft. Such fabrics must 
possess definite characteristics, one of the more im- 
portant of which, particularly in the case of parachute 
fabrics, is a definite and uniform porosity under air 
pressure. In this connection it may be of interest to 
juote from the Air Ministry Specification, DTD. 69a, 
relating to the resistance to air flow of parachute 
fabrics :—‘‘ The resistance to air flow shall be such 
that when air is drawn through 10 sq. in. of the material 
| at a constant rate of 14-4 cub. ft. per sq. ft. per min., 
the pressure on the fabric shall not be less than 0-125 lb. 


in an approved apparatus in ordinary humidity con- 
ditions.” 

In order that this characteristic may be conveniently 
tested and measured in the factory, Messrs. Cambridge 


| instrument. 


nor greater than 0-264 Ib. per sq. ft. when determined | 


Fig. 2. 


In the Cambridge apparatus the area is defined by 
actually 
the top of an open-mouthed cylinder shown on the 
right in Fig. 1—the fabric being held in position by 
a rubber hand. By means of a separate electrically- 
driven suction air pump, illustrated in Fig. 2, which is 
connected to the cylinder through a valve controlled 
by the knurled dise seen in front of the cylinder, air is 
drawn through the sample, the rate of air flow being 
measured by an orifice plate inside the cylinder, and 
indicated on the differential dial gauge, which is con- 
nected to points above and below the orifice. By 
adjusting the valve, the reading on the dial gauge is 
stabilised at exactly 1-0 in. of water, this reading 
corresponding to an air flow through the sample of 
1 cub. ft. per min. The pressure difference across the 
sample, which is a measure of the porosity of the fabric, 
is then determined by means of the Chattock tilting 
micromanometer which mounted in front of the 
dial gauge. 

This apparatus, which is capable of giving readings to 
0-0001 in. water gauge, is, in principle, a U-tube 
containing salt solution, but instead of measuring the 
difference in height of the liquid in the two limbs 
the whole tube is tilted so that no displacement of 
liquid from one side to the other occurs. In order to 
detect small displacements of liquid a control chamber 
containing castor oil is introduced into the U-tube and 
is so arranged that any movement of the liquid in the 
U-tube causes a distortion of the surface of separation 
between the oil and salt solution, on which is focused 
a low-power microscope attached to the frame of the 
With equal pressure on each side, the 
cross wires of the microscope are made to coincide with 
the image of the separation surface. When the pressure 
to be measured is applied, the U-tube is tilted by a 
vertical micrometer screw fitted with a large graduated 
dise until the surface of separation comes back to its 
original position. 

Since the air flow through the sample at | in. water 
pressure is 1 cub. ft. per min., and the area is 10 sq. in., 
this air flow is equal to 14-4 cub. ft. of air per min. 
per sq. ft. of fabric. It is clear, therefore, that the 
apparatus satisfies the conditions of test laid down in 
the Standard Specification to which reference has 
already been made. A reading of one turn on the 
Chattock manometer dial represents a pressure of 


is 


| 0-144 Ib. per sq. ft., so that if the reading is, say, 1-78, 


Instrument Company, Limited, 13, Grosvenor-place, 


London, 8.W.1, have devised the fabric-porosity testing 
apparatus illustrated in Fig. 1, on this page. As may 
be understood from the specification quoted above, the 


| 1-78, or ¢ 


porosity of a fabric may be defined as the reciprocal | 


of the pressure difference between the two sides of the 
fabric required to produce a flow of unit volume of 
air per unit time through unit area of the fabric. 
The measurement of the porosity of a fabric is, there- 
fore, comprised of three parts :—(1) Defining the area 
of the fabric which is to be tested; (2) defining and 
then ensuring the accuracy of the air flow through 


the fabric ; (3) measurement of the pressure drop oc- | 


curring between the two sides of the fabric. 


| 
i 





then the sample tested requires a pressure of 0-144 x 
)- 256 lb. per sq. ft. to produce a flow of 14-4 
cub. ft. of air per min. per sq. ft. of fabric, and the 
fabric under test is thus shown to be within the specified 
limits. 

The apparatus, while primarily designed for testing 
parachute fabrics, can be readily adapted to suit other 
materials, such as the felts used in paper making, gas- 
screening materials for A.R.P. shelters, and for general 
textile research. When used for thicker materials, 
such as felts or blankets, the sample is held in position 
on the cylinder by a screw-down clamp instead of by 
the rubber band which is employed for the lighter 
types of fabric. 
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THE PARIS HIGH-TENSION 
CONFERENCE. 


(Continued from page 594.) 
with Raprp-Crosina Crrcvit 
BREAKERS. 


FauLttT CLEARING 
In addition to the papers by Mr. Thommeén and | 
Messrs. Sporn and Muller, which dealt with Swiss and 
American practice, and of which we gave some account | 
on pages 522 and 593, ante, the question of the employ- | 
ment of rapid-closing circuit breakers for fault clearing | 
was also dealt with from the German point of view, | 
in a paper by Herr O. Mayr, of the Allgemeine Electri- | 
zitats Gesellschaft. He said that to ensure the main- | 
tenance of supply it was necessary that the current | 
should be interrupted with rapidity and certainty. | 
Before the problem of the extinction of the are had been | 
satisfactorily solved, attention had necessarily been | 
directed to securing that the circuit was broken. By | 
means of directed air jets, it was now possible to ensure | 
that the are was extinguished and the problem of the | 
interruption of high-power circuits had now been 
satisfactorily solved. The possibility of explosions or | 
fires could now be eliminated by the choice of a suitable 
extinction medium in the breaker. Progress in the | 
design of circuit breakers had enabled the problem of | 
ultra-rapid operation to be dealt with. The purpose | 
of such operation was to limit the secondary results | 
of a short circuit, so that synchronism was not lost 
and the supply of energy not interrupted. This matter | 
had become of great importance owing to the large | 
amount of energy which might feed into a short circuit | 
on a modern network. 
In the course of the development of ultra-rapid | 
circuit breakers, it had become clear that the problem | 
was closely concerned with the design of the breaker | 
from the point of view of its cost. It was necessary | 
to develop breakers of this type which were suitable 
for employment in situations in which a high re 
cost would not be justified. It had been found possible 
to develop an ultra-rapid breaker of normal type so | 
that standard parts could be used. Although the | 
problem of ultra-rapid operation arose in the first | 
instance in connection with lines carrying large amounts | 
of power, it appeared desirable to allow development 
to proceed along the lines of normal practice, avoiding | 
radical modifications when possible. This allowed the | 
extensive experience obtained in connection with the | 
operation of normal breakers to be taken advantage of 
in the development of the ultra-rapid type. 
The speed of automatic reclosing of a breaker | 
depended on the inertia of the arc at the point of break- | 
down. Unlimited improvement in the speed of opera- 
tion of the breaker was not possible. Reclosing could | 
only follow re-establishment of insulation at the fault, 
the process resembling the action of a Petersen coil. | 
With overhead lines in which the neutral was directly | 
earthed, all shorts to earth could be cleared by ultra- 
rapid opening or re-closing of the circuit. In circuits | 
provided with Petersen coils, only one seventh of the | 
faults required ultra-rapid opening and re-closing. | 
In these latter cases, however, the voltage might rise | 
73 per cent. above that in the former, so that the con- | 
ditions of ultra-rapid operation were much less favour- | 
able. It was therefore all the more necessary to seek 
for an economical and simple solution of the problem. | 
The process of closing and opening a circuit breaker 
might be analysed into a series of stages which 
influenced its time of action. The first stage was the | 
accumulation of the potential energy by which the | 
operations were carried out. This involved questions | 
of the type and speed of the control by which the energy | 
was made available. Controls by means of alternating 
current or centrifugal force were too uncertain to| 
make them desirable. Other methods of control were 
by means of solenoids operated from an accumulator, 
by counterweights, by springs and by compressed air. | 
Examination of the factors involved in each case | 
showed that the advantages were with compressed air. | 
The energy required for the closing and opening of a| 
normal 100-kV circuit breaker was 100 kg.-m. If} 
control by solenoid were used, owing to self induction | 
and ohmic resistance, the time constant was in excess | 
of 0-1 second. If the speed of the armature reached | 
3 m. per second, the back electromotive force would | 
be 50 per cent. of the applied voltage, and it was not | 
possible to obtain a control acting in less than 0-1 | 
second. The size of battery required depended on the | 
Operating speed. It should have sufficient reserve | 
for 15,000 operations and a discharge period of 3 hours. | 
If it were not necessary to allow for this reserve, it | 
would be theoretically possible to utilise a battery 
weighing 25 g. for an operation requiring the expen- | 
diture of 100 kg.-m. 
Some minor applications of control by means of a| 
counterweight had been developed, but the system was 
not suitable for rapid-action breakers. The method 
of control by means of a spring allowed speeds of | 
operation of the control link up to 11-6 m. per second, | 
but the values actually obtained in practice were from ' 
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5 m. to 7 m. per second. When a compressed-air 
reservoir was. used in place of the spring, its weight 
was only about one-twelfth of the latter and its factor 
of safety was much greater. The transformation of the 
energy of compressed air by means of a cylinder and 
piston was a simple operation compared with the 


| action of a solenoid and the weight was about one-tenth. 


The weight of a compressed-air control system con- 
taining 4-1 litres of air compressed to 10 kg. per square 


















































b | 
ce 
d 
Fig.34. fhe 
b Vs 
—C 
? S 
‘ & 
: k 
4 f ; i! 
Ll 9 
a iv 
7132.c) “ENGINEERING’ 


centimetre was only 58 g. As it was possible to make 
very light pistons, the speed of control was limited 
rather by the action of the circuit-breaker contacts 
than by the control mechanism. Compressed air lent 
itself particularly well to the control of ultra-rapid 
circuit breakers while, despite certain disadvantages, 
spring control could be usefully employed when very 
high speeds of operation were not required. 

The release of the potential energy accumulated in 
the operating gear should under modern conditions 
take place in a few half-periods. Relays having a 
straight-line characteristic were unsuitable. Differ- 


ential relays having a minimum operating time over 
| the whole range of protection should be used. The 
| tripping solenoid, which was controlled by the relay, 
| and which released the spring catch, or the valve of 
the compressed-air cylinder, represented a control in 
| miniature to which the same conditions applied as to 
| the operation of the breaker itself. In view of the 
small consumption of energy and the small movement, 
| it was possible to combine this tripping solenoid with 
the main operating solenoid. As would be shown later 
| in the paper, a valve, or spring catch, might be tripped 
| against a force of 1-5 kg. in 0-007 second by means 
| of a spring in conjunction with a 1,000-watt solenoid. 
| It was also possible to use solenoids of the type used 
|in high-speed direct-current circuit-breakers, which 
could operate in 0-0012 second. 

The features peculiar to the breaker itself were the 
method of mechanical operation of the contacts and 
the method of arc-extinction employed. From the 
point of view of speed of operation, the essential 
feature of the breaker was the moving contact. In 
| the normal oil circuit breaker, the opening springs 
were at earth potential, and during the opening period 
it was necessary to set in motion a heavy insulating 
cross-arm. Further, in addition to the mass of the 
moving contacts themselves, which were proportional 
| to the current rating of the breaker and to the length 
of break, a heavy insulator had also to be set in motion. 
In the case of circuit breakers for medium voltages, 
the weight of this additional material was not a serious 
matter, but for breakers operating at from 100 kV to 
200 kV it greatly exceeded the weight of the contacts 
themselves, especially for breakers of the outdoor type, 
| of relatively low oil content, in which it was necessary 
| to protect the mechanism with a coating of ceramic 
| material. In breakers of recent design,'the weight of 
| the moving mass had been reduced by arranging that 
the opening springs and locking gear were not insulated 
from the live parts of the breaker, the necessary 
insulation for the trip gear, in which the forces con- 
cerned and the movement were small, could then be 
relatively light in weight. It is also possible to replace 
| he mechanical connection between the earthed parts 
and those under tension by a pneumatic coupling. 
| The acceleration of the movement of the breaker 
contacts could only be pushed to a limit which was 
determined by the condition that the duration of the 
arc following the opening of the contacts could be 
limited independently of the value of the short-circuit 
| current. For voltages up to 30 kV, it was possible 
to obtain, without difficulty, an arc duration of half a 
period. With higher voltages, the time necessary to 
separate the contacts to a position favourable to the 
extinction of the arc affected conditions more directly, 
and in unfavourable cases a duration of about two 
half-periods should be allowed for. The extinction of 
the arc by means of a jet of compressed air had the 
advantage that it took place under constant pressure 
under all conditions from the breaking of the circuit 
of an unloaded transformer to that of the most severe 
short circuit. In this connection it might be said that 
the characteristics of liquid circuit breakers, in which 
the jet for the extinction of the arc was produced by 
the breaker itself, were unsatisfactory from this point 
of view. It was probable that the increasing loads 
which had to be dealt with would lead to the greater 
use of a constant-pressure air jet obtained either by 
pumps or springs. The problem of the actual extinction 
of the are might be considered to be solved. In order 
to obtain an ultra-rapid opening of a circuit breaker, 
followed by an equally rapid reclosing, it was of great 
importance that both the electrical and mechanical 
operating elements should, after the break, instantly 
pass to the condition necessary for the reclose. This 
demanded a considerable reserve of energy both for 
operation and are extinction. The pneumatic circuit 
breaker could claim advantages in both these directions. 

With many types, the construction of an ultra-rapid 
circuit breaker had involved much development and 
departure from normal designs. Pneumatic breakers 
of this class had, however, been developed with but little 
alteration to normal types which had been in use for 
many years. An example was furnished by a 15-kV 
breaker which was employed for traction service and 
operated on a 16%-cycle circuit. On traction circuits 
which were not equipped with Petersen coils, it was 
possible for an arc to cause fusion of the contact wire. 
This effect might take place when an arc was formed 
between the wire and the pantograph of a stationary 
locomotive. The fusion of a contact wire led to the 
stoppage of all traffic, whereas the cutting-out of a 
circuit in an interconnected network gave rise to little 
trouble. To obtain maximum protection it was 
necessary that the breaker should interrupt the circuit 
in three half-periods, one half-period serving for the 
operation of the relay gear, one for the opening of the 
breaker and one for the extinction of the arc. 

The normal breaker of the type in question required 
0-06 second, or about two half-periods, for the opening 
operation. Owing to the light weight of the moving 





parte and the robust nature of the control gear, it had 
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been possible to increase the rate of admission of the 
sir so that the period of operation up to the commence- 
ment of the extinction of the arc was reduced to 0-015 
second, This improvement had been obtained by a 
modification of the connection between the tripping 
magnet and control valve. The tripping mechanism, 
in its revised form, was illustrated in Fig. 32, page 635, 
in which a was the trip latch, b the tripping magnet, 
and ¢ the in which energy was stored for 
opening the air valve d. Pressure air entered at e from 
the air reservoir, and f was the pipe connecting to 
the operating cylinder of the breaker. The introduc- 
tion of the spring greatly increased the power available 
for operating the valve, without the necessity for fitting 
a very powerful electromagnet. It was re-set mechani- 
cally immediately the breaker opened. The travel 
of the plunger of the trip coil was 0-6 cm., and the 
time of its travel 0-007 second. The lower end of the 
spring moyed through 1-2 em. in 0-005 second, corres- 
ponding to a speed of 6 m. per second. The time inter- 
val between the opening of the air valve and the 
commencement of the movement of the breaker had 
been reduced from 0-010 second to 0-003 second by 
enlarging the cross-section of the valve and connecting 
The time between the beginning of the move- 


spring 


pipes. 


ment of the switch contacts and the operation of 


the arc-extinguishing air jet was 0-015 second. The 
total mechanical movement of the breaker mechanism 
thus occupied a period of 0-03 second and allowing 
half a cycle, or 0-033 second, for the duration of the 
arc, the total time required to interrupt the circuit was 
0-096 second. This included the relay time of 0-033 
second, Any shorter arc-duration period naturally 
decreased the total time. 

An oscillograph record illustrating the action of the 
breaker was given in Fig. 33, in which curve @ repre- 
sented the current, 6 the voltage, c the movement 
the trip coil, and d and e the positions of the breaker 
spindle in the breaker-closed and breaker-open posi- 
tions, the curve joining these two horizontal lines 
representing the movement of the spindle. The vertical 
lines, marked f to l, indicated stages in the circuit- 
interruption process. The short-circuit started at f, 
the relay operated at g, and at A the air valve was open. 
The movement of the breaker itself began at i and the 
separation of the contacts at j. The air blast came 
into operation at k and at / the arc was extinguished. 

A type of air-blast circuit breaker suitable for use 
on 100-kV to 200-kV networks was illustrated in Fig. 34. 
This was furnished with visible contacts. The breaker 
operated by the rotation of the vertical pillar insulators, 
so that the arms carrying the contacts separated. At 
the same time, an air blast, supplied through tubes in 
the pillars and arms, passed to the contact through 
the mushroom insulators surrounding them, and extin- 
guished the arc. The contacts were also withdrawn 
into the mushroom insulators by means of small pistons 
operated by the air blast. The rotation of the pillar 
insulators was carried out by means of linkwork. As 
the compressed air represented an effective dielectric 
between the contacts, the amount of rotation of the 
pillar insulators which was necessary was only such 
as to establish normal open-circuit clearance between 
them. For ultra-rapid reclosing on short circuits, it 
was possible to use the breaker without any separation 
of the horizontal arms, Under these conditions, the 
mass of material which had to be set in motion showed 
a reduction of 60 per cent. for a 100-kV breaker and 
24 per cent. for a 200-kV breaker. 

In Fig. 34, g was the main compressed-air operating 
cylinder which rotated the pillar insulators through the 
link mechanism. The connections represented at A 
and i were the leads to the “ in’’ and * out ” positions 
of the main electromagnetic control, which was not 
shown in the figure. The operation of the link mecha- 
nism also opened the air-blast valve k by means of the 
cam f. When the breaker was operated on an ultra 
rapid Ope ning and ‘ losing eye le, to « le ra short circuit, 
the main operating cylinder g was not brought into 
suction. The cycle was started by the operation of the 
tripping magnet a, which opened the air valve 1. 
his resulted in pressure air being supplied to cylinder 
b, the piston of which acted directly on valve k. Rapid 
re-closing of the breaker was accomplished by means 
of the compressed-air reservoir e, which was auto- 
matically recharged as required from cylinder 6. The 
compressed-air in ¢ was arranged to be released at a 
definite time after the opening of the breaker. It 
supplied a small air cylinder d, the piston of which 
operated the catch ¢ which, in turn, released the air- 
blast valve k, causing it to close. The cutting off of the 
pressure air then caused the breaker contacts to close 
under the action of springs contained in the mushroom 
insulators. 

With this type of breaker set for ultra-rapid opera- 
tion, the time period for the opening of the circuit was 
0-065 second, this including an arc duration of from 
0-015 second to 0-024 second. The time interval 
before reclosing could be varied as might be required 
for any particular installation. The valve regulating 


the release of the compressed air in reservoir e could 
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be set for any time interval between 0-14 second and 
0-8 second before reclosing. With these breakers it 
was important that an ultra-rapid opening and re- 
closing which did not clear a fault should be followed 
by a normal opening of the breaker during which the 
operating cylinder g came into action and the contact 
arms were separated by the rotation of the pillar 
insulators. <A of short-circuiting tests was 
carried out under these conditions. In one case two 
Pp “les of the breaker were short-circuited. The initial 
ultra-rapid break took place in 0-07 second, the breaker 
then remaining open for 0-11 second, but not clearing 
the are. The normal opening then took place in 0-16 
second, and broke the circuit. The corresponding times 
for a short on all three phases were (0-12 second, 
0-11 second, and 0-18 second. 


sernes 


(To be continued.) 








ELECTRIC HEAT-TREATMENT FUR- 
NACES AT THE REDDITCH WORKS 
OF MESSRS. HIGH DUTY 
ALLOYS, LIMITED. 


In order to be in a position to cope with increasing 
orders for their products, Messrs. High Duty Alloys, 
Limited, Slough, Bucks, manufacturers of Hiduminium 
and other aluminium alloys of high strength, some 
months ago acquired a site at Redditch and commenced 
the building of a new works. Among the equipment 
installed in the new factory, which has recently started 
production, are three large vertical forced-air circula- 
tion electric furnaces used for the heat treatment of 
light alloys. The furnaces have been designed and 
built by Messrs. Wild-Barfield Electric Furnaces, 
Limited, 4-8, Highwood-avenue, Bushey, Herts., and 
all three are identical in construction. The maximum 
temperature of operation is 550 deg. C., and the furnaces 
are sunk in pits so that their tops are at ground level 
for convenience in working. The furnaces, which are 
heated by means of resistance elements 
circumferentially, are closed by dome-shaped doors 
capable of being raised and rolled away from the fur- 
naces; these doors incorporate centrifugal fans for 
circulating the air within the furnaces. A photograph 
showing the interior of one of the furnaces is reproduced 
in Fig. 1, on this page, while Fig. 
a longitudinal section through the centre line of the 
furnace and Fig. 3 shows, on the left-hand side, a part 


plan of the furnace with the door removed, and, on the| to the furnace or to the charge, are provided. 
variable thermostat, with a non-return action, prevents 
in which the 


right-hand side, a part transverse section. 
Fach furnace accommodates a basket 





arranged 


2, opposite, gives | 


work to be heat treated is placed. The baskets, 
which have an internal diameter of 6 ft., and a total 
depth of 8 ft. 94 in., are of tubular-steel construction, 
are provided with a sheet lining, and are divided 
horizontally into three compartments. In order to 
enable the heated air to circulate freely over the work 
contained within the baskets, the bases of each compart- 
| ment are perforated, as is seen in Fig. 3, while, for ease 
of loading and unloading, the compartments have 
| separate doors at the sides. The baskets are charged 
| into the furnace and removed, for the purpose of 
quenching the heat-treated work, by means of a travel- 
ling gantry crane. The roll-off door of the furnace is 
provided with two adjacent handwheels, one of which 
lifts the door through the bell-crank lever system, 
operated by left- and right-hand screw threads on the 
shaft, as indicated in Fig. 2. When raised clear of 
the furnace, the door is traversed by operating the 
| other handwheel, which is connected by means of 
chains and sprockets to double-flanged cast-steel rolling 
wheels, running on rails, as is shown in Figs. 1 and 2. 
The door incorporates the centrifugal air-circulating fan, 
which has a diameter of 4 ft. and is 1 ft. deep. The 
fan is driven, through belting, from a 10-h.p. slip-ring 
| induction motor, which is mounted on a cross-member 
| of the door-supporting frame but is not shown in the 
illustrations. A throat, shown in Fig. 2, is fitted below 
| the fan and this engages with the raised inner wall 
| or “ baffle ’ of the furnace when the door is lowered into 
position. As will be clear from Figs. 2 and 3, the 
| heating elements are mounted between the inner and 
outer walls of the furnace, and the fan directs air 
| downw ards into this annular heating space and then 
| up the centre into the work basket. As the hot air 
| reaches the top of the throat, after passing through the 
work, it is continuously deflected outwards and down- 





wards by the fan. In this way the direct radiation 
of heat from the elements on to the charge is prevented 
and a uniform temperature is secured within the furnace. 
The maximum total rating of the elements is 120 kW, 
but this is reduced by hand switching when the work is 
| undergoing soaking at a particular temperature. 
The temperature-control and recording apparatus 
of the furnace installation has been supplied by Messrs. 
Leeds and Northrup Company, and comprises a single 
point indicating controller with a separate three-point 
recorder, the thermocouples of which are spaced at 
equal distances down the furnace, as shown in Fig. 1. 
In this way, the actual temperature of the charge in 
each of the three compartments of the work basket is 
recorded. Several safety devices, to prevent damage 


A 





| 


overheating should the automatic controller fail, 
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HEAT-TREATMENT FURNACES FOR LIGHT ALLOYS. 































































































































































MESSRS. WILD-BARFIELD ELECTRIC FURNACES, LIMITED, BUSHEY, HERTS. 
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while a door switch isolates the heating elements and 
the fan motor when the door is raised. Moreover, the 
switchgear incorporates the usual overload devices 
in the elements and the fan-motor circuit. 








RESTORATION OF LAND AFFECTED 
BY IRON-ORE WORKING. 


ALTHOUGH the introduction of modern methods in 
the working of low-grade iron deposits in Northampton- 
shire may be regarded from the technical standpoint as 
a triumph of engineering progress, since it enables low- 
grade ore to be extracted economically which would 
not have been possible by older methods, a problem 
has arisen which gives cause for some concern. This 
is the devastation of the countryside and the difficulty 
with the methods now employed of effectively restoring 
the land for agricultural purposes. Public attention 
began to be drawn to this matter a few years ago, and 
a8 a result a committee was appointed by the Minister 
of Health in 1938 to consider and report on the pro- 
blems raised and to advise what measures should be 


of the Committee.* 


stones, now of little commercial importance; and 
(c) Jurassic ironstones, which fall into four geological 
classes, viz., middle-lias ironstone found in Cleveland, 
North Yorkshire, lower-lias ironstone found in North 
Lincolnshire near the Scunthorpe area, and middle-lias 
ironstone found in part of South Lincolnshire, Leicester- 
shire, Northamptonshire and Oxfordshire, and inferior 
oolite found in South Lincolnshire, Leicestershire, 
Northamptonshire and Rutland. 


fairly deep underground workings with little damage 





* Report of the Committee on the Restoration of Land 
Affected by Iron Ore Working. London: H.M. Stationery 
Office. Price 2s. 





The Cleveland ore is obtained almost entirely by | 


to the surface. The other three forms of Jurassic iron- 
stone are referred to for convenience as “ midland ”’ 
ores. They are of relatively low quality ; their iron- 
stone content is small and the silica and phosphorus 
percentages are high. They, therefore, presented diffi- 
culties in smelting which were only gradually overcome. 
If the Oxfordshire and North Lincolnshire ores did not 
contain percentages of lime which make them practi- 
cally self-fluxing, it might not even now be economical 
to work them. The quality of the ores varies not only 
by district, but in different parts of a single seam, and 
also by the depth at which the seam lies. The seams 
lie in “ bedding planes” and the same seam often 
contains more than half a dozen layers of distinguish- 
able characters of limestone, not all of which may be 
commercially usable. The ores at a considerable depth 
are often ferrous carbonate, or “ greenstone’’; . the 
more weathered are ferrous oxide or ‘ brownstone.” 
The greenstone has not necessarily a lower iron content, 
but it is more difficult to smelt. If utilised at all, it 
was formerly calcined ; now other methods of treat- 
ment which make it useful have been developed. At 
present the average depth of workable seams in 
Northamptonshire and district is about 8 ft. to 9 ft. 
The depth in the Lincolnshire Marlstone is only 7 ft., 
while that in part of North Lincolnshire is as much as 
24 ft. An acre | ft. in thickness weighs from 2,100 tons 
to 2,500 tons. The selling prices are given in the Report 
as 78, 2d. a ton for Cleveland ore, and 19s. 4d. for West- 
Coast hematite. In 1913, the output of * midland ” ores 
represeiited 42 per cent. of the total tonnage produced 
in Great Britain. Considerable impetus was given to 
the use of these ironstones during the previous war, 
when foreign supplies of high-grade ores were difficult 
to obtain. In 1937, midland ores represented 77 per 
cent. of the total output in tons, 46 per cent. of the total 
output in value, and 51 per cent. of the total tonnage 
consumed, including imports. 

Originally, all ironstone was worked by hand, either 
at outcrops or at not more than 15 ft. to 20 ft. below the 
surface. There was no difficulty in reinstating such 
land for agricultural purposes immediately after the 
removal of the ore. The top soil was simply thrown to 
one side and then returned without any cost for haulage. 
The introduction of small steam excavators at the 
beginning of the century for removing the overburden 
caused no trouble, since the top soil continued to be 
returned by hand. It was not until the ‘thirties, 
when Messrs. Stewarts and Lloyds left Scunthorpe and 
came to Northamptonshire, that the position became 
serious. As they were late-comers, they found all the 
areas of easily workable ore controlled by other firms, 
and were, therefore, obliged to lease areas of deep over- 
burden. Work was commenced with an electrically- 
operated excavator, which, with a 9 cub. yd. bucket, a 
dumping radius of 101 ft., and a dumping height of 68 ft., 
could deal with overburden up to 60 ft. in depth. These 
machines are the largest in Europe and have an output 
of about 500 tons per hour. The overburden is exca- 
vated by them and thrown on one side, creating a vast 
ridge and furrow formation known locally as *‘ hill and 
dale.” The ridges consist predominantly of subsoil, 
and in them the topsoil is irretrievably lost. The 
distance from crest to crest is about 40 ft. to 50 ft., 
the depth varying from 10 ft. to 16 ft. 

It js the operation of these large machines which has 
drawn attention to the whole question of the surface 
working of ironstone in this country. It has been 
| suggested, in view of the fact that ironstone was won 
| before the introduction of these very large excavators, 
| that they are unnecessary and undesirable, and that 
| the older methods should be reverted to. In reply to 
| this, it has been shown that ironstone could not be 
| worked economically at a depth of 60 ft. by the old 
methods. Although numerous alternative suggestions 
| have been put forward to the Committee, it seemed 
| unlikely that any important improvements in the 





taken for the future utilisation of the land in question, | excavating machinery which would diminish hill and 
and also how the necessary expenditure should be met. | dale could be expected. On the other hand, it would 
Below, we give some of the information and recom- | seem that, with an increase in the number of the largest 
mendations contained in the.recently published Report | excavators and the coming of larger machines to deal 


| with overburden of even greater depth, the type of hill 


The English iron-ore reserves fall chiefly into three | and dale is likely to grow steadily worse. It is pointed 
classes: (a) high-grade hematite ores with low phos- | out in this connection that the area threatened is not 
phorus content, found mostly on the west coast of | confined to that around Corby, but that a total of 
Lancashire and Cumberland; (6) coal-measure iron- | 120 square miles stretching into Rutland, Lincolnshire 


| and Leicestershire will eventually be involved. While 
|some of the worst fears which have been expressed 
| regarding the future extent of the workings are found 
|to be groundless, the Committee view with great 
| concern the possibility of this desolation spreading 
unremedied over so wide an area, It is not only the 
| loss of use of the land which is to be deplored, but the 
| desolate appearance presented by the deepest forms of 
| hill and dale. 

| On the other hand, it is pointed out that the ore 
|Teserves are a vital national asset which must be 
| worked, and the Committee are convinced that hopes 
that an alteration of the methods of working would 
| modify the disastrous results have been based on 
‘inadequate technical information—the creation of hill 
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and dale is economically inseparable from the quarrying | cast-iron plates of 10 in. and 14 in. in diameter. The | 


operations. 


The only remedies appear to be the | permissible errors in the flatness range from 0-00002 in. | 


restoration of land to its original condition, or afforestas | to 0-00004 in., according to the size of the flat or plate. | 


tion. The chief difficulty in agricultural restoration is 


the great quantity of soil which must be shifted before | 


a reasonably level surface can be obtained. The 
problem of levelling is not the only difficulty, for even 
after this has been done it is still necessary to provide 
a fertile surface, the original top soil having been lost 


in the quarrying operations, as previously mentioned. | 


Even in favourable situations, the cost of these two 
operations is estimated to exceed 1001. per acre, and 
the Committee do not consider that such an expenditure 
would be justifiable. 

The most promising alternative to restoration for 
agricultural purposes is afforestation. The advantage 
of afforestation is that it does not involve levelling, 
and thus appears to be the only large-scale use to which 
hill and dale can be put without very high initial cost. 
It is estimated that an acre of larch could be established 
at a cost of about 121. or 131. Other trees which could 


be grown in these areas, as proved by previous experi- | 


ment, are Japanese larch, Corsican pine, sycamore, ash, 


birch, and black Italian poplar. A practical programme | 


may, however, require that mainly larch should be 


planted. After the first planting it might be expected 
that the land would once again become suited to 
hardwoods. The suggestion that planting would be 


satisfactorily undertaken by the companies or land- 
owners on their own initiative is, however, not supported 
by the Committee. Much of the afforestation that has 
already been carried out has been found to be of little 
value. Further, no existing public authority appears 
to be suitable to undertake the work. 

In these circumstances, therefore, the Committee 
recommend that a body should be set up, to be known 
as the Ironstone Areas Restoration Board, with repre- 
sentatives of the local authorities, the landowners and 
the mining companies, under an independent chairman 
appointed by the Minister of Agriculture and Fisheries. 
The Board’s funds would be provided by a small levy 
on the landowners’ royalties, the mining companies’ 
output, and the receipts of the local authorities in rates 
from the quarries in the proportion of 3:2: 1, respec- 
tively. The Committee are satisfied that the part of 
the burden proposed to be borne by the landowners is 
justified by their receipts in royalties and other pay- 
ments under the mineral leases. The Committee 
anticipate that the Board would do much of its work 
through the Forestry Commissioners, but they consider 
that it should have a free hand to undertake agricultural 
or any other form of restoration wherever it thinks fit. 
The Committee are unanimously convinced that the 
appointment of such a Board with the financial resources 
which they recommend would provide a substantial 
contribution to the nation’s forestry resources and 
preserve parts of our countryside from intolerable 
injury. 





BRITISH STANDARD 
SPECIFICATIONS. 
Tue following specifications of engineering interest 
have been issued by the British Standards Institution. 
Copies are obtainable from the Publications Depart- 


ment of the Institution, 28, Victoria-street, London, 
S.W.1, and, unless otherwise stated, the price is 2s. 
net, or 2s. 2d. including postage. 

Silica Basins and Crucibles.—A new standard, 
No, 875-1939, forming part of a series of specifications 
for scientific glassware and silica ware, deals with 


basins, crucibles and capsules made of transparent 
or translucent silica. The specification is divided into 
three parts, the first of which deals with basins, the 
second with crucibles, and the third with capsules 
with lids for combined-moisture and ash determina- 
tions. Ranges of sizes and dimensions are laid down 
for each type of receptacle. 

Precision Tools In its programme of work on the 
preparation of specifications for engineers’ precision 
tools, the British Standards Institution has issued three 
further specifications. The first (No. 863-1939) relates 
to steel straightedges of rectengular section; the 
second (No. 869-1939) to toolmakers’ flats and high- 
precision surface plates; and the third (No. 870-1939) 
to external micrometers. As in the case of other 
standards in this series, the primary object of these 
specifications is to prescribe standards of accuracy, 
and the specifications have been prepared with the 
co-operation of the manufacturers and in close colla- 
boration with the National Physical Laboratory. The 
standard for steel straightedges applies to straight- 
edges of rectangular section up to 6 ft. in length, such 
as are used on surface tables and for testing the align- 
ment of machine tools. Provision is made for two 
grades of accuracy, limits of straightness, parallelism 
and flatness being prescribed, while minimum sections 
are also specified. Specification No. 869 deals with 
steel flats of diameters from 2 in. to 6 in., and circular 





Specification No. 870 relates to external micrometers 
with measuring ranges from | in. to 12 in. and from 
25 mm. to 300 mm. Permissible errors are prescribed 
in respect of the flatness and parallelism of the mea- 
suring faces, the zero reading, the error in the micro- 
meter screw, and the alignment of the spindle and 
anvil. A section of the specification relates to setting 
gauges, while an extensive appendix gives recom- 
mended methods for testing the measuring faces and 
for the calibration of the micrometer screw. 

1.R.P. Signs.—At the outbreak of hostilities, local 
authorities erected, as quickly as possible, temporary 
signs indicating the position of public air-raid shelters 
and other premises used for air-raid precautions work. 
The necessity for replacing these temporary signs with 
something of a more permanent character is now very 
apparent, and, in order to avoid the confusion which 
may result from local authorities adjacent to each 
other adopting different signs for one and the same 
purpose, the British Standards Institution, with the 
approval of the Home Office, gs issued Specification 
BS/ARP No. 32. In this, the size, form and other 
details for directional and location signs for an air-raid 
shelter, report and control centre, cleansing depot, 
warden’s post, fire-station, auxiliary fire-station, fire 
alarm, hospital, first-aid post, ambulance station, 
A.R.P. headquarters, and police station, have been 
standardised. The drafting of the specification has 
been undertaken under the egis of a joint committee 


of the Illuminating Engineering Society and the 
Home Office (A.R.P. Department). [Price 8d., post 
free.] 








BOOKS RECEIVED. 


By JOHN DEARDEN. 
[Price 4s. 6d. net.) 


Tron and Steel To-Day. London : 


Oxford University Press. 


Department of Scientific and Industrial Research. Index 
to the Literature of Food Investigation. Vol. Il. No. 1. 
June, 1939. Compiled by AGNES E. GLENNIE. Lon- 
don: H.M. Stationery Office. [Price 4s. 6d. net.] 


Ministry of Health. Public Cleansing. Refuse Collection 
and Disposal; Street Cleansing. Costing Returns for 


| 


| pany, 





PERSONAL. 


PROFESSOR C. J. MACKENZIE, Dean of the Faculty of 
Engineering at the University of Saskatchewan, has been 
appointed acting President of the National Research 
Council, Canada, in succession to Major-General A. G. L. 
McNaughton, C.B., C.M.G., D.S8.0., who has taken 
command of the First Division, Canadian Active Service 
Force. 

Mr. B. L. METCALF is resigning his position as chief 
of the mining section of the general-engineering depart- 
ment of Messrs. Metropolitan-Vickers Electrical Com- 
Limited, Trafford Park, Manchester, 17, to take 
up the post of chief electrical engineer of Messrs. Powell 
Duffryn Associated Collieries, Limited, South Wales. 

Mr. J. Jones, A.M.I.Mech.E., who entered the service 
of Messrs. The National Gas and Oil Engine Company, 
Limited, Ashton-under-Lyne, thirty years ago, and for 
the past nine years has held the position of manager of 
their large-engine department, has now been appointed 
chief engineer to the firm. 

Mr. J. S. Perrettr has been appointed, by Messrs. The 
Carborundum Company, Limited, Trafford Park, Man- 
chester, 17, to the position of grinding-wheel repre- 
sentative on the North-East Coast, in succession to the 
late Mr. W. R. HILL. 

Mr. ALLAN S. QUARTERMAINE, M.C., B.Sc., M.Inst.C.E., 
has been appointed chief engineer of the Great Western 
Railway, as from January 1, 1940, in succession to 
Mr. Raymond Carpmael. 








TENDER. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, particulars 
of the undermentioned tender, the closing date of 
which is as stated. Details may be obtained on applica- 
tion to the Department at the above address, quoting 
the reference number given. 

Electrical Plant, including turbo-alternators, high- 
tension cable and transformers. Centrale Electrique de 
Tehran, Iran; January 6, 1940. (T. 29,037/39.) 








the Year Ended 31st March, 1938. London: H.M.| NOTES FROM THE SOUTH-WEST. 


Stationery Office. [Price 1s. net.) 

Nigeria. Annual Report on the Public Works Department 
for the Year 1938. Lagos: The Government Printer. 
London: 
bank, 8.W. 1. [Price 2s.] 

Air Ministry. Meteorological Office, London. Southport 
Auriliary Observatory (The Fernley Observatory of the 
Corporation of Southport). Annual Report, and Results 
of Meteorological Observations, for the Year 1938. 
G. A. Linpster. Southport: The Fernley 
vatory. London: The Meteorological Office, 
Ministry. 

Modern Armaments. 


Air 


By Proressor A. M. Low. London : 


The Scientific Book Club, 111, Charing Cross-road, 
W.C.2. [Price 2s. 6d. to members.) 

Internal Combustion Engines. By Proressor L. C. 
LICHTY. Fifth edition. London: McGraw-Hill 


Publishing Co., Ltd. [Price 30s.) 

American Diesel Engines. By L. H. Morrison. Second 
edition. London: McGraw-Hill Publishing Co., Ltd. 
[Price 33s.) 

Organization and Management of Production. 
MITCHELL. London: McGraw Hill Publishing Co., 
Ltd. Price 268.) 

Principles of Metallography. By 
WILLIAMS and V. O. HOMERBERG. 
London: MeGraw-Hill Publishing Co., 


90.7 


R. 
edition. 
[Price 


PROFESSORS 
Fourth 
Ltd. 


Land Drainage and Reclamation. By Proressors Q. C. 
AYRES and DANIELS Scoates. Second edition. London : 
McGraw-Hill Publishing Co., Ltd. [Price 26s.) 

The Theory of Structures. By PROFESSOR C. M. SPOFFORD. 


Fourth edition. London: McGraw-Hill Publishing 
Co., Ltd. [Price 40s.] 

Practical Microscopical Metallography. By Dr. R. H. 
GREAVES and HAROLD WruiGHTON. Third edition, 


revised and enlarged. London: Chapman and Hall, 
Ltd. [Price 18s. net.) 

Definitions and Formulae for Students. ( Metallurgy.) 
Compiled by E. R. Taytor. London: Sir Isaac Pitman 
and Sons, Ltd. [Price 6d. net.) 

The Quality of Coke. Being the Second Report of the 
Midland Coke Research Committee, Iron and Steel 
Industrial Research Council. By Dr. R. A. Mott and 
PROFESSOR R. V. WHEELER. London: Chapman and 


Hall, Ltd. [Price 36s. net.) 
University of Minnesota. Engineering Experiment 
Station. Bulletin No. 14. Square Sections of Reinforced 


Concrete Under Thrust and Nonsymmetrical Bending. 
By PROFESSOR PAUL ANDERSEN. Minneapolis, Minn., 
U.S.A.: The Director, The Engineering Experiment 
Station, University of Minnesota. 





CARDIFF, Wednesday. 


The Welsh Coal Trade.—According to reports circulat- 


The Crown Agents for the Colonies, Mill-| ing in usually well-informed circles on the Welsh steam- 


| coal market, it was understood that negotiations had been 


By | 
Obser- | 


} 


By W. N. | 


s | 





proceeding in London as a result of which Italy will 
buy about 4,000,000 tons of British coals for 1940 ship- 
ment. Of this quantity, about 2,000,000 tons will 
originate from South Wales, which will be about double 
what Italy has purchased from the district in recent 
years. This step, it was stated, was a direct result of 
the recently-concluded agreement signed between the 
Governments of this country and Italy. designed to 
facilitate economic relations between the two countries. 
In view of the blockade which the allies have now placed 
on German shipments, it was expected that Italy would 
take actually more than 2,000,000 tons from the district 
next year. During the past few years, Germany has 
been sending about 6,000,000 tons to Italy per annum, 
most of it being shipped via the Dutch ports. Good 
interest was again displayed by buyers in all the principal 
trades on the market throughout the past week. Almost 
the whole of collieries’ productions were earmarked for 
contract deliveries and stems were consequently not easy 
to negotiate over some months ahead. All the large 
descriptions remained well placed with orders and 
firm, while the popular duff coals were almost completely 
unobtainable months ahead. Sized coals 
were well booked forward, while smalls, with the excep- 
tion of some of the inferior sorts, were only sparingly 


over several 


offered. Cokes were active while patent fuel remained 
busy. 
The Iron and Steel Trade.—Brisk conditions again 


ruled in the iron and steel and allied trades of South 
Wales and Monmouthshire last week. The demand for 
most products was upheld and orders were booked for 
delivery ahead. Works were still engaged practically on 
full capacity and order books were well filled ahead. 








OW IN ARGENTINA.—Rich new oil wells brought into 
production this autumn in the Tupungato district of the 
Province of Mendoza, Argentina, are already, it is stated, 
giving a yield equal to 200,000 tons a year. They 
represent a substantial addition to the country’s oil 
resources and will become an important source of traffic 
to the Buenos Aires and Pacific Railway. A further 
large increase is expected from an unusually rich boring 
which has just been made. This is claimed to be by 
far the most important in the history of Argentine oil 
production. 

















DEc. 8, 1939. 


NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—The aggregate tonnage output of | 
iron and steel is being maintained at an exceptionally 
high level, and the production is passing into use as it | 
becomes available. War-time needs still absorb most of 
the make and restrict normal business. The prospects 
of a gradual increase of tonnage for ordinary industrial | 
requirements are, however. improving, and as the usual 
buyers have orders to place, some expansion of general 
commercial trade is likely. 

Cleveland Iron Trade.—Though the output of | 
Cleveland pig is still suspended, the essential require- | 
ments of users are being met. Makers’ stocks, however, | 
are light, and but for the large and expanding use of other | 
than Cleveland iron by North-East Coast foundry owners, | 
a resumption of the production of Tees-side brands would | 
be necessary. Merchants handling parcels of local iron | 
have less difficulty in obtaining delivery licences than 
was anticipated. Continental foundry qualities continue | 
to be offered here, but at prices well above the market | 
values of home products, and a return to the use of 
foreign makes seems unlikely. Furnaces running eal 
basic pig could be promptly changed to the production | 





| activity in the yards has made marine engineers extremely 


| tions which come in. 
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NOTES FROM THE NORTH. 


GLASGOW, Wednesday. 

Scottish Steel Trade.—Active conditions still prevail , —_— 9 . . 
in the Scottish steel industry and there is a steady =. aie” sada Ree g—ray thot 
demand from all classes of consumers. With the ship- | of Shiteouien ” by Drs. W. H. J. Childs and H. A. Jahn. 
yards very busy, the deliveries of steel material amount | 5.15 p.m., “ ‘Tranemiesion of Radio Waves Through the 
to large tonnage, which is rapidly used up. The Atmosphere,” by Mr. E. V. Appleton. Wednesday, 
December 13, 2.30 p.m., ‘‘ Magnetism and the Structure 
| of Matter,” by Mr. K. Lonsdale. 5.15 p.m., “ Trans- 
mission of Radio Waves Through the Atmosphere,” by 
Mr. E. V. Appleton. Thursday, December 14, 2.30 p.m., 
“* History of the Vacuum Flask.”’ by Professor Sir William 
Bragg. Friday, December 15, 2.30 p.m., “* Infra-Red 
Spectra and the Structure of Molecules,”’ by Drs. W. H. J. 
Childs and H. A. Jahn. 5.15 p.m., “* Transmission of 
Radio Waves Through the Atmosphere,’’ by Mr. E. V. 


a ’ 
busy and boilermakers have also very heavy order books. 
The general demand for steel is on the up grade and 
makers are being hard pressed to meet all the specifica- 
In the black-steel-sheet trade, 
there has been no falling-off and the requirements of 
consumers are as heavy as ever. Prices are firm and are 
as follows :—Boiler plates, 121. 8s. per ton; ship plates, 
11/7. 10s. 6d, per ton; sections, 111. 8s. per ton; medium 
plates, 131. 2s. 6d. per ton; black-steel sheets, No. 24 


- . Appleton. 
gauge, 16/7. 2s. 6d. per ton; and galvanised corrugated } 4 a0 "S = . 
sheets, No. 24 gauge, 181. 12s. 6d. per ton, all delivered re ar en ane — 9 8 geen a ion 
at Glasgow stations. Midland Centre: Saturday, December 9, 2 p.m., The 
Malleable-I Trad : so om 03 Ww ' Hotel Metropole, Leeds. ‘ The Corrosion of Under- 
iS ~sanarepedie hese a Conditions = " est oO ground Cables,” by Dr. W. G. Radley and Mr. C. E. 
Scotland malleable-iron trade continue good and the} Richards 
output has been increasing as buyers have much work : ; 
NORTH OF INSTITUTE OF MINING AND 





to complete. Re-rollers of steel bars are experiencing 


a strong demand and plant is being taxed to the full in MECHANICAL ENGINEERS.-—Saturday, December 9, 2.30 


of foundry qualities should such action become urgent. | order to cope with all the calls coming from consumers. | ?-™-, Neville Hall, Newcastle-upon-Tyne. General 
. . : - « . - . 1e i) ** . Ilse teros » nC Y 
The fixed prices of Cieveland pig are based on No. 3 The supply of raw material is proving ample for require- Meeting. (i) ** The Use of Microspores in the Correlation 
, . se . : - Soy . ow he anche . Se. 
description at 108s., delivered within the Tees-side zone. | ments and further lots of semies continue to arrive with | 0 Coal Seams. Part II.--The Trencherbone Seam, 
| Lancashire, and the Busty Seams, Durham,” by Dr. 


Hematite-—There is an ample supply of East Coast | fair regularity. The following are the current quotations : 
hematite. The large production falls short of the current | Crown bars, 121. 15s. per ton ; re-rolled steel bars, 12/. 19s. 
demand, but tonnage accumulations at the blast-furnaces per ton; No. 3 bars, 12/. 7s. 6d. per ton, and No. 4 bars, 


Arthur Raistrick. (ii) ‘* Notes on Specific Gravity Coal 
Washing with Special Reference to the Tromp Process,”’ 


are heavy and, together with output, provide for require- | 12/. 12s. 6d. per ton, all for home delivery. 

ments well ahead. At the same time, makers are sold Scottish Pig-Iron Trade.—-The exceptionally 
present, and hesitate to discuss new business. 
consuming works are absorbing the bulk of the output, | ingly -busy. 


deliveries and are seeking to place further orders. Second | absorbed. grades of iron are also 
hands have moderate lots to dispose of and are distri- 
buting them to regular eustomers. The recognised market 
quotations are ruled by No. 1 grade of hematite at | to arrive. 
124s. 6d., delivered to North of England areas. 

Basic Tron.—The whole of the heavy make of basic | both delivered at the steelworks ; 
iron is still required for use at: producers’ own steelworks | 5/. 12s. per ton, and No. 3, 51. 9s. 


and the quotation of 101s. 6d. is nominal. | trucks at makers’ yards. 


Foundry 


To-day’s quotations are as follows: 


Foreign Ore.—-Consumers of foreign have satis- 
factory working stocks and imports are continuing. 

Blast-Furnace Coke.—Deliveries of Durham blast- 
furnace coke to local users are regular and ample. Sellers 
are in the market at fixed figures, but are not pressing 
business. Quotations are at the equivalent of good 
medium qualities at 29s. 2d. at the ovens. 








SHEFFIELD, Wednesday. 


Tron and Steel. 
sections of the local steel and engineering trades. 


Manufactured Iron and Steel._—Makers of semi-finished 
iron and steel are delivering rather more material to 
re-rollers and Continental products are still arriving. 
Finished iron and steel works are busily employed. 
Sheet-makers have completed a good deal of the Govern- 
ment work that has almost monopolised attention and 
are now occupied in executing the much delayed usual 
contracts. Manufacturers of shipbuilding requisites have 
well filled order books and are turning out heavy tonnages. 
Finished-steel producers have still to keep their plant 
operating at full capacity in order to cope with the deli- 
very demands and are sold to an extent that assures the 
full employment of machinery for some time. Atmmong the 
principal quotations for home trade are :—Soft steel 
billets, 81. 7s. 6d. ; hard steel billets, 91. 10s. ; steel ship, 
bridge and tank plates, 111. 10s. 6d. ; joists and sections, 
111. 88.; boiler plates. 127. 8s.; black sheets. No. 24 
gauge, 161. 2s. 6d.; and galvanised corrugated sheets, 
No. 24 gauge, 181. 12s. 6d. 


ordinary commercial business is being done. The recent 


Turkey is turning its attention to the British 
The labour position presents 


for tools. 
market for steel goods. 





of skilled turners, maintenance men, steel melters, tool 
grinders, fitters, and toolmakers, is more manifest. Toa 
limited extent the position has been eased by the re-absorp- 
tion of men who, during the slump, were dismissed and 
found jobs in the building trade. Some works are signing 
men on with a view to training them to occupy skilled 
positions. Business in culd-drawn strip is brisk, and 
there is an ever-increasing demand for precision-ground, 
and cold-drawn bars. Intense activity prevails in the 
| heavy-machinery and engineering branches. Sheffield 
makers of railway rolling stock hope to benefit from orders 

THE ASSOCIATION OF SUPERVISING ELECTRICAL ENGI- placed by South American countries, but recently 
NEERS.—We have received a copy of a communication | cancelled. Shipyards are working at high pressure on 
which has been sent to employers by the Council of the | the construction of both naval and merchant ships, 
\ssociation of Supervising Electrical Engineers, 36, | nd business in armour plate, gun mountings, auxiliary 
Heddon Court-avenue, Cockfosters, Barnet, Herts, on | machinery, deck furnishings, and shipyard tools and plant 
behalf of its members. In this, it is pointed out that the | is brisk. Stainless steel is being used in larger tonnages 
increased costs of foodstuffs and clothing, and higher | in ship construction. All types of steelworks and iron- 
rents, rates and taxes, have contributed to make the | Works’ machinery isin demand. There is a ready market 
present position one of concern to electrical engineers | for reconditioned machinery, and dismantling firms who 
holding responsible and administrative positions, staff | have had such stocks on their hands since the depression 

















is also directed to the extra hours these officers have been | Plant at works producing all types of high-efficiency steel 
called upon to work in the course of their duties, to their | i8 operating to capacity. Additional electric and high- 
efforts to maintain production and business turnover, | frequency furnaces are being installed at many works. 
and to the added responsibilities necessitated by the | Agricultural steel is also in demand by centres specialising 
While | in the production of farming machinery and implements. 
these factors have been borne cheerfully and the services | Sheffield’s output of tools is now of record dimensions. 
rendered appreciated in many quarters, the Council feels | Among other lines in demand are twist drills, reamers, 
that the salaries of supervising electrical engineers and | hacksaws and blades, and fine-measuring tools. 

men of similar status should be raised by 15 per cent. South Yorkshire Coal ' Trade.—tIndustrialists are 
to relieve them of some of the added burdens under the | experiencing no difficulty in obtaining adequate supplies 
present exceptional conditions. The hope is expressed | of fuel. Small coal is in strong demand by electricity 


special circumstances of the national emergency. 


that employers will be willing to act on the lines suggested | generating works, and the market in steam coal is brisk. | 


they will consult with the | More business is passing in house coal. All types of coke 


are in request. 


and that, where necessary. 
Association on the matter. 





heavy 
as extensively as they care to commit themselves at | demand being made on stee]makers at the present time 
Local | is reflected in the Scottish pig-iron trade, which is exceed- | 
The tonnage being delivered to the steel- 
but home users at a distance are taking full contract | works is very large and the current output is quickly | 
moving 
freely and the trade as a whole is fully employed. Supplies 
| of ore are plentiful and foreign consignments continue 
Hema- 
| tite, 62. 4s. 6d. per ton, and basic iron, 51. 1s. 6d. per ton, 
foundry iron, No. 1, 
6d. per ton, both on 


|'NOTES FROM SOUTH YORKSHIRE. 


Increase of output is reported in all 
Though 
war requirements naturally account for a large propor- 
tion of the production, a steady and increasing amount of 


improvement in export business has been maintained, 
and more inquiries are circulating. Sheffield Chamber 


of Commerce report the receipt of inquiries from Brazil 
for 24,000 kg. of cold-rolled steel strip, and from Canada | 


many problems for industrialists. The local shortage | 


° foremen, and other higher grade engineers. Attention are now having little difficulty in disposing of it. Melting | 


by Mr. C. W. H. Holmes. 

INSTITUTION OF THE RUBBER INDUSTRY.—Monday, 
December 11, 7.15 p.m., The Northumberland Rooms, 
Northumberland-avenue, W.C.2. ‘* Improvement in the 
Quality of Rubber Planting Material,”” by Mr. C. E. T. 
Mann. 

WOLVERHAMPTON AND DISTRICT ENGINEERING SOCIETY. 

-Monday, December 11, 7.30 p.m., Victoria Hotel, 
Wolverhampton. Lecture: ‘“‘ Some Notes on Drop- 
Forging Manufacture,”’ by Mr. J. N. Dewis. 

BRADFORD ENGINEERING Societry.—Monday, Decem- 
ber 11, 7.30 p.m., The Technical College, Great Horton- 
road, Bradford. ‘‘ Thermostatic Control,”” by Mr. F. 
Blezzard. 

INSTITUTION OF CHEMICAL ENGINEERS.—Tuesday, 
December 12, 2.15 p.m., The Geological Society’s Rooms, 
Burlington House, Piccadilly, W.1. “ Principles of 
Gas Compressor Design,”’ by Professor D. M. Newitt. 

INSTITUTION OF AUTOMOBILE ENGINEERS.—Tuesday, 
December 12, 6 p.m., The Institution of Electrical 
Engineers, Victoria-embankment, W.C.2. General Meet- 

ing. ‘“‘ The Use of Gas as a Fuel for Motor Vehicles,’’ 
by Dr. J. S. Clarke. London Graduates’ Branch : Wednes- 
day, December 13, 7 p.m.. 12, Hobart-place, S.W.1. 
Address: ‘‘ Fuel Injection Equipment,’”’ by Mr. S. R. 
Williams. 

SHEFFIELD METALLURGICAL ASSOCIATION.—Tuesday, 
December 12, 6.30 p.m., 198, West-street, Sheffield, 1. 
Joint Meeting with THE SHEFFIELD Society or ENGI!I- 
NEERS AND METALLURGISTS. ‘* High-Duty Cast Lron,”’ 
by Mr. A. J. N. Smith. 

Nortu-East Coast INSTITUTION OF ENGINEERS AND 
SHIPBUILDERS.—Student Section: Wednesday, Decem- 
ber 13, 6.15 p.m., Bolbec Hall, Newcastle-upon-Tyne, 1. 
| Film Evening. (i) ** Mauretania: Construction and 
| Launching,” (ii) “Cathode Ray Oscillograph.” (iii) 
**Mouvements Vibratoires.”” (iv) “ First Principles 
|of the Compression-Ignition Engine.” Institution : 
| Friday, December 15, 6 p.m., The Mining Institute, 
| Newcastle-upon-Tyne. (i) “ Open-Water Test Series 
| with Modern Propeller Forms. Part 2.—-Three-Bladed 
| Propellers,” by Mr. L. Troost (to be read by Dr. T. W. F. 
| Brown). (ii) “‘ Some Notes on High-Temperature Marine 
Superheaters,” by Mr. Harry Hunter. 

INSTITUTION OF ENGINEERS-IN-CHARGE.—Wednesday, 
December 13, 7 p.m., St. Bride Iustitute, Bride-lane, 
Fleet-street, E.C.4. ‘“‘ The Steam Accumulator and Its 
Application,” by Messrs. C. E. Green and W. Goldstern. 

INSTITUTION OF LOCOMOTIVE ENGINEERS.—Thursday, 
December 14, 2.30 p.m., The Waldorf Hotel, Aldwych, 
W.C.2. General Meeting. Presidential Address, by Mr. 
oO. V. 8. Bulleid. 

INSTITUTE OF FUEL.—Friday, December 15, 2.15 p.m., 
The Geological Society’s Rooms, Burlington House, 
Piccadilly, W.1. ‘“‘ Improvement in Calorific Value of 
Town’s Gas or Coke-Oven Gas, with Special Reference 
to Utilisation as a Fuel for Motor Vehicles,” by Mr. J. I. 
Graham and Dr. D. G. Skinner. 











GOLD PRODUCTION IN AUSTRALIA.—During the first 
| seven months of the present year, 874,792 fine oz. of gold 
were produced in Western Australia, Victoria. Queensland 
and New South Wales, as compared with 853,138 fine oz. 
in the corresponding period of 1938. 
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THE CASE-HARDENING OF SPECIAL | 
STEELS BY NITROGEN. 

\s is now well-known the nitriding process of case- 
hardening essentially in exposing finish- 
machined parts made of special aluminium-chromium 
molybdenum steels, termed Nitralloy steels, to the 
action of ammonia gas at a temperature of 500 deg. C. 
in an electric furnace. The depth of the case produced 
which consists of metallic nitrides, depends upon the | 
time of exposure, thus, after 20 hours’ treatment a 
depth of 0-008 in, is obtained. This becomes 0-016 in. 
after 35 hours’ treatment, 0-024 in. after 57 hours’ | 
treatment, and 0-03] in. after 96 hours’ nitriding. 
The case obtained by nitriding is extremely hard, and | 
the process possesses a number of other advantages. 
It is relatively simple to carry out and is clean in| 
operation, and the low temperature employed removes | 
the likelihood of distortion during the treatment. If | 
desired, the extremely thin grey film produced on the | 
surface may be removed by buffing or lapping, or by | 
lightly rubbing the part on 00 emery cloth 

Four standard grades of Nitralloy steels, having | 
carbon contents ranging from 0-20 per cent. to 0-50} 
per cent., are at present available, but it is stated in a | 
booklet issued recently by Messrs. Nitralloy Limited, | 
Norris Deakin Buildings, King-street, Sheffield, 3, that 
considerable research work has been directed to the 
extension of the process to other eategories of alloy 
steels to meet certain special serv.ce requirements. It | 
is pointed out that the surface harcness obtained in the | 
case of such steels is not so high as in that of Nitralloy 
steels, the diamond-pyramid hardness number of which 
may be as high as 1050-1150, but this reduction in 
hardness is balanced by improved physical properties 
in the core, particularly as regards fatigue-resistance 
and toughness. The principal types of alloy steels to 
which the nitriding process is now successfully applied 
are stated to include the vanadium-chromium-molyb- 
denum steels to the Air Ministry Specification No. 
D.T.D. 286a ; the chromium-nickel-molybdenum steels 
(No. D.T.D. 228); the high-chromium-molybdenum 
steels (Nos. D.T.D. 306 and 317); and various austeni- 
tie steels for aero-engine valves and other components. 
After nitriding, the first three classes of steel mentioned 


consists 
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have diamond hardness numbers of 750-800, 600-650 | after the removal of the passive film on the surface, 
and 800-850, respectively. They are used for motor-car| by a chemical process which is followed by plating. 
and aero-engine crankshafts, and similar highly-stressed | Thus, the stems of austenitic tungsten-nickel-chromium 
parts requiring toughness, surface hardness and a good | steel aero-engine exhaust valves are nitrided in order to 
finish. Austenitic steels, it is pointed out, are nitrided, | counteract frictional wear. 
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PAGE | to peace-time fuel policy ; though, as will be seen, 
|in this present war they may show a certain 
627 | Similarity. During war, to release man-power for 
the fighting services, industry must be carried on 
| with the minimum of employed persons. This led, 





Semi-Conductors 


We desire to call the attention of our readersto| and Metals. Modern Science. Applied Aero- 7 ; : ns. 
the fact that the above is the address of our Regie: | dynamics , 631/|in the last war, to intensive mechanisation and a 
tered Offices, and that no connection exists between | The Iron and Steel Industries of Europe vast increase in productivity, which, unaccom- 


this Journal and other publications bearing some- 
what similar titles. 
TELEGRAPHIO “ ENGINEERING,” LESQUARE | 
ADDRESS LONDON. 
Te_uPHons Numsper—TEMPLE BAR 3663 (2 lines). 
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633 
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panied by financial or distributive adjustments 
that might have enabled goods to be absorbed at 
the increased rate at which they were produced, 
gave rise to nearly two decades of unemployment. 
This particular difficulty appears unlikely to follow 


The Thurston Centenary Celebrations .. 

Fabric-Porosity Testing Apparatus (/lus.) 

The Paris High-Tension Conference (Jllus.) 

Electric Heat-Treatment Furnaces at Redditch 
Works of Messrs. High Duty Alloys, Limited 
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SUBSCRIPTIONS, HOME AND FOREIGN. Restoration of Land Affected by Iron-Ore Working 637| the present war, because machinery is already 

“ ENGINEERING” may be ordered fro British Standard Specifications 638 | utilised almost to the limit. Quite late in the last 

ENGIN — ordered irom &ny | Books Received 638 | war, coke-oven operators who discharged more than 

newsagent in town and country and at railway book- ener 638 | eight hift—about 48 t ryt eae 
stalls, or it can be supplied by the Publisher, post free, | 638 age ovens per saeeauee ons o 

at the followin tes, fi 1 jy | Lender received a special bonus ; and the coke was loaded 

g rates, for twelve months (or for six | Notes from the South-West 638 | : eee lifti bout 68 

or three months, pro rata), payable in advance :— | Notes from Cleveland and the Northern Counties . 639 into wagons by hand, one man li ting about 6 tons 

For the United Kingdom .................... £3 5 0 | Notes from the North 639 | t© 8 tons per shift. To-day, a smaller shift of 

For Canada— , Notes from South Yorkshire 639 | Operators can deal regularly with 50 ovens per shift— 

Thin paper copies................ £218 6 | Notices of Meetings 639 | about 500 tons of coke—and mechanical handling 

For all beepers aban oe gees ol | The Case-Hardening of Special Steels by Nitrogen 640 | enables one or two men to load the whole of this 

wet “Tu preston °¥ £3 3 0 | The British Fuel Position 641 | quantity to the screening plant. It is improbable, 

Thick ae sa a — he aaa £3 7 6 | Standard Steam Cycles 642 | therefore, that this war will repeat the disturbance 

bers rece Notes 643 due to mechanical development in fuel-producing 


Foreign and Colonial subscribers receiving incom- 

plete copies through newsagents are requested to 
, mae? ‘ 

Fayre the oy a the Publisher, together with | The Society of Glass Technology 

pen ana age — | Vertical Roto-Shaving Machine (Jilus.) 

When foreign subscriptions are sent by Post Office | Labour Notes 
Orders, advice should be sent to the Publisher. | 1,000-kV. X-Ray Tube for St. Bartholomew’s 
=== = | Hospital (/Uus.) 

Aeronautics and Ship Design 
Narrow Brick Retorts for 
Carbonisation .... ‘ 
High-Speed Fire Boat for the London County 

Council (JIlus.) , 
“* ENGINEERING ” Patent Record (Jilus.) 654 
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The National Physical Laboratory (Jllus.) 


644 | ° . all we. iod. 
Flexible Pipe Union for Petrol and Oil (/Uus.) plant thet intensified the previous post-war: pert 


a Economy in fuel is alike necessary for reducing 
647 | the war-time man-power that must be retained at 
648 | home, and to low costs of manufacture in time of 

peace. The last war saw the genesis of fuel tech- 
nology as a distinct study, and the influx into 
industry of trained fuel technologists has decreased 
remarkably the quantity of fuel used in many 
operations. The limit may not have been reached 
in this direction, but at least the principal economies 
possible in the light of present-day knowledge have 
been achieved ; much of the reduction in output 
which affected the coal-mining industry after the 

POST OFFICE. last war was due to this fact, and this also should 
== ;not recur. It is now axiomatic that scientific fuel 


~ N N t" | utilisation must be a feature of every industrial 
on application. The pages are 12 in. deep and 9 in. | FE} G L 1 k 3 Rl N 
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plant. The gas industry, too, had its peculiar 
ide, divisible i , of 2} in. i " 
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difficulties—and opportunities—by reason of the 
Serial advertisements will be inserted with all practio- need for fuel economy. The realisation that price 
able regularity, but cannot be guaranteed. 
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ADVERTISEMENT RATES. 


The charge for advertisements classified under the | 
Headings of Appointments Open, Situations Wanted, | 
Tenders, &c., is four shillings for the first four lines, | 
or under, and one shilling per line up to one inch. 
The line averages six words. When an advertise- 
ment measures an inch or more the charge is 12s. per 
inch. Payment must accompany all orders for single | 
advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on | 
the wrapper and on the inside pages may be obtained | 
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was not the correct method of assessing the value 
of fuels helped the industry to develop a large and 














| Vol. 148. No. 3856. : . 
TIME FOR RECEIPT OF ADVERTISEMENTS. | ‘°" ‘4 > $5" | increasing market for gas, and, incidentally, enabled 
Classified af ROM oraemermres nani == {the South Yorkshire gas grid to be constructed, 
sified advertisements inten or on replacing by coke-oven gas, much of which was 
in the current week’s issue must be delivered not THE BRITISH FUEL POSITION. Sees aad. the moe no air in snsictesbeecin 


of Sheffield. Published figures show that in Shef- 


later than first post on Wednesday. Alterations | 
field, as long ago as 1935, some 70 per cent. of the 


to standing advertisements must be received| B8!TISH fuel policy has been disclosed by the war 


to be still in a state of improvisation. There is little 


at least 10 days previous to the day of Publica- 
tion. Passed proofs must be in our hands by 
Saturday morning, otherwise they will be 
taken as correct. The proprietors will not hold 
themselves responsible for blocks left in their 


gas was used for industrial purposes, in Birmingham 
over 30 per cent., in Stretford over 50 per cent., in 





evidence of skilled planning to meet either the 
present situation or the economic consequences of 
the war, which, as experience has shown, may be | Glasgow 20 per cent., and in London 10 per cent. to 
worse for those who have to earn their livelihood | 15 per cent. At the same time, it was realised that 
than the war itself. Methods based on improvisation | the domestic appliances in use were not conducive to 








possession for more than two years. 
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|regimentation imposed from above may have 

disastrous consequences. This country has plentiful 

—_—_____—_ | supplies of raw coal, which, being the major national 

For the duration of hostilities, | material asset, should not be wasted. The coal 
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| merchants’ interests must lie primarily in the 
| perpetuation of the use of raw coal; the gas 
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| industry must seek to encourage the use of manu- 
|factured gas and coke, having to a large extent 
| the same objectives as that part of the coke-oven 
|industry which is controlled by the coal-owners ; 
| the electricity industry, again, must discourage the 
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. * boilers ; and there is low-temperature carbonisa- 
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| has the compensating virtue of giving employment 
in time of peace to British seamen, engineers and 
capital, and cannot be arbitrarily dismissed as a 
| foreign imported product, the use of which should 
| be discouraged wherever possible. The problem to 
| be solved is how best to make use of these fuels in 
|time of war, and later in time of peace, having 
regard to the divergent interests based upon them. 
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of 60 to 70 million gallons. 
works now possess their own coking plants, which 
that some of the immediate objectives in time of} can be heated by blast-furnace gas, and the gas 
| war have no relation, or may be directly opposed, | derived from the coal is available for the works or 


maximum efficiency. Steps were taken to replace 
them by modern fires, cookers and water heaters. 
As a result, less gas was used, and some years 
passed before the load thus lost was regained by the 
installation of the additional appliances. These are 
typical of the difficulties that have been overcome 
since the last war; but much still remains to be 
done on the major national scale in this field and in 
coal-burning. 

The war of 1914-1918 led to a remarkable meta- 
morphosis in the coking industry. At the beginning 
of that period no less than seven million tons of 
coal was carbonised annually in beehive ovens 
without any recovery of by-products. The ¢apacity 
of the by-product ovens was about eight million 
tons of coke per annum, and by no means all of 
these ovens were recovering benzole. The President 
of the Coke Oven Managers’ Association, Mr. 
T. A. Long, has stated that the productive capacity 
of the ovens in existence to-day is 20} million tons 
of coke. The average yield of benzole in 1914 was 
some 2} gallons per ton of coal, and the amount 
of refined spirit then being produced from the whole 
of the .carbonising industries was probably not 
greater than 18 million gallons per annum. To-day, 
the yield of crude benzole has been increased to 
3 gallons per ton, and the aggregate yield of refined 
spirit from gasworks and coke ovens is of the order 
Most iron and steel 
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for sale. There has grown up a great coke-oven 
industry, based upon the colliery-owned plants, 
which now manufactures mainly for the domestic 
market, while producing coke that is equally 
suitable for metallurgical purposes. The conclusion 
to be drawn from this is that no expansion is 
likely to be necessary in the by-product coking 
industry, although this is not to say that there 
will be no post-war problem in disposing of coke ; 
the opposite is probable, and measures to meet such a 
situation should be a major feature in any considered 
fuel policy. 

Thus far the objectives of fuel policy that have 
been discussed are the same for a war period as for 
peace time, and the only serious problem that can 
be foreseen will be the disposal of the coke produced 
in coke ovens when the iron and steel industry is 
no longer working to capacity. ‘Two further features 
of war-time policy are directly opposed to peace 
requirements. The avoidance of unnecessary sea 
transport is a cardinal principle in war, and this 
calls for the use of home-produced fuel wherever 
possible. Obviously, the replacement of oil by 
products derived from coal, or by coal itself, is 
very desirable. ‘To some extent, especially for 
central-heating plants, this has been effected already, 
largely by the introduction of automatic boilers, 
thermostatically controlled and burning coal or 
coke. The use of gas producers for traction has 
been discussed in = veral recent issues of ENGIN- 
EERING. This problem cannot be regarded as solved 
completely, perhaps, although the obstacles still 
remaining are no longer primarily technical. The 
estimated amounts of solid fuel required if gas pro- 
ducers for road and farm vehicles became popular 
depends to some extent upon the optimism of the 
calculator, but a figure of five million tons per annum 
is not excessive, this being equivalent to the replace- 
ment by coke of about one-fifth of the present peace- 
time consumption of oil. For all practical purposes, 
only three fuels are admissible for use in gas pro- 
ducers for traction: charcoal, of which there is 
little or no supply in this country ; anthracite peas 
carefully graded; and coke produced by low- 
temperature carbonisation. 

It may be asked whether this, as a war-time 
measure, could survive the competition of oil after 
the war. Everything depends upon cost and 
suitability. Given proper conditions in the design 
of the producer, the design of the engine and the 
availability of the fuel, there is no technical reason 
why immense economies should not be achieved in 
this way; and the Government has now promised 
to assist by not taxing the producer-gas vehicle out 
of existence, as was the fate of the steam wagon. 
Between 1933 and 1936, ride the Falmouth Report, 
the average increase in the quantity of oil imported 
The oil companies 
would preserve their prosperity if they retained their 
existing British peace-time market, which is over 
11 million tons per annum, or more than three 
times what it was in 1920. The yearly increase of 
600,000 tons, if allotted to home-produced fuel, 
would find an outlet for some 14 million tons of 
additional coke each year. Since gas producers are 
best suited to the larger vehicles, it is to be anti- 
cipated that a balance would ultimately be struck 
1t some figure between 5 million and 10 million tons 
of coke, beyond which there would be no further 
increase in coke consumption 


was some 600.000 tons & vear 


Conflicting, to some extent, with the desire that 
the minimum of fuel should be imported during 
war, is the desire to reduce internal fuel consump- 
tion also to the minimum. 
already announced, will certwinly compel some 
economies, and there is bound to be a reduction in 
certain trades. The original 
coal and coke was not expected to reduce the 
amount needed by more than seven million tons, 
of the output. Clearly, as much 
coal as possible must be left for export, for coal 


Increases in price, 


proposal to ration 


or 24 per cent., 


is a powerful weapon in economic warfare, and 
the maintenance of exports materially helps to pay 
for the cost of the war. Coal rationing, however, 
is unlikely to leave any repercussions after the war, 
except in so far as it may have the effect of steri- 
lising efforts to meet problems which are even now 
arising in fuel utilisation and in extending the 
markets for manufactured fuels 
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In the light of this analysis of the fuel situation, 
it may be asked, what should be Britain’s future 
fuel policy ? Advances in fuel technology have 
rendered largely illusory the traditional difference 
in value between large and small coal ; coal cleaning, 
and efficient methods of utilising each size of coal, 
have rendered more uniform the commercial heating 
values of the different sizes, and it is only a step 
to declaring that the existing price differences 
should be largely obliterated. With rare exceptions, 
it is impossible to defend the production of smoke 
from industrial furnaces, and most of these excep- 
tions would not be allowed if the controlled atmo- 
spheres necessary were produced by the now known 
methods of gaseous heating. 

In the domestic sphere, smokeless fuels seem to 
be imperative if smoke production is to be avoided, 
but there need be no difficulty in securing their 
general use if vested interests could be appeased. 
It has heen demonstrated that the all-gas and all- 
electric houses are economically and_ technically 
Modern coke-burning grates and domestic 
boilers are highly efficient and satisfactory, and coke 
suitable for both applications can be produced in 
gasworks and coke ovens. What is requisite is a 
drive to replace old-fashioned coal stoves by 
modernised grates. A revolution is needed in 
appliances for burning solid fuel domestically, to 
enable it to be burned smoke lessly. The coal 
merchants need have no complaint, for they would 
handle the vast amounts of coke that would be sold, 
as well as industrial coal. The coal-owners need 
not complain, for they would be enabled to get a 
full return from the coal sold, as well as from 
carbonising, both in coke ovens and in low-tempera- 
ture retorts. The gas and electricity industries 
should flourish. 

Gas and electricity, given a fair field and freed 
from repressive legislation, and the partisanship of 
local authorities, would find their economic level, 
and the useful boundaries of each would become 
delimited. Similarly, the oil industry should retain 
most of its existing business, especially in the 
field of traction, but efforts should be continued 
to use home-produced solid fuel for heavy road 
vehicles. Increasing requirements for petroleum 
products for aviation and the increased imports of 
oil otherwise normally to be expected should be 
offset by a wider use of solid fuels in gas producers. 
Coke-oven gas should be encouraged to secure its 
real value; when evidence was given, the grid 
price was fixed at no more than 5}d. per 1,000 
cubic feet, including the cost of boosting. Now that 
the price of coal has increased, according to Mr. 
T. A. Long, “an equivalent value for the com- 
paratively simple operation of burning gas under 
boilers may be over 6d. per 1,000 cubic feet.” If 
such steps could be taken in good time and a planned 
and rational general fuel policy put into operation 
as soon as the war ceases, many of the disturbing 
after-effects that were so much in evidence last 
time could be avoided. The suggestion may be 
made that it would be a sound scheme to put an 
experienced fuel technologist. in charge of a small 
staff now, to work out the country’s fuel policy for 
the future. 


feasible. 





STANDARD STEAM CYCLES. 


James Watt's steam engine, which incorporated 
his improvement of “expansive working,” was 
probably the first to approximate to what is now 
known as the Rankine ideal cycle. Many years 
after Watt’s death, Kelvin in his greatest work 
laid the foundation of thermodynamics by his 
demonstration that there was nothing incompatible 
between Carnot’s principle and Joule’s conservation 
of energy. Rankine, who shared Kelvin’s appre 
ciation of the importance of measurement in 
scientific progress, was quick to interpret these 
fundamentals for steam engineers. Although with 
the invention of the gas engine, many people, 
notably Bramwell, prophesied the early eclipse of 
the steam engine, the latter increased in importance 
towards the end of the last century. Purchasers of 
steam plant realised more than ever the necessity 
for fuel economy and were no longer content to 
accept rough and ready estimates of performance. 
They had to have cheap power. As a result, there 
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was fierce competition between engine builders. 
Each designer had his own ideas about Rankine’s 
fundamental teachings and how the - performance 
of his engine should be appraised. On the other 
hand, a need had long been felt for some general 
codification of the methods of measuring steam 
engine performance. 

A special committee was, therefore, convened 
by the Institution of Civil Engineers to consider 
the subject and issued the first Steam Engine 
Trials Report in 1898. In addition to recom- 
mending standardised methods of measuring the 
temperatures and flows in a steam. engine trial, 
this report defined an ideal standard engine of 
comparison, which was completely frictionless and 
non-conducting, and consisted of a boiler, a cylinder 
and piston, a condenser, and a feed-pump. Within 
itself it was completely reversible. No engine 
could be more efficient within the limits of tem- 
perature set by the properties of the working 
fluid, and yet such an engine was not beyond the 
bounds of possibility. It was realised that the 
overall thermal efficiency of a heat engine was 
fundamentally a product of the mechanical-hydraulic 
efficiency of a machine, and the efficiency, or rather 
the limitations of heat supply and rejection imposed 
by an ideal heat cycle. By no conceivable device 
could heat be supplied to and rejected from the 
mechanism without this loss ; and if progress were 
to be made it was of the greatest importance to 
segregate the effects. In the words of the 1898 
Report, it was also “especially useful to ascertain 
the exact amount of those losses which are inevitable 
according to the laws of nature, and to distinguish 
them from other losses, also to some extent inevit- 
able, but yet capable of reduction by improvement 
in design or in material.”” The cycle was named 
after Rankine, who in 1854 had first shown the 
absolute limit of perfection to which an engine of 
the kind could attain. 

The feed-pump was an integral organ of the ideal 
Rankine engine, and as necessary to its functioning 
as the cylinder and piston. With the steam pres- 
sures in use at that time, however, the work 
absorbed in it during each cycle was exceedingly 
small compared with the work done by the cylinder 
and piston. This will generally be the case, of 
course, with condensable working fluids. The result 
was that the ideal Rankine cycle efficiency was 
taken to be nearly enough the adiabatic heat drop 
per pound of steam flow divided by the heat supplied. 
The Rankine standard was adopted all over the 
world, both for reciprocating engines and turbines, 
but the introduction of feed-heating or regeneration 
rendered it inappropriate as it stood. Turbines had 
a number of expansion stages, and if there were 
enough of these the turbine could theoretically 
have an efficiency equal to that of Carnot’s cycle 
between the limits of the feedwater temperature 
and that of heat rejection in the condenser. The 
portion of the cycle above the feed temperature 
could still be regarded as a simple Rankine cycle re- 
jecting heat reversibly at the feedwater temperature. 

This was realised by Riall Sankey, who had 
played such a large part in formulating the 1898 
Report. He suggested a modified Rankine cycle 
of comparison, with an infinity of feed-heating points, 
at a meeting of the leading institutions held at the 
Institution of Civil Engineers in 1924. His formule 
had been given a year earlier in a paper by Hirshfeld 
and Ellenwood in America, who made it clear that 
the cycle of comparison was only appropriate if 
the steam were bled in the saturated region of 
adiabatic expansion. Superheated steam had to be 
bled at a pressure at least equal to the saturation 
pressure of the feedwater. This was a serious 
limitation, as most steam cycles involve a suffi- 
ciently high feed temperature and initial superheat 
to necessitate bleeding of superheated steam even 
with perfect adiabatic expansion. The 1926 Interim 
Report of the Heat Engines Trials Committee 
contained Sankey’s ideal cycle. The superheat 
difficulty was not mentioned, but there must have 
been some doubt about its universal application 
because the formal report of the following year 
suggested a heat cycle of comparison in which the 
whole of the steam required for feedheating was 
assumed bled at a temperature corresponding to 
the final temperature of the feedwater. No distin 
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tion was made between saturated and superheated | 
bled steam. 

This cycle has not been satisfactory for obvious | 
reasons: Various attempts have since been made, 
therefore, to define others with which feed-heating 
turbines can .be compared, either by assuming 
fixed’ steps of temperature for feed-heating, with 
bleeding at corresponding points in the turbine, or 
by assuming infinitely small stages of bleeding at 
the saturation pressure corresponding to the feed- 
water temperature at that point, i.e., non-reversible 
in the superheat region. , Mr. J. F. Field, in a paper 
published in the Journal of the Institution of 
Civil: Engineers for December,” 1938, the discus- 
sion on which appears in the Journal for October, 
1939, has more recently tackled the subject in a 
comprehensive manner. First, and perhaps most 
important, since it greatly simplifies calculation of 
the ideal cycle efficiency, he assumes that bleeding 
takes place in the superheat region at infinitely 
small stages and at temperatures corresponding to 
the temperature of the feedwater at each point ; 
and that the element of bled steam is enabled to 
give up both superheat and latent heat at constant 
temperature by isothermal compression, thus ren- 
dering the cycle completely reversible within itself. 
We are reminded that, if that compression energy is 
properly debited against work done by the cycle, 
the portion of the cycle between the feedwater 
temperature and the exhaust temperature, taking 
in heat at the feedwater temperature only, and 
completely reversible as defined, must have the 
efficiency of the Carnot cycle. One or two of the 
contributors to the discussion held the opinion 
that the proposals had been made before and that in| 
any case isothermal compression of superheated bled 
steam would introduce an error which would 
complicate the calculation of the cycle efficiency. 
Dr. W. J. Kearton, however, had taken the trouble 
to work out an example which proved with steam- 
table figures that when this allowance was made the 
very simple formule were correct, as would be} 
expected from purely thermodynamic considerations. 

For calculating the efficiency of the non-reheat 
eycle, the only properties of steam required are the 
total heat and the entropies of the initial steam and 
of the feedwater, compressed to the same pressure as 
the initial steam, since the feedpump energy is no 
longer negligible. The latter figure is not readily 
available in any steam tables, but Keenan has given 
correction factors to the saturation figures for the | 
heat and entropy of the compressed liquid, and | 
Mr. G. S. Callendar and Professor A. C. Egerton | 
have prepared a skeleton table which was reproduced | 
in the discussion. This table is fully consistent | 
with the 1939 Callendar tables and covers all | 
present-day requirements. It is thus, for instance, 
appropriate to assess the heat rate of a turbine 
as including its feedpump, since that is an integral 
part of the ideal engine of comparison; unlike 
the other auxiliaries, which may be regarded 
from an ideal point of view as parasitic. 

Mr. Field’s paper also seems to clear up the 
question of what may be the appropriate ideal 
when one or more stages of steam reheating are 
combined with feedheating. Previous papers have | 
considered the effect of one stage of reheat only, 
and for a long time there has been a doubt in the 
minds of engineers regarding the appropriate ideal 
cycle when high-pressure bleeding takes place, as it 
nearly always must do in modern practice, before 
resuperheating. We are now reminded that a 
cycle with reversible bleeding before or after reheat- 
ing is equal in efficiency to one in which the 
whole of the throttle flow passes through the 
reheaters, and on to the condenser, where partial 
condensation, or isothermal compression, takes 
place ; the cycle being completed by adiabatic com- 
pression of the steam-water mixture, as in Carnot’s 
cycle. Thus an ideal engine with some bleeding 
before reheat would have an increased high-pressure 
throttle flow and a decreased reheater flow as 
compared with an engine in which bleeding took 
place after reheating. The total heat taken in 
by the ideal boiler and the ideal resuperheater 
would, however, be the same in each case. The idea 
of so much heat added per pound of high-pressure 
throttle flow is liable to be misleading in considering 
reheat cycles. The suggested standards can be | 





|and in this connection it will be noted that the | 


applied, of course, to any choice of steam conditions, | NOTES. 


THE ORGANISATION OF INDUSTRIAL 
RESOURCES. 
A SCHEME, whereby it is hoped employers and 


author suggests the same ideal comparison for the | 
station, assuming uniform steam conditions, as/| 
for the turbine generator only. The -heat drop be- , X 
tween the furnace gases and the boiler, and between | workpeople will be able to share in the task of fully 
the engine exhaust and the cooling water, are effects | mobilising the nation’s industrial resources, was 
external to the heat engine cycle of operations as | announced last week by the Ministry of Supply. 
they have been limited by the properties of the Fears have been expressed, both in the columns 
working fluid, and materials of construction. | of The Times and elsewhere, that the importance 
The need for a universally acceptable standard is | . ‘ . 
emphasised in a table in the paper, which shows | be, by the Government ; while labour interests, 
that during the last twenty years the steam cycles in | and perhaps economists and laymen, too, are 
use in power stations have improved in ideal effici- | puzzled that unemployment should still be at 
ency roughly from 36 per cent. to 50 per cent. Over | a high level when so many men have been w ith- 
the same period, overall power-station efficiency | drawn for military service and when our factories, 
ratios have improved from roughly 45 per cent. to | it is assumed, are ceaselessly engaged in the pro- 
63 per cent. in Great Britain. From Mr. Johnstone | duction of munitions. To deal with these matters, 
Wright’s contribution to the paper on the new| itis proposed to set up an area organisation through- 
Fulham station in the issue of the Journal for June, | Ut the country, with area boards and committees. 
1938, it is evident that greater improvements The boards will consist of local representatives of 
have taken place in the thermal efficiency of boilers | the Government depart ments concerned and will 
than in the thermodynamic efficiency of turbo-|°Vet 13 areas, corresponding with those of the 
generators during that time. It is recognised that | Regional Commissioners. ‘The committees will be 
the latter is a dynamic problem, which is rendered | ™Ore numerous and will cover appropriate parts of 
increasingly difficult by the higher pressures dictated | the regional areas. They will be composed of 
by improved steam cycles. It is interesting to note | Tpresentatives of employers and of organised 
that the most efficient turbo-generator sets of | labour. rhe area organisation will be concerned, 
to-day, tested as complete units, can show no more | !® the first instance, with the provision of arma- 
than about 80 per cent. of the efficiency of the ideal | ment stores which are necessary to the engineering 
cycle. Even that performance is the result of | trades. It is also stated that, following discussions 
unremitting development over many years. The | between the Prime Minister and the Trade Union 
bulk of the loss is known to be due to departure Congress, agreement has been reached with the 
from true adiabatic expansion. It is suspected, Congress as to the arrangements to be made for 
however, that irreversible feedheating in a few stages the area committees, and steps are being taken to 
is responsible for a substantial loss. Commercial | P'ovide representatives of labour on them. Dis- 
considerations, of course, must not be lost sight of. | CUSSIONS are also in progress with the Engineering 
As readers will remember, in ENGINEERING of | Employers’ Federation as to the arrangements and 
May 26 last, Mr. W. S. Burge emphasised that | "presentation of employers. As a matter of 
absolute thermal efficiency alone is not a fair urgency, committees are to be set up in the following 
criterion of steam power station performance. | 8'eas :—Birmingham, Bristol, Glasgow, Leeds, Lei- 
Further, he pointed out that the efficiency ratio | cester, Lincoln, Manchester, Newcastle, and Notting- 
to be expected, even with the most skilful design | ham. As regards general equipment, panels are 
and operation, must depend on the load factors | being formed in the different industries and provi- 
allocated to the plant, and the precise manner | Sion is being made, it is stated, for the representation 
in which the load is allocated. This effect is | °f both employers and employed on them. 
summed up in his operation factor, which is the Fume Mepia yor TRANSFORMERS. 
fraction of the ratio to be expected with base In a paper on “ Fluid Filling-Media for Electrical 
loading. He considers that the loading of peak- | Apparatus,” which had been prepared for reading 
load stations can be matched well enough to 81Ve | before the Institution of Electrical Engineers, Mr. 
a specific figure for the operator to aim at. The| » Meyer suggested that the demand of transformer 
difficulty with an intermediate factor of this nature | ),anufacturers for low sludge values had led to oils 
is that it must be arbitrary. : being highly refined. The result was an acidity, 
Apart from application to central station and| which was as menacing as a high sludge value. 
marine prime movers, it is obviously desirable to| 7; might well be, therefore, that the highly-refined 
adapt the ideal cycle to the case of mixed pressure | 4 Gi) of practically zero sludge value would be 
and extraction turbines. The performance of these | discarded in favour of a moderately-refined oil 
machines can be analysed by considering them split with low developed acidity. Tests showed that a 
up into simple back pressure and straight condensing | pj) developed less acidity than an A oil with 
sets, sometimes with fecdheating, running mechani- practically zero sludge value. It was, therefore, 
cally Gare Os parallel, as most convenient. The logical to assume that to use the same base oil, but 
extraction turbine, for example, = compared with with a less degree of refinement, would mean that 
an ideal engine doing the same job, é.e., furnishing j.., acidity was developed, and this had been 
so much electrical or mechanical energy, and 80 | ohecked by the production of an oil with an acidity 
much saturated steam at a specified temperature, | value of 0-96 mg. and a sludge value of 0-46 per 
if required for process. The ideal cycle of the cent., which was well within the maximum allowed 
extraction tur bine would allow for isothermal com-| by the British Standard specification. The factors 
preasson of the steam if this were still superheated which influenced the formation of acid were the 
at the required extraction temperature. origin of the crude oil and its characteristics, the 
_Summing up, there can be little doubt that the | pethods of distillation and refining and the degree 
simple and easily calculated cycles suggested by of refining. Mr. Meyer suggested that the present 
Mr. Field represent an ideal standard not beyond | pritish Standard specification dealing with these 
the bounds of possibility and yet simple in form | ,i), required revision. ‘The commonest non- 
and use. They have restored the idea of complete | ingammable liquids available for use in trans- 
internal reversibility, which made the original | fo:mers were the chlorinated diphenyls which had 
Rankine cycle so satisfactory a standard. We }.., on the American market for some years under 
hope, now that the Institution of Civil Engineers | ¢}., name of Pyranol. In this country, pure chlori- 
has published the paper in its Journal, that official | ,ated phenyl was usually known as Aroclor and its 
recognition of this useful yardstick will be forth- degree of inflammability depended on the degree of 
coming in due course. chlorination. A compound 48 per cent. chlorinate 
had a flash point of 196 deg. C. and was self-extin- 
guishing. With 54 per cent. chlorination, there was 
ho flash point and the compound acted as a fire- 
trolley omnibuses have not been adopted to any great | extinguishing medium. Its price, however, was 
extent in France. Some of these vehicles are in service | six times that of ordinary transformer oil and though 
in Rouen and Lyons but none is to be found in Paris, | at a temperature of 60 deg. C. it was fluid, at 5 deg. C. 
where, as is well known, all tramway services have been ee sumatienle Ys shavef —anih. 
replaced by motor omnibuses. According to statistics prac Ica, y solid. was, ere ore, i a 
able for use in transformers unless it was thinned 


recently issued, there are only 53 trolley omnibuses in ; . . 
operation in France and 47 in French North Africa. | by the admixture of other chlorinated synthetics. 


of this mobilisation is not appreciated, as it should 








TROLLEY-OMNIBUS SERVICES IN FRANCE.—So far, 






























































































The maximum chlorination compatible with suitable 
viscosity was 48 per cent., but here again the 
viscosity-temperature curve was very steep. 


prevented at 
| keepers, and even manufacturers, to be less lavish 
At | in its use. 
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the source by encouraging shop- 


The reduction in the number of wrap- | 


high ambient temperatures, 48-per cent. Aroclor] pings at present used on, say, a packet of cigarettes, 
possessed an advantage over transformer oil as} would, in the aggregate, save a great deal of paper | 


regards cooling by convection, but at 20 deg. C. 
this advantage was reversed. 


without imposing much injury on any one. 
This grade of Aroclor} further suggested that the ordinary methods of 


It is 


had no sludge value and practically no acidity was | collection might be supplemented by encouraging 


developed. 
pared with 2 for transformer oil. It was not suitable | 


for use in switchgear, since it decomposed under 
anare and evolved free hydrochloric acid. 


Srreet Licutrxne in War Time. 


Interest in the “ black-out ’’ would seem to have 
switched over, at least temporarily, from railway 
carriages to streets. This is as it should be, since 
some attempt has been made to improve matters 
in the first-named, while as regards the second little 
advance has yet been made. The points at issue 
are whether it is possible to devise a system of | 
street lighting which will not in any circumstances | 
be visible from the air, and, if not, whether some 
arrangements be made to switch off such 
street lighting may provided, when an 
air-raid warning is given. As regards the latter, 
a representative of the Home Office, at a recent 
meeting of the Association of Public Lighting 
Engineers, made the extraordinary statement (which 
was immediately challenged) that there was only 
one town where the whole of the lighting could be 
turned off from a central point, and that, even if| 
this system were more generally employed, panic 
might result if it were employed to extinguish the 
lights on an air-raid warning being given. If we 
were to have a system of street lighting, he added, 
it must be one that could be left on during an air 
raid, and a standard of illumination as low as 0-0005 
foot-candles (which is decidedly feeble) was being 
tried. On the other hand, the Convener of the 
Glasgow Lighting Committee said that in that city 
they had 20,000 lamps which could be put out in 
+ seconds, while blast furnaces took 7 minutes. There 
was also disagreement that the sudden extinguish 
ment of lights might cause a panic. In the meantime, 
while these problems of high policy being 
discussed, the public are taking matters into their 
own hands and are using torches freely, with 
satisfaction to the individual, but embarrassment 
to the community. In other words, The Elec- 
trician quite rightly points out, foot passengers 
often employ them to a quite unnecessary extent 
on nights which are not really dark, and thereby 
add to the difficulties of both pedestrians and 
drivers, besides interfering with the adaptability of 
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fue SALVAGE OF WASTE AND DORMANT MATERIALS. 


The reduction in the importation of raw materials | 
obviously makes the salvage and re-utilisation of all 
waste or dormant materials already in this country 
+ matter of considerable national importance. We 
are glad, therefore, to learn from a circular which 
has ‘for the consideration of local 
authorities that the Ministry of Supply is attempt- | 
ing to organise the collection and treatment of the | 
many varieties of such material on more efficient | 
lines Among the stuff scheduled in this circular 
is not only the waste food which is unavoidably | 
from dwelling houses, hotels and 
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cations. 
follows : 
Committee, 1938-39; the 44th Report of the Joint 
Research Committee of the Institution and Leeds 
University, dealing with “‘ Combustion Character- | 
istics of Town Gas. 
Burner 
Refractory Materials Joint Committee ; 
Report of the Gas Education Committee, 1938-39 ; 
the Institution Gas Research Fellowship Interim 


| Combustion 
Condensation and Re-evaporation,” 


assessment 


Its dielectric constant was 5 com-j|school children to carry small parcels of waste 
materials to school and deposit them in special bins. 
Child psychologists may wonder, however, whether 
this will have the desired result. 
} authorities in the smaller urban and rural districts 
are urged to consider whether they cannot undertake 
the disposal of waste materials which are now of 
value but are not at present collected. 
tion of this suggestion would, at least, improve the 
appearance of many of our hedgerows. 


Finally, the local 
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Tue InstiruTion oF Gas ENGINEERS. 


Owing to war conditions, the llth Autumn 


Research Meeting of the Institution of Gas Engineers, 
which was to have been held in London on Novem- 
ber 21 and 22, has been postponed indefinitely. 
has been decided, however, to publish the papers 
and to invite written discussion on the 


It 


communi- 
The papers to be thus presented are as 
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teport, 1938-39: “The Inflammable Ranges of 
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Ethylene-Air Mixtures at Atmospheric and Reduced | 


Pressures and the Influence of Small Amounts of 


Nitrogen Peroxide thereon,” by Mr. J. 8. Forsyth, 


B.Sc. (Institution Gas Research Fellow) and Dr. 


D. T. A. Townend, D.I.C. (Livesey Professor) ; 


“Some Recent Views on Factors Affecting Flame 


Velocity,” by Dr. D. T. A. Townend, D.I.C., and 
Dr. M. Maccormac; “The Influence of Pressure 
upon the Water-Gas and other Equilibria,” by 


Mr. G. Sartori and Dr. D. M. Newitt, M.C.; “ Some 


Observations on the Combustion Characteristics of 
Town Gas and its Constituents,” by Messrs. G. H. 
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War DaMmaGe TO PROPERTY. 


The first report of the Committee on the Principles 


of Assessment of damage caused by the war was 
issued last week by the Stationery Office in the form 
of a White Paper (Cmd. 6136) 


It deals with the 
basis of compensation which is to be payable, and 
points out that the Government has undertaken 
that this shall be on the highest scale possible at 
the end of hostilities, in the light of the country’s 
financial circumstances at the time. With regard 
to immovable property such as land, buildings, 
plant and machinery, it is recommended that the 
shall either be the of reasonable 
reinstatement at March, 1939, difference 


cost 


or the 


| between the market value of the property imme- 


taurants, but meat, including tinned meat which | diately before the damage occurred and its market 


may have been condemned for various reasons, and 
‘ household ” In addition, there are, of 
course, waste paper, scrap iron and steel and non- 
ferrous metals, as well as textiles, such as carpet, | 
and rugs, bottles and other forms of glass, in either | 
the sound or the broken state, old tyres, leather, | 
string and cork and, finally, cinders. It is suggested 
that the present methods of collecting this miscellany | 
of refuse might be improved by encouraging house- 
holders to do a little preliminary sorting. Food- 
stuffs, the hand, and paper, rags and 
metals, on the other, might be kept separate from | 
other refuse. Waste paper and metals could often | 
be collected in containers attached to the collecting 
vehicles, while organic materials, including bones, 
could be separately stored in receptacles placed | 
inside the vehicle. As regards paper, we would 
that much avoidable waste might be 


bones. 


on one 


suggest 


| value in the damaged condition, whichever is the less. 


In the first case, the costs would be those ruling in 
March, 1939, and the same date would apply to 
the values in the second. Where property was 
not in being in March, 1939, regard is to be had 
to its original cost in estimating its market value. 
Where property is purchased after the outbreak of 
war, but before the occurrence of damage, it is 
recommended that the of damage 
should not exceed the price paid by the claimant if 
that price was less than the market value in March, 
1939. This suggestion has the object of preventing 
speculation. With regard to movable property, 
the basis of valuation of household furniture should 


assessment 


| be the amount’ which a willing seller might have 


expected to receive from a willing buyer in March, 
1939. The value to be put on plant and machinery 
should be its value if transferred with the business. 


| signals, particulars of the temperature and pressure 
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Rapio DEPARTMENT. 


Radio-Sounding Balloons. Cathode-Ray Direction 
Finder.—The work of the Radio Department, under 
the direction of the Radio Research Board, has 
shown an increasing tendency of late to be mainly 
concerned with the propagation of radio waves in 
relation to communication and direction finding. 
Particular attention has been given to the measure- 
ment of the field strength of electric waves, with the 
object of producing standards of voltage and of 
electric-field intensity at all frequencies up to 300 Mc. 
per second. The application to aerial and marine 
navigation of direction finding on ultra-short wave- 
lengths has been the subject of other specialised 
research, in the course of which a good deal of experi- 
mental work has been carried out in the wavelength 
range from 6 m. to 10 m. 

The most generally interesting application of 
modern direction-finding technique is the develop- 
ment, on behalf of the Meteorological Office, of a 
compact, light-weight radio equipment suitable for 
attachment to a small free balloon and capable 
of transmitting, by means of continuous radio 


of the atmosphere in the neighbourhood of the 
balloon. From a recently-published account* of 
this apparatus, Fig. 16, on page 645, is reproduced 
with acknowledgment, showing the assembly in 
diagrammatic form. It comprises, first, a rubber 
balloon inflated with hydrogen to a diameter of 
about 4 ft. Below it is attached a parachute of 
cotton fabric, 6 ft. square, provided with four 
strings and a light wooden hoop to keep the folds 
of the cloth open during ascent. The transmitter 
is suspended from the hoop of the parachute by an 
aerial wire, the length of which serves a useful 
purpose in reducing the angular swing of the 
apparatus, and thereby reducing errors in bearing 
determinations by a direction finder at ground level. 
The total weight below the balloon amounts to ° 
2,390 grammes, of which 2,040 grammes is accounted 
for by the transmission apparatus and instruments. 
When the balloon is inflated, it is just buoyant at 
ground level when loaded with 2,890 grammes, 
and requires about 120 cub. ft. of hydrogen. The 
balloon thus has a free lift of 500 grammes, which 
causes it to ascen| from the ground at 3 m. or 4m. 
per second. The size of the parachute is such that 
the apparatus descends at about this same rate 
when a flight is terminated by the bursting of the 
balloon. ‘The rest of the assembly, labelled to offer 
a reward for its return by the finder, is returned, 
usually without serious injury. Distances up to 
170 km. and heights up to 14 km. have been reached, 


with unbroken reception of signals throughout 
the flight. 
The transmitting element, Fig. 17, consists 


essentially of a radio-frequency oscillator generating 
an aerial power of about 0-2 watt at a wavelength 
of 8-6 m. This radio-frequency wave, at a fre- 
quency of 35 Mc. per second, is modulated by two 
separate audio frequencies, one of which, controlled 
by a barometer and indicating atmospheric pressure, 
varies from 700 c/s. to 1,000 c/s.; while the other, 
controlled by a thermometer and indicating atmos- 
pheric temperature, varies between 1,400 c/s. and 
1,700 c/s. Thus the pressure and temperature of the 
air are determined by measuring these modulation 
frequencies with a receiving set at a ground station. 
The circuit components are mounted upon a circular 
sheet of Bakelite j, clamped between the flanges 
of two aluminium protecting covers, of which the 
lower one k, contains an 86-volt dry battery provid- 
ing energy for the transmitter, while the upper 
cover m, houses the barometer n. The complete 
enclosure is about 10 in. high by 6 in. in diameter. 
The barometer unit » consists of a thin-walled, ; 
seamless, evacuated bellows made of phosphor- 
bronze. The expansion and contraction of the 
bellows, following the fluctuations of barometric 
pressure, vary the air gap between a Stalloy disc, 
sweated to the upper end of the bellows, and 
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the laminated iron poles of an electromagnet 0. 
The magnet coil forms the inductance in a valve 
oscillator circuit which provides the audio-frequency 
voltage for the modulation of the transmitter. 
A hole in the Bakelite disc below the barometer 
permits warm air, rising from the valves in the lower 
enclosure, to pass around the bellows and reduce 
temperature changes in the metal parts. The 
dimensions of the bellows have been selected by 
trial, to give a change of air gap amounting to 
about 0-1 in. for a pressure change of 1,000 millibars, 
producing a change of 250 cycles per second in the 
modulation frequency. 

Fig. 18 shows the thermometer element which is 
mechanically and electrically connected to the 
transmitter so as to be well exposed to the air. 
The main difficulty overcome by the design 
developed is that of restricting the thermal capacity 


of the instrument, since it has been found that the! 


Fig. 16. ASSEMBLY OF BALLOON, 
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rate of temperature change encountered during an 
ascent of the balloon at 4 m. per second may be as 
much as 2 deg. C. per minute. The thermometer 
mechanism consists of a frame of Invar rod, bent to 
form three sides of a rectangle, and carrying a fine 
brass wire b along the fourth side. The wire is kept 
under slight tension by an Invar spring c, which 
supports a small plate d of Stalloy. Movement 
of this plate, in response to variations in the length 
and sag of the brass wire caused by temperature 
changes, varies the air gap of an iron-cored coil ¢ 
and changes its inductance. This, in turn, changes 
the frequency of an audio-frequency oscillator 
supplying one of the two modulating voltages which | 
are transmitted by the radio aerial and picked up 
by a receiving set on the ground. The initial 
sag of the brass wire, at earth-level air temperature, 
is adjusted by the screw f so that the wire becomes 
taut at —80 deg. C. The total movement of the 
Stalloy plate, caused by a temperature change 
over the range from +20 deg. C. to —80 deg. C., 
amounts to about 0-1 in. and produces in the| 
oscillator a frequency change of 200 cycles per 
second. The thermometer element is shielded from 


direct solar radiation by a detachable cylindrical 
aluminium shield g, and is electrically connected 
to the radio transmitter by means of a 3-pin plug h, 
so that it can be readily removed for calibration 
in the laboratory. 








and that changes in the capacitance and inductance | 
of the circuit, due to slow drifts in temperature,|on temperature, and its magnitude is such as 


Since the apparatus is continuously transmitting 
radio signals, the course of the balloon can be 
followed beyond the range of visibility by means 
of direction-finders, the speed and direction of the 
wind being thence deduced. So far, the rotating- 
loop type of direction finder has been used, but 
developments are in progress to convert the present 
loop equipment to a rotating spaced-aerial equipment 
of the Adcock type, which offers improved accuracy. 

Another line of progress in direction finding is 
exemplified by the work of the Radio Department 
in applying the cathode-ray oscillograph to give a 
direct, visual indication of the bearing of the distant 
station. This system is realised by graduating the 
circular screen of the tube with the points of a 
mariner’s compass dial and causing the desired 
direction to appear as a bright line traced out by 
the beam of the cathode-ray tube. Among the 





most attractive exhibits at the Laboratory visiting | 


Fig.17. TRANSMITTER 
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day last June was a model illustrating the appli- 
cation of this technique to marine navigation. 
It represented the view from inside the chart-room 
of a steamship, showing visible to left and right, 
respectively, a lighthouse and a lightship each 
transmitting signature radio signals. The latter, 
received by direction-finding apparatus on the ship, 
were registered as lines upon the screen of a gradu- 
ated cathode-ray tube. Thus, from a recognition 
of the origins of these two sets of signals, the position 
of the ship could be fixed at the point of intersection 
of lines drawn at the bearings indicated through the 
lighthouse and the lightship. Also visible on the 
“cathode-ray compass”’ were traces representing 
the directions of other vessels transmitting radio 
signals. 

Stability of Radio Circuits. Atmospherics.— 
Among the long-term researches of the Radio 
Department is an investigation into the causes and 
remedies of the variations in frequency which 
commonly occur when an electrical oscillatory cir- 
cuit is maintained in oscillation by means of a 
thermionic valve. The early stages of this work, 
which was inaugurated by the Radio Research 
Board, revealed that the magnitude of the frequency 
changes that could occur greatly exceeded anything 
that could reasonably be attributed to the valve, 





were, to a considerable extent, due to various forms 
of deformation in the elements of the coils and 
condensers included in the circuit and subject to 
temperature variations. Thus, in coils of bent 
metal, permanent or non-reversible changes in 
strain were found to occur, while variable conden- 
sers were similarly affected by changes of constraint 
due to unequal expansions of structural elements. 
The outcome of an exhaustive survey of the whole 
problem has been to reveal the essential features 
in the design of coils and condensers to ensure 
constancy of electrical properties despite changes of 
temperature. It is now possible, in consequence, to 
formulate a number of conclusions regarding the 
general principles to be followed in the design of 
components for precise radio apparatus, For 
example, small inductance coils may be wound on 
formers of quartz or ceramic material in such a 
way that the dimensions of the coil are determined 
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mainly by those of the former, with the result that 
the temperature coefficient of inductance can be 
reduced to about ten parts in a million per degree 
Centigrade. Similarly, fairly simple and not unduly 
expensive variable condensers have been constructed 
for which the temperature coefficient can be adjusted 
within +80 parts in a million per degree Centigrade, 
even with respect to temperature fluctuations as 
rapid as 6 deg. C. per minute. One method now 
in use for making inductance coils of the above- 
mentioned type is to deposit copper or silver in a 
solenoidal strip on the surface of a quartz or ceramic 
former. This artifice, in general, produces an 
inductance coil of low and constant temperature 
coefficient, but experiments at the Laboratory have 
shown that the temperature coefficient of inductance 
of this class of coil is liable to depend on the elec- 
trical frequency, and to reach undesirably high 
values over a certain range of frequency, which 
itself depends on the pitch and cross section of the 
helical coil of deposited metal. The underlying 
cause of this peculiarity has been traced to a so-called 
“skin effect,” «.¢., a variation of radio-frequency 
current distribution throughout the cross section of 
the conductor. This effect, in turn, depends on the 
specific electrical resistance, and hence indirectly 


were the most important contributory agents. | seriously to limit the precision of such coils for use 
Detailed study of such agents revealed, further, | at frequencies higher than about 10 Mc. per second, 


that their behaviour, in respect of variations in 
capacitance and inductance, could not be explained | itself, careful research has established that the 
by any simple assumption of thermal dilation, but | inter-electrode capacitance is subject to appreciable 


As regards the thermal stability of the valve 








646 
variations according to the conditions under which 
the valve is operated. This effect is chiefly of 
importance in the short and ultra-short wave-bands, 
where inter-electrode capacitance constitutes a large 
proportion of the total capacitance of the oscillatory 
circuit ; and in view of the special attention that, 
as already mentioned, is now being given to every 
aspect of short-wave propagation, the stability of 
valves is still undergoing investigation in order to 
correlate experimental observations with thermionic 
theory. 

Another 
conclusions 
directions concerns the 
atmospherics. From the 
communication, atmospherics have been an obstacle 
to continuous, clear reception, of varying seriousness 
dependent on the location of the apparatus and 
An early series of experi 
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the wavelength in use. 
ments, conducted by the Laboratory some years 
ago, made it clear that atmospherics were most 
probably to be with thunderstorms ; 
but they also revealed that atmospherics were very 
varied as regards both their duration in time and, 
more particularly, their structure or wave form. 
From an analysis of 8,000 records of atmospherics, 
made visible by means of a cathode-ray oscillograph, 
no fewer than 44 different types were distinguished. 
During more recent work on this subject, pursued 
with increasingly sensitive and refined apparatus, 
though always with the aid of cathode-ray oscillo- 
graphs, a great volume of statistically analysed data 
has been accumulated, bearing on the direction of 
arrival of atmospherics, the regions in which they 
originate, and the effects on their wave forms, as 
received in this country, of the distance through 
which they have travelled. Outstanding among 
such investigations is one in which the arrival of 
atmospherics at Slough was recorded continuously 
over a period of five years. This work has now been 
analysed, revealing that most of the atmospherics 
reaching England arrive from the west or south-west, 
but that sources to the east and south-east are also 
Smaller local 


associated 


productive on summer afternoons. 
storm centres, of course, also give rise to atmo- 
spherics. The most disturbed areas thus appear to 
be closely related to the great centres of tropical 
thunderstorms, but the intensity of disturbance 
from each is dependent on the ionisation conditions 
prevailing over the path from the source to the 
receiver. From the communication point of view, 
the chief value of the results lies in the fact that 
curves and charts may be prepared from which the 
probable intensity of atmospherics at any given 
time and in any given direction may be estimated. 
The occurrence of atmospherics cannot, of course, 
be controlled any more than other meteorological 
phenomena, but the systematised knowledge now 
available about atmospherics represents not only a 
remarkable achievement in radio research, but also 
a fairly complete and powerful technique for use in 
future investigations bearing on communication or 
meteorology. 








WorK HARDENING OF Streis.—In the course of a 
lecture on the “‘ Work Hardening of Steels,”’ delivered 
before the Sheffield Metallurgical Association, on 


November 11, Professor J. H. Andrew, D.Sc., stated that 
it was commonly thought that a carbon steel, on being 
drawn into wire, increased in hardness purely on account 
of the great distortion suffered by the iron. Pure iron 
could be drawn into wire and attain thereby a maximum 
strength of approximately 40 tons to 45 tons per square 
inch, but a steel containing a sufficiently high carbon 
content could be drawn into wire so that its maximum 
strength reached as high a value as 250 tons per square 
inch. There could be only one reason for the great 
strength of the steel as compared with pure iron, namely, 
that the structure obtained by the drawing operation 
was aimilar to that secured on hardening by quenching 
Experimental work carried out by Mr. Hsun Lee and the 
lecturer, at the University of Sheffield, seemed to prove 
this contention. This reasoning could be applied to the 
mechanical testing operation. Up to the yield point, the 
strength of the steel depended upon its original state, 
but, as soon as the test-piece began to elongate, a chemical 
change occurred continuously as stretching proceeded, 
with the result that the fractured end of the test piece was 
constitutionally very different from the original bar. 
Moreover, the new theory might be applied to explain 
the absence of any definite relation between the yield 
point and the maximum stress of a steel. 


ENGINEERING. 
FLEXIBLE PIPE UNION FOR 
PETROL AND OIL. 


Tue flexible pipe union illustrated in Figs. 1 and 2, 
below, claimed by the manufacturers, Messrs. 
Howard Clayton-Wright, Limited, Tiddington-road, 
Stratford-on-Avon, to solve the problem of fracture 
from vibration of small pipes conveying petrol or 
oil, since there is no metal to metal contact to trans- 
mit such vibrations, the pipe end floating on a synthetic 
rubber gasket in the union. The new device is known 
as the “ Clay-Flex”’ pipe union and is at present made 
suitable for pipes of 4 in., } in., and 44 in. bore, though 
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method 
making the joint will be clear from the illustrations. 
The end of the pipe needs no preparation, a conical- 
ended nut and a double-coned gasket being slipped over 


will be available The 


sizes 


other 


it as shown in Fig. 1. When the nut is screwed up 
on the union, which has a conical face, the compression 
of the rubber forms an annular groove in the pipe, as 
shown in Fig. 2, so that it cannot be pulled out, the 
depth of the groove being. however, exaggerated in the 
illustration. The synthetic rubber of which the gasket 
is made is resistant to both oil and petrol. The union 
shown in the illustrations is for attaching the pipe to a 
fixed part, a double-ended union being also made for 


connecting two pipes 


SOCIETY OF GLASS 
TECHNOLOGY. 


Tue 205th ordinary general meeting of the Society 
of Glass Technology was held in Sheffield on Wednesday, 
November 22, 1939, the President, Dr. C. J. Peddle, 
(n invitation to attend the meeting 
had been extended to the Yorkshire Section of the 
Society of Chemical Industry and to the Plastics 
Group. Three papers were presented and discussed. 
The first, entitled ** Glasses : Organic and Inorganic,” 
was by Dr. Harry Moore, Director of Research of 
Messrs. Pilkington Brothers, of St. Helens. Dr. Moore 
said that if inorganic glass were a state of matter, then 
it had the nature of a liquid or a mixture of liquids, 
with an infinite viscosity at room temperatures. These 
liquids could be softened by heat, and, if considered to 
be true glasses, should contain no crystals. Inorganic 
glasses were generally silicates, borates or phosphates, 
in the form of super-cooled liquids, showing no evi- 
dence of change of state on melting. The cooling of 
molten glass was too rapid to allow crystallisation, 
that the became rapidly so great that 
crystals were unable to grow. This led to one view 
of the nature of glass. In this view, glass consisted of 
small crystals—crystallites—which had been prevented 
from growing by the high viscosity of glass. Another 
view of the nature of glass was that the atoms and 
molecules were distributed in a random way. 

X-ray analysis of silicate glasses had made it certain 
that there was a unit SiO, throughout the glass. SiO, 
groups, in the form of tetrahedra, were linked together 
in any random packing. The closest form of packing 
gave one form of crystalline silica. Vitreous silica 
was due to a random distribution of the SiO, tetra- 
hedra, and the introduction of other metallic ions into 
the lattice interfered with the strong bonding of these 
tetrahedra, and gave a glass which was not so strong 
mechanically and thermally as vitreous silica. The 
X-ray pattern of glass showed a diffuse ring with a 
diameter corresponding approximately to the line-ring 
of cristobalite. If cristobalite crystals were finely 
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ground and photographed, the line-ring pattern became 
diffuse ; this was evidence for the crystallite theory 
of the nature of glass. The diameters of the ring and 
ring band were not identical, and if silica were allowed 
to devitrify, the change in the pattern was sharp. 
Thus, glass consisted of SiO, tetrahedra linked together 
in the form of a lattice with ions of the other constitu- 
ents randomly distributed within the lattice. 

Organic glasses were divided into two classes : those 
with a network structure and those with a thread-like 
structure. Comparing physical properties with the 
structure, vitreous silica had the simplest and closest 
packing and had the greatest mechanical strength. 
The diamond was the limit for the plastic chemist, 
but at present the carbon atoms could not be linked 
closely enough. The tetrahedral structure was linked 
closely throughout the lattice and the force to distort 
one tetrahedra would be resisted throughout the system. 
Thus, there would be very little difference between 
yield and complete rupture for a silicate system. 
Plastics, however, with a thread-like structure, could 
be bent easily, because there was no great resistance 
in the atomic lattice. Plastics with a network had a 
more open network than glass, so that the force to 
distort through a given distance was smaller for plastics 
than for glass. Thus plastics were not so brittle as 
glass. If plastics were to compare with glass, then a 
close mesh must be obtained, similar to the SiO, 
linkage. This substance would be just as hard as 
glass, but would also be just as brittle. 

The second paper, “ An X-Ray Study of Natural 
and Artificial Mullites,’ by Mr. H. P. Rooksby and 
Dr. J. H. Partridge, of the Research Laboratories of 
Messrs. The General Electric Company, stated that 
the Debye-Scherrer powder method had been used 
to examine the following :—{a) Natural sillimanite 
Al,O,-SiO, ; (b) pure synthetic mullite, 3A1,0,,2Si0, ; 
(c) natural mullite from North America; (d) electro- 
cast mullite ; and (e) natural mullite from the Isle of 
Mull. The X-ray patterns obtained showed three dis- 
tinct variations of mullite in which one or more lines of 
the pattern were moved with respect to the others. 
Sample (6) was a variety which for experimental pur- 
poses was designated by the term «; samples (c) and 
(d) were a different variety designated 8; and, finally, 
(e) was a third type called y mullite. 

Experiments were carried out by adding impurities to 
synthetic mullite, in an attempt to obtain the other 
varieties. In the first case, alumina was added up to 
78 per cent. when photographs showed saturation 
to be complete. Further, the pattern changed from an 
« mullite to 8 mullite. Thus the difference between 
x-and £-mullite patterns was due to the solid solution of 
alumina. Further experiments showed that the trans- 
formation of « mullite to y mullite was due to the 
incorporation of TiO, in the lattice. Thus, « mullite 
was 3Al1,0,, 2Si0,; 8 mullite was 3A1,0,, 2Si0, + 
Al,O, in solid solution; and y mullite was 3Al1,0,, 
2Si0, + 1 per cent. TiO, or Fe,O,. 

The last paper, ** Devitrification in Tank Furnaces : 
A Preliminary Note,” was by Mr. R. Halle, and Pro- 
fessor W. E.S. Turner. It referred to the earlier work 
which the authors had carried out, as a result of which 
it was concluded that the temperature gradient with 
depth in a model tank was more pronounced for 
coloured than for colourless glasses. The present work 
was an attempt to determine the temperature gradients 
at greater depths. The original tank, 12 in. by 8 in. 
by 6 in., was modified to 12 in. by 8 in. by 12 in., giving 
& glass depth of 10 in. Melts of coloured and colourless 
cullet were made under constant conditions of gas 
consumption and time. The results for colourless 
glass showed that, comparing the temperature gradients 
with those obtained with the previous shallow tank, 
the temperatures for the same depths in the deeper 
tank were lower throughout the comparable range. 
When the tank was tapped, the first 5 in. of glass 
were clear and seed free, but at a depth of 6 in. devitrifi- 
cation had commenced. The curve for the temperature 
gradient indicated that below 6 in. depth the conditions 
were favourable for devitrification. The results for 
the dark-green glass showed that the greater absorb- 
tivity of the glass in the upper layers prevented the 
transmission of heat to the lower layers, so that below 
a depth of 54 in. the cullet had not been melted at all. 
Devitrification in this case took place between 34 in. 
and 54 in. depth. For the first 3} in. a comparison 
with previous work in a shallow tank showed that the 
temperatures at given depths were lower for the 
deeper tank. 








Tue LATE Mrs. R. E. B. Crompron.—The death is 
announced of Mrs. Crompton, the wife of Colonel R. E. B. 
Crompton, C.B., F.R.S., the well-known electrical and 
mechanical engineer. Mrs. Crompton was 92 years of 
age and was married on June 6, 1871. She was associated 
with her husband as private secretary at the time of the 
founding of Messrs. Crompton and Company, and greatly 
assisted in the commercial administration of the firm. 
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THE above description——vertical roto-shaving machine 


-will, perhaps, be somewhat unfamiliar, since its 
middle term, ** roto-shaving,”’ refers to a machining 
operation only comparatively recently introduced 


in the United States and, so far as we are aware, not 
practised to any great extent in this country. Roto- 
shaving is a finishing process applied to circular, cylin- 
drical and conical surfaces as an alternative to grinding, 
and is effected by rotating the work in contact with 
tine-pitch helical milling cutters, which, of course. are 
also rotated. An example of a vertical roto-shaving 
machine is shown in Fig. 1, and diagrams of typical 
tool settings are given in Figs. 2 to 4, on this page. 
The machine is manufactured by Messrs. National 
Broach and Machine Company, Shoemaker and St. 
Jean, Detroit, Michigan, U.S.A. Before dealing with 
the construction of the machine some comments on its 
performance would seem desirable, that, in 
ordinary milling operations, the swarf is generally 
heavy, the chief object in milling being to remove as 
much stock at a time as is consistent with a reasonable 
finish. The cut in roto-shaving, on the contrary, is 


seeing 





| 


| 


roto-shaving machine is approximately three times 
that of a grinding machine turning out comparable 
work. Idle time for wheel dressing is eliminated, nor 
is it necessary to check the parts frequently for wear, 
as the changes in cutter size due to wear are very gradual. 
Machine adjustments to hold a specified tolerance are 
required at long intervals only ; thus, a careful gauging 
of 4,000 consecutive parts showed a maximum variation 
of only 0-001 in. on the diameter. This tolerance 
can be maintained with satisfactory finish on a cylin- 
drical surface 2 in. in diameter by 1} in. long, when 
being produced at the rate of one work-piece every 
7 seconds. It must be pointed out, however, that this 
rate was obtained on another type of machine than 
that illustrated, namely, on a vertical machine with four 
work heads arranged on a rotating turret, so that 
there are four working stations. The cutter life 
naturally, depends to some extent on the hardness of the 
material, but a typical example is some 4,000 work- 
pieces between grinds. Sharpening can be done with 
ordinary shop grinding equipment and requires only a 
few minutes. The cutters can be sharpened 40 times 
to 50 times during their life. The machine does not 
require skilled mechanics for its operation. 

Referring to Fig. 1, the work head is seen arranged 


extremely light, the stock removed ranging from | vertically at the centre of the machine and has a fixed 
0-010 in. to 0-015 in. on plain flanged surfaces, or | headstock and an adjustable tailstock. It will accommo- 
approximately 0-020 in. on the diameter of cylindrical | date work up to 10 in. long by 4 in. in diameter. The 


parts. In consequence, the metal is removed in fine 
hair-like forms resembling minute helically-wound tubes. 

It is claimed for roto-shaving that the results pro- 
duced by it are equal to, and sometimes better than, 
those obtained by grinding. while the cost is very 
greatly reduced. This claim is made for parts of which 
the surface hardness does not exceed 38 Rockwell, 
but at the same time the process can be successfully 
applied to parts having a surface hardness as high 
as 68 Rockwell. 


The economy is stated to be due to | 


the fact that the cost of the milling cutters per work- | 
}and are in appearance not unlike helical bevel gears, 


piece is considerably lower than that of grinding wheels 


and diamonds, and that production per hour on the! but in some cases, where surfaces at right angles are to 


spindle is driven through a flat belt, by a vertical motor 
mounted on the back of the machine. The two cutter 
heads are arranged on slides at an angle, one on each 
side of the work head, and each has its driving motor 
mounted on the carriage. The movement of the slides 
is at right angles to the axis of the cutter spindles 
and each is determined by the rotation of a cam. It 
will be recognised that the axes of all three spindles lie 
in different vertical planes. The cutters are approxi- 
mately 7 in. in diameter and have, normally, a tooth 
pitch of about | in. For most jobs they are bevelled 
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be finished, a double-bevel cutter is used. Such a tool 
set-up is shown in Fig. 1, and diagrammatically in Fig. 2. 
The work is a pinion of a motor-car clutch gear and is 
being roto-shaved on the periphery and thrust face 
at two points, i.e., four surfaces in all. The gear teeth 
are cut at a subsequent operation and it is in order to 
provide accurately-finished holding surfaces for this 
that the parts indicated are roto-shaved, these parts 
being, of course, the journals and thrust faces. 

A plain bevelled cutter is seen in use at the upper 
part of Fig. 3, and, at the lower part, a stepped bevelled 
cutter. The plain cutter is carrying out a facing 
operation and the stepped cutter a turning operation 


on two different diameters at once, as well as a 
narrow facing operation. Cutters can be built up, 
however, to finish more surfaces at a time; for 


example, two stepped bevelled cutters mounted in 
series on the spindle can be employed to face two 
surfaces and to turn two surfaces simultaneously. The 
other spindle can be used on a different part of the 
work. The direction of the feed and the cutter with- 
drawal is indicated by double-headed arrows in Figs. 
2 and 3. These movements are automatic, the cycle 
being as follows :—-The work having been loaded, the 
machine is started by actuation of a push-button. 
Both cutter slides advance quickly to the cutting 
position, then feed at the pre-determined rate and 
through a pre-determined distance. A short dwell 
precedes the return of the slides to the starting point, 
when the work is unloaded. This cycle normally takes 
about 20 seconds. It will be clear that the work is 
readily accessible. Since the two cutter spindles are 
respectively “‘ above ” and “ below ”’ the work spindle, 
the cutter-spindle axes can be crossed, that is, the 
cutters can be arranged tangentially to the work. 
This arrangement gives what is virtually a preliminary 
roughing cut followed by maximum cutting and, finally, 
a light finishing cut as the cutter leaves the work. 
When wholly cylindrical work is being finished, 
parallel cutters are used, as shown in Fig. 4, the part 
here machined being a laminated rotor, and the opera- 
tion replacing a previous grinding one. The cutter, 
it will be noted, is of the same width as the work, but 
long cylinders of uniform cross-section can be roto- 
shaved by turning the slides so that their travel is 
parallel to the axis of the work spindle. The slides 
are not capable of immediate angular adjustment, as 
they are pinned for long runs to the face of the machine, 
but they are capable of alteration in the sense of setting 
up the machine for a particular job. The roto-shaving 
machine is made as a horizontal machine, in addition 
to the vertical type here illustrated and the vertical 
turret type mentioned previously. This machine 
functions in the same manner as the vertical type, but 
is more suitable for parts having long shafts, since it 
will accommodate parts up to 24 in. in length and 





4 in. in diameter. 
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LABOUR NOTES. 


Mr. MArncusBank, general secretary of the National 
Union of Railwaymen, stated last week that ‘apart 
from any increase in the standard rates of wages 
arising from the recent decision of the Railway Staff 
National Tribunal, it had been decided to submit a 
claim to the Railway Executive Committee—which 
now operates the railways for the Government—for a 
flat rate wage increase of 10s. a week for the traffic 
grades. This step was being taken, it was explained, 
in view of the rise in the cost of living and the changed 
circumstances due to the war. The railway shopmen, 
Mr. Marchbank added, had also asked for an all-round 
increase of 10s. a week and a minimum wage of 50s. a 
week, 

According to a statement issued on Friday last by 
the National Union of Railwaymen, there is consider- 
able dissatisfaction amongst members with the delay 
of the railway authorities in accepting and applying 
the recent majority award of the Railway Staff National 
“ It is, of course, optional,” the statement 
went on to say, “ on parties to the proceedings before 
the Railway Staff National Tribunal to accept or 
reject the findings, and in that event for either party 
concerned to take whatever steps appear to be appro- 
priate to enforce a satisfactory decision. The lapse of 
time since the hearing of the claims and the decision 
is considered to have been sufficiently long to enable 
a definite conclusion to be reached. The position has 
been made because there are now the 
war circumstances to consider. The rise in prices has 
been such as to call for some increase in pay to meet 
the position, and a further claim has had to be sub- 
mitted.” 


Tribunal. 


more serious 


When he announced the executive's decision to 
make a claim for a flat-rate increase of 10s. a week in 
the wages of the traffic grades, Mr. Marchbank ex- 
pressed the opinion that the question of the cost of 
living sliding scale would have to be dealt with after 
a settlement had been reached in respect of the majority 
findings of the National Tribunal. -On this point, the 
statement issued—presumably by the executive- 
said : It is averred in some quarters that the 
cost of living index figure determines the increases in 
pay to railway grades. While there is a sliding scale 
in operation, this only covers certain grades. There is 
no uniformity in respect of grades throughout the 
service. Apart from this, the view is held that the 
figures published in the Ministry of Labour Gazette do 
not adequately express the situation in regard to the 
cost of living.’ 


In the House of Commons on Thursday last week 
the Minister of Labour was asked if he could explain 
the reason for the continued existence of over 32,000 
unemployed in the various branches of the engineering 
industry and the existence of over 18,000 in the ship- 
building and ship-repairing industry; and whether 
it was proposed to absorb them in the repair and 
replacement of our losses at sea. Mr. Brown replied 
that the figures quoted covered all unemployed workers 
belonging to these industries, including office staff ; 
moreover, a proportion were temporarily unemployed 
between successive jobs, this being so particularly with 
repair workers. ‘The number of skilled mechanics 
unemployed in the engineering trades was small; a 
similar position was approaching in the shipbuilding 
industry, and his information was that any surplus 
of skilled mechanics in this industry was likely soon 
to have opportunities for employment. 


On the same day, a Labour Member asked the 
Secretary of State for the Home Department whether 
he had in contemplation any measures to mitigate the 
hardship which fell upon open-air workers, such as 
shipyard workers, who were not able to work full time 
in the open air owing to black-out restrictions; and 
whether, in particular, he would devise some scheme 
for the special warning of such important branches of 
activity which would enable them to work under 
partially screened lights, subjec: to their being extin- 
guished on such special warnings being given. Sir John 
Anderson replied that schemes of suitably screened 
lighting, to be extinguished on receipt of an air-raid 
warning, had already been devised for various industries, 
including shipbuilding, where essential outside work 
had to be done. 


** Particulars of a scheme providing for payment in 
cases of interruption of work in consequence of air-raid 
warnings and air raids " are given in the official report 
of the Boilermakers’ and Iron and Steel Shipbuilders’ 
Society. 
with the Shipbuilding Employers’ Federation on the 
basis that the Federation, as a temporary measure, 
subject to revision as necessary in the light of experience, 
would recommend all shipbuilding and ship-repairing 


Agreement has been reached, it is stated, | 
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firms to make payment on certain terms to workpeople | the sole object of which should be to allow the under- 
in cases of interruption of work as a result of air-raid| taking, with the help of a temporary subsidy, to 


warnings and air raids. 
The agreed terms are as follows :—({1) Where, 
during ordinary working hours, workmen who have 


| engage unemployed persons who would be capable of 
| filling positions in the undertaking satisfactorily after 
| @ period of training or re-training. As a result of this 
appeal, a number of consultations have been arranged 
by the head of the Employment Development Service 


booked on and are otherwise available for work and | : : aah 
| between representatives of the national organisations 


are prevented from working by having to take shelter 
on the firm’s premises as the result of air-raid warnings 
or air raids, they should be paid for such time the 
plain time rates of their class. (2) Where workmen 
who would have been working but for air-raid warnings 


of employers and workers and of the Association of 
Municipalities of the Netherlands. 





The national organisations of employers and workers 


or air raids take shelter on the firm’s premises during| in the Netherlands have sent a joint letter to the 
overtime, night-shift, Saturday, Sunday, or holiday | Minister of Social Affairs asking him to extend the 


hours, they should be paid in addition to their plain | s 


time rates, the appropriate overtime, night-shift, 
etc., payments applicable to time workers of their class. 


(3) No payment should be made to workmen for time|to pay ‘“ waiting allowances ” 


ystem under which employers, who are temporarily 
obliged to cut down the work of their undertakings, 
receive State and municipal subsidies to enable them 
to their workers in 





lost prior to booking on through delay in reaching the | accordance with a plan approved by the authorities, 


firm's premises, though such delay may have resulted | 


from air-raid warnings or air raids. (4) No payments 


and thus to avoid dismissing staff. The system of 


| « waiting allowances ’’ was introduced during and after 


should be made for time spent in shelters on the firm’s| the war of 1914, when the situation was very similar 


premises during meal intervals or after the workman’s | to the present one. 


The business stagnation affecting 


normal stopping time except under (2) in respect of | many undertakings is not due to general economic 


time when the workman would have been at work but 
for having taken shelter. (5) These payments will 
apply to all workmen, whether time workers, or men 
employed on piecework, or on liew rates. 


To enable wage earners to contribute to the Lord 
Mayor of London’s Red Cross and St. John Fund for 
the Sick and Wounded in the war, a penny a week 
scheme was launched at the Mansion House, London, 
last week. The scheme, which has the approval of 
trade-union leaders, is that each worker will be asked 
to give a penny a week for the period of the war. Mr. 
W. Holmes, president of the T.U.C., said that the 
Congress represented a body of some 5,000,000 wage 
earners who recognised and were ready to face the 
struggle which lay ahead in overcoming the machine 
which had been built in Germany for the destruction of 
human liberty. It was the historic mission of trade 
unionism to fight for freedom and defend the weak, 
and those whose duty in the struggle was in the fields 
and factories producing the sinews of war would welcome 
the scheme to ensure such services and comforts for the 
sick, wounded, and prisoners of war as could be pro- 
vided through the Red Cross organisation. Mr. W. M. 
Wiggins, president of the British Employers’ Confedera- 
tion, said that the fact that the scheme started with the 
backing of the Trade Union Congress was the surest 
guarantee of its success. 


It was reported to a recent meeting of the Trades 
Union Congress General Council that the Prime 
Minister and the Home Secretary had been pressed by 
letter for early action by the Government with the 
object of increasing the amount of Workmen’s Com- 


pensation on the lines of the T.U.C. evidence to the | 


Royal Commission. The Council decided that 
Prime Minister should be asked to receive a deputation 
on the matter. The Council also decided to raise 


the | 


with the Prime Minister the question of increasing the | 


income limit for unemployment insurance in respect 
of non-manual workers. A report of the deputation 
to the Chancellor of the Exchequer on the subject of 
increases in pensions was considered. The members 
of the deputation, it was stated, had dealt with the 
matter in a preliminary and informal discussion and had 
adjourned further discussion pending the receipt of a 
report from the Government Actuary upon financial 


details when the question will again be taken up with | pe exceeded if ove 


the Chancellor. In view of these discussions, it is 
stated, the General Council hope that resolutions 
which are not in accordance with the Movement’s policy 
will not be adopted by Trades Councils. 


The Netherlands Minister of Social Affairs recently 
appealed to the national organisations of employers 
(the Netherlands Employers’ Federation, the Protestant 
Employers’ Federation, and the Catholic Employers’ 
Association) to assist in the effort to reduce unem- 
ployment by training and re-training workers. The 
Minister has pointed out that although the employers 
had always lent their aid in the past, a much greater 


conditions but in many cases to temporary difficulties 
such as a shortage in the supply of raw materials, the 
sudden disappearance of markets, etc. The advan- 
tage of this system, it is pointed out in the letter, is 
that it stabilises employment by allowing working 
relations to be maintained between the employers and 
workers during periods of economic difficulty. 


An Order issued by the Swiss Federal Council on 
October 17 to amend the Act of March 26, 1931. 
relating to the settlement and residence of aliens in 
Switzerland, embodies new regulations for the employ- 
ment of aliens. Under the previous regulations (Jndus- 
trial and Labour Information says) any alien was free 
to take up employment in Switzerland if he was in 
possession of a residence permit or a settlement permit 
| entitling him to work in the country. In order to 
| reserve employment for Swiss nationals, and in parti- 
cular for those who have been mobilised or have 
returned from abroad, the new regulations introduce 
restrictions for aliens who change their employment. 
It is laid down that no alien may take a new post 
without a special permit from the cantonal authority 
responsible for the supervision of aliens ; this permit, 
which may be of a limited and conditional nature, may 
as a rule only be issued subject to withdrawal at any 
time. These provisions apply also to aliens who took 
'up new work between August 28 and October 17, the 
date when the present Order became operative. If 
| the competent cantonal authority refuses to allow an 
alien in possession of a residence permit to take up a 
new post, the alien in question may appeal to the 
Department of Justice and Police. 





The Comptroller-General of the United States has 
made a ruling to the effect that any contract which is 
subject to the provisions of the Public Contracts Act 
of 1936 should not be held to be subject to the Eight 
| Hour Act of 1912. The ruling was given on a case in 
which both Acts were apparently applicable. The 1912 
Act applies to contracts for construction, repair and 


| other services in connection with buildings erected for 


| application of the eight-hour day. 


| 
| 


effort could be made, and it was of vital importance at | 


the present time. The aim of the Ministry was to 


reduce State intervention to a minimum. Any employer | 


who considered that, by making certain arrangements 
with the authorities he would be able to engage 
unemployed persons, was asked to get into touch with 


the Federal Government, but not to articles ordinarily 
purchased in the open market. It requires a strict 
The 1936 Act 
applies to contracts exceeding 10,000 dols. for the 
delivery of articles or materials to an agency of the 
United States. In this case, the eight-hour day may 
rtime rates are paid. The scope of 
the two Acts overlaps in some cases, as, for instance, 
in the case of a contract exceeding 10,000 dols. for the 
delivery of articles or materials not usually procurable 
in the open market. In that case, according to the 
ruling given, only the 1936 Act will apply. 








BORING FOR OIL IN Papua.—aAfter aerial surveys 
conducted on an extensive scale, during which 13,000 sq. 
miles of territory in Papua and New Guinea have been 
photographed, a site for the first deep test well for oil 
has been selected, in Papua, by Messrs. Australasian 
Petroleum Proprietary, Limited. It is stated in a recent 
issue of the Australian journal, Chemical Engineering 
and Mining Review, that the site has been examined by 
geological field parties and that, in order to assist in 
choosing the most promising point for the first test by the 
drill, a seismograph party has recently arrived in Papua. 


| The party includes an adviser who has had many years’ 


the head of the service of the Ministry responsible | 


for the development of openings for employment. 


This official would then take the necessary steps, in | 
agreement with the employment exchanges, the labour | 


the 
arrangements, 


where necessary, 
make satisfactory 


and, 
to 


inspectorate 
organisations, 


workers’ | 


experience in conducting seismic operations in Iran. 


| Modern drilling equipment, capable of boring to depths 


of 10,000 ft., if necessary, has been ordered, and the first 
consignments have already been despatched. The 
aerial-survey programme, which was inaugurated last 
December, is being continued. 
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(Concluded from page 623.) 


THE cathode and anode are each insulated from the 
body cylinder by a porcelain sleeve 60 in. long. After 
some experimental work, successful joints in these sleeves 
were made by shrinking suitably-shaped steel flanges 
on to the porcelain to give the necessary mechanical 
support and bolting these flanges to the body cylinder 
or end plates to which the cathode or anode are secured. 
The shrunk-on joints are sealed with bitumen and the 
demountable joints are oil sealed. This method is 
illustrated in Fig. 6. on page 650. 
cylinder a is first ground externally for a few inches 
axially at each end, as accurately as possible. No 
attempt is made to grind the porcelain to a specified 
diameter to close limits, but when it is ground its 
average diameter is computed from a number of mea- 
surements, and the steel flange b is machined to suit 
with an interference tolerance of 0-0007 in. per inch 
diameter. The porcelain is heated to 63 deg. C. and the 
steel flange to 150 deg. C., at which temperature it is 
easily placed over the porcelain. The parts are allowed 
to cool slowly and the sealing channel d is then filled 
with special bitumen. Having attached the steel flange 
to the porcelain cylinder, this flange is jointed to the 
flange c by means of a led gasket c, which is sealed with 
Apiezon J oil g, retained by a cork gasket f. The elasti- 
city of the cork ensures that the full pressure holding 
the joints together is applied to the lead gasket. 

The cathode consists of a steel support tube 4 in. in 
diameter and 14 ft. long. This tube is fastened to the 
end plate, which is bolted to the steel ring on the porce- 
lain insulator. The end nearest the target is fitted 
with a hemispherical nose, which has a centre hole 
4 in. in diameter to focus the electron beam on to the 
target. The other end, which is fastened to the end 
plate, is stiffened by four steel webs over which fits a 
thin sheet-steel conical stress distributor. 
and its end plate are bolted to a steel cradle which is 
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also attached to the steel cradle, which is supported on 
the porcelain insulating column n. The cradle is made to 
slide parallel to the tube axis so as to facilitate erection 
and to allow for longitudinal expansion. The lead 
weight is in the form of a number of disés 30 in. in 
diameter. These are fixed into a sheet-steel case 
mounted perpendicular to the axis of the tube. It 
serves the additional purpose of absorbing those primary 
X-rays almost parallel to the tube axis which are not 
intercepted by the lead protective cylinder. In the 
centre of the discs a hole is provided through which 
the filament-holding device is inserted into the cathode 
support tube. This hole is covered by a hinged lead 
block. 

The filament-holding device is located in position 
by the contact of its optically-flat end flange with a 
corresponding flat on the cathode end flange and the 
joint is made vacuum-tight with an Apiezon sealing 
compound. The filament changer is made in t 
sections to facilitate its removal from the tube when 
filaments have to be replaced. As shown in Fig. 5, 
the filaments are held in a hexagonal head which is 
mounted on a spindle. This spindle may be rotated 
by means of bevel gears and a shaft running the full 
length of the filament-changing unit. A rotatable oil- 
sealed cone is used to transmit the rotary motion 
through the end cover, so that by turning a knob the 
filament head is rotated and a pointer indicates the 
number of the filament in use. One leg of each filament 
is fixed in the steel body of the filament head ; which 
is electrically connected to the cathode supporting 
tube. The other leg of each filament is fixed in a 
small steel block, which is insulated from the head. 
A contact brush connects the block of the filament in 
use to an insulated conductor rod. When any one 
filament is in use the remaining five are disconnected. 
A small tray catches broken pieces of tungsten to prevent 
them from interfering with the rotation of the head. 
The filament current supplied by the generator mounted 
on the support insulator is controlled by a rheostat 





The cathode | 


mounted close to the generator marked o in Fig. 1, 
which, in turn, is adjusted by an insulated shaft 


marked m in Fig. 1, page 622, ante. The moment of the | operated by a motor at the base of the support insulator. 


cathode about the point of support of the cradle is 
i 


The anode consists of a steel tube 5 in. in diameter 


balanced by the moment. of the lead weight J. This is! and 15 ft. long.- This is bolted to an end plate cradle 








Fig. 5. Firament Houper. 


and lead balance weight in a manner similar to that 
described for the cathode. The tube carries the target 
unit, which consists of the target head and water- 
circulating pipes with supporting discs and an end 
plate, which is lapped flat to make a vacuum-iight 
demountable joint. Thus, like the filament head, the 
target may be removed by breaking a joint of small 
diameter without disturbing the general assembly of 
the tube. The target is a bi-metal disc consisting of 
gold 0-02 in. and copper 0-06 in. thick. The disc is 
hard-soldered to a copper cup, the end of which is 
formed at 30 deg. to the normal. This cup is soft- 
soldered to a copper block into which the water- 
circulating pipes are hard-soldered so that the cup 
can easily be removed for target replacement. Turbu- 
lence of the water flow is ensured behind the target 
by greatly reducing the cross-section of the water 
passage at this point. It has been found that a flow 
of 10 gallons per minute producing a pressure drop of 
10 Ib. per square inch provides adequate cooling of the 
target. A temperature rise of 15 deg. C. occurs with 
a dissipation of 4 kW at the target. A water flow 
relay is connected in the water circuit. 

The high vacuum is maintained by continuous 
evacuation with Apiezon oil-diffusion pumps backed 
by mechanical pumps. A diagram of an extra high 
speed diffusion pump, which was used for the first 
time on this tube, is given in Fig. 7, page 650. Its 
pumping speed is 180 litres per sec., measured in a wide 
pipe just above the cowl. This high-speed pump is 
backed by a high backing pressure diffusion pump, 
which is backed, in turn, by a two-stage rotary pump. 
There are two complete pumping plants, one at each end 
of the body cylinder and they are joined to the tube 
through 8-in. diameter pipes and cylindrical conden- 
sation traps. These traps can be filled with a re- 
frigerant for check experiments, but as they offer no 
serious impedance to gas flow they have been left per- 
manently in position when not in use. Near the 
junction of the side pipe to the tube a metallic gauze 
was fitted into the pipe to act as an electrode in the 
event of a gas discharge, which otherwise might 
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terminate on an oily surface and cause cracking of the 
oil. Between this diffusion pump and the two-stage 
rotary pump there is a flat vacuum tap, which is 
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500-KV. Direct-CuRRENT 
GENERATOR. 


operated by a hydraulic ram. The water valve of 
this ram is controlled by an electromagnet. A drum 
switch is fitted to the. spindle of the tap-operating 
mechanism in order to change over certain electrical 
connections associated with the protective gear when 
the tap is closed and when it is open. Preliminary 
evacuation from the atmosphere is effected by a 
single-stage rotary pump with a capacity of 40 cub. ft. 
per minute. The pressure falls to 0-1 mm. in 30 
minutes and to 0-04 mm. in another 30 minutes. 
At this pressure the diffusion pumps are automatically 
switched on and are operating in 20 minutes. The 
tube can be energised in another 20 minutes. Normally, 
if the tube has not been at atmospheric pressure the 
tube may be energised within 40 minutes from the 
moment the pumps are switched on. 

\ number of relays are incorporated in the equip- 
ment directh, associated with the X-ray tube to 
prevent damage in the event of faults occurring in this 
——— A centrifugal switch prevents operation 
of the tube when the radiator-cooling fan is running 
below an optimum speed, and a vane-type water-flow 
relay operates if the supply of cooling water to the 
target should fail for any reason. The operation of 
these and of the high-tension overload relays is trans- 
mitted to low-tension contacts at ground level by 
insulated rods. Pirani gauge vacuum relay elemente 
connected in bridge circuits are fitted in each vacuum 
system, and changes in gas pressure operate sensitive 
direct-current relays. By varying the voltage across 
the bridge the relay may be set to operate at any 
desired gas pressure within a limited range. The 
vacuum relays are arranged to open each vacuum ta 
after the rotary pump has produced a low enoug 



























































METROPOLITAN-VICKERS ELECTRICAL COMPANY, LIMITED, MANCHESTER. 
Fig. 4 ' Fig.8. Rs 
4Vid.c.) 
G, 
DAS C, i 
4 
j ( 
- fe 
Rq 
aie 
& 3Rs 
C 3R, 
ie =e 
Goran) By “ENGINEKRING” 

















Fie. 10. 


pressure in the vacuum system up to the closed vacuum 
tap. When the tap has opened and the gas pressure 
in the whole tube is at a sufficiently low value, a second 
vacuum relay causes the diffusion-pump heaters to be 
switched on provided there is a sufficient water flow 
through the pump jackets. A bi-metallic strip thermal 
relay is fitted to the base of each diffusion pump and 
the contacts are set to close when the pump base is 
at the correct temperature for ebullition. Since it is 
fairly safe to assume that if the pump base is at the 
correct temperature and if the vacuum pressure behind 
the pump is low enough to operate the Pirani gauge 
relay, the pressure in the tube will be less than 10-* mm., 
then the high-potential generator may be switched on, 
provided the target cooling-water system is in operation. 
The cooling water for the diffusion pumps is checked 
for flow by passing the outlet through a bucket-type 
water relay. The diffusion pump system is made fully 
automatic so that three switches on the control desk 
start respectively the three sequences of operations for 
the tube and the two generators. 

Both high-voltage generators are designed for 500 kV 
with respect to earth and are similar in all essential 
details. The circuit used is that due to Cockcroft and 
Walton, but has been modified slightly by the addition 
of series resistances in the condenser circuit. As shown 
in Fig. 8, it consists of a transformer for peak voltage V, 
four valves, each capable of withstanding 2 V reverse 
peak voltage, and four condensers, three of which 
are designed for 2 V direct-current and one for 1 V 





INTERLOCKED Barytes-ConcRETE BLOCKS. 


direct-current. The generator delivers a constant 
voltage of 4 direct-current. The circuit is parti- 
cularly suitable for continuously evacuated thermionic 
rectifiers, as all four rectifiers may be mounted on top 
of each other on the pumping plant. The generators 
for supplying the valve filament currents and the 
condensers may be heated in like manner. Fig. 9 
shows the complete assembly of the negative 500-kV 
generator. 

The envelopes of the rectifying valves are porcelain 
cylinders, 25 in. long, the end faces of which have been 
ground flat. Steel junction boxes with similar flat 
faces are located between adjacent envelopes and 
support the anode of one valve and the cathode of its 
neighbour. The hollow anodes are of steel tube with 
flared-end stress distributors, spaced 1-5 in. from 
similar stress distributors on the cathode assemblies. 
To avoid dismantling the rectifiers in order to replace 
the filament in any valve, a removable filament zy 
is used. In this the filament is mounted on a small 
support which screws into a steel head attached to a 
coiled spring. On the other end of this spring is fitted 
an end plate through which the filament supply is 
taken. The filament head is inserted into the side 
opening in the junction box and propelled by the 
spring slides easily up the bent steel cathode tube. 
A conical shoulder at the head of the cathode ensures 
that the filament is brought into the correct position 
opposite the anode and a slight pressure is exerted by 
the spring to keep the assembly in position. The faces 
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of the end plate and the side entry on the junction box 
are ground to optical flatness and a good vacuum joint 
is made with Apiezon bitumen. The valves are 
evacuated by a pumping plant similar to that on the 
X-ray tube and the pumping sequence is fully auto- 
matic. The filament-current generators are 150-watt 
direct-current machines mounted one above the other 
in stress distributors separated by Bakelite cylinders 
capable of withstanding 250 kV each. The generators 
are driven by Tex rope belts from a motor at ground 


level. These belts are stressed at an average gradient | 


of 100 kV per foot, and have given no trouble during 
the two years they have been in operation. 

It has been found essential to stabilise the circuit 
with resistances and 50,000 ohm oil-immersed units 
are placed between each condenser, so that all circuits 
contain at least this value of resistance. In addition, 
a resistance of 3-2 megohms connects each generator 
to the X-ray tube. These values have been determined 


empirically and are sufficient to prevent damage to | 


rectifiers or tube during short circuits. An upper limit 
to the value of these stabilising resistances is, of course, 
set by the maximum permissible voltage drop across 
them during the fraction of the cycle when current is 
passing through the valve. The maximum value 
would be 25 kV for a rectifier saturation current of 
500 milli-amperes, but it is unlikely that the effective 
voltage drop is as high as this since the load current 
is only 5 milli-amperes. Indeed, it is known that, even 
including the voltage drop across the valves, the overall 


voltage efficiency is 86 per cent., expressed as 100 | 


(output voltage) /4 (peak input voltage) with a load 
of 5 milliamperes at 500 kV output. Protection 


against sustained overload is accomplished by an/| 


overload relay in the primary circuit of the main 
transformer. Short-circuits of rapid development in 


the rectifier circuit are catered for by a sensitive high-| this may be due to rapid increase in speeds and wing 
tension overload relay connected in the outgoing lead | loadings, but it all goes to show that the aircraft 


from the main transformer. This relay operates 
contacts at ground level through an insulated rod. 
Overloads taken by the X-ray tube operate another 
overload relay in the lead from the generator to the 
X-ray tube. In this way the equipment is, it is claimed, 


conditioned and operated by lay personnel. 
The generators were tested to +600 kV and —700 kV, 


measured by 50-cm. spheres. A combined test at 

+600 kV was made, in which case the voltage was 
measured by 100 cm. spheres. On site, voltage measure- 
ment was primarily effected by two pairs of 50-cm. 
spheres, but recently high-resistance wire-wound and 
also composition-type resistances of 2,000 megohms 
have been used in conjunction with electrostatic instru- 
ments mounted on the control desk to give direct 
indication of the voltage on each end of the tube and 
also the summated voltage. Although the rectifiers 
have been in use for over two years, it has only been 
found necessary to clean them internally once. There 
is a certain amount of tungsten and carbon deposited 
on the inner walls of the insulator and when this 
accumulates the recvifier becomes unstable and flashes 
over repeatedly. So far, no porcelain insulation has 
failed. The presence of the resistances in each conden- 
ser circuit is no doubt responsible for the absence of 
appreciable metallic sputtering in the rectifiers. Fila- 
ments are normally replaced every three months, in 
which time they have operated some 500 hours. Their | 
life is longer, but since their cost is negligible this | 
regular replacement gives an added assurance of | 
uninterrupted treatments. The control of the genera- 
tors is located outside the treatment room, but the | 
relays governing the automatic pumping sequences are 
in kiosks, one in each apparatus room. The voltage on | 
each generator may be raised automatically and sepa- | 
rately, or the two may be locked together. The | 
pumping sequences of generators and the like are indi- 
cated on an illuminated diagram. In addition, the gas 
pressure in the tube can be continuously measured by 
ionisation gauge and the X-ray intensity is indicated 
at the control desk. 

The degree of X-ray protection on the tube has 
already been specified. To absorb the main beams 
and scattered radiation during treatments the treat- 
ment room was built of barium-sulphate concrete cast 
into the form of interlocking blocks and erected as 
shown in Fig. 10. The main beam intersecting at the 
wall of the treatment room, a general view of which is 
given in Fig. 4, on page 649, was anticipated to amount 
to 10 r per minute, so that absorption by a factor 
of at least 10‘ and preferably 105 was desirable. This 
is obtainable with 5 in. of lead or 165 in. of barium 
concrete, and therefore the double wall of 9-in. thick 
blocks erected in the line of the main beam should be | 
adequate. Elsewhere there is a single wall of 9-in. | 





|treats each design on its merits. 
| design, by contrast, now that airscrews are made by 
| one or two specialist firms, is comparatively rigid, apart 
; | from the variety of materials, and it is the exception for 
protected against all types of overload and can be | blades to be specially designed for a particular machine. 


: : | efficiencies of the order of 90 per cent. being quite 
respectively, before erection on site, the voltage being | 


AERONAUTICS AND SHIP DESIGN.* 
By J. Lockwoop Taytor, D.Sc. 


THE main purpose of the present short paper is to 
give a summary of some of the results of the vast bulk of 
aeronautical research carried out in recent years which 
appear to be most readily applicable to the problems 
confronting the naval architect. These results, 
appearing in scattered publications and not always in a 
very digestible form, are, in consequence, not easily 
available for practical application, except to those 
| who have made a special study of them. Opportunity 
will also be taken to make a few general remarks on 
the methods of aeronautical design, and the attitude 
of the aircraft designer to his problems, which may 
be of interest to naval architects. 

Broadly speaking, it can be said that aircraft design 
is based much more on first principles and research data 
and much less on empirical rules and adaptation of 
previous designs than is the case with ships. On the 
aerodynamic side, complete reliance is placed on theory 
as confirmed by wind-tunnel and full-scale flight-test 
results, so far as the lift and drag of the wing are 
concerned. Other than wing drag and wing-profile 
drag is treated as skin friction, plus a percentage for 
roughness and form effects. Stability, which, in 
practice, mainly means longitudinal stability as deter- 
| mined by the size of the tail, is more empirical, but 
wind-tunnel results are used as a guide. On the 
structural side, certain basic loading assumptions are 
made for the type of aircraft and the work it has to do, 
and on these assumptions every item of the structure is 
calculated in considerable detail. There is no stereotyped 
| form of structure, and wide differences occur not only 

between the products of different firms, but between 
| successive designs of the same design unit. In part, 


| designer views his problems with an open mind and 
Airscrew-blade 


However, since the efficiency losses are so small, 


common, the scope for improvement by refinement 
of design, apart from the reduction of losses due to 
compressibility at high tip speeds, is comparatively 
small. 

Propellers.—One of the most obvious applications of 
aeronautical research is to marine-propeller design. 
A summary of the present position of the theory 
has been given by the authort elsewhere, and attention 
will be confined to its applications. The term “ vortex 
theory ” is one which has been widely abused. In 
particular, it has been applied to what is really only a 
simple momentum theory, and the comparative lack 
of success in attempting to apply this theory to ship 
screws has discredited the true vortex theory, which 
does, in fact, apply with considerable accuracy even 
to the widest-bladed propellers. The theory enables the 
working conditions at every section of the blade, i.e., 
incidence, lift and drag and hence thrust and torque 
for the individual section and the blade as a whole, 
to be determined for given speed and revolutions. The 





theory also designates a particular distribution of 
circulation and lift along the blade whichis the optimum, 
giving maximum efficiency. This distribution can be 
achieved by varying either the blade outline or the 
tadial pitch change, the latter being more critical. 
Discrimination between the two alternative methods 
of realising the optimum conditions depends on the 
tip speed and unit loading of the propeller surface ; 
for instance, it may be necessary to widen the tip 
of a highly-loaded screw in order to reduce the maxi- 
mum suction, whereas for a slower-speed propeller a 
moderate tip width with greater tip pitch may be 
desirable. From the cavitation point of view it is 
obviously desirable to have the suction as uniform 
as possible over the whole blade, but where this does 
not arise attention should be concentrated on reducing 
the profile-drag loss of the blade sections. It is this 
aspect which has been given most prominence in the 
claims made for aerofoil propellers. Streamlining 
to reduce the form drag, and hence the total profile 
drag, is certainly indicated when a sufficiently high 
thickness-chord ratio of the section is reached, but of 
probably greater importance for the thinner sections 
is the choice of section camber so that the section is 


when working at high slip, as may be the case on a 
restricted diameter. A further factor influencing 
profile drag is the thickness ratio, and it is possible 
on a basis of wind-tunnel results to specify an optimum 
thickness ratio, giving minimum drag for given strength 
of cross-section, the practical criterion depending 
mainly on the section modulus in bend. Since the 
general character of the variation of thickness’ ratio 
along the radius is fixed by other considerations, the 
optimum cannot be applied to every section, but a 
compromise may be made, due regard being had to 
the interference between adjacent blade sections 
where they are closely spaced at the root. Apart 
from detailed blade design, it may be suggested that 
pitch and diameter should be selected from the calcu- 
lated characteristics of a series of screws rather than 
from model standard series, as is the usual practice, 
since the latter will not, in general, have the correct 
blade form and, further, are liable to scale effect owing 
to the low Reynolds number. Consideration should 
also be given to the number of blades in the light of the 
theory. It can be stated that, provided all the blades 
are designed for the specific working conditions as 
already outlined, there is definite gain in efficiency, 
in the non-cavitating range, by increase in the number 
of blades up to the point where root interference and 
thickness effect on drag become excessive. In other 
words, the induced efficiency increases due to more 
uniform distribution of inflow round the disc, the effec- 
tively utilised disc area being greater the greater the 
number of blades. 

Reference has already been made to the question of 
pressure distribution on the blade, and it should be 
mentioned that aerofoil research has succeeded in 
establishing methods whereby the distribution of 
velocity, and hence pressure, over the blade section 
can be calculated with considerable accuracy once the 
incidence and lift coefficient are known, as is the case 
for a propeller which has been analysed by the vortex 
theory. This question is naturally of greatest import- 
ance for a screw having a high mean unit loading, 
where there is reason to fear the incidence of cavitation 
and consequent blade erosion, but it should not be 
overlooked that even a moderately-loaded propeller, 
for instance, a medium-speed motorship propeller for 
which the revolutions tend to be fairly high, may develop 
high peak suctions locally, causing breakdown of the 
flow which may damage the screw. The cure for this 
trouble is not to add area to the blades, but to use 
sections which, under the known working conditions, 
do not have dangerous maximum suction intensities. 
As an instance of the results to be obtained by re-design 
of the blade sections, while the maximum suction on 
an ordinary section is unlikely to be less than 50 per 
cent. in excess of the mean taken over the whole 
chord, and may easily be 100 per cent. or more in 
excess, the adoption of special sections enables the 
velocity, and hence the suction, to be made practically 
uniform and approximately equal to the mean value 
for the celal screw. 

Before leaving the subject of propellers, reference 
may be made to a method of testing model screws 
already published by the author,* which appears to 
have important advantages over the ordinary tank 
procedure, particularly for investigating scale effect, 
and which also lends itself to the study of cavitation 
under atmospheric conditions. In the case of very 
high-speed craft, it seems now to be generally agreed 
that the screw works under quite abnormal conditions 
as regards the proportion of load on the front and rear 
surfaces, there being a more or less complete break-away 
of flow from the back, so that a high proportion of the 
thrust is developed as pressure on the face, in complete 
contrast to ordinary practice. The author has success- 
fully applied the vortex theory to propellers working 
under these extreme conditions, making due allowance 
for the difference in type of flow, and using a calculated 
value for the modified slope of the lift curve against 
incidence which results. It is remarkable that such 
propellers do not seem to suffer abnormally as regards 
efficiency, due probably to the fact that the back of 
the section is contributing comparatively little to the 
drag, and the question whether the principle of deli- 
berately designing for complete flow breakdown on the 
back is capable of extension to lower speeds seems 
worth investigating. It is even possible that anomalous 
results sometimes recorded for propellers which, though 
cavitating, do not seem to suffer badly, are due, 
rhaps, to accidental realisation of the state of affairs 
just mentioned. In other words, it may be better, 





working near its optimum incidence (giving minimum 
drag). It is here that the vortex theory, by its deter- | 


when a certain stage is reached, deliberately to worsen 
conditions on the back of the blade, rather than 


mination of the working incidence at each section, is| attempt to steer entirely clear of the cavitation 


of assistance. 
Profile-drag losses are of special importance for 


régime. 
Singing Propellers.—Among the propeller problems 


blocks, all round the treatment room and on the two} screws of low pitch, and for higher-pitch propellers|on which aeronautical research may reasonably be 


| 


sides of each apparatus room. The information given 
in the above article is based on a paper which was 


Engineers by Dr. T. E. Allibone and Messrs. F. E. | 
Bancroft and G. S. Innes. 








* Paper read before the North-East Coast Institution 


on November 24, 1939. Abridged. 
t ENGINEERING, vol. 147, page 765 (1939). 
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the work on flutter has been of an ad hoc character 
and to understand the flutter of a marine propeller it 
seems necessary first to find what natural modes of 
vibration the propeller tip is capable of, and what are 
their frequencies, and then to link this up with infor- 
mation derived from the fundamental flutter theory 
as to the phase of the rapid lift fluctuations accompany- 
ing vibratory motion, which may be a mixture of 
translation, incidence change due to torsion and change 
of shape of section associated with transverse flexural 
vibration. The elastic properties of the blade and its 
mass distribution are equally as important as the hydro- 
dynamic characteristics of the blade sections, and 
empirical cures, actual or proposed, which are supposed 
to depend for their efficacy on the latter, may really 
owe their success to different reasons. 
Structure.—Aircraft structures, on account of their 
relatively large dimensions in relation to the loads 
carried, and consequent thinness of the material, tend 
to suffer acutely from local instability where the 
structure is in compression or shear, and it is common 
for the structural sections employed to be of the mini- 
mum thickness and maximum depth which will allow 
the full strength to be developed without local crinkling 
or other form of distortion, since this usually gives the 
lightest structure. The value of a small saving in 
weight is so large that fairly complex shapes and types 
of structure are permissible if they lead to increased 
structural efficiency. These considerations have not 
the same force for ships, at any rate so far as ordinary 
merchant ships are concerned, and there are objections 
to the use of bulky sections of minimum gauge. Aero- 
nautical practice, however, shows what can be done 
in this direction to save weight, where conditions are 
suitable. Another factor which makes buckling a 
more serious problem for the aircraft designer is the 
use of materials, whether light alloys or high-tensile 
steels, which have a high failing stress in relation to 
their modulus of elasticity, since it is the latter which 
determines the buckling load. Aircraft sheet struc- 
tures, “‘ monocoques ” and the webs of deep girders, 
for instance, usually begin to buckle at a small fraction 
of the maximum load for which they are designed, and 
this condition, even though the buckling ceases to be 
elastic and involves permanent set, has to be tolerated, 
so loag as it does not lead to the actual failure of the 
structure. In this case, the estimation of the load 
at which buckling begins, for which the theory is fairly 
well established for all conditions of loading and 
support commonly occurring, is of less importance 
than a knowledge of the behaviour of the stiffened 
sheet following the initial incidence of waving. Here, 
also, there has been sufficient experimental and theore- 
tical investigation to enable satisfactorily accurate 
predictions to be made, and some of this work is 
applicable to ship construction, where the thicknesses, 
though greater, are such that buckling is still possible in 
service, and to a greater extent than is, perhaps, 
generally realised. So far as compression is concerned, 
the problem reduces to exploring the stress-strain 
relation for a rectangular panel with stiffeners along 
the edges, with a view to establishing the ratio of the 
mean stress in the material, taken across the width, 


to the maximum stress, which, of course, is developed | 


in the stiffened edges, or, in other words, finding the 
reduced effective load-carrying proportion of the total 
width of sheet. Most work has been done on panels 
representing part of a structure the main stiffening of 
which is longitudinal, as is practically universal in 
aircraft. 

As regards the strength of individual structural 
members, including, in the case of a monocoque, stiffe- 
ners with their appropriate associated effective width 
of plate, since members primarily loaded as beams 
frequently have end loads in addition, and struts 
usually have accidental or unavoidable eccentricities 
involving bending, the theory of beams and struts 
has tended to merge into one, without any well defined 
point of transition. At one end of the scale is the 
transversely-loaded member, of sufficient depth for 
the effects of its deflection to be relatiy ely unimportant, 
and at the other the slender strut which is on the point 
of instability or Euler failure, the theory covering these 
and all intermediate cases, including the effect of 
continuity past the supports, ani end-fixity ; “‘sinkage” 
or movement of the supports may also have to be 
allowed for, when these are not rigid enough. For a 
monocoque or stiffened-plate structure resembling a 
ship’s hull, such as is encountered in both fuselage 
and wing construction of modern all-metal machines, 
other modes of failure in compression are possible, 
besides what may be regarded as the normal mode of 
collapse by strut action of the longitudinal stiffeners 
lying between adjacent transverse frames or ribs. The 
frames themselves may be insufficiently rigid, with the 
result that buckling supervenes over a wider area. 
There is an extensive theory* of such so-called ortho- 
tropic plates, according to which the whole structure 
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is treated as a plate having appropriate rigidity con- | 
stants for flexure in the léngitudinal and transverse 
directions, and the torsional stiffness of the ribs and 
stringers is also taken account of. The area of defor- | 
mation is either that bounded by bulkheads or other 
specially stiff members, which may be considered 
as rigid, or in the case of a curved surface it may be 
simply that fraction of the total area which gives the | 
minimum calculated buckling load, determined by the 
compromise between the minimum strain-energy | 
condition as applied to the direct stresses in the | 
stiffeners and sheet, and the shear in the sheet, and to 
the bending and twisting stresses in the stiffeners, 
respectively, which indicates a certain pessimism area 
of buckle. An obvious analogy occurs in the failure | 
by local wrinkling of a sufficiently thin plain cylindrical 
tube, and, indeed, the orthotropic theory may be 
regarded as simply an extension of that for an un- 
stiffened tube or plate. Special considerations are 
involved when the stiffening in one direction consists | 
of corrugation of the sheet, and shear buckling as well 
as buckling in compression can occur when the shear 
stresses, bending or torsion. are high enough, and in 
all cases there is a reasonable amount of design data 
available. In ship construction, the size of transverse 
frames and thickness of plating is probably sufficient 
nearly always to rule out the possibility of shear 
waving ; but aeronautical theory has obvious applica- 
tions to the compression stability of both longitudinally 
and transversely framed ships. 

No account of aircraft structural design methods 
would be complete without reference to the detailed 
treatment which has been accorded. though com- 
paratively little has been published on this, to the 
stiffening around openings such as hatches, doors 
and windows, and to the cognate problems of the 
diffusion of concentrated loads into the general struc- 
ture. Here no exact theory is available, and approxi- | 
mate assumptions have to be made, but the attempt | 
is made wherever possible to link up the results with 
test data on the full-sized structure. It would be | 
extremely interesting to apply similar methods to | 
ship structures. Twisting effects on aeroplane fuse- 
lages tend to be more serious than those on ship hulls, | 
due to the large offset rudder loads; but there is | 
obvious similarity between the local weakening effects 
of bomb doors and gun-turret openings in the one case, 
and deck hatches in the other, and it is here that | 
knowledge of the effect of deck openings is probably | 
least complete at the present time. Skin friction is | 
as important for the aeroplane as for the ship, and | 
forms a similar percentage of the total resistance at | 
top speed in an average case, assuming a clean modern 
design. While there may, at first sight, seem less 
excuse for the excess of “ residuary " resistance in the 
case of the aeroplane—which has nothing corresponding 
with wave resistance until ultra-high speeds, approach- 
ing that of sound, are reached—form effects on thick 
monoplane wing sections, interference, ¢.g., between 
wing and body, controls and various operational require- 
ments which militate against full streamlining, as well 
as so-called “induced” or sustentation drag, each 
add their quota; so that the reduction of the total | 
drag to, say, one and a half times the smooth-surface | 
skin friction cannot be regarded as a bad achievement. 

Aircraft Reynolds numbers are both lower and nearer | 
the model values than is the case for ships, and part 
of the gap between full-scale and the ordinary atmos- 
pheric wind tunnel is bridged by the compressed-air 
tunnel. There have also been a number of measurements 
of wing drag in actual flight by means of Pitot-tube 
exploration of the wake. Comparison of the well-known 
Froude skin-friction constants with the von Karman 
values shows the former to be greater by amounts 
ranging up to 30 per cent. (the variation indicates that 
the Froude values do not follow the Rayleigh law of 
comparison), the mean excess being about 15 per cent. 
Assuming the Froude figures to be true on the average 
for the full-size ship, an approximate index of the 
departure from ideal smoothness of the clean bottom 
is obtained. Recently, attention has been directed 
to the possibility, indicated by theory, of reducing 
skin friction by control of the ‘ boundary layer,” 
usually by sucking away air through openings in the 
surface, and some fairly promising results have been 
yielded. Another line of research has been the attempt 
to delay the transition, usually occurring fairly near 
the nose of an aerofoil, from laminar to turbulent flow, 
and hence reduce the total friction by increasing the 
asic which obeys the laminar law. In a special 

ow-turbulence wind-tunnel, where the conditions are 
held to agree more closely with those in free air than 
they do in the ordinary tunnel, remarkable results 
have been realised in tests on theoretically-derived 
aerofoil forms, at certain values of the Reynolds 
number, which are, however, low compared with those 
in actual flight. 

Induced Drag.—Mention has been made of the induced 
drag of an aeroplane wing associated with the modified 
effective angle of incidence of a finite wing, which the 
classical Lanchester-Prandtl theory regards as being 
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due to the velocity field of the trailing vortices. On 
certain assumptions as to the volume of air which 
comes under the influence of the wing, equivalent results 
can be derived trom a simple momentum theory,* 
and this may serve to dissipate some of the mystery 
with which the subject of induced drag is sometimes 
regarded as being surrounded by the uninitiated. 
The theory is useful, also, in correcting the results of 
tests carried out at one value of the aspect ratio to 
another, or to infinite aspect ratio (two-dimensional 
flow), as is often required, since the latter characteristics 
of an aerofoil are regarded as standard. Induced 
drag has no counterpart for ordinary ships. except 
so far as rudders and sails are concerned, but for 
planing craft at sufficiently high speeds there is a 
close analogy, the only difference being in the volume 
of water which may be regarded as deflected downwards 
to furnish the lift, this having half the value for a 
fully immersed plane. Thus, the effect of the aspect 
ratio of the supporting surface is similar in the two 
cases. 








NARROW BRICK RETORTS FOR LOW- 
TEMPERATURE CARBONISATION. 


Tue low-temperature carbonisation of 
one of the main lines of investigation decided upon 
when the Fuel Research Board was established in 
1917. An important part of the work has been the 
design and development at the Fuel Research Station 
of a type of retort suitable for the production of a 
free-burning smokeless fuel that could be used in 
place of the large amounts of raw coal now burned 
in domestic grates. The process provides, at the 
same time, an additional source of liquid fuels. The 
progress achieved has been recorded in the annual 
reports of the Fuel Research Board, and in Fuel 
Research Technical Papers Nos. 17 and 35. A further 
paper,t now published by the Department of Scientitic 
and Industrial Research, marks the end of a definite 
stage in this work. To quote the preface by Dr. F. 5. 
Sinnatt, Director of Fuel Research, * It is felt that 
the development of these retorts has proceeded as 
far as is possible in an experimental establishment, 
and the present report places on record an account of 
the experience gained and of certain details of 
operation.” 

In the original design of these retorts, which was 
described in Fuel Research Technical Paper No. 17. 
the retorts were made of cast iron. Even with the 
best material then available, and with careful attention 
to temperature control, distortion rendered the retorts 
unworkable after about two years. It was therefore 
decided, while using the same general design, to build 
the retorts of firebrick. A setting of two brick retorts. 
details of which were given in Fuel Research Technical 
Paper No. 35, was erected in 1932, and since then they 
have successfully carbonised a wide variety of coals. 
They have been operated over a considerable range of 
temperatures, and have shown very little deterioration. 

In the report now published, the design described 
and illustrated embodies certain improvements resulting 
from experience with the original firebrick setting. 
A description of the method of the operation of the 
retorts deals particularly with control of throughput 
and the manipulation of temperature. The method of 
heating adopted makes possible a wide variation in the 
distributions or zoning of temperatures over the 
length of the retort, and is an important feature of the 
design. This control of temperature zoning, with 
suitable adjustment of the throughput, imparts a high 
degree of flexibility to the retorts, which is shown by 
the fact that they have carbonised 57 different coals, 
ranging in type from non-caking to strongly-caking 
and in size from nut coal to slack. Results are given 
for 30 experiments in these retorts, including analyses 
and carbonisation assays of the coal, carbonising data. 
yields of products. and combustibilities of the cokes in 
open domestic grates. 

The report includes a short account of a setting 
of six of these retorts (later extended to twelve) erected 
and operated successfully by a commercial concern, 
and of an experimental setting of two retorts at the 
Fuel Research Station, built to the same general design 
but of silica brick, for operation at high temperatures. 
An appendix describes the method of assessing the 
caking power of the coals used, by examination of 
the type of coke produced in the Gray-King low- 
temperature carbonisation assay: and a second 
appendix describes the procedure adopted in the 


coal was 


Fuel Research Station for testing cokes in an open 
domestic grate. 

* Flight, August 3, 1939 

+ Fuel Research Technical Paper No. 50. Lou 
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HIGH-SPEED FIRE BOAT FOR THE 
LONDON COUNTY COUNCIL. 


THE importance of high speed in the transport of 
fire-fighting appliances needs no emphasis, the factor 
of speed being of equal importance whether the trans- 
port be on land or water. Until recently, however, 
no attempt had been made to design fire boats for 
really high speeds, but the greatly increased fire risks 
\t the present time led the London County Council 
Fire Brigade to explore the possibilities of building a 
craft that would have a higher speed than the large 
fire floats and auxiliary fire boats, while being able to 
carry pumps of adequate capacity. In conjunction 
with the chief officer of the brigade, Commander A. 
Firebrace, now the regional fire officer, a design was 
got out by Messrs. J. Samuel White and Company, 
Limited, East Cowes, I.0.W., which seemed to meet the 
requirements, and, working to the design, the firm have 
built the fire boat James Braidwood. This vessel, which 
is illustrated in Figs. 1 to 4, on this page, has success- 
fully carried out her trials, and will shortly be delivered 
to the Thames. An important feature of the vessel is 


that all the elements, including the hull, are of well 
tried design. 

The design requirements have been met on a length 
of 45 ft., the other principal dimensions being: beam, 
over planking, 10 tt.: moulded depth, 5 ft. 34 in. ; 
and maximum draught, 3 ft. 6 in. The designed speed 
The hull has been built to Messrs. White’s 


is 20 knots. 











VESSEL aT SPEED. 


** Whitecraft ”’ hard chine design, which has been well 
proved in the past. In considering the layout of the 
available space in the boat, it was necessary to provide, 
in addition to the machinery and navigation compart- 
ments, a suitable platform from which to conduct 
fire-fighting operations. The wheelhouse is placed well 
forward, as shown in Figs. 1 and 3, and aft of this is an 
open cockpit, fitted with fore and aft seats, from 
which a door gives access to a storage compartment 
for the necessary gear and equipment. Aft of this 
store is the engine-room, which, as shown in Figs. 1 
and 3, contains both the pumping and propelling machi- 
nery, access being obtuiued through the hatch, shown in 
Fig. 1. Aft of the engine-room is a large cockpit. The 
fuel tank is located in the stern, as shown in Figs. 1 
and 3, an electric petrol gauge being provided in the 
wheelhouse for indicating the contents of the tank. 
Ample headroom is provided in the machinery space, 
the deck over the storage compartment and the forward 
end of the engine-room providing the necessary platform 
for fire-fighting operations. 

Three six-cylinder Meadows petrol engines are 
installed for propulsion purposes, each developing 
110.h.p. at 2,700 r.p.m. These engines are directly 
coupled to the three propeller shafts. The wing 
engines are utilised for driving the fire pumps, as shown 
in Fig. 3, each engine driving a Dennis turbine pump 
through a Croft friction clutch and reducing gear and 
Layrub flexible couplings. The Dennis pumps are o 





exactly the same design as those used in the land fire 


appliances, and each has a capacity of 750 gallons per 
minute at a pressure of 100 lb. per square inch, making 
a total output of 1,500 gallons per minute. The two 
pumps discharge into a common pipe system, which 
conveys the water to both a Dixon 5-in. bore monitor 
and to swivelling deck boxes, to which hoses can be 
connected as required. The deck boxes are shown in 
Fig. 2, and can also be seen in Fig. 4. The major part 
of the discharge pipe system is made of silicon- 
aluminium alloy castings in order to save weight and 
reduce the number of joints. Careful thought has been 
given to the arrangement of the pump suctions so as to 
minimise the possibility of river débris impeding the 
flow of water to the pumps. Should complete or partial 
choking of a suction take place, however, this can be 
cleared by the application of water under pressure 
from the discharge of the opposite pump. It is also 
possible to remove the internal strainers for cleaning 
while under way, and if necessary to clean the suction 
grid from the inside of the boat. 

Ample deck space has been provided for operating 
the monitor and handling the hoses, the deck being 
covered with non-slip rubber to assist in obtaining a 
good foothold. All controls for navigation purposes 
are situated in the wheelhouse, where a complete set 
of instruments for the three engines is mounted on a 
neat dashboard. Throttle controls for the engines, 
interconnected with those in the wheelhouse, are also 
provided in the engine room, together with the pump 
vacuum and pressure gauges so that complete local 
control of the pumping plant is possible. The height 
of the superstructure has had to be limited so that 
no fixed objects are more than 7 ft. 6 in. above the 
waterline, thus enabling the boat to be used in canals 
if necessary, and this entails the hinging of the mast 
so that it can be quickly lowered when necessary. 
The electrical equipment provided is designed on 
generous lines, current being generated by three 12-volt 
dynamos arranged to charge two 120-ampere-hour D.P. 
Kathanode batteries. In addition to a number of 
lighting points, an 11-in. searchlight is fitted and a 
Kent clear view screen, all being fed from a distribution 
board which carries fuses for all circuits. The Essex 
‘* Featherspray ”’ system of fire extinguisher is fitted, 
and is controlled from the wheelhouse, sprayers being 
fitted at all hazardous points. An Amal flame trap is 
fitted to the fuel-tank filler as an additional precaution. 
A No. 10 “ Pyrene ” foam-making branch pipe and tank 
also forms part of the fire-fighting equipment. 

The boat reached a mean of means speed of 20 -197 
knots and proved fully capable of fulfilling the require- 
ments of the fire brigade in the comprehensive series of 
trials that were specified. The construction has been 
carried out under the supervision of Mr. F. Dewhurst, 


f | the Mechanical Engineer of the London Fire Brigade, 





and under the survey of Lloyd’s Register of Shipping. 
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** ENGINEERING ’’ ILLUSTRATED 
PATENT RECORD. 


ABSTRACTS OF SPECIFICATIONS RECENTLY 
PUBLISHED UNDER THE ACTS OF 1907 TO 1939. 
The number of views given in the Specification Drawings 

ig stated in each case; where none is mentioned, the 

Specification is not illustrated. 

Where inventions are communicated from abroad, the 
Names, etc., of the Communicators are given in italics. 
Copies of Specifications may be obtained at the Patent 
Dpice Sales Branch, 25, Southampton Buildings, 

Cc nary -lane, London, W.C.2, price 18. each. 

The date of the advertisement of the acceptance of a 
Complete Specification is, in each case, given after the 
abstract, unless the Patent has been sealed, w the 


word “ Sealed’ ia appended. 
Any person may, at any time within two months from the 


date of the advertisement of the acceptance of a Complete 
Specification, give notice at the Patent Office i 
opposition to the grant of a Patent on any of the 
grounds mentioned in the Acts. 


ELECTRICAL APPARATUS. 


512,724. Electric-Car Controller. Partridge Wilson and 
Company, Limited, and F. G. Sawyer, of Leicester. 
(2 Figs.) March 11, 1938.—The invention is an infinitely- 
variable controller for a battery-driven electric car. 
The controller is a resistance pack 1 of carbon discs 
between copper terminal plates 3 and 4. The plate 3 
abute against a fixed insulating disc, while the plate 4 
is movable. The assembly 
container. The control shaft 
engages a follower carried by a lever. 


is enclosed in an insulated 
8 carries a cam 
The 


which 
lever bears 











on the end of a push rod 13, the other end of which slides 

in a bore in a pressure block 15 which abuts against an 

insulating disc between it and the sliding plate 4. A 

compression spring is mounted on the push rod between 

a fixed and a sliding abutment plate, the latter engaging 

the block 15 so that the resistance pack is compressed 

by the spring. Two switches 23 and 24 are carried by 

the contro! shaft 8. One pole of the switch 23 is con- 

nected to the terminal 4 of the resistance, while the 

other pole is connected through the storage battery 

and the motor to the terminal 3. The switch 23, on the 

initial rotation of the shaft 8, closes the circuit, and keeps 

it closed during the further rotation which compresses 

the pack. The switch 24 is connected in parallel with 

the resistance and short circuits it at maximum pressure | 
of the pack. When both switches are closed, current 

flows directly from the battery to the motor. (Accepted | 
September 25, 1939.) 


HYDRAULIC MACHINERY. 


612,656. Tank Cleaner. Swinney Brothers, Limited, of | 
Morpeth, and T. T. Brown, of Morpeth. (3 Figs.) March 29, 
1939.—The invention is an apparatus for cleaning the 


SS ee, 





interiors of the tanks of oil tankers. Where they have 
held volatile oils the risk of explosion necessitates cleaning | 
of the tanks while they are sealed, and the invention | 


ensures that all the surface is swept, and allows the clean- | contained wholly between the boundaries 8 and 9 of | ( Accepted 4ugust 11, 1939.) 
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ing process to be prolonged. The cylindrical body 1 
has a flange 3 which is secured to the top of the tank. 
Branches 5 and 6 at the top of the body take the hoses 
for the steam and water which are supplied at pressures 
up to about 150 Ib. per square inch. The steam and 
water are mixed in a sleeve the lower end of which 
passes through a packing gland in the body and is flanged 
for the attachment of a bifurcated nozzle mounting. 
Ball bearings on the outer ends of the branches of the 
mounting carry nozzles 20, which are automatically 
rotated by the action of the steam and water flowing 
between internal inclined vanes 21. The flange on the 
sleeve 7 forms a support for a ball bearing on which the 
nozzle mounting rotates. Inclined vanes produce auto- 
matic rotation as the steam and water passes down the 
sleeve. The upper end of the sleeve 7 is supported by a 
spindle with a flat head which rests on a ball race on the 
upper packing gland.—( Accepted September 21, 1939.) 


OTHER TOOLS, SHAFTING, 
ETC. 


512,520. Hardness-Testing Machine. W. and T. Avery, 
Limited, of Birmingham, and H. Yates, of Birmingham. 
(3 Figs.) March 1938.—-The penetrator carrier of 
the machine, which is of known type, is a rod 4 of circular 
section, which is supported by two conical seatings near 
its ends on conical bearings formed in sleeves 5 and 6 
secured in the head framework of the machine. The 
lower end of this rod 4 carries the hardened-steel cone 
penetrator 8. At the upper end of the penetrator carrier 
is a bearing block supporting the knife-edge of the main 
weighted lever 12 through which the standard load is | 
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applied to the test piece. Above the bearing block, the 
carrier is connected to a stool 4c, the top face of which 
contacts with a hardened-steel cross pin mounted in a 
saddle 13 pivoted on the transfer lever by which the 
motion of the penetrator carrier is transmitted to the 
automatic indicator 16. The position of the saddle is 
adjusted by a set-screw 17. The test piece is placed on 
top of a screw which raises it into contact with the 
penetrator 8 and lifts the carrier 4 bodily off its seatings 
to apply the initial loading. The point of the penetrator, 
the carrier, the knife-edge, and the point of contact 
bet ween the stool and the cross pin arein the same vertical 
plane when the carrier is raised from its seatings during a 
test. The saddle can be adjusted so as to vary, within 
fine limits, the line of contact of the cross pin relatively 
to the saddle pivot, to ensure accurate initial setting 
of the indicator 16.—( Accepted September 19, 1939.) 


STEAM ENGINES, BOILERS, ETC. 


512,782. Superheat-Temperature Control. John Thomp- 
son Water Tube Boilers, Limited, of Wolverhampton, and 
H. N. Cole, of Wolverhampton. (4 Figs.) January 24, 
1938.—-The invention is a superheat-temperature control 
for steam generators having a superheater in the first gas 
pass and damper-controlled passages for by-passing some 
of the gases. The arrangement is such that the control | 
dampers are in a low-temperature zone. Above the 
furnace is a bank of steam-generating tubes 2, above 
which again is a vertical gas pass 3 containing a super- 
heater 4. The upper end of this first gas pass communi- 


| cates with the second gas pass 5 through which the gases 


travel downwards along a second bank of tubes. The 
second gas pass discharges to the offtake and is defined 
by baffles 8 and 9, extending across the outermost layers | 
of the tube-bank. In order to regulate the temperature 
of superheat, gases are by-passed through two passages 
from just behind the first bank 2 of steam-generating tubes 


| and are delivered to the offtake at the end of the second | 


pass. The two passages are of similar construction, 
being arranged centrally side by side. Each by-pass is | 





| partment. 


'the relay valve. 
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the second gas pass 5 and is about half its length, an 
additional baffle 16 being located mid-way between the 
walls 8, 9. This baffle extends from the water drum to 
just below the top of the by-pass. The inlet to the 
by-pass is close to the water drum and the outlet is 
part of the outlet of the second gas pass. This part is 
partitioned off from the remainder and can be closed by a 
sliding damper. In use, when the temperature of the 
superheated steam is low, the by-pass dampers are closed 
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and the whole stream of gases from the furnace traverse 
the superheater 4 in the first gas pass 3, and then flows 
through the second gas pass 5, only missing the lower 
parts of those tubes of the second bank which come 
within the by-pass passages. When the temperature is 
too high the dampers are opened and a proportion of the 
gas stream flows through the by-pass, traversing parts 
of the tubes of the second bank, which can thus never 
be entirely out of the gas circulation.—-( Accepted Septem- 
ber 26, 1939.) 
MISCELLANEOUS. 


510,972. Room Heater. The Victoria Tube Company, 
Limited, of Tipton, and E. F. Adams, of Wolverhampton. 
(3 Figs.) February 21, 1938.—In this form of room heater, 
the upper and lower header boxes are connected by verti- 
cal pipes. The lower box houses the gas burners, while 
the upper box communicates with the chimney. The 
pipes are enclosed in a casing 2 behind which is an electric 
fan 1. The fan and the gas supply are thermostatically 
controlled by a solenoid. A gas-control valve 8 
mounted in the pipe connecting a gas relay valve 9 
and a pilot jet 10 for the burners. The body of the 


is 


{control valve is divided into two compartments, the 


pipe 12 to the pilot jet passing from one compartment and 




















7 4 ‘ - : a 
ears 10 i? 
the pipe 13 to the gas relay valve from the other com- 
The control valve itself connects those com- 
partments and is operated by the solenoid. The valve 
when seated allows a small amount of gas to pass to 
keep the pilot jet alight, but the resulting back pressure 
of gas in the pipe 13 acts on a diaphragm in the relay 
valve and shuts off the supply to the burners. When the 
valve 8 is opened, the back pressure on the relay valve 
diaphragm is released and the valve is opened to supply 
ges to the burners. The pilot jet is of the thermostatic 
type and closes when the jet is not alight, thereby 
building up pressure in the control valve and closing 
Both the fan and the burners are 
operated simultaneously by the solenoid so that cold 
air cannot be circulated from the apparatus ; neither can 
the heater be in action when the blower is out of action. 
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THE RECONSTRUCTION OF THE 
MENAI SUSPENSION BRIDGE. 


In the issue of ENGINEERING dated December 10, 
1937, we recorded that work was about to begin 
on the reconstruction, at an estimated cost of 
228,000/., of the Menai suspension bridge. The 
intention to do so had been disclosed to the House 
of Commons in the previous February by Mr. L. 
Hore-Belisha, then Minister of Transport, whose 
statement marked the concluding stage of a long- 
continued agitation and negotiation for this neces- 
sary work to be put in hand. It will be recalled 
that, on January 10, 1936, the British Isles were 
swept by a severe gale, which reached a velocity, in 
places, of 100 m.p.h. The force of the wind caused 
some damage to be done to the bridge, the clamps 
securing the deck platform to the piers being broken, 
so that the platform was swung out laterally. 
Actually, the damage was more alarming in appear- 
ance than in fact, as the clamps had been designed 
so that they would shear in a particularly high wind, 
and the swinging of the bridge deck out of its proper 
alignment had the effect of relieving the structure of 
a certain amount of strain which, otherwise, might 
have led to more serious damage. At the time, 
however, the event created a good deal of comment, 


the chains has been about 50 per cent. greater than 
they were designed to sustain. Some of the old 
ironwork, too, had become much wasted by rusting, 
and replacement of the more badly corroded links 
was almost continuously in progress. This replace- 
ment work was of a very costly nature. 

Latterly, the traffic passing over the bridge had 
to be severely restricted so as not to place too great 
a live load on a structure which was already 
somewhat overstressed by its dead load. These 
restrictions, which are still in force, are very irksome 
and cause a certain amount of congestion during 
the busy summer months, when there is a great 
deal of tourist traffic. It was evident, therefore, 
that both from the traffic point of view, as well as 
from considerations of structural safety, the recon- 
struction of the bridge had become an absolute 
necessity. 

The work of redesigning was entrusted by the 
Ministry of Transport to Sir Alexander Gibb: an 
appointment of some historical interest, as Sir 
Alexander Gibb’s great-grandfather, John Gibb, 
had been one of Telford’s most trusted collaborators. 
In approaching the problem, Sir Alexander Gibb, 
to whom we are indebted for the information 
contained in this article and for the accompanying 
illustrations, had to take into account a number of 





is apparent. A detailed scheme was prepared, 
which envisaged every phase of the operations, 
before the work was begun ; and by a rigid adher- 
ence to his schedule it was hoped that the work 
would be completed within the estimated period of 
2} years, without interference to traffic and within 
the estimated expenditure. 

The contract for the reconstruction was let to 
Messrs. Dorman, Long and Company, Limited, 
Middlesbrough, and work was started in May, 1937. 
The experience gained during the eighteen months 
that have since elapsed has proved the absolute 
accuracy of the programme of operations as origi- 
nally planned. Each stage has proceeded exactly 
according to plan, and almost exactly according to 
the time schedule allowed for its accomplishment. 
Twelve months’ work still remains before the 
work will be completed, and it is hoped that future 
events will follow the programme equally closely. 
Fortunately, when war broke out, practically the 
whole of the steelwork for the new structure had 
either been delivered or was in an advanced stage 
of manufacture, so that it was considered advisable 
to continue with the reconstruction of the bridge 
and not to suspend operations. 

The work to be done consisted in the erection of 
temporary steel towers, above the existing main 
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and served to focus attention upon a situation 
which had long been considered unsatisfactory. 
The original construction of the bridge occupied 
eight years, the foundation stone being laid in 1818, 
and the formal opening, by the Duke of Wellington, 
taking place in 1826. The engineer responsible for 
the design and construction of the bridge was 
Thomas Telford, the first President of the Insti- 
tution of Civil Engineers. The suspension chains 
were constructed from the best Shropshire wrought 
iron, and he allowed for a working stress in the 
links of about 5 tons per square inch. The deck 
of the bridge, which was suspended from these 
chains in Telford’s design, was very lightly con- 
structed in timber, and, some years after the 
opening, was actually blown out of position in a 
gale and practically wrecked. It was replaced by 
& more substantial deck, also of timber, and this, 
being very much heavier than the original one, 
caused a considerably increased working stress ‘in 
the suspension chains. The heavy timber deck, in 
its turn, was replaced by a steel deck, designed by 
Sir Benjamin Baker in 1893. At that time the 
bridge was under the management of the Commis- 
sioners of His Majesty’s Works and Public Buildings, 
and it was on their instructions that Sir Benjamin 
Baker carried out an examination, as a result of 
which the new steel deck was erected. Sir Benjamin 
Baker’s deck was even heavier than its predecessor 
and had the effect of imposing a stress up to about 





7 tons per square inch on the suspension links. For 
at least forty-five years, therefore, the tension in 





GENERAL VIEW oF BripGE Durtnc RECONSTRUCTION ; 


considerations. In the first place, it was necessary 
to provide a bridge which would be capable of 
carrying the full Ministry of Transport loading, and 
which would give proper facilities for foot passengers 
as well as for vehicular traffic. The old bridge made 
no special provision for foot passengers, and the 
width of the archways through which vehicular 
traffic had to pass was insufficient for modern 
requirements. He had also to take into account 
the necessity for carrying out the whole of the 
reconstruction work without serious interference to 
the passage of traffic while the work was in progress. 
The third primary consideration was that the 
appearance of the old structure should be preserved, 
so far as this might be possible. In this last-named 
endeavour, Sir Alexander Gibb has had the collabora- 
tion of the Royal Fine Arts Commission and of 
Mr. Percy Thomas, F.R.I.B.A. 

A century or more ago, the execution of large 
engineering works was always a somewhat hazardous 
proceeding, because such enterprises were entered 
upon without any very definite plans for carrying 
out the work. To anyone who reads the description 
of the erection of the original bridge, it will be evident 
that the methods of construction were more or less 
a matter of improvisation to meet the special diffi- 
culties as they arose. To-day, when large con- 
structional works are undertaken, the whole process 
must be carefully thought out beforehand and made 
to conform to a time schedule. Having regard to 
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piers, carrying wire-rope cables to give partial 
support to the existing bridge floor, so as to enable 
the old outer chains of the bridge to be removed 
and the new chains and new anchorages to be 
erected. These operations are shown in progress 
in the general view, Fig. 1, on this page. After 
the new chains had been placed in position, a new 
bridge deck was to be suspended from them and 
completed ready to bear traffic. The new deck 
was to be built immediately beneath the old deck, 
so that, at the appropriate time, the old deck could 
be rapidly dismantled and traffic immediately 
diverted to the new deck hanging beneath it. After- 
wards, the new deck was to be raised into the same 
position as that occupied by the old deck, the raising 
process being carried out without interference with 
traffic. 

The stage which has now been reached is that the 
old outer chains have been entirely removed, the 
outer anchorages have been reconstructed, and the 
new chains have been hung from new saddles resting 
on the tops of the old piers. To do this it was 
first necessary to build over each of the two existing 
main piers a steel tower to support the saddles 
carrying two temporary wire-rope suspension cables, 
used temporarily to replace the two old outer chains 
of the bridge. It also supports two Blondin cable- 
ways for conveying material. Timber scaffolds 
had to be built on both approach spans, as shown in 
Fig. 1, and also in Fig. 2, 656, to support 





the difficulty which this particular job presented, 
the necessity for more than usual care in planning 





temporarily the weight of the old outer chains, 
while they were being taken down, and also to 
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Fig. 2. 


ERECTION 


support the new chains in process of erection. The 
new chains, while being placed in position in the 
centre span, were supported from a walkway resting 
upon wire ropes strung across the span. These | 
walkways, one of which is illustrated in Fig. 4, oppo- 
site, were hung on the two permanent saddles after 
the latter had been connected to the anchorages by 
means of the new chains erected in the approach 
SP MATIS 

There amount of stretch 
in the wire-rope walkway cables after they wore | 
erected, until they were fully loaded by the weight 
of the new chains in the centre span. Calculating | 
the amount of this stretch was a matter of some | 
nicety, so as to ensure that, when fully loaded, the 
new chains should exactly fit into position and the | 
last pin could be inserted without difficulty. In 
order to make certain of this, it was considered 
advisable to provide some means of adjusting the 
length of the walkway cables which, when fully 
loaded, were stressed very highly. The adjustment 
was effected by a hydraulic jack which could be 
applied individually to each rope, either to tighten | 
or to slacken it. The jack also provided means to 
adjust the actual load which each rope walkway 
was carrying at any particular moment. It was 
found that the loads in the walkways were almost 
exactly what had been previously calculated. 

As explained above, one of the principal objects of 
the reconstruction was to retain as nearly as possible 
the old appearance of the bridge, and, with this in 
view, the new outer chains are made to follow practi- | 
cally the same lines as the old chains. There were | 
in the old bridge two outer and two inner chains, 
each composed of four separate units, making a total 
of 16 chains. In the new structure there are no 
inner chains, and the outer chains are reduced to two | 
on each side, making a total of four chains, which | 
have to carry a load between two and three times as | 
great as that carried by the sixteen original chains. 
Thanks to the excellence of the old masonry, the 
old piers are capable of bearing this load without 





was a considerable 








TRAVELLER FoR CuHatn Links; May, 1939. 


| the two heavy chains composing the outer row on | 


| will, of course, detract to some extent from the 


| only alternative to placing the footways outside 


jaffected fundamentally the proportions of the 





Fic. 3. New Sappie on Top or Mary Pier; Aprit, 1939. 


any substantial modification. The new chains are | also have entailed a large amount of new masonry, 
constructed of much heavier links than were used | which would have been extremely costly. 
in the old chains, and the material of which they| It was intended at first to preserve _ the old 
are made is capable of bearing a working load two | arrangement of two entirely separate carriageways 
and a half times as great as that for which the old | from one end of the bridge to the other. The only 
chains were designed. The material is high-tensile | difference between the new and the old bridges 
steel with a high chromium content. Actually,| would then have been the provision of a greater 
width in the archways for the passage of modern 
each side do present an appearance very similar | vehicles. Experience has shown this to be very 
to that of the four old chains which they replaced ; necessary ; in fact, vehicles with overhanging loads 
and, as the central chains of the old bridge were not | occasionally jam in the existing archways, which 
conspicuous when viewed from the outside, the new | were designed primarily to pass stage coaches. 
chains will, in fact, appear very similar to the | Alternatively. it had been considered whether a 
originals. | single archway might not be substituted for the two 
In order to preserve the proportions, it was neces- | archways in the main piers; but here again a 
sary to make the individual links of the new chains | single archway would have effected a fundamental 
twice as long as those of the old chains, which | alteration in the appearance of the bridge as viewed 
involved increasing the spacing of the suspenders. | from the roadway itself, and also would have entailed 
This point of difference between the chains will be| very heavy expense in rebuilding the entire block 
noticed in Fig. 2. The introduction of a heavy |of pier masonry surmounting the roadway. After 
stiffening truss on each side of the new deck span|the decision had been taken to retain two inde- 
| pendent roadways, representations were made by 
light appearance of the old structure, but the intro-| many of the residents in Caernarvonshire and 
duction of such stiffening members was considered | Anglesey in favour of a single roadway on which 
to be essential. As this stiffening truss has not yet | vehicles could pass, instead of two separate single 
been erected, it is impossible to say to what extent | tracks, and it was decided, therefore, to modify the 
it will alter the appearance of the bridge. As, | original intention to the extent that a single roadway 
however, it is largely masked by the new parapet |should be provided upon the centre span of the 
on the outside of the footways, it is probable that | bridge. 
the girder itself will hardly be noticed. | This alteration necessitated a considerably larger 
Carrying the footways themselves round the/area of deck in the centre span, w hich, in turn, 
outside of the existing piers is another innovation | involved provision for carrying a considerably 
which was practically unavoidable, and this also | greater load of traffic, requiring increased strength 
may have the effect of detracting, to some extent, | in the supporting chains, suspenders and anchorages. 
from the clean lines of the original structure. The | At the Caernarvonshire end of the bridge the chains 
are carried into an old masonry building, formerly 
|the bridgemaster’s residence, which is built in a 
| quaint but distinctive style. This building has had 
|to be altered to some extent to accommodate the 
|new chains and also to provide a greater width of 
roadway in front. The alterations, however, have 
The widening of the piers would | been designed so as to retain the original appearance 


the piers was to enlarge the piers sufficiently to 
provide width enough inside their arches for both 
roadways and footways. This would have meant 
@ very great widening of the piers, and would have 


origins! design. 
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of the old bridge house and not to affect its dis- 
tinctive character. 

One of the principal defects in the old structure, 
from an engineering point of view, was that the chain 
links were too complicated and presented too much 
surface to corrosion, some parts being very difficult 
of access for painting and inspection. An endeavour 
has been made to remedy these defects in the new 
design by a greater simplicity of form and improved 
accessibility. Exceptional precautions have been 
taken to ensure that the new links are protected 
against corrosion. They were first sandblasted to 
remove all traces of rust and mill-scale, then coated 
with zine by the Schori zinc-spraying process, and 
aft>rwards given four coats of paint, the initial coat 
consisting of red lead. Where one link presses 
upon another the joint has been completely filled 
with a plastic compound especially devised for this 
purpose. In the new links there is no part liable 
to remain wet for a long time which is not easily 
accessible for repainting. It is confidently anti- 
cipated, therefore, that, with moderate care and 
attention, all rusting of the new links can be pre- 
vented. 

Another defective feature of the old design was 
found in the saddles which carried the weight of the 








OLp SADDLE ROLLERs. 


| are carried upon steel rollers on flat baseplates 
| resting on top of the piers. The rolling mechanism 
is enclosed in an oil bath so as to prevent any 
possible rusting. One of the new saddle assem- 
blies, without its oil bath, is illustrated in Fig. 3, 
on the opposite page. The new saddles have 
already shown themselves to be highly sensitive to 
changes in load, and move freely backwards and 
forwards on their roller tracks. Given moderate 
care and attention, this design of roller bearing 
can be regarded as proof against corrosion. 

So far, the operations have been carried out 
with very little interference to traffic; but, a 
few months hence, the change must be made from 
the old to the new deck, and the amount of inter- 
ference to traffic which will then occur will depend 
upon the speed with which the old deck can be 
demolished. It is proposed to demolish one roadway 
at a time, so that there will be a period during which 
traffic in one direction will be running on the new 
deck at a low level, while traffic in the other direction 
is running on the old deck at the higher level. At 
the worst, it is not anticipated that the interruption 
to vehicular traffic will amount to more than the 
running of one-way traffic, in alternate directions, 





chains resting on the main piers. The old saddles 
were built up of cast-iron blocks upon which rested | 
curved wrought-iron chain members. The base | 
of the nest of cast-iron blocks supporting the four | 
chains in each group rested upon a series of cast-iron 
rollers, housed in a curved cast-iron base. One 
set of the old rollers is shown in Fig. 5, above. 
Actually, both the rollers and their base had corroded 
to such an extent that the rolling action had long 
since ceased—if, indeed, it ever did occur, which 
may be regarded as doubtful. The new saddles 





on one roadway for a few days while the change-over 
from the old to the new deck is in progress. 








HyYpRO-ELECTRIC DEVELOPMENTS IN URUGUAY.— 
A dam, 1,280 yards in length and 98 ft. in height, 's being 
built across the Rio Negro to the north of Montevideo, 
Uruguay. A power station, equipped with four groups of 
45,000-h.p. Kaplan turbines is being constructed, and 
this will supply power to the principal towns in the 
country. The dam will also be employed to regulate 


the flow of the river. 


|check on the quality of the 
|locks walls are faced with dressed-stone blocks. 





(Concluded from page 576.) 


Lock CONSTRUCTION. 


At the head of each section of the canal, there 


is a group of three locks, two being large twin locks, 
identical in every respect, and the third of smaller 
| size. A plan of a characteristic group of locks is 
| given in Fig. 54, on page 659, a longitudinal section 
| through one of the larger locks being given in Fig. 53, 
,and a cross-section in Fig. 55. As will be seen, 
| the large locks have a length of 136 m. and a width 
}of 16 m. They will accommodate the large Rhine 
barges and also trains of smaller barges towed by 
a tug. The small locks, 55 m. long and 7:5 m. 
wide, can handle the French “ spits,” the Kempenaar 
barges and motor-boats, yachts and small craft, 
generally. The adoption of this arrangement with 
two sizes of lock is not only economical in the use 
of water and electrical energy, but also increases 
the traffic-handling capacity of the canal, owing to 
the much shorter time in which the smaller types 
of craft may be passed through the smaller lock. 
Similar installations on other waterways have 
proved almost to double the locking capacity of the 
whole group. The adoption of two large locks 
ensures continuity of service, as one may remain in 
operation while the other is shut down for repair. 
As will be seen from Fig. 54, the three lock heads 
are aligned at the downstream end, the piers serving 
in some cases as the foundations of cross-over 
bridges. 

The dimensions of the locks were determined on 
after careful considerations of the type of traffic 
to be handled. As the Albert Canal connects to 
the Rhine waterways, it was necessaty as a first 
condition that it should be usable by the large 
Rhine barges. The dimensions of the normal 
Rhine barge are given in Table II, on page 432, ante, 
but there are a number of special vessels of this 
type considerably larger than the figures given. 
The largest in service is the Grotius, which has a 
length of 130 m., a breadth of 14-3 m., and a draught 
of 3m. As the depth of water over the sill of the 
locks is 4 m., it will be seen from the figures already 
given that this vessel can be accommodated. 
There are also a number of 2,000-ton barges in use, 
having a length of 100 m., a breadth of 14-3 m., 
and drawing 3 m. of water. One of these vessels 
can be locked through along with a tug having a 
length of 26 m. and a breadth of 5 m. 

As each large lock is capable of passing 2,000 tons 
of goods in one operation, the corresponding figure 
for the small lock being 600 tons, the whole group 
is capable of passing 4,600 tons for each operation, 
or 9,200 tons for a double operation, up and down. 
These figures are to a large extent independent 
of the type or combination of craft being dealt 
with. If only one double locking operation is 
carried out per day, this is equivalent to a total 
annual tonnage of 2,760,000, allowing 300 working 
days in the year. If work were carried on day and 
night, with one locking per hour, the total tonnage 
passed would amount to 66 million, which is in 
excess of the densest Rhine shipping at Emmerich, 
on the Dutch-German frontier. 

The excavation necessary for the construction 
of each group of locks amounted to from 400,000 cub. 
m. to 500,000 cub. m., work being carried out in the 
dry except in the case of the locks at Oolen, for 
which suction dredgers were used. The general 
construction of the locks will be followed from 
Figs. 53 to 55. The side walls are of mass concrete 
and the flooring is reinforced. The mix consisted 
of 800 litres of gravel, 400 litres of coarse sand 
and 100 litres of fine sand. To these were added 
300 kg. of cement for the mass concrete and 350 kg. 
for the reinforced-concrete. For parts of the struc- 
ture carrying heavy loads the proportion of cement 
| was increased to 550 kg. The concrete was vibrated 
| while setting. In the case of each group of locks, 
'a temporary laboratory was established near the 
site, in which tests were carried out during the 
| progress of the work in order to keep a continuous 
concrete. The 





This procedure, which increased the cost of each 
group of locks by 4,000,000 francs, was adopted in 
order to give employment to stonemasons during a 
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period in which serious unemployment prevailed 
in their industry. The work was carried out with 
Belgian granite, 4,300 cub. m. of stone being used 
for each group of locks. The stone facing is clearly 
visible in the view of one of the Genk locks given in 
Fig. 56, on Plate X XV. 

The Wyneghem locks, which were the first to 
be put into service, have, as shown in Fig. 9, page 
431, ante, a lift of 5-7 m., as compared with 10 m., 
which is the standard lift of all the other groups of 
locks. They differ from the others in the method 
of operation adopted, and are filled and emptied by 
means of sluice valves in the gates. In order to 
prevent undue disturbance in the lock when it is 
being filled, the water entering through the valves 
is led to a passage below the sill, from which it 
enters a vertical shaft terminating at the level of 
the floor of the lock. The shaft is fitted with 
baffles to break up the stream and to prevent too 
high a speed of flow being attained. From the base 
of the shaft the water enters the lock through a 
diffuser. When the lock is to be emptied, and the 
sluice valves in the lower gates are opened, it is 
necessary to prevent undue disturbance of the area 
of the canal immediately downstream in which 
barges may be moored. To ensure this, the water 
flowing through the valves enters a passage which 
conducts it to a stilling chamber. Four views 
of the Wyneghem locks are g ven in Figs. 57 to 60, 
on Plate XXV. The first of these gives a general 
view of the completed locks, while the others 
illustrate various stages in their construction. 
Fig. 58 shows the downstream entrances to the locks 
nearing completion, some of the wall shuttering 
being still in place. Fig. 59 shows one of the lock 
chambers with the concreting plant in operation, 
and Fig. 60 shows the upstream entrance during the 
progress of the work. 

The method of filling and emptying locks by 
means of sluice valves in the gates is simple and 
economical, and is satisfactory when the differences 
in water level to be dealt with are not too great. 


Lock Gates SHowInNG ROLLER SLUICES. 





If the mass of water to be handled is large, the! 











ENGINt 


Fig. 52. 


method may set up disturbances in the lock chamber 
with the danger of vessels colliding with one another, 
or with the walls or gates. In view of this, the 
remaining 10-m. head groups of locks are arranged 
with longitudinal filling ducts, as shown in Figs. 
53 to 55. As will be seen, there is a duct at each 
side of the lock. Each connects with a vertical 
shaft at the lock head and at the top of the shaft 
a passage 4-5 m. high by 3-6 m. wide connects 
with the head water. The passages are provided 
with screens at their open ends to prevent the 
entry of foreign matter. At the top of the vertical 
shaft, which is 3-6 m. in diameter, there is an 
electrically-operated cylindrical valve. The longi- 
tudinal ducts, which are 3-7 m. high and 3 m. wide, 
are in communication with the lock chamber 
through six groups of outlets, which are indicated 
in Figs. 53 and 55. The arrangement ensures an 
equal distribution of the water entering the lock, 
any tendency to set up turbulence being prevented 
by the meeting of the two streams of incoming 
water on the centre line of the lock. The pro- 
portion of the cross-sectional area of the outlets 
to the corresponding area of the ducts is 2-5 to 1, 
so that rapid filling of the lock is ensured without 
the formation of eddies. 

As shown in Fig. 54, the upstream ends of the 
longitudinal ducts are connected by a cross-duct. 
This arrangement tends to equalise the flow of 
water into the two sides of the lock, and also allows 
the lock to be filled through one cylindrica] valve 
only if the other is under repair. The longitudinal 
ducts are also connected by two cross-ducts carried 
under the lock floor at the centre of its length. 
Each is 2 m. high by 3 m. wide, giving a total cross- 
sectional area of 12 sq.m. These ducts connect to 
similar ducts in the neighbouring lock, as shown in 
Fig. 55. The inter-connection between the two sets 
of cross-ducts is a single circular passage, which is 
carried through the division wall between the two 
locks on an upward curve, as shown in Fig. 55. 
A roller sluice gate is fitted at the highest point of 
the curve. These cross-connecting ducts enable 
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half the water from one Jock chamber to be passed 
into the other when one lock is being emptied and 
the other filled, so saving half the locking water of 
a single operation. Two vertical shafts in each 
longitudinal duct, indicated in Fig. 54, connect to 
the atmosphere, permitting the escape of trapped 
air and preventing water hammer. 

At the downstream end of each longitudinal duct 
there is a roller sluice gate, 3-1 m. by 3-7 m. In 
the initial stage of emptying the lock, when the 
hydrostatic head is 10 m., these gates have to 
withstand a pressure of 100 tons. To facilitate 
moving the gate, it is first displaced from its seat 
by a cam, after which it may be lifted without 
difficulty. Recesses have been provided on the 
upstream sides of the gates, in which stop logs may 
be inserted in order to isolate the gate for inspection 
or repair, without the necessity for emptying the 
lock. As will be clear from Fig. 54, the longitudinal 
ducts extend to a position downstream of the lock 
gates and discharge behind the gate through a 
series of rectangular passages. There are six passages 
for each duct, the dimensions being 4-5 m. by 
1-3 m., giving a total cross section of 35-1 sq. m. 
and permitting a low velocity of discharge. As the 
openings slope in an upstream direction and the 
streams from the passages on each side of the dock 
meet, the water is well broken up and there is no 
likelihood of high velocities being attained. The 
outlet ends of some of the passages are clearly shown 
in the view of one of the Quaedmechelen locks given 
in Fig. 61, on Plate XXV. The outlets can also be 
seen behind the two men in Fig. 52, on this page, 
which shows one of the gates of the Hasselt locks. 

The water is discharged into a stilling basin, 
11 m. long and 1-5 m. deep, formed behind the 
gates. Beyond this, for a length of 20 m., the 
concrete floor of the lock entrance has been formed 
with diagonal grooves 1-4 m. wide and 0-5 m. 
deep. The arrangement is shown in Fig. 54. The 
grooves may also be seen in the view showing the 
downstream stilling basin of the Quaedmechelen 
locks during construction, which is given in Fig. 62, 
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on Plate XXV. Beyond these grooves, the floor 
inclines downwards forming a second basin, the 
final breaking up of the stream being effected by 
a vertical wall, 2 m. high, which forms the end of 
this basin. Although the velocity of the water flow 
in the longitudinal ducts is relatively high, it has 
not been deemed necessary to employ any special 
concrete or to provide cast-iron or other lining to 
protect the surfaces. The water does not contain 
any abrasive matter in suspension, and experience 
with other locks operating under similar conditions 
shows that there is no danger of erosion. The total 
cross-sectional area of the two ducts is 22 sq. m., 
and they can discharge at the rate of 60 cub. m. per 
second. Allowing a rate of water flow of 3 m. per 
second, the two ducts can empty or fill the large 
lock in from seven to eight minutes. The hydraulic 
arrangements of the locks were designed by Monsieur 
Denil. 

There is a culvert traversing the full length of the 
lock structure and connecting the lower reach of 
the canal with the upper. This has a cross-section 
of 4-6 sq. m. and is provided with a roller sluice 
gate. Its purpose is to enable water to be passed 
from the upper reach to the lower, when desirable. 
As the volume of shipping using the various reaches 
of the canal is not uniform, the water lost in locking 
varies on the different sections. This culvert allows 
such loss to be made up from the reach above the 
lock handling heavy traffic. The approaches to the 
locks, on both the upstream and downstream sides, 
have been widened to form forebays 100 m. wide 
by 600 m. long. This is well shown in the view of 
the completed Wyneghem locks given in Fig. 57, on 











Plate XXV. The banks 
of the forebays are built 
of concrete, except in 
the cases of the Quaed- 
mechelen and Oolen 
locks, where they are 
of earth. Some of the 
locks are provided with 
leading-in jetties to 
facilitate locking. They 
are 270 m. long and are furnished with gangways. 
Beyond them, the entry channel is provided with 
dolphins for a length of 250 m. The lock chambers 
are fitted with safety ladders and bollards and 
mooring rings on the side walls. The material used 
in the construction of each group of locks included 
110,000 cub. m. of concrete, 2,600 tons of cast iron 
and steel, 500 cub. m. of dressed-stone blocks, and 
4,300 cub. m. of rough masonry blocks. 

As will be clear from Fig. 54, the locks are pro- 
vided with double-leaf mitre gates. They are of 
steel, their general appearance being shown in the 
photographs reproduced in Figs. 51 and 52. They 
are of all-welded construction. Each leaf has a 
width of 9-1 m. for the large locks and 4-05 m. for 
the small, the height being 15-25 m. for the down- 
stream gates and 4-5 m. or 5-25 m. for the upstream 
gates. They are provided with roller sluice gates 
at the bottom, by means of which the locks may be 
filled or emptied in emergency. These sluices are 
well shown in the view of a pair of gates which is 
given in Fig. 51. They can also be seen in Fig. 63, 
on Plate X XV, which shows one of the Hasselt locks 
nearing completion. The gates are operated by an 
electrically-driven rack, and the weight of each 
complete downstream leaf is about 50 tons. In 
addition to the gates, all valves and sluices are 
electrically-operated. Each lock group is provided 
with a transformer substation in which three-phase 
current at 10,300 volts is stepped down to 220 volts. 
The switchgear, which is situated in a separate room, 
controls 37 motor circuits, the aggregate horse-power 
of the motors on each lock group amounting to 560. 
There are 12 gate motors, 14 for operating valves, 
































eight for capstans, and four spares. There is a total 
of 15 km. of electric cable in each group. 


Bripags Over THE CANAL. 


The construction of the canal involved the building 
of 65 over-bridges. In those sections in which the 
new canal occupies the site of the old, it has not 
been possible to replace all the old bridges; for 
instance, the place of the ten swing bridges on 
the old Liége-Maastricht canal, between Wandre 
and Haccourt, has been taken by only four fixed 
bridges. Only in exceptional circumstances has 
it been possible to retain the previously existing 
bridges. An example is furnished by the railway 
bridge at Lixhe, which was constructed by the 
German army of occupation during the previous war. 
It has a clearance above the water level of 6-35 m. 
The viaducts at Deurne and Merksam, in the imme- 
diate neighbourhood of Antwerp, have also been 
retained. These are reinforced-concrete structures, 
built in 1902, and represent early examples of the 
application of the Hennbique system. The main 
arches of these viaducts have a span of 44 m. and 
a clearance of 7 m. above water level at the centre. 
The clearance at points 5-5 m. on each side of the 
centre is 6-5 m. The Merksam viaduct is illus- 
trated in Fig. 64, on page 666. 

The new bridges over the canal have not been built 
to a standard design, but have in each case been 
adapted to local conditions. This procedure has 
allowed any constructional development which 
took place between the year 1930, when the work was 
inaugurated, and the year 1938, when it was com- 
pleted, to be taken advantage of in the design of the 
later bridges. In addition to the old reinforced- 
concrete bridges, at Deurne and Merksam, five new 
bridges of this type have been built. Three of these 
are at the Liége end of the canal, and two are in the 
neighbourhood of Antwerp. The Vroenhoven, 
Lanaken and Kompveld bridges, near Liége, which 
were designed by M. Lambert, of the Government 
Service, are all of uniform type. That at Vroen- 
hoven is illustrated in Fig. 65, on page 666. The 
arches consist of two parallel members connected 
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to the columns by Freyssinet joints, the roadway; APPLICATION OF DIMENSIONAL 


being carried on spandrels rising from the arch. 
The Kompveld bridge has four side spans, those at 
Vroenhoven and Lanaken having two each. The 
roadway is 6 m. wide and the footpaths are overhung. 
The two new reinforced-concrete bridges near 
Antwerp are of the cantilever type with three 
spans. The central span is 37-7 m. between the 
pier centres, and the side spans are of 15 m. The 
bridges carry roadways 20 m. wide and two 3-35m. 
footpaths. 

All the remaining bridges are of steel construction 
and all are fixed spans except the three bascule 
bridges over the entrance to the Antwerp docks, 


which were adopted owing to the impossibility of | 


arranging for approaches, to fixed bridges. One 
of the bascule bridges can be seen in Fig. 12, on page 
432, ante. All the other bridges consist of single 
spans across the canal, but in some cases side spans 
have been added to cross the towpath or roadways. 
The full width of the canal is maintained at the 
bridges, the steepness of the banks having, however, 
in some cases, been increased in order to decrease 
the span. All the steel bridges were either designed 
or approved by the Belgian Department of Bridges 
and Roadways. 
1930, the bridges concerned being those at Lixhe 
and Lanaye. 


The first tenders were called for in | 


The Société des Ateliers d’Enghien- | 


Saint Eloi, which obtained the order for the Lanaye | 
bridge, submitted as an alternative a Vierendeel | 


design, in which welding was employed instead of 
riveting for some of the parts. This tender was 


| tively. 


accepted and resulted in the introduction both of | 


the Vierendeel system and welded construction 


at an early stage in the building of the Albert Canal | 


bridges. 

Altogether, some fifty Vierendeel bridges have 
been built over the canal. Although this design 
lends itself admirably to welding, two of the early 
important structures of this type, which were erected 
at Herentals in 1934, are of all-riveted construction. 
These, one of which is illustrated in Fig. 66, on page 
666, are single-track and double-track railway 
bridges. In each case the central section consists of 
Vierendeel girders of 89-5 m. span, the upper wind 
bracing being at right angles to the spans, without 
diagonals. ‘The side spans consist of plate girders, 
33-5 m. long. They were brought to the site com- 
pletely assembled and launched forward into position 
on rollers. The bridges, each of which has a total 
weight of 3,200 tons, were built by Messrs. Cockerill 
S.A., of Seraing-sur-Meuse. An example of another 
bridge built by Messrs. Cockerill is illustrated in 
Fig. 67, on page 666. This carries a road 18 m. 
wide and crosses both the Albert Canal and the 
River Meuse by means of four spans of 59 m. and 
62 m. It consists of a series of freely-supported 
framed arches with tie bars. The total weight is 
2,640 tons. 

As previously mentioned, the Vierendeel design, 
which has been employed extensively, is particu- 
larly suitable for welded construction. The simple 
lines of the parabolic girder frames and the absence 
of intricate cross wind bracing also give a structure 
of clean and pleasing appearance. The saving in 
weight of material, as compared with more conven- 
tional designs, is stated to be 10 per cent. The first 
entirely-welded bridge of this type was erected at 
Herenthals. It has a central span of 57 m. and two 
side spans of 17-5 m. each. Among the latest are 
the bridges at Vivegnes and Hermalle, erected in 
1937 and having spans of 90 m. The weight in 
each case is 517 tons. 

Some analysis of the Vierendeel design will be 
found in the article by Mr. E. 8S. Needham, M.Inst. 
C.E., which appeared on page 595 of our issue of 
April 7, 1939. This dealt with the bridge of this 
type over the Albert Canal at Hasselt, and which, 
unfortunately, collapsed on March 14, 1938. This 
matter has several times been referred to in our 
columns, 

In concluding this series of articles, reference 
should be made to the courteous assistance received 
from Monsieur A. Delmer, the Sécrétaire Générale 
du Ministére des Travaux Publics, to whose energy 
the carrying through of the Albert Canal project 
has owed so much. His book, Le Canal Albert, 
has been freely consulted in the preparation of this 
description. 
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ANALYSIS TO STRESSES IN 
RAILWAY TRACKS. 


By Micset DANILoFF. 


In a recent statement* by J. Taylor Thompson 
reference was made to certain American experiments 
on the deflection of railway track under moving loads. 
Mr. Thompson pointed out that the deflections of 
track, consisting of 152-lb. and 90-Ib. rails, respectively, 
were found to be practically the same, but that these 
deflections varied almost directly with the ballast 
and formation resistance. He concluded that the 
condition of the ballast and permanent-way formation 
is of greater importance in determining the stiffness 
of the track than the lineal weight of the rails. These 
statements are in substantial agreement with the theory 
given by Professor 8. Timoshenko,t according to which, 
the maximum vertical rail deflection 5,, directly under 
@ concentrated load is given by : 
Pa 
2« 


‘ ; 
sti \/ 4 EI 


P being the magnitude of the largest static concen- 
trated load of a system of moving loads, x the modulus 
of the foundation, t.e., the ballast reaction per unit 
length of rail per unit deflection, and E and I the 
modulus of elasticity of the material of the rail, and 
the moment of inertia of the rail cross-section, respec- 
From these expressions, it follows that the 
deflection is inversely proportional to the three-fourths 
power of the modulus of the foundation and to the 
one-fourth power of the moment of inertia of the rail 
cross-section. Professor Timoshenko’s theory applies 
to static conditions only. Moreover, it does not take 
into consideration the deformation of the sleepers. 
This factor is of paramount importance in distributing 
the concentrated loads applied to the rails throughout 
the ballast and to the permanent-way formation. 

The complete analytical solution of the problem of 
the railway track involving moving loads, and the 
deformation of the sleepers, is too involved to be of 
much practical value. Fortunately, highly-valuable 
conclusions can be reached by the use of the principle 
of dimensional homogeneity. By the use of this prin- 
ciple, it is possible to design a railway track as strong 
as any given track under any specified new conditions. 

The method of analysis is as follows: Calling 5, 
the maximum observed vertical deflection of the 
track ; o, the maximum stress in the rail; v the 
speed of the moving loads; I, and I, the moments 
of inertia of the sections of the rail and sleepers, 
respectively; E, and E, the moduli of elasticity of 
the material of the rails and of the sleepers, respectively ; 
g the acceleration of gravity, and s the spacing of the 
sleepers ; the following equations hold : 


&n = (1) 


where 


(2) 


tant (Sy /E gh nah xf xb xd 
g t E, E,# E, I, I, &, 
(3) 

and 
‘ g P P a E 
on aE, $a (3 JF x E, a” é, x i, x i, x E, 
(4) 


where c, and c, are purely numerical coefficients, and 
¢,, ¢, unknown functions, which can conceivably be 
determined by experiment, but a knowledge of which 
is not necessary for the solution of important design 
questions. Equation (3) shows that the maximum 
deflection is proportional to the square of the speed, 
provided that every factor within the bracket remains 
unchanged, that is, provided the conditions of dynamic 
similarity are satisfied. This holds true for a given 
track under a given system of moving loads. 

Equations (3) and (4) do not take into account the 
forced vibrations of the rails caused by the passage 
of the loads. These are of negligible importance, 
as is shown below. The “dynamic augment” is, 
however, properly taken into consideration by the 
inclusion in both equations of the term : 


g Pp 
a VJ i, 


which can, like all the other terms of equations (3) | 


and (4), be thrown into a number of different forms. 
It will also be noticed that the equations do not contain 
terms depending upon the out of balance forces of the 
rotating masses. Therefore, these equations strictly 
apply only to the stresses and vertical deflections 
produced by the passage of electric and Diesel-electric 
motive power unite, and of steam locomotives with 





* The Railway Garette, July 14, 1939, page 45. 
t Applied Elasticity, 1925, pages 133 ef. sec. 
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100 per cent. balanced rotating masses and having 
cylinders with horizontal axes. 

It it be desired to include the “ hammer blow ” 
effect of unbalanced rotating masses, the following two 
| dimensionless terms should be included within the 
brackets of equations (3) and (4), as additional multiples. 
22 
gD 
in which F is the weight of the unbalanced rotating 
masses, referred to the rim of the driving wheels* 
and D is the diameter of the latter. The terms 

2 


(5) 


and 


and will be recognised as the familiar Froude 


u v 
19 3m gD 
numbers, the appearance of which in this connection is 

somewhat unexpected. 
If it be desired to consider the forced vibrations of 


2 
the rails, the dimensionless term all should be added to 
x 


the terms already included under the sign of the function 
¢ in equations (3) and (4), p being the rail density. If 
this be done, however, dynamic similarity of the two 


tracks becomes impossible, for the condition — =a 
2 
constant requires x to be a constant, since E, is constant 


under actual conditions, whereas the new condition : 
a 

’ ; 

- = constant ; p being very nearly constant, requires 


x 

that « should be proportional to the square of the speed. 
This leads to an irreconcilable contradiction. The 
impossibility of obtaining exact dynamic similarity 
in certain types of problems is by no means rare. 
It is a well-known fact, for example, that a ship and 
its model cannot be made dynamically similar in 
respect to the resistance due to wave formation and 
that due to skin friction. Fortunately, it can be 
shown that the forced vibrations of the rails are 
phenomena of decidedly secondary importance, 80 


y 
that the term —° may be safely omitted. The natural 
Le 


frequency f, of vibrations of rails with hinged ends, 
resting on an elastic foundation, is given by : 


a : ; . 
fi oa y/ itt Bt (6) 

in which 
‘ Elg 7) 
yA (4 

and 
«lt 

B= sts (8) 


In these expressions, f; is the frequency corresponding 
to the appearance of half-waves within the length of the 
rail, i the number of such half-waves, y the weight 
(force per unit volume) of the material of the rail, 
corrected for the weight of sleepers, chairs, spikes 
and all other fixtures which participate in the vibratory 
motion of the rail proper, A the area of the cross-section, 
of the rails, and 1 the length of the latter. The assump- 
tion of the appearance of an integral number of half 
waves within the length of the rail is warranted by 
the fact that the rail joints are unable to transmit a 
large bending moment and hence that the nodal 
points must be located at or near the rail joints. 

Taking, as an example, 90-lb. rails with I, = 27-2 in.*, 
A = 8-84 sq. in., 1 = 60 ft., E,= 30 x 10° Ib. per 
square inch ; and assuming 5 in. by 10 in. by 7 ft. 6 in. 
sleepers weighing 80 Ib. apiece and spaced 31-3 in. 
apart, y = 0-428 lb. per cubic inch, and a?= 0-835 x 
10" in.* per second per second, so that a = 289 x 10* 
sq. in. per second. Also 8 = 0-509. 

The normal mode of vibration of lowest frequency 
is one in which the whole length of the rail constitutes 
one-half wave. In this case, i = 1, and the corres- 
ponding fundamental frequency has the value : 

289 x 10° x 3-142 
2 x 720 

The frequency of the next higher normal mode of 
vibration corresponds to the existence of two half 
waves in the length of the rail with a nodal point in 
the middle. In this case, i = 2 and f,= 359 per sec. 
This is a very high frequency in reference to the 
frequency of the disturbing forces. It can, therefore, 
| be concluded that normal modes of vibration with 
one or more nodal points within the length of the rail 
will not occur in practice, but that if they do occur, 
their amplitude will be entirely negligible. 


= x 1-509 = 108 per sec. 


1 





r 
* Thatis: F=-W. D’ where W is the weight of the 


driving wheel and of the rotating masses attached thereto, 
and r is the distance between the axis of rotation and 
| the centre of gravity of the driving wheel and attached 
rotating masses. 
t S. Timoshenko, Vibration Problems in Engineering, 
11928, pages 257 et. sec. 
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It is now possible to estimate the increase in the 


maximum deflection of and stress in the rails due to | 


forced vibrations. As has been pointed out above, 
the higher modes of vibration will not be produced 
under conditions met in practice, hence the elastic 


system reduces to one having one degree of freedom | 


and the familiar ‘“ magnification factor ” applies :— 


i 
n\? 
— (7) 
fi 
Where x is the frequency of the disturbing force. 
pecs, 74 in. driving wheels and a ‘speed of 47-6 m.p.h., 


= 3-61 per second, so that 4 = 1-001116, and both 


Z = (9) 


the maximum deflections and stresses are increased by | 


0-11 per cent. At 80 m.p.h., the increase is but 
0-32 per cent. Even with 90 lb., 20-yard rails, welded 
into lengths of 180 ft., such as are met on the Southern 
Railway, for instance, f, = 63-3 per second, and at 
80 m.p.h. the increase in stress and deflections does 
not exceed 1 per cent. These calculations do not take 
into account the damping action of the ballast. This 


would reduce the figures still further, but with a value | 


’ 
oe: lying between 3 per cent. and 10 per cent., the 


t 
effect of damping is negligible, since damping affects 
the value of the amplitude materially only near the 
point of resonance. Furthermore, equation (6) does 
not take into consideration the mass of the ballast 
participating in the vibratory motion. This factor is 


EXPONENTS FOR EQUATION 22. 
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BP PF 
sgt 
1a. 28 7 31-3 in. (il) 
-- 8 = @ x —_ = 
13-6 
Avene 
i's” 
$1-3\4 
| “. Lyf = 104 x ‘= ) 162-5in. . (12) 
I,_ I, 
I, I," 
162-5... 
Ly’ = 17-1 x So = 27-2 ins (13) 
I,’ w 
I, w 
7 27°2 _ gon 1. (14 
| .u 2 xa/ i= 90 lb. per yd. (14) 
E,_ E,’ . 
— = =, (15) 
E, E, 


Condition (15) is always satisfied for tracks of the 
same type of construction. Results (10) to (15) do 





with steel rails resting on pressed steel or reinforced | 


Symbols Dimensional Exponents 
Used.* Formule. (equation 22). 
Pj j 

v L ‘a ; l 
I, 2 8 
w M "pa 1 4 
Zi? 0 0 
ps MLL" j 2 
8m L | : 2 
kK ML“*T“ | 0 0 
I Lt 2 x 
: i ; 2 
l L | ‘ 2 
K vi-+ 1 4 

| 

P MLT* | 1 4 
_ L t 2 
F M LT“ | 1 | 4 
Db L | + 2 
M M | l 4 
1 ML‘ > 4 = 
Je M L? 2 ~ 
m MT" | 4 2 


° To be substituted for q; in equation (22), 
+ V stands for the unit of monetary value. 


No. Quantity. 
(a) Track. 
(1) Speed of train : 
(2) Moment of inertia of rail section 
(3) Weight of rail per unit length . 
(4) Maximum stress in rails 
(5) Maximum stress in ballast 
(6) Maximum deflection of rails 
(7) Modulus of foundation . é 
(8) Moment of inertia of right section of slee pers. 
(9) Spacing of sleepers , 
(10) Length of sleepers 
(11) Cost of sleepers per unit length of line 
(b) Motive /’owwer. 
(12) Axle load 
(13) Axle spacing 
(14) Force due to unbalance of rotating masses 
(referred to rim of drivers) ; 
(15) Diameter of drivers 
(16) Unsprung mass .. . 
(17) Moment of inertia of unsprung mass about 
longitudinal axis ‘ : 
(18) Moment of inertia of unsprung mass about 
transverse horizontal axis... . ‘ 
(19) Elastic constant of suspension springs 
uncertain. Its effect is probably small, but would in 


all cases reduce the frequency of natural vibrations, 
thus increasing the increment of stress due to forced 
vibrations. This effect is opposite to that caused by 
damping. Therefore, the conclusion seems warranted 
that the figures arrived at above are substantially 
correct, at least as regards the order of magnitude, 
and that the effect of forced vibrations on stresses and 
deflections of rails is extremely small. In fact, it need 
not be considered. It is interesting to observe that 
the stiffness of the ballast, «, becomes of progressively 
smaller importance in influencing the frequency of the 
higher modes of vibration, and that the frequencies 
of the latter becomes more nearly proportional to the 
square of the number of half waves in the rail length. 

Let it be assumed that an actual railway track, 
found satisfactory in operation, possess the following 
characteristics :—s = 28 in., 5 in. by 10 in. by 7 ft. 6 in. 
sleepers, Iz = 104 in.*, weight of rails w = 72 lb. per 
yard, I, = 17-1 in.4, « = 1,500 lb. per inch per inch, 
and that the motive power units are characterised by 
the following data :—v = 45 m.p.h., P = 13-6 tons, 
F = 1,000 lb., D = 66-2 in. 

Let it be required to determine the physical charac- 
teristics of another track and motive power unit with 
P! — 17 tons, such that the maximum stresses shall be 
the same for both tracks. 

Reference to equation (4) shows that this will take 
place if every dimensionless term included in the 
bracket remains unchanged. Denoting the quantities 
belonging to the second track by ticks, the following 
proportions must be satisfied. 





4 = 
a 
== 45 17 47-6 m.p.h 10 
v’ = 45 x 13-6 > i -p-h. (10) 


concrete sleepers or slabs, or tracks of the Denham | 
and Olphens type. Continuing the same process | 
further, the following ratios are obtained :— 
y 2 
te 
== 1,250 Ib. (16) 


> F’ = 1,000 x 


17 
13-6 
“ wy»? 
DD’ 

47-6 


2 
s) 74 in. . 


45-0 

It will be observed that the required strengthening | 

of the track expressed by (11), (12) and (14), despite | 

the permissible wider spacing of the ties, shown by 
(11), permits an increase in axle loads of 25 per cent., 

but only a 6 per cent. increase in speed. In other | 


*, D’ = 66-2 (17) 


words, it is easier to provide for an increase in loads | 


than for an increase in speed. 

A condition not generally realised is given by (12) 
and (13), namely, that the sleepers must be strengthened 
in the same proportion as the rails. In the present case, | 
a 56-3 per cent. increase in the moment of inertia 
must be provided for both. Strictly speaking, in order 
to secure complete dynamic similarity, the length 1 
of sleepers should also be increased in the same ratio 
as their spacing,* so that : 

p’ 


ft 
wes oh ;* 


This entails a considerable increase in sleeper cost per | 
unit length of line, for acruming the cost of eanbund 


(18) 
| 


* The same remark applies to the spacing of the axles. 


not apply to tracks of different types, such as tracks | 


| Blackburn, a director of Messrs. 


, Shire. 
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to be proportional to their volume, the cost K and K’ 
for geometrically similar sleepers will be in the ratio : 
> 


yt Jf en ar 
. WV i Celt 
which, in the present case, means a 25 per cent. increase 
in cost, Here, again, it is evident that high speeds 
and axle loads are costly, the former particularly so. 
Two dynamically-similar tracks, when used in 
combination with properly designed motive power, will 
experience the same maximum stresses, and this 
irrespective of the form of the function ¢, (equation 
(4)), which may remain unknown. In any case, 
the determination of this function, either analytically 
or experimentally, is a laborious process. Computations 
like the above, carried out so as to approximate existing 
conditions, can be useful in detecting the sources of 
weakness of certain stretches of railway track, or the 
reasons for the destructive action upon the track of 
certain types of motive power. The dimensional 
analysis given above excludes the effect of tramping, 
pitching and rolling of the unsprung masses of the 
locomotive and cars. These effects are probably of 
secondary importance, but they can be easily takén 
into consideration by the introduction of further 
dimensionless variables such as : 


Mg J, «D 
P's w “op 


| where, in addition to symbols already employed, M is 
| the mass of the unsprung part of the vehicles; J, and 
J, the moments of inertia of the unsprung masses 
around the longitudinal and the transverse horizontal 
axes through the centre of mass of M; and m, the 
elastic constant of the suspension spring (force per unit 


(19) 


R 2 
I, iti 


m 


_| deflection), The conditions of dynamic similarity 
corresponding to (20) are then as follows : 
‘ “ m D* m 
Mae P; J,a Jy; mxD; J, a (21) 
These conditions can always be satisfied by proper 


design, and serve to determine the values of M, J, and 
J, and m, required for dynamic similarity, in which 
| case, all the previous results remain valid. 

It is obvious that the conditions of dynamic simi- 
larity of railway track are of the following general 


form : 
qi (=) as (;)" 
ga 6=|C\P ~ \y 


where q; and q;‘ refer to any one of the nineteen quan- 
tities considered. The exponents, pj and vj associated 
with them are given in the table. It is obvious that ; 
= 427; (23) 

It will be observed that the exponents for o, are 
nil. This means that the maximum rail stress does 
not change. The maximum stress in the ballast, being 
| proportional to the maximum deflection, varies as 


= 
ifs . On the other hand, two tracks cannot be made 


to have the same maximum deflection, except under 
exactly similar (not merely dynamically similar) condi- 
| tions; for in this case all the exponents p; and vj 
would become infinite, which means that every one of 
|the quantities involved must remain unchanged. 
| The table shows the intimate connection existing be- 
| tween the design of the railway track and motive power. 
| This is a point which has recently been stressed by the 
Indian Pacific Locomotive Committee. 

Briefly stated, the main conclusions reached by means 
of the dimensional analysis given above are as follows : 
In strengthening railway track for the carrying of 
higher axle loads at higher speeds, without change in 
the value of the maximum rail stresses, the sleepers 
| must be strengthened in the same proportion as the 
rails, but their number per rail may be reduced. The 
ballast resistance need not be changed. The motive 

ower must be designed to suit the track in regard to 
| the value of the unbalanced forces, the diameter of the 
| driving wheels, axle spacing, and strength of the sus- 
| pension springs. In particular, the moments of inertia 
of the unsprung mass about the principal axes must 
be increased very materially. Formula for the deter- 
mination of all of the above quantities are obtained by 
the substitution into equation (22) of the values given 
in the table. 








THE LATE MR. JOHN BLACKBURN.—It is with regret 
that we record the death, on December 4, of Mr. John 
Thomas Blackburn and 
Sons, Limited, constructional engineers and ironfounders, 
Hermon Forge and Preston Ironworks, Preston, Lanca- 
Mr. Blackburn, who was 68 years of age, passed 
away, after a brief illness, at the home of his son in 
Stuart-road, Ribbleton, Preston. He was the second 
son of Mr. Thomas Blackburn, who founded the firm in 
| 1857, and until his illness, three weeks ago, had taken 


| his usual active part in the business of his firm. 
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NOTES ON NEW BOOKS. 


Mathematics for Technical Students. Part II. By 
A. Geary, M.A., M.Sc., H. V. Lowry, M.A., and 
H. A. Haypen, D.Se., M.Sc. London: Longmans, 


Green and Company. [Price 5s.] 


Tuts volume is the second in a series of three designed | though the data in this case are drawn from bridges | attempt to fill. 


to provide the basic mathematical equipment of 
students taking the Ordinary National Certificate course 
or its equivalent in engineering, building or chemistry. 
It contains a full session’s work for a second-year class, 
but this plenitude of material may be regarded as a 
distinct advantage, for the teacher is thus enabled to 
select those portions of special interest, according to 
the branch of technology in which the class is engaged 
After a little revision—usually necessary in the mathe- 
matics class—the session’s work begins with quadratic 
equations. It develops by easy stages to a simple 


exposition of the fundamentals of differentiation and | 


integration, illustrated by some practical examples in 
which the idea of a rate of increase can be readily 
visualised. In some of the exercises set on integration, 
however, the authors appear to assume a knowledge of 
physics beyond that possessed by the average technical | 
student in his second year. Within the range of the | 
hook are included some plane and solid geometry, and | 
the elements of trigonometry. The explanations are | 
clearly given and the brief historical notes, such as 


those with which logarithms and the calculus are | “lementary Vectors for Electrical Engineers. By G. W.| to in another chapter. 


introduced, should create a new interest in the subject. 
It is regrettable that sufficient care has not been taken 
in the wording of some of the practical exercises ; 
for example, “a theodolite mounted at the top of a 
stake ™ is distinctly jarring. 


Klementary Matrices and Some Applications to Dynamics | 
and Differential Equations. By R. A. Frazer, D.Sc., 
Proressor W. J. Duncan, D.Se., and A. R. Cottar, 
B.A., B.Sc. London: Cambridge University Press. 
| Price 30s, net.] 


| 


rue study of solid geometry often leads to the problem | 
of solving a set of linear equations in severalgfipriables, 
in which the number of variables may be Js than, 
equal to, or greater than the number of equations. 
Similar mathematical apparatus is required to investi- 
gate a question, the solution of which is to be arrived 
at through a set of differential equations. The treat- 
ment of determinantal expressions obtained in this way 
can be greatly simplified by the aid of the matrix 
calculus, to an extent that increases with the complexity 
of the problem. This book should be extremely useful 
to students of applied mathematics, and to those 
engaged on computations in laboratories, owing to the 
dearth of treatises in which the theory of matrices is 
brought into direct relation with differential equations 
and classical dynamics. The fact that the authors 
assume no previous knowledge of the subject on the 
part of the reader accounts for the carefully prepared 
explanation of the chief properties and forms of 
matrices which is given in the first three chapters, and 
for some instructive numerical examples in Chapter IV. 
Chis may be regarded as the first of the three principal 
parts of the volume, in that nearly 100 pages are then 
devoted to the consideration of differential equations 
having either constant or variable coefficients. The 
real value of this work is best shown in the third group 
of chapters, where the kinematics and dynamics of 
mechanical systems are expressed in terms of the 
matrix calculus, and hence Lagrange’s equation in 
generalised co-ordinates and Hamilton's canonical 
equations of motion are discussed. The general theory 
is applied to a number of practical problems, of which 
the motion of an aeroplane is one. The volume usefully 
fills 4 vacant place in the literature on the subject, for 
it may be safely asserted that a working knowledge of 
these two types of equations will become more and 
more essential as the stiffness ratios of structures tend 
to diminish, 


Publications of the International 
and Structural Engineering. 
Gebriider Leemann and Company. 
francs. | 


issociation for Bridge 
Volume V. Ziirich : 
[Price 30 Swiss 


Many important developments have taken place in 
structural engineering during the la:t few years, and 
it is difficult to keep well informed on the extensive 
researches which are published in many journals and 
in various parts of the world. The International 
Association for Bridge and Structural Engineering 
has rendered a valuable service, therefore, in publishing 
this collection of 24 papers, since seven of them are 
unpublished “ optional papers’ that were presented 
at the Congress held in Berlin in 1936. Some of the 
contributions to this volume are necessarily of a 
specialised character, but several are of general interest, 
as, for example, those of Dr. O. K. Frohlich and Dr, J. 
Jaky, which discuss, in turn, the rate of ow of water 
through clay, and the classical theory of earth pressure 
with special reference to retaining walls. Closely 
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| discourse entitled “ Bridge Foundations,” in which 
| matters of design and construction are illustrated by 
| reference to the San Francisco-Oakland Bay Bridge 
| and to the bridge over the Mississippi at New Orleans, 
| Louisiana. The same applies to the paper by Dr. G. 
| Rodio, on the “‘ Consolidation of Bridge Foundations,” 


| in Algeria, France, Italy and Spain. Of equal interest 
| to practising engineers are the summaries of trends 
| in the design and erection of large reinforced-concrete 
structures by Professor L. Baes and Mr. H. Bastien, 
who deal in succession with arch frames and with 
| railway bridges. Professor W. M. Wilson’s paper en 
| teste of reinforced-concrete arch bridges is an excellent 
| account of the research which was carried out over a 
| period of ten years on behalf of the American Society 
of Civil Engineers. While it is as unnecessary as it is 
impossible to notice here all the informative sections 
of this book, about half of which is devoted to the 
mathematical side, attention may be drawn to the 
remarkably efficient type of roof for public buildings 
which is described by Mr. E. Torroja, in a paper under 


| 


| the heading of * Frontén Recoletos.”’ 


in Introduction to Vector Analysis for Physicists and 
By B. Haevr, D.Sc., Ph.D. London : 
[Price 3s. net.] 


King neers. 
Methuen and Company, Limited. 


B.Sc. London: Sir Isaac Pitman and 
[Price 5s. net.] 


STUBBINGS, 
Sons, Limited. 


Tue coincidence that these two introductory treatises 
on vectors should have been published practically 
together makes it convenient also to review them 
together, although, as the titles indicate, there are 
well-marked differences in their scope. Dr. Hague’s 
monograph exhibits in a commendable manner the 
advantages offered by vectorial methods in the study 
of both mechanical and physical science, though it 
contains much more than a mere summary of the chief 
points. Its quality in this respect may be attributed 
partly to the concise description of the fundamental 
principles, and partly to the large number of important 
operations thus discussed. The author commences 
with the simplest ideas and yet manages to devote | 
nearly one-quarter of the work to the meaning and | 
application of the operator ‘‘ nabla” before passing, | 


and Gauss, to the cuestion of potential fields in scalar 
and in vector quantities. The magnetic field of a 
steady current is then expressed in the appropriate 
notation, and this forms a convenient introduction 
to what follows on the vectorial formulation of Maxwell's 
electromagnetic equations. A fairly complete sum- 


for the final chapter deals with simple types of tensors, 
and a good bibliographical list of standard treatises 
is appended to the text, but reference might well 
have been made to the English translation of C. Runge’s 
work on vector analysis. While necessarily more 
retricted in range of subject-matter, the second of these 
small volumes may also be recommended, since Mr 
Stubbings has thrown light not only on the theory as a 
whole, but also on two difficulties which are commonly 
met with in the process of solving certain electrical 
problems by means of vectors. ‘The first arises in the 
application of graphical methods to 
circuits that include interconnected sources of alternat 
ing E.M.F., and the second in the development of « 
symbolic notation involving the use of the algebraic 
imaginary. Of special interest, therefore, is the 
chapter on the use of vectors in three-phase theory, 
where the right emphasis is placed on the necessity 


sources. Furthermore, the attention of students who 
cannot readily grasp the usual explanation of the 
imaginary signified by “j’’ may be drawn to what 
the author has to say on this point. Another welcom« 
feature is the geometrical interpretation given, at 
the end of the text, to hyperbolic functions, with 
particular reference to the vectorial representation of 
alternating current. 
Guide to Technical Literature. 
F.L.A. London: Grafton and Company. 
15s. net. | 


Tue dual purpose of this book which, in spite of its 
general title, is essentially concerned with engineering 
publications only, is to assist technical users seeking 
information in any specific sphere of work, and to serve 
librarians both by helping them to determine what books 
should be selected for inclusion in their libraries, and 
in guiding them among the mass of books, institution 
papers, periodicals, patent literature, research reports, 
congress proceedings, standardisation publications, 
abstracts and Government reports, which go to make 
up the body of modern engineering literature. The 
major part of the work consists of lists of selected 


book titles under such headings as “‘ Mining,” ‘* Struc- 


[Price 





related considerations are involved in Mr. C. 8S. Proctor’s 





tural Engineering,” Shipbuilding,” ete. Similar 





by way of a short chapter on the theorems of Stokes | 


mary of the ciementary theory is accordingly presented, | 


three-phase | 


for a suitable notation for the polarity of E.M.F. | : , nf 
M | the essentials of poison-gas recognition and counter- 


By A. D. Rosesrts, | 


DEc. 15, 1939. 


| selections appear in the Select List of British Scientific 
and Technical Books, which was prepared by the 
Association of Special Libraries and Information 
Bureaux for the British Council. Mr. Roberts’ lists, 
however, are much more extensive and can serve & 
| purpose which the more modest publication did not 
He also includes foreign publications. 
We have not attempted to estimate the total number of 
titles which are given, but the extent of the selection 
may be illustrated by saying that there are fifteen 
titles of books dealing with the electrical equipment of 
| motor cars, and four dealing with pile driving. Mr. 
| Roberts would have considerably increased the value 
| of this part of his volume had he quoted the prices of 
| the books he lists. The earlier chapters of the book 
| deal with bibliographies, periodicals, abstracts, stan- 
| dards, etc. In these cases, however, the matter is 
| largely of a general nature and frequently there is 
nothing corresponding to the lists in the latter part 
of the volume. The section headed ‘“ Abstracts” 
may be referred to to illustrate this. It consists of a 
| general essay on abstracting services and deals at some 
| length with Dr. Bradford’s suggestions for improving 
|the general situation in this sphere. Incidentally, 
|the Engineering Index Service, Science Abstracts, 
|and the abstracts published by the Iron and Steel 
| Institute and the Institute of Metals, are mentioned ; 
| Building Science Abstracts are also incidentally referred 
In none of these cases is the 
| address of the publisher of the abstracts given, and in 
| three, the name is not given. The only guidance 
|to a user of the book, who may desire knowledge of 
jan abstracting service covering some definite sphere 
of work, is furnished by the reference to the Bibliography 
of Current Periodical Abstracts and Indexes, published 
by the Science Museum library and by the mention 
| of the card index in the Patent Office library. Again, 
| Mr. Roberts might greatly have increased the value of 
| his work by giving a complete list of abstract journals, 
with their publishers, on the same lines as his lists of 
| books. It is doubtful if it would have occupied more 
| space than his essay. His volume is likely to be of 
considerable value to many users, but with little trouble 
it might have become an almost indispensable reference 
book. This aspect of it might be elaborated, but one 
more example must serve. In the section on Standards, 
he quotes the British Standards Institution but gives 
no address to which a user might apply who desired 
to obtain a specification. 


Air Raid Precautions. Birmingham: Messrs. British 
Timken, Limited. 
Ir has not been our practice to review “ house ” 


publications of business firms under the heading of 
“* Notes on New Books,” but an exception may be 
made in favour of this excellent pocket compendium, 
produced by Messrs. British Timken, Limited, for the 
use of their office and works personnel. Inside the 
stiff paper cover (on which are spaces for identification 
particulars, and an inspection record of the owner’s 
respirator) there are 12 pages containing tabular lists 
of the various war gases, with notes on the methods of 
| recognition, effects, means of protection, and first-aid 
| treatment appropriate to each; and sections on 
| decontamination, the cleaning and disinfection of 
respirators, and the care of respirators of all types. 
As a further aide memoire, the anti-gas precautions 
are summarised in rhyme on the centre pages, at which 
the booklet opens naturally. In places, perhaps, the 
Timken laureate’s versification invites endorsement of 
his poetic licence; but, though some lines follow 
Shakespearean precedent in having “ more feet than 
the verses can bear,’ the ingenuity with which all 


action are summarised in 46 lines is entirely commend- 
able. As an example of condensation, in fact, the 
whole booklet deserves careful study by some of the 
compilers of Home Office “ best-sellers” on similar 
subjects. 





COUNCIL FOR SCIENTIFIC AND INDUSTRIAL RESEARCH, 
AUSTRALIA. —In a review of the first year’s work of the 
Information Section of the Council for Scientific and 
Industrial Research, Australia, Mr. Casey, Minister for 
Scientific and Industrial Research, stated recently that 
the Section, although founded only 12 months ago, had 
dealt with some 400 inquiries from manufacturers and 
others who had sought information of a technical or 
scientific nature. The inquiries had covered a wide 
range of subjects, including the utilisation of ash from 
power stations, the reclamation of lubricating oil, the 
galvanising of high-tensile wire, the manufacture of 
cadmium-copper, calcium-lead and other alloys, the 
waterproofing of cardboard containers, the disposal 
of dairy-produce effluents, and the treatment of mercury 
ores. The Section also conducted an abstracting service, 
whereby the mass of technical information to be found 
in scientific journals throughout the world, was made 
available to investigators and manufacturers in Australia. 
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POWER PLANT FOR VISCOSE FACTORY, ROME. 


MESSRS. FRANCO TOSI, ENGINEERS, LEGNANO. 
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Fie. 2. Botter ror Utitastnc Low-Grape Fven. 


CHADWICK PUBLIC LECTURES.—In September last, it | William Savage, M.l)., spoke on ‘‘ The Health Aspects of | 
The lectures for the spring programme | 


” 


was decided, in consequence of the war, to postpone the | Canned Foods. 
Chadwick Public Lectures, which were to have been | of 1940 will deal generally with public-health matters and 


delivered this autumn. The trustees, however, have now/the war, and will be announced in due course by the | 
resolved to resume the lectures, assuming that national | Chadwick Trust, 204, Abbey House, Westminster, London, | 


conditions remain favourable, and the first lecture was|S.W.1. Admission to the Chadwick lectures is free. 
delivered in the afternoon of December 12, when Sir! Further particulars can be obtained from the Secretary. 
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| TURBO-ELECTRIC PLANT FOR 
UTILISING ITALIAN FUELS. 


| Some three years ago, Messrs. The Societa Generale 
| della Viscosa decided to renew the generating plant in 
| their Rome factory. The boilers in the original plant 
| were designed for a working pressure of 270 lb. per 
square inch, and it was considered that an appreciable 
economy would result from the installation of plant 
working at a higher pressure. It was essential, however, 
that work should not be interrupted in the factory 
while the conversion was being made and it was 
decided, therefore, to affect the modernisation in stages 
in such a manner that factory operations could be 
carried on continuously. The conversion was entrusted 
to Messrs. The SocietA Anonima Franco Tosi, of 
Legnano, and was carried out in two main stages. The 
existing boilers had a capacity in excess of the require- 
ments of the plant installed, and it was decided as the 
first stage in the conversion to install a back-pressure 
turbine to be fed from these boilers with steam at a 
pressure of 228 Ib. per square inch and at a temperature 
of 320 deg. C., exhausting at the pressure required 
for the steam for the rayon plant, viz., 50 Ib. per 
square inch. It was intended to operate the turbine 
under these conditions for a period not exceeding two 
years, after which it would be operated at the new 
boiler pressure of 426 Ib. per square inch. It was 
necessary, therefore, to design the turbine so that this 
alteration could be made, the second stage of moderni- 
sation of the factory consisting of this conversion, and 
the installation of a second turbine and of the new 
boilers. 

The new boilers, which, together with the turbines, 
were built by Messrs. Franco Tosi, are of the Tosi- 


| Tante I. Boiler-Trial Data. 


Fuel Characteristics : 


Moisture bes nee ose oes 5:2 per cent. 
Volatile constituents sa a 39-3 - 
Ash content ... ope = 19-0 - 
| Calorific value 6,107 keal. per kg. (13,028 B.Th.U. 
per Ib.) 


| Boiler Characteristics : 





Heating surface, tubes 368 sq. m. (3,961 sq. ft.) 
superheater 185 sq. m. (1,991 sq. ft.) 
°° economiser 882 sq. m. (9,493 sq. ft.) 
Grate area — wr 15°12 sq. m. (162-7 sq. ft.) 
Test Results : 
Duration of test oe on -. Th. 56m. 
Average temperature in combustion 
chamber... .. 1,855 deg. C. 
Gas temperature, cconomiser P inlet... 366 - 
ue 0 outlet... 159 - 
CO, at cconomiser inlet wna so 11-9 per cent. 
CO, - outlet... ont 10-9 - 
Temperature of water entering eco- 
nomiser soe ee nie one 76 deg. C. 
Temperature of water leaving eco- 
nomiser a 157 »» 
Average tempe satere ‘of superke ated 
steam eee ove oee ae 340 90 
Output of steam per hour during 
trial R 18,277°3 kg. (40,301 Ib.) 
Overall thermal efficiency pe wore 84-4 per cent. 


Steinmueller design, modified to utilise Italian coals 
ranging from the Arsa and Bacu Abis deposits to the 
Bacinello and Ribolla lignites, and also mixtures of 
these with imported coals. The calorific value of the 
Arsa and Bacu Abis coals is about 6,000 keal. per 
kilogramme (12,800 B.Th.U. per Ib.) and that of the 
lignites about 4,000 keal. per kilogramme (7,200 
B.Th.U. per Ib.). After conversion, the first turbine 
was identical with the second installed later, both 
machines being of the mixed impulse and reaction 
type. The impulse blading is mounted on discs and 
the reaction blading on a drum. The first turbine was 
originally built with ten stages of reaction blading, 
space being left for a further ten stages, so that, when 
modified, it had 20 stages to bring it into line with the 
second turbine. In addition, the modifications to the 
first turbine involved the substitution of new cast-iron 
distributor rings, and a new impulse wheel, for those 
previously in use. The maximum output of the turbine 
before modification was 900 kW, but after alteration 


| the output was increased to 1,400 kW with the same 
| steam consumption, this output being the same as 
|that for the second turbine. The turbines run at 


6,500 r.p.m., and are coupled to four-pole generators 
| through reduction gearing. The shafts are of molyb- 
| denum forged steel. Speed regulation is by a Tosi-type 

regulator, which controls the steam valves by means of 
| oil servo-motors. A view of the turbine house, showing 
the two generating sets, is given in Fig. 1, on this page. 

As already stated, the new boilers, one of which is 
shown in Fig. 2, were designed to utilise fuels of low 
calorific value. They are of the curved-element type 
with transverse steam drum, the arrangement of the 
| tubes being carefully studied to ensure the effective 
circulation of the water and steam, Water walls are 
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provided on the sides and bottom of the combustion 
chamber to avoid excessive wall temperatures, even 
when the boiler is working at a high rate of combustion. 
The uniform distribution of the water has also been 
given careful attention to avoid the possibility of local 
overheating. The automatic stokers fitted enable 
effective combustion to secured throughout the 
range of fuels referred to, and in order to ensure complete 
combustion of Italian and containing 
a high proportion of volatiles, the combustion chamber 
is of exceptional length and height. The results of the 
trials were entirely satisfactory, the 
figures on Arsa powdered fuel being as given in Table I 


be 


coals lignites, 


performance 


on the previous page 





HARDNESS TESTING OF 


CHILL-CAST ROLLS. 


Various difficulties, arising from time to time in 
ascertaining the hardness of chilled-iron rolls, have 
engaged the attention of the White and Chilled-Iron 
Sub-Committee of the British Cast Iron Research 
Association, and, as a result, the Sub-Committee has 
published a report in which is set out a recommended 
method for the carrying out of these tests. The report, 
which is issued in the form of a leaflet,* states at the 
outset that the Brinell test not recommended for 
measuring the hardness of white cast-iron chilled rolls 
but that a rebound type of instrument is preferred for 
this purpose. The most suitable instrument is consi 
dered to be the S« leroscope of the Shore type, made 
either in the United Kingdom or in the United States. 
The original two-bulb was superseded 
some 25 years ago in favour of the single-bulb type, 
but as the two instruments give comparable readings, 
there is no reason to make a change. To hold the 
instrument on the cylindrical surface of the roll, and 
to ensure its being used vertically, a saddle made of 
angle iron is required, having a peg at one end and a 
circular level at the other. The hammer of the instru 
ment is raised by pressing the bulb once only and it is 
released by pressing the bulb a second time Care 
should be taken to allow a few seconds to elapse between 
each movement to permit the air pressure in the tube 
to adjust itselr. A certain amount of experience and 
judgment is necessary not only to take a reading 
from the correct angle, but also to note accurately the 
highest point reached on the rebound of the hammer. It 
is emphasised that care and attention are required to 
make an instantaneous reading, and that the test must 
he conducted with intelligence and not regarded as a 


THE 


18 


S« leroscope 


perfunctory routine operation to be undertaken by an 
unskilled person. 
It is recommended in the report that the Shore 


Scleroscope hardness of a given surface, which should 
machined or ground, be recorded as the 
average of at least 10 determinations for small rolls, 
and more for large rolls, the both 
being taken along the length of the barrel The taking 
of four points per foot run is recommended, excluding 
lengths of six inches from each end. A special point is 
that the second reading must never be taken at the same 
spot as the first, as, work-hardening effects cause the 
second and subsequent readings at the same point to 
he progressively higher. In an introductory note, the 


be smoothly 


readings in cases 


Sub-Committee states that it considers that instru 
ments used on chilled or white cast iron should be 
regularly calibrated on standards made of these 


materials rather than on the steel standards usually 
supplied. Consequently, suitable chilled blocks are 
being prepared for testing with a variety of Scleroscope 
instruments to ascertain definitely whether the use of 
chilled-iron standards should be recommended. 


200-AMPERE ARC WELDER.—A 200-ampere are welder 
has recently been placed on the market by the Lincoln 
Electric Company, Limited, Welwyn Garden City, Hert- 
fordshire. This is of the single-operator variable-voltage 
type and can be used with either bare or shielded arc-type 
electrodes. It has a current range of 25 amperes to 
250 amperes It is fitted with the firm’s dual continuous 
control, so that the voltage and current can be adjusted 
separately. 
STEEL PRICES Messrs. W 
Richards and Sons Britannia Foundry, Middles- 
brough, have sent us a copy of their chart of prices of 
(‘rown bar-iron, tron castings, iron ship rivets Cleveland 
No. 3 pig tron, and steel plates, angles and rails for the 
years 1914-1939. The prices of are 
shown in graphical form, and in constructing colours, 
and space left to enable the for 1940 to be 
filled in 


CHART IRON AND 


or 


Limited 
each commodity 
prices 


is 


St. Panl’s Square, Birmingham,3. [Price 6d. post free.) 


‘in the promotion of the industry which it has 
* The British Cast Iron Research Association, 21-23, | for fifty years. 
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BOOKS RECEIVED. 


Manual on Cutting of Metals. Single-Point Lathe Tools. 
Prepared by the A.S.M.E. Committee on Metal Cutting 
Data. New York: The American Society of Mechani- 
cal Engineers. 

Mitteilungen aus dem Istitut fiir Baustatik an der Eidg. 
Technischen Hochschule in Ziirich. No. 10. Der durch- 
laufende Balken auf elastisch drehbaren und elastisch 


senkbaren Stutzen. Einschliesslich des Balkens auf 
stetiger elastischer Unterlage. By DR. 80. TECHN. 
ALFRED MANGER. Ziirich: A. G. Gebr. Leeman & 
Co. [Price 12 Swiss francs.) 


The Association of Engineering and Shipbuilding Draughts- 
Timber. By RICHARD JEFFERIES. 1 Links-road, 
Epsom, Surrey: The Draughtsman Publishing Co., 
Ltd. [Price 2s. net.] 

nited States Geological Survey. Water Supply Paper 
No. 822. Surface Water Supply of the United States, 
1937. Part 2. South Allantic Slope and Eastern 
(fulf of Mexico Basins. [Price 35 cents.] Water- 
Supply Paper No. 825. Surface Water Supply of the 
United States, 1937. Part 5. Hudson Bay and Upper 
Vississippi River Basins. (Price 45 cents.) Water- 
Supply Paper No. 836-B. Ground-Water Resources of 
the Holbrook Region, Arizona. By M. A. HARRELL 


men. 


~ 


and E. B. Ecxen. [Price 40 cents.) Water-Supply 
Paper No. 838. Floods of the Ohio and Mississippi 
Rivers, January-February, 1937. By N. C. GROVER. 


With a Section on the Flood Deposits of the Ohio River, 
1937. By G. R. MANSFIELD. | 
Washington: Superintendent 


January-February, 
Price 1 dol. 25 cents.) 
of Documents 

The National Physical Laboratory 
Published in the Year 1938. London : 
Office. Price 1s. 

Metallurgical Analysis and Assaying. By J.3. REMINGTON 
and F. L. JAMEson. London: The Technical Press 


ibstracts of Papers 
H.M. Stationery 


net 


Ltd. [Price 5s. net.) 

United States Geological Survey. Bulletin No. 898-F. 
Spirit Lereling in Missouri. Part 6. Northeastern | 
Vissouri, 1896-1938. By J. G. Sraackx. [Price 25 


Geophysical Abstracts 93. 
ipril-June, 1938. Compiled by W. AYVAZOGLOU, 
Price 10 cents.) Bulletin No. 910-A. The Mineral 
Industry in Alaska in 1937. By P. 8. Smrra. [Price 
35 cents.| Washington : Superintendent of Documents. 

United States Geological Survey. Professional Paper No. 
189-F. The Venericardia Planicosta Group in the Gulf 
Province. By JULIA GARDNER and EpGar BOWLEs. 
{Price 40 cents.] Professional Paper No. 189-H. | 
Pleistocene Diatoms for Long Island, New York. By | 
K. E. Lowman. [Price 10 cents.) Washington : 
Superintendent of Documents. 

innual Report and Accounts of the Commissioners for the 
Port of Rangoon. Year Ended 3ist March, 1939. 
Rangoon: Offices of the Commissioners for the Port 
of Rangoon. 

Commissioners for the Port of Rangoon. Departmental | 
innual Reports of the Traffic Manager, the Deputy 
Conservator and the Chief Engineer. Year Ended 3ist 
Varch, 1939. Rangoon: Offices of the Commissioners 
for the Port of Rangoon. 


cents.| Bulletin No. 909-B 


Institution of Mechanical Engineers. Proceedings. 
January to June, 1939. London: Offices of the! 


Institution. 


John Brunton’s Book, 1812-1899. Being the Memories of 
John Brunton, Engineer, from a Manuscript in His 
Own Hand Written for His Grandchildren and Now 


First Printed. London: Cambridge University Press. 








Price 7s. 6d. net.) 

ANCIENT ENGINEERING IN PEACE AND WaAR.-A 
lecture, entitled Ancient Engineering in Peace and 
War,” will be delivered by Mr. R. P. Howgrave-Graham, 


. F.S.A., before the Union Society at Northamp- 
London, E.C.1, 


M.I.E.E 
ton Engineering College, St. John-street, 
on Monday, December 18, at 4.45 p.m. 


or Tue INDIAN TEXTILE JOURNAL.--We 
have just received a copy of the October issue of The 
Indian Textile Journal, which marks the commencement | 
of the 50th year of publication of the journal. The/| 
periodical, which was founded in October, 1890, by the 
late Mr. Sorabji M. Rutnagur, is described as a repre- | 
sentative publication for the textile-engineering and | 
electrical industries of India. The issue opens with an 
| editorial foreword entitled “‘ Half a Century and On- 
wards,”’ which the history 
reviewed, then follow articles on such 


in and achievements of the 
journal are briefly 
industries in India, textile education 
in Bengal, shuttle manufacture in India, and the use of 
substitutes for jute. Short notices of interest are included 
in the “New Machinery and Appliances,”’ 
“ Textile Chemical Technology "’ and ‘*‘ Cotton Section.” 
We trust that our contemporary will continue to prosper 
served 
Surya 


subjects as cottage 


sections 


The offices of the journal are at * 


Mahal,” Military-square, Fort, Bombay. India. 


- 
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PERSONAL. 

Mr. JOSEPH WALTON, a director of Messrs. Thos. W. 
Ward, Limited, Albion Works, Savile-street. Sheffield, 
has been appointed an assistant managing director of the 
For many years he has been associated with 
the rail and siding department and is 
managing director of Messrs. The Darlington Railway 
Plant and Foundry Company, Limited. 

Messrs. WaAILES Dove BiruMasTic, LIMITED, 
removed their head office to new and larger premises, 
immediately adjoining their works at Hebburn, County 
Durham. 

THE 


Company. 
construction 


have 


has moved, 
offices in 
telephone 


TRADE 
public 
The 


OVERSEAS 
to new 
S.W.1. 


DEPARTMENT 
from 35, Old Queen-street, 
Great George-street, London, 
number remains Whitehall 9040. 


OF 


THE COMMERCIAL SECRETARIAT AT BUDAPEST is now 
housed in the Consular premises and communications 
should be addressed to the Commercial Secretary, British 
Legation (Commercial Secretariat), 3, Petéfi Tér, 
Budapest. 








TENDERS. 


We have received from the Department 
Trade, Great George-street, London, 8.W.1, 
of the undermentioned tenders, the closing dates of which 
are stated. Details may be obtained on application to 


of Overseas 
particulars 


|the Department at the above address, quoting the 
reference number given. 
Rotary Converters, two, 750 kW, manually-operated, 


complete with suitable transformers and all associated 
Alternative quotations are required for one 
set of machinery. The City Council, Johannesburg ; 
January 6, 1940. (T. 29,349/39.) 

Carriage Fittings, including brass nets, racks, springs, 
locks and brass 


equipment. 


sanitary equipment, catches, hinges, 
washers. South African Railways and Harbours, 
Johannesburg ; January 8, 1940. (T. 29,350/39.) 


Cast-Iron and 


Pipes, bends and junctions, and air 
sluice valves. Ministry of Public Works, Cairo, Egypt ; 
December 20. (T. 29,378/39.) 

Fire-Extinguishing Set, petrol-engine driven. 
of Public Works, Cairo, Egypt; December 
29,379 /39.) 

Lifts for the New General Post Office, Bloemfontein, 
comprising two passenger lifts of the unit multi-voltage 
type with full dual control, and one goods lift with 
alternating-current lift motor and fully-automatic push- 
Board, 


Ministry 
30. (T.Y. 


button control. Union Tender and Supplies 
Pretoria ; February 1, 1940. (T. 29,496/39.) 
Wheels and Azles of various types. South African 


Railways and Harbours, Johannesburg; January 15, 
1940. (T. 29,460/39.) 
Universal Signal Pulleys, galvanised, 


and 20,000 3-in., double pressed wheels. 


10,000 2-ir 
Alternative 


quotations will be considered for cast wheels. South 
African Railways and Harbours, Johannesburg; Janu- 
ary 4, 1940. (T. 29,472/39.) 

Fire-Protection Equipment, automatic. The City 
Council, Johannesburg ; January 17, 1940. (T. 
29,487 /39.) 

Flat Steel. South African Railways and Harbours 


Johannesburg ; January 18, 1940. (T. 29,500/39.) 
Pressed-Steel Tanks, three, complete with towers and 

fittings. South African Railways and Harbours, Johan- 

nesburg; January 11, 1940. (T.Y. 29,358/39.) 








A.R.P. ON THE LONDON MIDLAND AND SCOTTISH 
Rattway.—Protective works, carried out by the London 
Midland and Scottish Railway Company for ensuring 
as far as possible the safety of passengers and railway 
personnel, have involved the provision of five million 
sand bags, filled from 40 special sand dumps, throughout 
the system, having an aggregate capacity of 87,000 tons 
of sand. Fifty-seven control and district traffic offices, 
which would have to continue functioning throughout 
air raids, have been given special protection; in some 
of the more vulnerable areas, these control centres are 
housed in strong concrete chambers sunk well below the 
level of the ground. Nearly 300 steel shelters, cach 
seating from 12 to 16 men, have been sunk into the 
ground at marshalling yards and other outdoor traffic 
centres, while trenches, aggregating 35,000 ft. in length. 
have also been dug at outdoor centres. Some 2,500 
signal boxes in danger areas are furnished with steel 
shelters on the working floors, for the protection of the 
signalmen on duty, whilst other protective measures are 
also provided. The locking gear and other somewhat 
delicate apparatus, situated below the working floors, is 
protected by steel plating, by bricking up, or by sand- 
bagging. Railway stations to the number of 958 now 
have the “‘exempted ”’ lighting necessary for efficient 
night operation. This, however, is only in use when 
operations are in progress, and is extinguished in the 
event of an air-raid warning. 
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NOTES FROM THE SOUTH-WEST. 
CARDIFF, Wednesday. 

The Welsh Coal Trade.—Demand on the market was 
again active throughout the week. Owing to the release 
of some cargoes previously sold, offers for prompt ship- 
ment were quietly made, but shippers were unable to 
take full advantage of them owing to a temporary short- | 
age of suitable vessels. The quantities on offer were | 
only of a limited character and alternative outlets | 
could usually be provided. Forward business remained 
difficult to negotiate. Most collieries still held sufficient 
orders on their books to ensure an outlet for practically 
the whole of their potential outputs over some months 
to come and the general tone of the market was conse- | 
quently firmly maintained. 


All the large descriptions | 
remained well placed with orders while the duff classes | 


continued to provide the strongest feature. Supplies of | 


these sorts were practically unobtainable over several | , 


months to come and the occasional small lots released | 
were eagerly taken up. Sized coals were steadily held, | 
while smalls, with the exception of some of the inferior | 
sorts, were not too plentiful. Cokes and patent fuel | 
remained busy. 

The Iron and Steel Trade.—<Active conditions were | 
maintained in the iron and steel and allied trades of 
South Wales and Monmouthshire. Producers held well | 
filled order books and the works remained engaged to | 
practically full capacity. The demand in all branches | 
was well sustained. } 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Tron and Steel.—The Sheffield Chamber of Commerce 
has sent to the Minister of Supply a book containing 
details of 340 local firms, and an index to everything 
they make. It intends to present this book to every 
Government Department to ensure that Sheffield’s full | 
possibilities are utilised. Further progress is reported at 
the steel and engineering trades. Melting plant is 
working to capacity. Some of the larger concerns intend 
to alter certain types of furnaces so as to enable them to 
take bigger charges. A 60-ton open-hearth furnace at 
the River Don Works of the English Steel Corporation 
has been altered to a capacity-charge of 90 tons. Messrs. 
Samuel Fox and Company, Limited, Stocksbridge, have | 
put into commission an additional electric furnace. 
Business in most types of railway rolling stock remains 
steady, though a decline in some branches is reported. 
One of Sheffield’s largest firms specialising in the manu- | 
facture of such products reports that there is a satis- | 
factory demand for wagons on Government account, but 
the call for railway carriages has declined during the | 
past few weeks. Intense activity persists in all types of | 
special steels. Makers of agricultural machinery and | 
parts maintain output at a satisfactory level. Export | 
requirements show slight improvement. The tool trades | 
are operating to capacity. Twelve-hour shifts are being | 
worked at most concerns. The demand is centred chiefly 
on machine tools, files, twist drills, hacksaws and blades, 
and fine-measuring tools. 

Steel Props in Pits.—The importance of substituting 
steel pit props in place of timber was stressed at a general | 
meeting in Sheffield of the Midland Institute of Mining 
Engineers. Introducing the subject, Mr. Robert’ Clive 
said his experience had shown that the average life of | 
a timber prop was approximately two weeks, whereas | 
that of a steel prop was found to be approximately two | 
years. One hundred tons of timber could be replaced | 
by 34 tons of steel. Statistics showed that the number | 
of steel props used at present had increased by only | 
30 per cent., as compared with five years ago, and it | 
was obvious that there was a very great field open for | 
their more ext@nded use. Of 2,600 miles of pit roadways | 
in Yorkshire, 1,200 were supported by steel, about 700 by | 
timber, and the rest were unsupported. 

South Yorkshire Coal Trade.—The export market shows | 
slight improvement, with shipments well up to recent | 
standard. Best hards are steady; more business has | 
developed on inland account, and industrial coal of all | 
types is in strong demand. Electricity works are taking | 
increased tonnages of smalls. There is a better call for | 
Forward business in blast-furnace coke is | 





house coal. 
brisk. 








PANAMA CANAL TRAFFIC.—During the year ending | 
September 30, 1939, 6,000 vessels passed through the 
Panama Canal, carrying 28,819,265 tons of cargo, as com- 
pared with 5,453 ships and 25,939,611 tons in the previous | 
year. 


OLD CENTRALIANS.—The next monthly luncheon 
of the Old Centralians will be held at the Northumberland 
Rooms, Northumberland-avenue, London, W.C.2, at 
1 p.m. on Tuesday, December 19. These luncheons are 
being organised by Mr. J. M. Seddon, Messrs. The Morse 
Chain Company, Limited, Bush House, Aldwych, | 
London, W.C.2. 


NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—Conditions in the iron and allied 
trades change very slowly, but movement is towards the 
provision of increasing tonnage for the usual industrial 
purposes. Government requirements continue to absorb 
the bulk of the huge aggregate output. The system of 
distribution of material under delivery licence, instituted 
by the Iron and Steel Control, is operating satisfactorily. 

Cleveland Iron Trade.—North-East Coast foundry 
owners are still taking large and increasing supplies of 
pig iron from other producing centres and the cessation 
of output of Cleveland brands continues. Makers of the 
latter now have very little tonnage stored and early 
resumption of make may be necessary. Second-hands 
have command of only very moderate parcels of local 
iron. The prices named for the occasional lots of Conti- 
nental products offered here, notwithstanding the aboli- 
tion of the import duty, are much above stabilised 
values of home products and too high to tempt a renewal 
of buying from abroad. Fixed prices of Cleveland pig 
are based on No. 3 quality at 108s., delivered within the 
Tees-side zone. 

Hematite.—Transactions in East Coast hematite are 
difficult to effect. The demand is large and expanding 
and the substantial production is inadequate for current 
needs. Tonnage accumulations in makers’ hands are 
heavy, but are extensively sold, and large quantities 
are earmarked for early use at producers’ own consuming 
departments. Buyers are fairly well covered but are 
taking full contract deliveries and are anxious to place 
considerable new orders. The present output and the 
substantial stocks are regarded as ample for require- 
ments well ahead, but makers, while recognising the 
statistical situation as very sound, are pursuing a cautious 
policy by refusing to enter into further commitments of 
moment. Merchants are steadily distributing their 
holdings among regular customers. Market values are 
ruled by No. 1 grade of hematite at 124s. 6d., delivered 
to North of England firms. 

Basic Iron.—The quotation of 101s. 6d. for basic iron 
is nominal, the whole of the heavy make continuing to 
pass into use at producers’ steelworks. 

Foreign Ore.—Users of foreign ore are receiving supplies 
that meet requirements and imports are expected to 
increase. 

Blast-Furnace Coke.—Local consumers of Durham blast- 
furnace coke are well covered and deliveries are regular. 
Prices are at the level of good medium qualities at 
29s. 2d. at the ovens. 

Manufactured Iron and Steel.—The further increase 
of the local production of semi-finished iron and steel is 
most welcome, but re-rollers have still to purchase 
Continental semies to enable them to keep the works fully 
employed. Finished-iron firms are turning out large 
tonnage and finished-steel producers report a continued 
pressure for full deliveries, but hope soon to be in a 
position to release more material for export. The output 
of shipbuilding requisites is heavy and manufacturers 
have well-filled order books. For the home trade, soft 
steel billets are 8l. 7s. 6d.; hard steel billets, 91. 10s. ; 
steel ship, bridge and tank plates, 111. 10s. 6d.; steel 
boiler plates, 121. 10s.; joists and sections, 111. 10s. ; 
black sheets, No. 24 gauge, 161. 2s. 6d.; and galvanised 
corrugated sheets, No. 24 gauge, 181. 12s. 6d. 

Scrap.—lIron and steel scrap users are still pressing for 
larger deliveries and are anxious to buy all grades of 
material at the control prices. 








UNITED STATES COLLIERY INDUSTRY.—The average 
daily production of bituminous coal in the United States 
during the week ending November 18 was 1,633,000 tons, 
compared with 1,654,000 tons in the previous week and 
1,388,000 tons during the corresponding week of 1938. 


THE “‘ SILVER Fox ” STAINLESS STEELS.—The Stainless 
Steel Section of Messrs. Samuel Fox and Company, 
Limited, Stocksbridge Works, near Sheffield, has sent 
us a copy of what is described as a “‘ ready-reckoner,” 
dealing with the properties and treatment of the firm’s 
** Silver Fox ” stainless steels. The data are conveniently 
arranged in a series of tables, the forms and sizes in 
which the materials are supplied being first dealt with. 
The corrosion resistance of the various steels is then set 
out in detail, and from the data on the effect, on the 
various brands of the steels, of reagents of given strengths, 
and at given temperatures, it is possible to gain an 


| accurate estimate of the behaviour of the materials under 


widely-varying conditions. The next table deals with the 
typical constituents, mechanical-test results, general 
character, and applications of the entire series of Silver 
Fox stainless steels, and the brochure closes with tables 
relating to the machining, welding, heat-treatment, 
pressing, deep-drawing, spinning, descaling and polishing 
of the materials. 








NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 


INSTITUTE OF FUEL.—To-day, 2.15 p.m., The Geo- 
logical Society’s Rooms, Burlington House, Piccadilly, 
W.1. “ Improvement in Calorific Value of Town’s Gas 
or Coke-Oven Gas, with Special Reference to Utilisation 
as a Fuel for Motor Vehicles,’’ by Mr. J. T. Graham and 
Dr. D. G. Skinner. 

ROYAL INSTITUTION.—To-day, 21, Albemarle-street, 
W.1, 2.30 p.m. “ Infra-Red Spectra and the Structure 
of Molecules,” by Drs. W.°H. J. Childs and H. A. Jahn. 
5.15 p.m., “ Transmission of Radio Waves Through the 
Atmosphere,”’ by Mr. E. V. Appleton. 

Nortu-East Coast INSTITUTION OF ENGINEERS AND 
SHIPBUILDERS.—To-night, 6 p.m., The Mining Institute, 
Newcastle-upon-Tyne. (i) ‘‘ Open-Water Test Series 
with Modern Propeller Forms. Part 2.—Three-Bladed 
Propellers,”’ by Mr. L. Troost (to be read by Dr. T. W. F. 
Brown). (ii) ‘‘ Some Notes on High Temperature Marine 
Superheaters,”” by Mr. Harry Hunter. 

BRADFORD ENGINEERING Socrety.—Monday, Decem- 
ber 18, 7.30 p.m., The Technical College, Great) Horton- 
road, Bradford. Films on ‘‘ The Manufacture and 
Applications of Electric Motors,’ with lecture by Mr. 
John Bailey. 

INSTITUTION OF ENGINEERS AND SHIPBUILDERS 
ScoTLAND.—Tuesday, December 19, 6.30 p.m., 39, Elm- 
bank-crescent, Glasgow, C.2. ‘‘ Humps and Hollows in 
Curves of (Ship) Resistance,’’ by Dr. A. M. Robb. 

INSTITUTION OF AUTOMOBILE ENGINEERS.—Luton 
Graduates’ Branch: Tuesday, December 19, 7.30 p.m., 
The Technical College, Luton. ‘“‘ The Experimental 
Development of Steering and Suspension,” by Mr. H. 
Hamilton. 


IN 


INSTITUTION OF MINING AND METALLURGY.—Thurs- 
day, December 21, 2.30 p.m., The Geological Society’s 
Rooms, Burlington House, Piccadilly, W.1. “ The 


Surface Equipment of the Phoenix Prince Gold Mine, 
Southern Rhodesia,’’ by Mr. A. Haworth. 

INSTITUTE OF BRITISH FOUNDRYMEN.—Scottlish Branch, 
Falkirk Section: Saturday, December 23, 6 p.m., The 
Temperance Café, Lint Riggs, Falkirk. ‘‘ The Balanced 
Blast Cupola and Fluidity in Cast Iron,” by Mr. W. Y. 
Buchanan. 








NOTES FROM THE NORTH. 


GLasGow, Wednesday. 


Scottish Steel Trade.—In the Scottish steel trade 
production is being maintained on a very high level and 
no effort is being spared to keep up supplies to all firms 
engaged on work of national importance. Those in the 
latter eategory are very numerous and are pressing for 
deliveries of various kinds of steel. Despite this pressure, 
however, there is still some available for export and other 
purposes. The tonnage being delivered to the shipyards 
is very considerable because of the great activity now 
prevailing. Steel makers are having to cope with a 
steady demand for sectional material and the consumers 
of black-steel sheets are keeping the various works fully 
employed. The supply of raw material is very satis- 
factory at the moment. The following are the current 
prices :—Boiler plates, 121. 8s. per ton; ship plates, 
111. 108. 6d. per ton ; sections, 1?/. 8s. per ton ; medium 
plates, 131. 2s. 6d. per ton; black-steel sheets, No. 24 
gauge, 161. 2s. 6d. per ton; and galvanised corrugated 
sheets, No. 24 gauge, 18/. 12s. 6d. per ton, all delivered 
at Glasgow stations. 

Malleable-Iron Trade.—Conditions in the malleable- 
iron trade of the West of Scotland show no change, and 
a steady output is general. The re-rollers of steel bars 
are still very busy. Fairly good stocks of semies are held 
and it is of interest to note that arrangements have now 
been completed with Belgian producers for delivery of a 
very substantial monthly tonnage. Prices are firm and 
are as follows :—Crown bars, 121. 158. per ton; re-rolled 
steel bars, 12/. 19s. per ton; No. 3 bars, 121. 7s. 6d. per 
ton; and No. 4 bars, 12/1. 12s. 6d. per ton, all for home 
delivery. 

Scottish Pig-Iron Trade.—During the past week the 
state of the Scottish pig-iron trade has not changed, and 
the large output of the furnaces, now in blast, is rapidly 
taken up. The pressure from the steelworks for deliveries 
of hematite and basic iron is very constant. The con- 
sumption at the steelworks is considerable, and the home 
supply is being augmented by substantial imports of 
pig-iron and steel scrap. The demand for foundry 
grades of pig-iron is not quite so steady, but the pros- 
pects are better. Prices are without change and the 
following are to-day’s market quotations :—Hematite, 
61. 48. 6d. per ton, and basic iron, 51. 1s. 6d. per ton, both 
delivered at the steel works; foundry iron, No. 
5l. 12s. per ton, and No. 3, 51. 9s, 6d. per ton, both on 
trucks at maker’s yards. 
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A THEORY OF IMPACT TESTING. 

THE art of engineering consists largely in achieving 
successful results without fully understanding why 
they are successful. 
can be explained in terms of existing accepted 


knowledge, science replaces art, often with improve- | 


ment in practice and seldom without valuable 
developments in new directions. Almost equally 
often, however, the scientific approach reveals that 
the simple idea underlying the art was far from the 
whole truth, and it is a commonplace of experience 


that, the more penetrating the investigation, the | 


more elusive appears the ultimate explanation of 
material behaviour. Such, briefly, is the history 
of impact testing: after forty years of study, the 
most certain thing about the impact test is that its 
implications and constructive interpretation are far 
from being completely understood. Probably the 
only common ground among authoritative opinion 
throughout these forty years is the experimental 
fact that impact testing reveals differences among 
materials not disclosed by ordinary tensile testing. 
In particular, it serves to discriminate among 
conditions of the same material as 
regards heat treatment, and for this and other 
reasons is of practical value as a specification test. 
Moreover, as the outcome, of long-term observa- 
tions, impact tests can afford guidance, to a limited 
extent, on the choice of material in relation to the 
shape and service conditions of machine parts ; but 
as regards the purpose for which it 


conducted, the properties which, in fact, are called 


{into play, and the quantitative relation of test 
results as a basis for engineering design, there is | 


such divergence of view as often to discredit this 
form of test and perhaps to discourage that scientific 
investigation which might enable it to be used to 


| greater effect. 


Among published discussions of impact testing, 
also, may be noted a subtle line of thought which 
tends to distinguish between what the test inflicts 
on the sample of metal, and what it ought to be 


So far as any such success | 


has been | 
developed, the means by which the test should be | 
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designed to reveal. The attainment of this state 
of mind can be regarded, perhaps, as an advance 
over previous confusion, inasmuch as it recognises 
that present methods of test are concerned simul- 
| taneously with several different properties of the 
material, and that the different methods affect thesc 
properties to different extents, thus perhaps account- 
ing for the difficulty of correlating the results 
obtained with different forms of impact-testing 
machine. The logical development of this stand- 
point is to range the properties at issue in order of 
importance and to design separate tests for each 
of them. This is what Southwell and his colla- 
borators may be said to have initiated, basing 
their work and the design of the Oxford impact- 
testing machine on the postulate that the main 
purpose of an impact test is to measure the resistance 
of a material to the spread of a natural crack. Apart 
from criticisms of the degree to which the Oxford 
machine does, in fact, achieve its avowed object, 
the intention and major purpose of the test are 
bound to raise sharp cleavage of opinion, if only 
because plastic distortion often figures prominently 
among the consequences of service failure by shock 
loading. Indeed, as Schuster has emphasised, it 
may be legitimately held that the more practically 
valuable property of an engineering material is 
reluctance to form a crack, rather than resistance to 
its subsequent extension. 

It is significant that these two original workers, 
directing their efforts towards different aspects of 
the problem, should agree on the principle of isolating 
and attacking one shock-resisting property at a 
time. The general approach, in each case, is from 
the standpoint of the user and designer, whose chief 
concern is to have a discriminatory test of some sort 
| to ensure a safe choice of material. There is ample 
justification, however, for the alternative of seeking 
to explain the phenomena and effects produced by 
the methods of notched-bar impact testing which 
have been in common use for many years, and hence 
of indicating what properties are, or may be, 
discovered by such tests and how they may be 
interpreted for design purposes. This is the approach 
adopted by Dr. J. McAdam, Junr., and Mr. R. W. 
Clyne, in a recently-published paper.* Its basis is 
'the considerable volume of information that has 
been accumulated during the past thirty years, 
| mostly by British and German investigators, on the 
resistance offered by metals to impulsive loading. 
Not the least difficulty presented by the mass of 
available data is the fact that many individual 
| workers have carried out their research, not merely 
under restricted conditions, but sometimes without 
| adequate knowledge or observation of experimental 
| factors that may have had an important bearing on 
| their results. 
In such circumstances, Dr. McAdam and Mr. 
| Clyne very reasonably undertook their search of the 
| literature with the specific object of establishing 
| that an impact test should not be viewed as a 
| simulation of shock in service, but as a means of 
| discovering sources of failure from brittleness ; and 
| that impact testing should not be limited to materials 
| likely to be subjected to impact. They distinguish 
two major processes at work in a metal under 
progressively increasing load. One is a resistance 
to fracture, by which is meant, not the inter-atomic 
| forces, but the stress necessary to cause fracture, as 
exemplified by the tensile breaking load divided by 
| the cross-sectional area at the plane of fracture, 
|immediately prior to fracture. This resistance to 
fracture, or cohesion limit, evidently varies with the 
| progress of such plastic deformation as may take 
| place during the test, and, when plotted against 
| plastic deformation, shows a rise to a maximum value 
followed by a rather more rapid descent. The second 
consideration is the flow stress necessary to produce 
plastic deformation, which also, as the result of 
work-hardening, varies according to the extent of 
the deformation that has already taken place. 
Flow stress differs from cohesion limit, however, in 
that it increases continuously (though not linearly) 
with the progress of plastic deformation. Conse- 
quently, there comes a stage, represented graphi- 


* “The Theory of Impact Testing: Influence of 
Temperature, Velocity of Deformation, and Form and 
Size of Specimen on Work of Deformation.” Proc. 
A.S.T.M., vol. 38, part II, page 112 (1938). 
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cally by the intersection of two curves, at which | other hand, or alloying of the steel by the addition | Engineers, and the Rules for Electric Propelling 


the increasing flow stress equals the resistance to | 
fracture: the metal, so to speak, elects to break 


of chromium, .vanadium or silicon, lowers the | 
temperature of the transition from fibrous to granu- | 


Machinery and Electrical Equipment,* issued by 
Lloyd’s Register of Shipping. The I.E.E. Regula- 


rather than to deform further, and fracture occurs. | lar fracture, thus decreasing the cold-brittle tempera- | tions are the third edition, the first edition having 
This conception of two simultaneous processes, ture and increasing the total work to cause impact | been issued in 1919 and the second in 1926, and are 


fundamental to the theory of impact testing pro- | 
pounded by Dr. McAdam and Mr. Clyne, is familiar | 
and generally acceptable to engineers and metal 
lurgists, though there may be more than one view, 
and more than a little uncertainty, regarding what is 
happening on the atomic and sub-atomic scales. 
Plastic deformation is a great absorber of energy, 
accounting for the greater part of the work of frac 
ture. It follows, therefore, that agencies which 
raise the flow stress relatively to the cohesion limit 
restrict the possible extent of deformation and 
diminish the work required to cause fracture. 
Among such agencies are the rate of deformation. 
the shape and size of the test piece or machine 
component, and especially the presence of a notch, 
crack or abrupt change of cross-section. A point 
to be emphasised is that the form and size of the 
component are important in relation to shock resis- 
tance and that, under certain conditions of service, 
high natural ductility offers no assurance against 
fracture with little or no plastic deformation. 

The standard methods of impact testing take 
account of these agencies, but are not greatly 
concerned with temperature. McAdam and Clyne, 
however, make a point of the fact that temperature, 
while affecting the resistance to fracture and plastic 
deformation, does so to different extents and, 
consequently, generally affects the total work re 
quired to cause failure. They observe, moreover, that 
since temperature exerts a significant influence 
upon the effects of the other agencies, it is the factor 
which should receive first consideration. They 
remark, firstly, on the sensitivity to temperature 
of the total-work figures for low-carbon steels, 
and secondly, 


discovered by Greaves and Jones* ; 
on the effect of carbon content upon the relation 
between impact value and temperature, which 
Capsell and Clenshawt examined in detail, and which 
confirmed the existence of an abrupt fall in the 
Charpy impact value of low-carbon steels and ingot 
iron associated with the decrease of temperature 
about 100 deg. C. down to 0 deg. ( This transition 
is accompanied by discontinuity from the fibrous 
to the granular type of fracture and is consequently 
ascribed by McAdam and Clyne to instability in the 
rm lationship between resistance to plastic deforma 
tion and resistance to fracture. A further feature 
of the relation between temperature and impact 
value of carbon steels is a well-defined minimum of 
total work in the region of 550 deg. C. A similar 
minimum, coinciding with the “ blue brittleness ” 
temperature, is characteristic of the same class of 
steel if it is fractured under static loading. The 
authors assert that both these phenomena are 
manifestations of a single effect which, following 
Maurer and Mailander, they term “ hot brittleness ” 
by way of contrast to the abrupt transition to 

cold brittleness’ at temperatures approaching 
those of the air. The markedly different tempera- 
tures at which hot brittleness can occur are due to 
differences in rate of loading and are to be explained 
by the influence of temperature on the rate at which 
age-hardening proceeds, in low-carbon steels during 
a tensile or impact test 

Che authors proceed to analyse the factors affect 
ing impact strength, for which published data are 
ivailable. The effect of a notch in the specimen, 
for example, by reducing the relative proportions 
of the energy absorbed respectively by deformation 
und fracture, permits a high specific velocity. to 
which corresponds a lateral shift of the characteristic 
curves and a consequent increase of the cold and 
hot brittle temperature zones. Increase in width 
of a specimen notched on one side, like increase 
in the depth or sharpness of a notch, raises the 
brittle temperatures; which implies, so far as 
eoncerns ordinary Impact testing at room tempera- 
ture, that wide, deeply or sharply notched specimens 
vield low impact values over a greater range of low 
tem, erature Suitable heat treatment. on the 
* Jl. Inst. Met., vol. 34, page 85 (1925 
Reports I and Ii, 
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| point. 


fracture at normal air temperatures. 

As regards the influence of specimen size on the | 
transition from fibrous fracture, accompanied by | 
a high impact value, to the granular type indicative | 


| of brittleness, the authors suggest that the sharpness 


of any notch which may be present by accident or 
design is a controlling factor; but they rather | 
conspicuously avoid agreement with, or even refer- 
ence to, Southwell’s very attractive theory of the 


| relation between external dimensions and range of 
action of cohesive forces, which bears closely on this 


They deduce from published data, however, 
that, the greater the size of a machine part or| 
structural member, the greater is its tendency to 
cold brittleness; and they refer significantly to | 
reported instances of brittle fracture in massive | 
components, due to their being dropped through | 
relatively short distances. In this, as in one or 
two other respects, the theory formulated by Dr. 
McAdam and Mr. Clyne is not altogether convincing | 
at present. As a whole, however, it is supported 
by such formidable evidence as to command respect 
for their analysis of impact-test phenomena in 
relation to temperature, and for their main conclu- 
sion that the practical value of the test would be | 
enhanced if attention were directed more to the 
critical and characteristic features of the total | 
work-temperature relationship, and less to the 
absolute values of impact strength, as measured | 
by tests at room temperature. It is beyond go wert 


that many important structural materials reveal 
their highest impact values when they are on the | 
brink of abrupt transition to the minimum values | 
ussociated with cold brittleness. The implication, | 
unfortunately for the simplicity and _ rapidity, | 
which are among the chief attractions of existing | 
methods of impact testing, is that a series of tests 
conducted on identical specimens over a range of | 
temperature, is necessary for the correct appraisal | 
of impact-resisting properties. Even in its present | 
form, however, the test should prove to be more | 
instructive than it often is, if the results are viewed | 
from the new standpoint which Dr. McAdam and | 
Mr. Clyne have set up. 





THE ELECTRICAL EQUIPMENT OF} 
SHIPS. 

For many years the development of electrical 
machinery and appliances for use on board ship 
lagged appreciably behind that of similar plant on 
shore. It cannot be alleged that the lag was due 
to any failure to recognise the possibilities of | 
electricity, which has been employed for lighting | 
purposes in passenger vessels for a full sixty years, | 
and in warships for nearly as long a time ; but in 
the former case it represented a “selling point ” | 
which might be expected to have considerable | 
competitive value, and in the latter, it possessed | 
military and sanitary advantages that outweighed 
any question of cost and made tolerable an initial 
inefficiency in performance. None of these argu- 
ments carried much weight in the case of the ordinary 
cargo steamers which constitute the greater part | 
of the world’s tonnage, and it was not until the 
advent of wireless telegraphy and the internal- | 
sombustion engine that plant for the generation of | 
electricity became an accepted necessity in the | 
equipment of any and every type of sea-going vessel. 
Since then —in round figures, during the last twenty 
vears—-the advances have been rapid and well-nigh 
universal, extending also to the main propelling 
machinery in numerous important instances 

The importance of this relatively new branch of | 
marine engineering is reflected in the revisions that 
have been undertaken recently of the two principal 
codes of rules relating to such equipment, namely, ! 
the Regulations for the Electrical Equipment of 
Ships,* published by the Institution of Electrical 


* London The Institution of Electrical Engineers, | 
Savoy-place, Victoria Embankment, W.C.2, and E. and 
F. Spon, Limited, 57, Haymarket, 8.W.1. [Price 2s. net.) ! 





the result of a revision carried out by the Institu- 
tion’s Ship Electrical Equipment Committee during 
the past year, under the chairmanship of Colonel 
A. P. Pyne. The Principal Electrical Engineer 
of Lloyd’s Register, Mr. G. O. Watson, was vice- 
chairman of the Committee, which included repre- 
sentatives of the Admiralty, the Board of Trade, 


| the British Corporation, the British Electrical and 


Allied Manufacturers’ Association, the Electrical 
Contractors’ Association, and the various technical 
institutions directly concerned with marine matters. 

These Regulations, in the words of the introduc- 
tion, “enumerate the main requirements and 
precautions for ensuring satisfactory results, includ- 
ing safety from fire and shock”; and “relate to 
the generation, storage, and distribution of electrical 
energy for all purposes in sea-going ships of all 
descriptions except ships of war,” but “they are 


| not intended to take the place of a detailed specifi- 


cation or to instruct untrained persons.” Despite 
the latter disclaimer, however, they are com- 
paratively detailed, the 23 sections being preceded 
by a series of definitions of the terms used, and 
supplemented by a number of tables and three 
appendices. Of these last, one lists the British 
Standard Specifications to which reference is made, 
the second illustrates the British Standard graphical 


|symbols for interior electrical installations, and 


the third consists of recommendations for the 
suppression of electrical interference with radio 
apparatus. 

The new Rules issued by Lloyd’s Register of 
Shipping have been framed to accord with the 
recommendations of the I.E.E. Committee, but 
for various reasons they are more specific in matters 
of detail. In general, they follow the form that was 
adopted in 1925, when the previous Rules were 
promulgated, but the revision which experience had 
indicated as desirable was purposely postponed, 


|so that the greatest possible uniformity should be 


achieved with the findings of the I.E.E. Committee. 
The fact that the Society’s operations are world-wide 
in scope, however, made it impracticable to legislate 
by mere references to the specifications of the 
British Standards Institute, as is done in the I.E.E. 


| Regulations. The number of specifications thus 


cited is considerable, and it was obviously unlikely 
that copies of them would be readily available in 
many of the foreign ports and shipbuilding centres 
where classification surveys are held. As in the 
case of the Society’s other Rules, for the construction 
of ships and their machinery, therefore, the Rules 
for electrical plant are designed to be complete in 
themselves. Practically every section has been 
rewritten, and in certain cases the revision has 
had the effect of ruling out methods and materials 


| which were permitted under the former Rules, but 


which have proved inadequate to modern require- 
ments. 

Examples of the portions which have undergone 
extensive modification are Section 15, which deals 
with the extra requirements for tankers ; Sections 
3 and 4, covering distribution and switchgear, 
respectively ; and Section 9, relating to conductors 
and cables. Special consideration has been given 
to the last-named section, and it is important to 
note that the use is no longer permitted of rubber 
sheathing for permanent wiring, armouring without 
a lead sheath, flat twin and three-core lead-sheathed 
cables, and all rubber-insulated cables having pure 
rubber next to the conductor. Another change, to 
which the Society draws particular attention, relates 
to the design of generators, which will be required, 
in the future, to have the series winding on the nega- 
tive side, as in land practice, and not on the positive. 
This alteration, it will be noted, affects the connec- 
tion of ammeters, overload trips and reverse-current 
trips. Finally, mention may be made of the 
requirements, now incorporated, governing the 
use of fluorescent-tube lighting, which has been 
extensively fitted in recent passenger vessels. 





* London: Lloyd’s Register of Shipping, 71, Fen- 
church-street, E.C.3. [Price 5s.) 
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Though at present the opportunities of employment 
are few, Government Departments have given assur- 
ances that they will use the register for meeting their 


THe Atrack or Street Gas CYLINDERS BY 
HYDROGEN SULPHIDE AND MOISTURE. 


Or late years the action of certain gases on steels | ’ n . 
: 8 | requirements, and unlike the Central Register, it | 
will also be available for private employers who | 


at various temperatures and pressures, has been | 
the subject of many investigations and the a 
results have often proved instructive in that they | *PPly to the exchanges for qualified staff. 

have led to the production of new and improved | et A 4 = na Miia 
du. ot of hoy mer nentlney to be Dow. the | Wark-TimE Frvance and ELECTRICITY SUPPLY. 
particular conditions imposed. The newest problem | : . c 
in the sphere of gas attack on steel has been brought | @uthorities and on the issue of capital by companies 
to our notice by Lt.-Colonel R. A. Thomas, H.M.| Owning electricity-supply undertakings has had, 
Chief Inspector of Explosives, Home Office, who | 48 might have been expected, unfortunate results, 
informs us that some recent investigations by the | especially as the local-authority undertakings are 
Department of Scientific and Industrial Research | 2ow forbidden to utilise surplus revenue for capital 
at the National Physical Laboratory into the cause | Purposes. As is well-known, in recent years a large 
of the failure of certain cylinders used for compressed | proportion of the output of these undertakings is 
gas have revealed that small quantities of sulphur Consumed in domestic apparatus, which is either 
impurities—either in the form of hydrogen sul-| hired or purchased by instalments ; and the inability 
phide or as organic compounds—or of moisture | t© continue financing these activities has resulted 
in the gas may lead to the failure of the cylinder.| in hardship to manufacturers, wiring contractors, 
The effect of these impurities is stated to be severe | and, iast but not least, to prospective consumers. 
on nickel-chromium-molybdenum steel and may be | The position is well set out in an appeal which has 
so in the case of other steels, although it is pointed | been issued by a group of leading British makers 
out that it has not yet been established to what | of electric water-heating apparatus, and this course, 
extent steels of different composition may be | We understand, is to be followed by the manufac- 
affected. We understand that the research is being turers of electric cookers. This appeal, copies of 
pursued further. Information of a quantitative | which have been sent to the Minister of Transport, 
nature, and perhaps an early report on the matter, |The Electricity Commissioners, the Central Elec- 
would be welcomed both by manufacturers and users 
of compressed-gas cylinders. The situation is dis-|that practically all electric 
turbing, especially as the data available for publi- | Obtained either by hire or hire-purchase, and that 
cation are so meagre, the words “ small quantities ”’ | the removal of these facilities has meant that the 
of sulphur impurities and moisture being too vague purchase of this apparatus has almost completely 
to admit of true scientific interpretation. Mean-| ceased. The baneful effect on employment and the 
while, however, it is obviously of the greatest | export trade are indicated, and the advantages of 
importance to ensure, especially in the case of coal | this method of heating water are set out. Among 
gas and, perhaps, still more particularly in that of | the advantages claimed, about which, of course, 
methane produced from sewage, that the gas is| there may be some legitimate difference of opinion, 
free from hydrogen sulphide and organic sulphur | 4re that there is no additional consumption of fuel, 
compounds, and from moisture, before it is charged | 4nd since thermostatic control is provided there is no 





| many 


The ban by the Treasury on borrowing by local | 


tricity Board and the supply authorities, points out | 
water-heaters are | 





into steel cylinders. Moreover, in view of the 
proposal to encourage the employment of com- 
pressed gas for the propulsion of motor vehicles, 
the need for taking this precaution is all the more 
urgent. 


SUPPLEMENTARY EMPLOYMENT REGISTER FOR 


PROFESSIONAL PERSONS. 

The Central Register, full details of which were 
given in ENGINEERING some eight months ago, was 
designed to provide a roll of persons, possessing 
specialised technical qualifications, who would be 
available to meet the war-time needs of the various 
Government departments. Organised on a volun- 
tary basis with the collaboration of the leading 
engineering institutions, it quickly received satis- 
factory support and since the beginning of Septem- 
ber, we have reason to believe, it has been of the 
greatest use as a reservoir of those possessing 
specialist qualifications. Primarily, however, the 
Central Register is not for unemployed persons. 
Moreover, admission to its ranks is confined to those 
possessing definite professional qualifications. Be- 
tween its personnel and that of the insurable 
classes of employment there is, however, an inter- 
mediate band with moderate technical or other 
qualifications, many of whom are out of work at 
the present time, and for a proportion of whom there 
is little likelihood of re-employment in their custo- 
mary occupations during the war. We are glad to 
learn that a register for these men and women is 
now being opened by the Ministry of Labour and 
National Service, who have explained that, as the 
adjustment to war conditions progresses, there will 
be increasing demands to be met throughout the 
whole range of employment, because of the expan- 
sion of war effort, and the gaps caused as successive 
age-groups are called to the armed forces. 
cation for admission to this register should be made 
to the nearest office of the Ministry of Labour and 
National Service, qualifications being stated in full. 
As such persons may be engaged in occupations 
where war-time unemployment is widespread, secon- 
dary qualifications, such as a hobby or a knowledge 
of foreign languages, may be important. These 
particulars will be recorded under an occupational 
classification at selected local offices of the Ministry, 


Appli- ; 


waste of energy. Electric water-heating also saves | 
| labour in many directions, and has the advantage | 
|that it is available during an air-raid since the 
| supply need not be cut off. It results in a consider- 
able reduction in fuel transport charges, and forms | 
a useful load during off-peak hours. The statement 
concludes by stressing the desirability of encouraging | 
electric water-heating, which can only be done by | 
reinstating hire and hire-purchase schemes. 


THE TRAINING OF ENGINEERS. 


Some useful comments on the present and future | 
of engineering education were made by Professor 
S. Parker Smith in an address which he prepared | 
for delivery as chairman of the Scottish Centre of | 
the Institution of Electrical Engineers. Stressing | 
the importance of students following recognised 
courses, he pointed out that, as corporate member- | 
ship of a professional institution should be the aim | 
of every newcomer, correspondence between the | 
requirements of the membership and the context of | 
the course was necessary. The average engineer | 
needed a general training and, as universities were | 
seldom staffed or equipped for both degree and | 
diploma courses, there would be many advantages | 
in converting large technological institutions, which | 
did not suffer from these weaknesses, into depart- | 
ments of the university, and withdrawing engineering | 
students from colleges which were concerned in| 
instruction for the teaching, legal, medical, and 
other professions. It was doubtful whether normal | 
educational institutions should attempt too much | 
research and specialisation. Their proper function 
was to educate and, apart from other drawbacks, 
neglect of this might result in depriving students 
of proper tuition. Specialisation resulted in essen- 
tial matter being crowded out, since only in rare 
cases did the young engineer know what his future 
was going to be. On the other hand, there was 
obviously a need for a national college where 
only advanced post-graduate and specialised work | 
would be done by students recruited from all parts | 
of the kingdom. As these students would be selected 
for their ability to continue higher studies or to| 
carry out original investigations, their services | 
would be conserved for the community. Professor | 


i Smith added that the teaching of engineering was 


| for the remainder. 
| during the last ten years, of the Diesel type of engine, 


| driven plants. 


/concerned. The position, 
| static, and possible sources of trouble from defects 





so that suitably qualified applicants may be con- | best carried out by those who had had professional 
sidered for vacancies notified to the Department.' or practical experience as engineers, otherwise the 


|commercial side might be overlooked. It was 
unlikely that the old five-year apprenticeship 
course would continue for electrical engineering 
unless the practical time was included in some 
sandwich system. It was also likely that all grad- 
uates would be offered a living, many as soon as 
they left school. Careful records, extending over 
years, showed that students who went 
straight from school to college did best. Even 
firms which preferred youths to start their appren- 
ticeships before entering college seemed loth to 
accept first-year students for vacation experience. 


New System or Roap WARNINGS FOR NIGHT 
DRIVING. 


An announcement made by the Ministry of ‘Trans- 
port this week deals with alterations in the warning 
and direction signs on roads so that driving at 
night may be facilitated. In peace time, for 
instance, the warning signs at the junctions of 
minor and major roads require the assistance of 
| the headlights on the vehicles themselves for their 
| satisfactory operation ; the new masked headlights 
‘do not illuminate the red reflector lenses of the 
warning symbol, nor the white reflectors of the 
| lettering of which signs are composed. Their utility, 
| therefore, is reduced to zero and for that reason 
highway authorities are now urged to illuminate 
| both these signs and the “advance direction ”’ 
signs. This, of course, presents no great difficulties 
'in urban areas where supplies for artificial lighting 
are available, but in rural districts, where no such 
| supplies exist, it is suggested that the signs should 
be moved and the informative panels lowered so 
as to bring them within the beam of light emitted 
by a head lamp. Steps have also been taken to 
regularise the lighting of refuges, which otherwise 
| would be more of a danger than otherwise to drivers, 
and to indicate the proximity of uncontrolled 
pedestrian crossings. 


ENGINEERING INSPECTION IN WESTERN AUSTRALIA. 


The engineer interested in the relative popularity 
of the different types of prime mover will find some 
pertinent material in accounts of the state of 
engineering in the Dominions, accounts which 
deserve more general attention than they usually 
receive. An example occurs in the annual report 
for 1938 of the Inspection of Machinery Branch, 
Mines Department, Western Australia. There are 
15,156 groups of machinery in the jurisdiction of 
this Department, of which groups 74-1 per cent. are 
driven by electric motors, 16-5 per cent. by oil 
engines of various types, 6-5 per cent. by steam 
engines, and 1-7 per cent. by gas engines. Com- 
pressed-air motors and hydraulic motors account 
The report deplores the increase, 


on the grounds that fuel for this engine has to be 


|imported, whereas its alternative for independent 


installations, apart from the steam engine, i.e., the 
gas engine, uses local fuel. It is to be presumed that 
producer gas is here referred to. Steam, which 
might have been thought of value in isolated situa- 
tions, does not have appeared to have made much 
headway recently, though there are 4,400 steam 
boiler installations registered. As, however, the 
term “boiler” includes unfired pressure vessels, 
this figure is not an index to the number of steam- 
It is interesting to observe, as an 
indication of the technical progress of Western 
Australia, that of the 220 new boiler registrations 
in the year reviewed in the report, 141 boiler plants 
were made in the State itself. Importations of 
boilers from Great Britain numbered 18, while five 
came from the United States, the remainder being 
chiefly supplied by the other States of the Common- 
wealth. The portion of the report dealing with boiler 
regulations and inspection shows an awareness of the 
vigilance required for steam plant fully equal to that 
to be found elsewhere, and the comparatively few 
serious accidents recorded reflects credit on those 
nevertheless, is not 


and weaknesses in design and construction would 


' appear to be carefully scrutinised, since the report 


contains several new regulations, either to be put 
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into force forthwith or in the future, intended to 
eliminate such sources. The employment of only 
examined and certificated engine-drivers is a point 
that is strongly urged. ‘The report reveals a very 
satisfactory condition of technical efficiency in 
what is industrially compared with Great Britain, 
nly a young country. 


PRINCIPLES OF FOUNDATION 
DESIGN. 


By Dr. Hersert Caatiey, M.Inst.C.E. 


THE 


For many years it has been customary to design 
foundations on the very simple empirical principle 
that the loading on unit area of the 
slab should be such that the settlement, previously 


observed to correspond to such loading on a small 


footing or bas« 


area, was limited to a conveniently small amount 
matter of inches) and was sufficiently constant 
the whole sit 
superstructure Building regulations specitied the 
surface loading that various local soils might safely 
When were incompatible with the 
weight of the structure, piling or other means of 
transmitting the load down to a level at which the 
unit load could be safely borne, was adopted. The 
carrying capacity of such piles was computed by 


(a 


over to avoid serious strains in the 


bear. these 


a formula from driving tests. 

With large and heavy buildings, nevertheless, it 
has often happened that unexpected foundation 
troubles have developed. With increasing heights, 
the necessity of reducing weight has led to the use 
of steel frames and reinforced concrete which, by 
increasing the rigidity of the complete structures, 
has aggravated the strains in them due to differ- 
settlements in their foundations. It 
been found, also, that the settlement observed in a 
small foundation area is not a reliable indication 
of that in a large area similarly loaded; that 
unequal settlements can occur in spite of uniform 
loading ; that the carrying capacity of a group of 
n piles is not n times that of a single pile ; that 
driving formule are most unreliable when the bed 
of a plastic nature; and, lastly, that in 
plastic material, settlements may continuous, 


ential has 


soil 1s 


be 


and liable in time to reach inconveniently large 
values. 

\ knowledge of these facts has had several 
curious results. It has led, in some instances, to 


immense additional expenditure in foundation con- 
struction, which has not always been successful ; 
it has encouraged certain rule of thumb methods of 
dealing with specific conditions, which have occa- 
sionally proved quite unreliable ; and, finally, it 
has caused most engineers to recoil from the thought 
of building on plastic foundations, for fear of 
unexpected consequences. Although the new science 
of soil mechanics (created practically by one man, 
lerzaghi) has not solved all problems, 
it has provided a sound approach to a solution in 
almost every case, and it may fairly be said that 
no foundation problem insoluble if sufficient 
trouble be taken to investigate the conditions. 

lhe paramount conclusions of the new work may 
he concisely stated as follows :—(1) The strains in 
« foundation which principally determine settle 
ment and soil reaction, extend at least to a depth 
equal to about twice the lesser horizontal dimension 
of the superstructure. (2) The depth of the founda- 
tion below the surface level has an important effect 
on the distribution of the strains in the soil below it. 
(3) Pile-driving formule are valueless for computing 
pile capacity in plastic materials, owing to the fact 
that the side friction (which is the main cause of 
static support in such material) is temporarily 
eliminated by water lubrication during driving. In 
such soils, the resistance to driving is mainly point 
resistance, whereas the static resistance is mostly 
frictional. Hence we find in such piles easy driving, 
which changes to a large resistance after a few days’ 
rest, changing again to easy driving after the pile 
has been once again set in motion. (4) The settle- 
ment in plastic materials under uniform load is not 


these 


Is 


uniform, but tends to be greatest in the middle of 


the loaded area. Small deflections of the footings 
cause large differences in the distribution of pressure. 
(5) The compressibility of plastic materials depends 
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on the initial arrangement, size and shape of the 
grains, and the water content. For very fine- 
grained material, compression occurs very slowly 
and may take many years to complete, owing to 
the contained water. Its amount and duration may 
be approximately computed from laboratory tests 
on samples of the material in an undisturbed state. 


'(6) The shearing resistance of granular materials 


depends largely on the stresses in the contained 
water and may be very small indeed in unconsoli- 
dated material. Shear slips occur on curved rupture 
surfaces. (7) The lateral pressure of granular 
material is affected to an enormous degree by small 
motions of the retaining surface within the mass 
itself, so that arching may entirely alter the pressure 
and its distribution. (8) The expansion forces of 
swelling clays can be computed from laboratory 
tests. (9) The existence of rather deep-lying strata 
of compressible material may have important effects 
on surface structures, especially if means are pro- 
vided (as by pumping) for the escape of water from 
them. 

The foregoing is only a rough summary of the 
main conclusions, which require to be studied in 
detail. From the principles indicated, a procedure 
for foundation design has been developed, somewhat 
as follows:—(a) Compute, on the principles of 
Boussinesq, the distribution of the vertical stress in 
the subsoil to a depth of, say, twice the width of 
the structure (three times, if the length is large 
compared with the width). Very roughly, this 
corresponds to the spreading of the load through a 
pyramidal frustrum of subsoil, the top of which is 
the foundation, having sides which slope about 
l in 1, with a maximum central intensity of 14 times 
the mean value. The angle of spread actually 
increases Slowly with the depth. (b) Obtain undis- 
turbed samples from borings down to a depth of 
twice the site width, at sufficient intervals of width 
and depth to be fully representative of the variations 
of material, moisture and consolidation. (c) Examine 
geological profiles for deeper beds, in case specially 
weak strata occur. If, on a hillside, such strata 
outcrop, the analysis must be carried down to 
them, and the possible easy escape of water there- 
from must be investigated. (d) Compute the total 
existing loading, from all sources, at the position 
of each of these samples ; and compare it with the 
proposed loading from (a). (e) By consolidation 
tests (in the Oedometer) ascertain, firstly, the total 
compression of the sample involved in the change of 
the loading from the existing value to the proposed 
value ; and, secondly, the compression-time curve 
for the sample under this changed loading. (f) From 
the particulars given in (e) and the depths, it is 
possible to compute, by approximate summation 
through the whole depth of the zone of stress, how 
much will be the ultimate equilibrium settlement 
and at what speed it will develop. 

The purpose of the present notes is merely to 
indicate the ideas involved in the new methods, but 
some useful particulars of the details of procedure 
are to be found in the paper presented by Mr. A. W. 
Skempton at the 1938 meeting of the British Associa- 
tion and reprinted on page 403 of the 146th volume 
of ENGINEERING. 


SouTH-West Fssex TecHNIcaAL COLLEGE.—-Evening 
and week-end courses in industrial administration, 
factory organisation, business statistics, mercantile law 


and kindred subjects are being held at the South-West 
Essex Technical College, Forest-road, Walthamstow, 
London, E.17. The new term on January 8&8, 
1940, and further particulars may obtained from 
Dr. A. Plummer, Head of the Department of Commerce 
and Social Studies 
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MOTOR-GENERATOR SETS FOR STEELWORKS.——-Two 
motor-generator sets of unusual design have recently 
been constructed by Messrs. The General Electric Com- 
pany, Magnet House, Kingsway, London, W.C.2, for use 
in connection with a new slabbing mill for Messrs. John 
Summers and Sons, Limited. One set consists of six 
machines: A 700-h.p., 600-volt, 1,000 r.p.m. synchronous- 
motor, which is direct-coupled to three 135-kW 250-volt 
direct-current generators and two exciters. The smaller 
of the exciters supplies the synchronous motor, while 
the larger supplies the three generators. The other set 
is identical, except that there is only one exciter, that for 
the synchronous motor. 
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PARIS HIGH-TENSION 
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(Continued from page 636.) 
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Cracuit BREAKERS WITH LITTLE OR No On Content. 


Tue substitution of the oil circuit breaker by breakers 
containing little or no oil has made extensive progress 
on the Continent during recent years, and the matter 
was raised in a number of the papers presented at the 
Conference. A communication dealing specifically 
with the design of such breakers was made by Herr F. 
Kesselring, of Messrs. Siemens-Schuckertwerke, of 
Berlin. He said that in the course of the last twenty 
years the oil circuit-breaker had developed to a fairly 
uniform pattern. The moving contacts were almost 
always placed in large oil tanks in which the fixed 
contacts were supported on insulators. The arrange- 
ment had the advantage of great simplicity, but for 
large powers and high voltages the dimensions became 
very great. To break heavy circuits it was necessay 
that the tanks should be able to stand high interna] 
pressures, which, in modern practice, amounted to from 
5 kg. to 15 kg. per square millimetre. The explosion 
of a breaker might cause considerable damage and 
although such an event was rare, when it did occur 
it usually resulted in a general interruption of the servioe 
and endangered the lives of the personnel of the station. 

With the ordinary type of oil circuit breaker, the 
function of the oil was to extinguish the arc, as well as 
to act as an insulator between the contacts; owing 
to its high dielectric resistance, it was possible to 
construct breakers, for low voltages, containing very 
little oil. As, however, the dielectric resistance of the 
oil was not proportional to the distance of separation 
of the contacts, oil tanks had to be of very large dimen- 
sions when high voltages were concerned. The break- 
down voltage of oil expressed as a function of the dis- 
tance between two contacts in the form of spheres 
140 mm. in diameter was shown in Fig. 35. The full- 
line curve was the mean between the experimental 
values represented by the broken-line curves. The 
actual extinction of the are required only a few cubic 
centimetres of oil and the remainder of the contents 
of the tank, which frequently amounted to several tons, 
served only as an insulator between the high-tension 
parts. It would thus be seen that this method of 
constructing high-tension circuit breakers was not 
compatible with the order of security that was desirable. 
This led to the conclusions that for high-tension breakers 
the oil should be replaced by some non-inflammable 
liquid and that for very high voltages it was necessary 
to envisage methods not only for the extinction of the 
arc but also for the insulation of the parts under tension 
with a minimum quantity of oil. 

A third condition arose in connection with oil circuit 
breakers. For a long period in the development of all 
types, the extinction of the arc was dependent more 
or less on chance. Much work was done on the rupture 
of the arc in oil, without much attention being paid to 
the process of extinction itself. The means first 
adopted to artificially reduce the length of the arc was 
the explosion pot, of which various designs had been 
developed. Recently, considerably further reduction 
had been obtained by the use of the Deion grid and 
elastic explosion pots. The main principles of the oil 
circuit breaker had, however, been maintained for 
extra-high tensions, modern designs exhibiting a 
tendency towards the reduction of the energy dissi- 
pated in the arc to a minimum. As an example, the 
length of the arc formed in a 100-kV breaker was 
of the order of 1 m. to 2 m. and it lasted for about 0-1 
second. Modern arc control methods had permitted 
the time of duration of the arc to be reduced to one 
tenth of its previous value, with the result that its 
energy was reduced to one-hundredth of what it was 
before. This also reduced the mechanical stresses, 
the wear of the contacts and the dissociation of the arc- 
extinguishing liquid, with the final result that breakers 
could now be built of much smaller dimensions than 
heretofore, and of greater breaking capacity than had 
up to the present been required. The duration of the 
arc had been reduced to one half period. As it was not 
desirable to attempt to extinguish the arc at the time 
when the current was at its maximum, devices had 
been developed to interrupt it at the point when the 
current was zero. 

Oscillograms showing the interruption of circuits with 
various types of breaker were reproduced in Fig. 36. 
The curves marked a referred to a normal oil circuit 
breaker. The duration of the arc was four half-periods 

—0-4 second—and the maximum power of the are, in the 
last half-period was 30,600 kW ; the total energy dissi- 
pated in the arc was 360 kW seconds. Curves b were 
taken with an oil circuit breaker fitted with an elastic 
explosion pot of the type which was described later 
in the paper. The duration of the arc was in this case 
reduced to two half-periods and the maximum power 
of the arc was reduced to 18,300 kW ; the total energy 
dissipated in the arc was 132 kW-seconds. The curves 
marked c referred to a circuit breaker in which the arc 
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was surrounded by water, the arrangement being such 
that evaporating was reduced when the current was at 
its maximum. As shown by the curves, the circuit 
was interrupted in half a period. The power of the 
are and the energy dissipated in it were very small, the 
maximum power being 5,400 kW and the energy 
dissipated 24 kW seconds. The circuit interrupted 
in each of the three cases was transmitting about 
200,000 kVA. The principle which was illustrated by 
these three sets of curves showed the direction in which 
the ideal breaker, in which rupture was effected without 
the production of an arc, should be developed. The 
most important condition in a modern breaker was 
that the energy dissipated in the arc should be reduced 
to a minimum. 

Both air and water had been used as the extinguishing 
media for the arc in circuit-breakers. Attempts to 
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develop an uninflammable oil for use in breakers had 


not so far been suocessful, but an uninflammable 
synthetic liquid of good dielectric properties and con- 
taining no chlorine had recently been produced. 


Experience with it was, however, yet too limited to | 


enable any conclusive opinion about its merits to be 
expressed. It was not possible to interrupt circuits 
transmitting large powers in still air, unless de-ionisa- 
tion arrangements, such as the Deion grid, were used, 
but air in movement formed a satisfactory extinction 
media. 
break small power circuits at voltages of from 6 kV to 
10 kV by the air blast produced directly by the arc, 
but for large powers an air blast at about 20 kg. per 
square centimetre was necessary. The use of com- 
pressed air on high-power breakers, in order to eliminate 
the fire danger, could only be justified by the results 
of experience. On such breakers the heat produced and 
the consequent expansion of the air on the neighbour- 
hood of the are tended to check the air blast and high 
pressures were necessary. Recent research had, 





Experience showed that it was possible to | 
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When utilising water for arc-extinction, certain 
fundamental considerations had to be kept in mind. 
As it was a conductor, it was necessary to separate the 
three poles. For the same reason, the contact plunger 
had to be completely withdrawn from the liquid at 
the end of its movement in order to ensure isolation 
after the separation of the contacts. For tensions up 
to about 20 kV, the conductivity of the water did not 
introduce difficulties, but for higher voltages it was 
necessary to arrange that the water was only present 
during the extinction of the are between the two 
contacts. These considerations had led to the con- 
struction of two different types of breaker. In one, 
the break occurred in a chamber full of water; in the 
other a small quantity of water was introduced, between 
the contacts, from a separate chamber, at the moment 
of break. In the extinguishing of an arc by means of 


Fig. 37. 
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water, part of the water was evaporated, and the 
vapour produced underwent a sudden expansion, 

The live parts of a circuit-breaker without oil might 
be carried by insulating cross-bars or by pillar insu- 
lators. The latter were usually preferable, as they 
were cheaper and their resistance to electric shock 
was, in general, greater. The flash-over voltage of a 
pillar insulator decreased but slightly with the applied 
frequency, and a steep wave front, which would not 


071 


any possibility of leakage currents. In oil circuit 
breakers such currents were prevented by the insulating 
properties of the oil. The development of circuit 
breakers containing no oil allowed the disposition of 
the poles in such a way that station lay-outs might be 
simplified. An example was furnished by the switch, 
designed for wall mounting, which was illustrated in 
Fig. 37. This, which was intended only for small 
powers, had been developed both as an expansion and 
as a compressed-air breaker. It gave a convenient 
run for the leads and was light in weight. The tips of 
| the contact plungers were visible from the outside of 
| the casing. 

Rigid explosion pots formed the simplest means of 
| dealing with the sudden expansion of the vapour 
| which followed the formation of the arc. A pot of this 
‘type was illustrated in Fig. 38. Immediately after the 
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| separation of the contacts, at the moment when the 
| contact plunger left the hole in the top of the explosion 
| pot, part of the vapour escaped by relief pipes, shown 
on each side of the pot, and the remainder was con- 
densed in the outer chamber. The arrangement made 
it difficult to reduce the work required to effect the 
| rupture, because the extinction of the arc was deter- 
mined by the position of the contact plunger, and it 
was not possible to increase the speed at which the 
contacts were separated beyond some 3 m. or 4 m. 
per second. In order to avoid the generation of exces- 
| sive pressures in the explosion pot, it was necessary 
| that the hole through which the plunger worked should 
| not be too small. As a result of these considerations, 
| this form of breaker was not suitable for use with large 
| powers. 

| The disadvantages of this design had been overcome 
| by the arrangement shown diagrammatically in Fig. 39, 
| which represented the principle of the water breakers 
| constructed by the author’s firm. The separation of 
| the contacts took place in an explosion pot which 
| had a pipe at its lower end connecting to an air reservoir. 
| The end of the pipe was furnished with a valve set to 
| open at a determined pressure. With this arrangement 
it was possible to use an explosion pot with a smaller 
upper hole, as the air reservoir prevented the generation 
of excessive pressures. This type of breaker was 
suitable for pressures up to 15 kV. or 20 kV. The 
| actual arrangement of this type of breaker was iilus- 
trated in Fig. 40. It employed the elastic explosion 
pot which had already been referred to. As would be 
seen, the pot was made in two parts connected by 
bolts carrying springs. The air chamber was formed 
by the upper part of the outer casing and the valve 
connecting to it was situated between the two parts of 
the pot. It was situated slightly below water level and 
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affect it, might cause a flash-over on an insulated | opened almost instantaneously. Experience with this 


cross-bar. Compared with suspension insulators, even | type of breaker showed that it would interrupt very 
pillar insulators did not exhibit high resistance to/| small currents equally well as large ones. The arc was 


flash-over, but they were superior to insulated cross- 


extinguished when the two parts of the pot separated. 


however, resulted in the development of blow-out pots | bars and should be given preference as means of | With heavy currents the parts separated very rapidly 


with which a somewhat reduced pressure could be used, | support in circuit-breakers. 


Isolation between phases 


and an arc of short duration and low energy was ob- 


| was secured by means of air spaces, and it was necessary tained without it being necessary to employ high 
| to arrange that in the open position there was complete | rates of travel of the contact plunger. 
| air separation between the contacts in order to eliminate’ A certain number of breakers of this type were in 


owing to the fact that the blast might be reduced to a 
minimum when the current passed through its zero 
value. 
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service on 38-kV circuits, but for voltages as high 
as that it was preferable to employ a double-break 
arrangement, with two pote alongside each other for 
each phase, the two plungers being connected by a 
cross-bar. The liquid-jet pot, which might be looked 
on as a development of the elastic explosion pot, per- 
mitted, however, the use of a single break per phase 
for voltages of this order. The liquid-jet pot was 
illustrated in Fig. 41 In this case, the level of the 
water in the breaker was only a little above the top 
of the lower, fixed, contact. When the breaker 
opened, and the plunger was raised, a spring-loaded 
piston below the bottom contact forced the water 
upwards so that it followed, and surrounded, the 
plunger when the break took place. Tests with this 
type of breaker had shown an arc-duration period of 
from 2 half-periods to 3 half-periods. When the power 
interrupted was small, the arc duration was somewhat 
longer, but this did not cause any trouble as the energy 
of the arc was also small. 

The essential problem in the design of water circuit 
breakers was so to proportion the explosion pots that 
they operated satisfactorily not only on high but also 
on very low currents, especially when the latter were 
sssociated with high-capacity or high-voltage gradients. 
Experience over a number of years with 1,500 breakers 
of this class showed that this problem might be consi- 
dered to have been satisfactorily solved. For outdoor 
working, in which air temperatures down to — 45 deg.C. 
might be met with, it was not possible to utilise water 
for the extinction of the arc. In such cases, a special 
oil which froze at 60 deg. C. was employed, Although 
the oil was inflammable, the small quantity used in 
breakers of this type did not constitute a danger in 
outdoor sub-stations. For of 100 kV, 
breakers of this type were furnished with a section 
link operated by compressed air, which entirely isolated 
the contacts after the explosion pot had extinguished 
the arc. Similar breakers were being developed for 
200 kV These had two explosion pots in each phase. 
Jetween them a double-armed section link was carried 
on a pillar insulator, the link moving to the open posi- 
tion after the circuit was broken. The arrangement 
was particularly suitable for outdoor work, as the pillar 
insulators employed had flash-over characteristics 
practically as good as those of chains of suspension 


pressures 


insulators, 
(To be continued.) 








TRACKED AND WHEELED VEHICLES 
FOR WAR SERVICE.* 
covers all the many and various 
types of mechanically-propelled vehicles required 
for military use by the Ministry of Supply At the 
present time the Ministry of Supply is the world’s 
biggest buyer of the heavy types of mechanised 
vehicles, if not of others. Wheeled vehicles, as distinct 
from tracked vehicles, required by the Ministry, include 
motor-cycles, light cars, heavy cars, infantry trucks, 
machinery lorries, searchlight lorries, mobile offices 
and sterilising plants, mobile laundries and laboratories, 
four-wheeled drive field artillery tractors, anti-tank 
gun carriers, ambulances, mobile workshops, wireless 
trucks, water tanks, six-wheeled load carriers, workshop 
stores, winch and anti-aircraft tractors. We 
have something like 50 different types of specially- 
designed bodies, in addition to tanks. Design begins 
with the requirements of the General Staff, and those 
requirements begin with tactical considerations. In 
co-operation with the General Staff and the industry, 
we have to translate tactical requirements into terms 
of finished products. The completely ideal vehicle 
does not exist; every vehicle must be a compromise. 
The General Staff sets us tactical problems—with 
very open specifications. By discussion, we gradually 
evolve the vehicle to do the job. We produce an 
experimental model and put it through the most 
exacting trials we can think of. We have trials for 
the mechanical efficiency of the vehicle as such, and 
there are trials with the troops to make sure that the 
vehicle is all right in practical application. When 
it is satisfactorily through its trials the vehicle is put 
into production. In peace time that is a comparatively 
simple matter: there is no extreme urgency. Delivery 
date is governed by the fact that we must have the 
is no use 


MECIANTISATION ” 


lorries 


vehicle in time for the training season: it 
producing a new model to be tried by the troops when 
training is virtually over for the year. Again, in peace 
time, we have, well in advance, a reasonable estimate 
of our requirements in quantity. 

War changes the picture. Not only is 
immensely expanded, but the element of surprise and 
change, with the consequent requirements of capacity 
for rapid adaptation of production, must be kept 
constantly in mind. For example, it is quite possible 
that the enemy will produce a more powerful anti-tank 


demand 


* Address by the Director of Mechanisation to a Press 


Conference, Monday, December 11, 1939. Abridged. 
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weapon which would necessitate re-designing our tanks. 
Changes in the nature or locality of warfare may require 
changes in transport. At the same time, during war, 


we have to produce, in great quantity, those types of 


vehicles which have already been tried out and proved. 
At the present time we require more productive capacity 
for the heavy types of wheeled vehicles than actually 
existed in this country before the war. With certain 
provisions for the export trade—the importance of 
which, in war as in peace, we cannot afford to overlook- 

we are taking all the productive capacity in the country, 
and are adding to it as rapidly as we can. I speak of 
capacity for producing the heavy types of vehicle— 

lorries and trucks. Car capacity we have in plenty, but 
unfortunately a great part of it is not readily adaptable 
to the production of the heavy types. The very fact 
of mass production of cars makes adaptation more 
difficult ; machines are specialised and often entirely 
unsuited for production of heavy vehicles. As an 
example, take malleable cast iron and stamping. At 
the beginning of the war, the industry had ample cap- 
acity for the smaller, lighter kinds, but not for the heavy 
ones which we needed in greatly increased quantity. 
That was one problem which called for closest co-opera- 
tion between the industry and ourselves. We have 
been able to overcome it. At one works alone, which 
has been adapted in this way, we are now producing in 
a single day as many lorries as the entire British Army 
possessed at the outbreak of war in 1914. At the 
present time, production of the heavier types of mech- 


| anical transport is proceeding in this country at a faster 


rate than anywhere else in the world—and the quality 
of our vehicles is the best in the world. The present 
expansion and rate of production would not have been 
possible except for planning and co-operation with the 
British industry before the outbreak of war. Armies 
were being mechanised abroad just at a time when the 
policy of this country was to disarm. We could not 
afford to overlook the new developments in transport. 
We could not expand then, but we could prepare 
the way, in co-operation with industry, whereby 
expansion might be achieved should need ever arise. 
That was done. We took the British motor industry 
into our confidence, and have had their fullest co-opera- 
tion ever We tackled our problem on the lines 
of using standard commercial production vehicles as 
far as possible. These, however, had to be modified, in 
certain directions, even in peace-time, to make them 
suitable for the tasks they would be required to perform 
on active service. Commercial tyre equipment, for 
example, as provided for operation on main roads, is 
entirely unsuitable for operation across country, where 
conditions of sand, mud, gravel or plough are met. 
For this type of terrain, tyres of very large section, 
prominent tread and big deflection are necessary. To 
accommodate these tyres, special wheels are also 
necessary and, in turn, special means of attaching them 
to the vehicle hubs. To permit of this modification 
being carried out to commercial vehicles, manufacturers 
were asked to standardise suitable hubs and stud 
fittings on their peace-time commercial production. 
Other directions in which commercial vehicles have to 
be modified are clearance, gear ratios and suspension. 
Where a simple modification, as indicated above, 
would not produce a vehicle suitable for a certain réle, 
a special design had to be embarked on, but in pro- 
ducing such design, made to incor- 
porate as many commercial components as possible. 
In producing these designs and modifications the 
motor trade as a whole has been most helpful. This 
has resulted, to-day, in an unprecedented production 
of vehicles after only 12 weeks of war, for it must be 
remembered that factories had to close down on their 
commercial-vehicle and car lines and turn over to 
production. Since the last war, 
for the heavier type of wheeled vehicles, 
have changed beyond recognition. In those days 
we had lorries with an average speed of from 15 miles 
an hour to 20 miles an hour. They ran on solid tyres, 
and even at that speed solid tyres sometimes burned 
out. To-day, lorries run at speeds up to 50 miles an 
hour—and they run on tyres. We are 
ahead of any other nation in tyre design. This country 
led the way and still leads in the design and production 
of bullet-proof” tyres. We began during the last 
war. Years of experimentation followed. Now we 
have one of improved design and performance. As 
with heavy vehicles, so with tyres : 
Supply is now by far the largest buyer in this country, 
and probably in the world. We are at present employ- 
ing the entire productive capacity of the British 
industry, except for that engaged in other war pro- 
We are, in addition, expanding productive 
from overseas. But for 
the co-operation of British tyre manufacturers, we 
should not have been able to provide the vastly- 
expanded equipment of mechanical transport we have. 
I have said nothing so far about tanks. First, let 
us consider the general classification of the vehicles. 
A rough comparison can be made with the Navy, scout 
ears and armoured cars corresponding to torpedo boats 
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and light destroyers, light tanks to destroyers, cruiser 


tanks to cruisers, and infantry tanks to battleships. 
There are two other types our department deal with, 
namely, carriers and armoured command vehicles. 
These vehicles carry armour, but are not fighting 
vehicles. The closest liaison is, of course, absolutely 


essential between our branch and the General Staff. 
It is impossible 


Every vehicle must be a compromise. 
to produce the completely ideal vehicle from every 
point of view. Armament and armour are the main 
factors as far as weight is concerned, and weight is the 
chief factor when considering performance. We are 
sometimes told the maximum weight the tank can be, 


by the General Staff, because of bridge crossing or 


carriage by rail. The armour has to be considered : we 
want the thinnest possible. If we have results avail- 
able, well and good ; if not, it is necessary to carry out 
firing trials to determine the type and thickness required. 
Some of the other problems are :—(a) transmission, 
which, of course, includes engine, gear-box, reduction 
gears, etc. ; (b) suspension, which is most important, as 
on this depends the gun platform ; (c) type of tracks, 
which is again very important—pressure per square inch 
is a vital factor ; (d) steering, which is quite a consider- 
able problem; (e) position of guns and type of gun- 
mounting. Gun mountings are always a snag in 
production. One reason why they are complicated is 
that they must be splash-proof. Traverse is easy, as 
the whole turret is traversed, but for elevation the gun 
has to move up and down and there must be a hole 
to allow for this. This hole must be made bullet-proof. 
Our next move, as a rule, is to give the general arrange 
ment drawings to a firm and get them to make a pilot 
model. This firm will then become the * mother ” of 
this particular tank. They have the job of detail 
design. The tank must be a sound production job. 
Man-hour losses must be reduced to a minimum. 

It must be remembered that the Government's policy 
of disarmament has meant that, until 1936, large-scale 
tank production was non-existent. Firms require 
educating in this type of work. For the larger types 
of tank all the parts have to be special, as nothing in the 
commercial world is comparable. For armoured cars a 
commercial chassis has been tried several times, but it 
has always been found to be unsatisfactory, as the 
work the vehicle is called upon to do is totally different 
from normal work. When the pilot model is received, it 
has to pass through its tests. These include the per- 
formance requirements of the General Staff, gunnery 
tests and a complete test of all the components. 
The normal test is some 10,000 miles of mixed country, 
i.e., road and cross-country. From the time the 
General Staff Specification has been received until 
the pilot model is running is a considerable time. 
Owing to the length of time that has elapsed there are 
serious dangers to be faced, considerable alterations 
will probably be asked for. The General Staff may have 
decided the situation has altered; someone has 
developed a wonderful new engine ; the suspension is 
good, but would be so much better if this or that new 
idea was incorporated. It is perfectly obvious that 
unless a very strong hand is taken the tank will be 
completely altered. The only logical thing to do would 
be to build another pilot model if fundamental altera- 
tions have been made, as the tests would mean nothing. 
With tank production you must have long-term plan- 
ning, otherwise you must anticipate production troubles. 








ADVERTISING AND GOVERNMENT CONTRACTS.—On 
Government contracts, subject to technical costing by 
Government accountants, advertising expenditure and 
trade subscriptions are not admissible in arriving at 
overhead expenses. This ruling, which may possibly be 
defended in normal times, raises questions of great 
importance in the present exceptional conditions. Apart 
from the importance of fostering export trade to the 
greatest possible extent, many firms, now mainly or 
entirely engaged on Government contracts, are, in normal 
times, concerned with quite other types of business. 
From the points of view both of the individual firms, and 
industry generally, it is of the first importance that touch 
should not be lost with what must be the potential 
market of the future. Communications on this subject 
have taken place between World Petroleum and the 
Board of Inland Revenue, and that journal has now 
received the following reply, which is clearly of great 
importance to a large number of engineering firms :— 
“I am directed by the Board of Inland Revenue to 
refer to your recent correspondence with the Chancellor 
of the Exchequer and to your call at this office on 
November 29, and to say that, as was explained to you 
on those occasions, reasonable expenditure made by a 
trader in advertising his normal goods and services 
would be regarded as an admissible deduction in com- 
puting his trading profits for income tax purposes. The 
Board would not, for their part, seek to contest the 
allowance for such a deduction merely on the grounds 
that the trader was, for the time being, engaged on 
Government contracts.”’ 
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LETTER TO THE EDITOR. 
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Institute of Canada and had served on the Council. 
The present Secretary of the Canadian Engineering 


| Standards Association is Colonel W. R. McCaffrey, 


THE NOMENCLATURE OF STRESS 
CYCLES. 


To THE Epitor or ENGINEERING. 


Str,—In his letter, published in your issue of Decem- 
ber 1, on page 618, Mr. Johansen raises a matter of some 
importance to those interested in the fatigue of mate- 
rials. The most concise and unambiguous method of | 
expressing a cycle of nominal stress is by the use of the 

> 


; I , 
expression M =. where M and R denote, respectively 


2 ’ 
the mean stress of the cycle and the algebraic difference 
of the maximum and minimum stresses of that cycle. | 
From this expression, two clearly distinguishable types 
of cycle emerge which cover all cases: (1) in which 
the sign of the stress changes during the cycle, and | 
(2) in which the stresses change in amount but not in| 
sign. These types have become associated by common 
usage with the terms (1) alternating, and (2) fluctuating 
or pulsating (both terms are used in the same sense | 
and no confusion arises). For convenience only—deter- | 
mined mainly by the types of testing machine in | 


principal use, also by particular cycles imposed in| 
some machines and structures—it is useful to have | 


; R 

recognised terms denoting the cases of (a oe , where | 
= | 

| 


(a) M = 0 and (6) M - ; here, again, common usage | 


» 


has sanctioned the terms Reversed and Repeated | 
Stresses, respectively. With regard to the fifth term, | 
“ Undulating,’ mentioned by Mr. Johansen, my | 
acquaintance with the literature of the subject does | 
not show that this term is employed to any extent | 
and it can safely be disregarded. | 

To sum up, I would suggest that the following 
terminology is acceptable to most writers on the | 
subject and is largely employed by them without | 
causing any confusion:—The general case being | 


expressed by (a1 


R\ . ny , = 
= ) , is sub-divided into the two dis- | 
, R 
tinct types (1) alternating, where M< > and (2)| 
- 


: , R : 
Fluctuating or Pulsating, where M > =, also, for con- | 


venience, the terms (a) Reversed, where M = 0, and | 


R 
>> are used to denote two 


(6) Repeated, where M 


cases of special interest. No other terms appear | 
to be necessary or desirable. 
; Yours faithfully, 

H. J. Goven. 
46, Clarence-road, 

Teddington, 
Middlesex. 
December 6, 1939. 








THE LATE MR. B. S. McKENZIE. 


News of the death of Mr. Bertram Stuart McKenzie, 
at Ottawa, Ontario, on October 6, has recently reached | 
us from Canada. Mr. McKenzie, who, as Secretary, 
for 12 years, of the Canadian Engineering Standards | 
Association, National Research Building, Ottawa, 
was well known in engineering circles on both sides of | 
the Atlantic, was the son of the Rev. William McKenzie 
and was born at Almonte, Ontario, on July 3, 1876. 
He received his general education at the London | 
Collegiate Institute in his native province and after- | 
wards entered McGill University, Montreal, obtaining | 
the degree of Bachelor of Arts in 1900 and that of 
Bachelor of Science in 1901. In this same year he was 
appointed draughtsman, later becoming chief draughts- 
man, in the bridge department of the Canadian Pacific 
Railway, continuing in this capacity until 1907, when he 
was made assistant divisional engineer on the Eastern 
Division of the Canadian Pacific Railway. After 
occupying this position for three years, he relinquished 
it to take up that of assistant bridge engineer on the | 
Grand Trunk Pacific Railway, Winnipeg. Two years | 
later, however, in 1912, Mr. McKenzie opened a private | 
consulting practice at Winnipeg. He continued to 
practise until 1920, when he took up the position of 
field engineer to Messrs. The Manitoba Power Company, 
Winnipeg; in 1924 he joined Messrs. The Seton 
Inspection Company, Montreal. In 1925, Mr. McKenzie 
was appointed Secretary of the Canadian Engineering | 
Standards Association, which had been incorporated | 
in 1919, and continued in this capacity until June, 1937, 
when, owing to ill-health, he found it necessary partially | 
to relinquish his activities and was appointed consultant | 
to the secretarial staff of the Association. Mr. McKenzie | 
was for many years a member of the Engineering | 





B.A.Se., M.E.L.C. 





THE LATE MR. J. E. FLETCHER. 


WE note with regret the death of Mr. Joseph Ernest 
Fletcher, which occurred at his home in St. James’s- 
road, Dudley, Worcestershire, on November 30. Mr. 
Fletcher, who had been for many years consulting 
metallurgical engineer to Messrs. N. Hingley and 
Sons, Limited, Netherton Iron Works, Dudley, and was 
also consultant to the British Cast Lron Research Asso- 
ciation, was in his 72nd year, and was born at Chester- 
field, Derbyshire. He received his general education 
at the Central School, Sheffield, and in 1881 became an 
apprentice in the works of Messrs. Savile Street Foundry 
and Engineering Company, Sheffield, afterwards passing 
into the works of Messrs. Clay Cross Company, near 
Chesterfield. Meanwhile, he continued his technical 
education at Firth College, Sheffield. After completing 
his apprenticeship in 1887, he spent a year at the Normal 
Science School, South Kensington, and entered the 
works of Messrs. Thos. Firth and Sons, Limited, 





| Sheffield, as draughtsman, in 1888. Some years later 


he became assistant engineer to’ this firm, but relin- 
quished the position in 1894 to take up that of assistant 
works manager in charge of the steel foundries of 
Messrs. Cammell Laird and Company, Limited, 
Sheffield. In 1901, he was made steelworks manager | 
and also had charge of the forge and engineering shops. 

Mr. Fletcher’s long association with Messrs. N. 
Hingley and Sons began in January, 1906, when he was 
appointed chief engineer to the firm. After holding this 
position for many years, he was made consulting 
metallurgical engineer to the Company. He was an 
original member of the Council of the British Cast Iron | 
Research Association, and was appointed its con- | 
sultant, particularly on melting practice, in January, 
1924. Mr. Fletcher carried out the experimental work 
and evolved the design of the balanced-blast cupola, 
which he patented jointly with the Association. We 
have referred to this iron-melting unit on several 
occasions in the past, and it is interesting to record 
that upwards of 200 of these cupola installations have 
now been made in this country and overseas. Mr. 
Fletcher was a past-president and member of the Council 
of the Staffordshire Iron and Steel Institute. He was 
elected an associate member of the Institution of 
Mechanical Engineers in 1894, was transferred to the 
class of member in 1906, and received the T. Bernard | 
Hall Prize in 1926. He was elected a member of the | 
iron and Steel Institute in 1902 and of the Institute | 
of Metals. in 1917. He was responsible for many | 
technical contributions to various institutions, and was | 





| a recognised authority on such matters as iron and steel | 


founding, the design of castings, moulding sands, and | 
malleable cast-iron and wrought-iron manufacture. 
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electricians and welders. At the moment, drivers of 
heavy vehicles are particularly required, though the 
demand for the other tradesmen mentioned also 
exists and is likely to increase. Why this should be 
the case was made clear during an inspection which we 
were recently permitted to make of one of the training 
and maintenance depots of the Corps. 

The Army now possesses many thousands of vehicles, 
and among the duties carried out at the depot are the 
repair and overhaul of those that are defective. The 
range covered is wide and comprises not only the 
adapted private car, in which the G.O.C. makes his 
inspections and which is necessary in order that he 
may maintain proper connection with the troops under 
his command, but the motor-cycle of the dispatch 
rider, by which orders are transmitted between units 
and the regulation of convoys facilitated. The convoys 
themselves are, in turn, made up of a variety of vehicles, 
ranging from 15-cwt. vans, such as in peace time are 
used by retail tradesmen for making their deliveries, 
through 30-cwt. six-wheeled lorries, to vehicles and 
tractors of the heaviest type. In addition, there are 
a number of specialist vehicles, such as ambulances, 
fire engines and recruiting vans, while special mention 
may be made of the lorry which has been designed to 
carry X-ray equipment with sterilising apparatus of the 
most modern kind. Other specialist vehicles are 
the lorries for use at Divisional and Corps Headquarters, 
pontoon-carrying lorries and trailers, and mobile 
workshops, which carry repair machinery and accom- 
pany the Corps’ Field Units. Finally, horse-drawn 
ambulances are still in use and are maintained and 
repaired at the depot. 

In addition to the repair and overhaul work, an 
important section of the depot’s work consists in receiv- 
ing new vehicles from the manufacturers and delivering 
them to the units, as well as the purchase and issue of 
some 80,000 different parts and components for the 
repair and maintenance of vehicles. This number 
would, of course, be much larger were it not that care 
has been taken to standardise on as few types as 
possible. This standardisation, however, has recently 
been somewhat relaxed by the impressment and adap- 
tation of commercial vehicles at the beginning of the 
war. The necessity for this may be explained by 
pointing out that it would have been uneconomical 
to accumulate large stocks of vehicles, such as ambu- 
lances, the uses for which in peace time would have been 
small. A large number of suitable vehicles were, there- 
fore, taken over at the outbreak of war, their peace-time 
bodies removed and ambulance bodies substituted. 
To enable this to be done efficiently and quickly, 
a detailed programme was worked out and this has 
now been adapted to war-time conditions. Under 
the present procedure, when the new chassis arrive at 
the depot from the works, they are lifted off the truck 
by a mobile crane and taken into a hangar, where they 
are fitted with ambulance bodies which have been 
previously delivered. These bodies are then fitted 
with the necessary equipment and stores and the 


|} ambulances are ready for driving away. Similarly, 








SERVICE CORPS. 


NAPOLEon’s famous epigram that an army marches 
on its stomach might, to-day, be extended by saying 
that its strength, if not its fighting power, lies in its | 
tail. The time when an army’s needs could be summed 
up under the headings of food and forage have long 
passed, as have the days when these needs could be 
satisfied from the country in which hostilities were | 
taking place. The result is that, since the days of 
Wellington, supplies have had to be brought up from | 
the rear, and it is a logical sequence that the provision 
of what is required and its transport to the fighting line 
should be under the control of one authority. This | 
conclusion led many years ago to the establishment of a 
special unit for this purpose, which now carries out | 
its duties under the well-known title of the Royal Army | 
Service Corps. 

This Corps, as is well known, did good and efficient | 
service, both in South Africa and in the previous war, 
and is, we feel assured, likely to equal, if not to excel, | 
its efforts in the present emergency. It will, however, 
do so under very different conditions, owing to the wide- | 
spread mechanisation which has taken place in recent 
years. The Corps is, in fact, responsible for providing, 
driving and repairing the mechanical-transport vehicles 
which it uses itself for the delivery of rations and 
munitions to the troops, as well as for performing similar | 
services for certain non-combatant units, such as those | 
engaged in bridging and medical work. On the other | 
hand, fighting units, such as the Royal Engineers and | 
the Tank Corps, are responsible for the provision, 
manning and up-keep of their own transport. These | 
duties naturally require the services of a large number 
of different classes of tradesmen, including not only 
drivers and technical clerks, but draughtsmen, fit- | 
ters, turners, blacksmiths, carpenters, coppersmiths | 


| motor cycles are unloaded to store, where they are 


THE WORK OF THE ROYAL ARMY) 


inspected and provided with the necessary equipment, 
and the same procedure is adopted in building up the 


| trailers which are equipped with tanks and chlorinating 
| apparatus so that safe, if not always palatable, water 


may be supplied to the troops. 

As regards repair work, the field workshop, to which 
reference has already been made, is carried on one or 
more lorries and is arranged so that it can easily be 
erected or dismantled in a very short time, as was 
amply demonstrated during our visit. These work- 
shops form part of the equipment of each Mechanical 
Transport Company and enable repairs to be carried 


| out in the field with the minimum of delay. Another 


item in the equipment of one of these companies is the 
Field Office, the necessary parts of which are also 
carried on a lorry. 








THE INTERNATIONAL ELECTROTECHNICAL COMMISSION. 
—In present circumstances, the work of many inter- 
national organisations has necessarily been curtailed or 
even suspended, and it is, therefore, interesting to learn 
that, during the war, it is proposed to maintain the 
central office of the International Electrotechnical Com- 
mission in London. It will probably not be possible for 
meetings of the Technical Advisory Committee to be 
held during the war, but as much as possible will be 
done by correspondence, with a view to bringing to a 
conclusion all work which was nearing completion at 
the outbreak of hostilities. It is felt that the National 
Committees may like to have the benefit of the work 
already accomplished, and it is hoped that as many as 
possible of the draft specifications, which have been under 
consideration during the past year or two, will be issued 
as provisional I.E.C. recommendations. Meanwhile, 
copies of all existing I.E.C. publications are still obtain- 
able from the general secretary of the Commission, 
28, Victoria-street, London, S.W.1. 
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LABOUR NOTES. 


Cux Ministry of Labour and National Service esti- 
mates that on November 13, the numbers of unem- 
ployed persons on the registers of employment exchanges 
in Great Britain were 1,213,345 wholly unemployed, 
135,233 temporarily stopped, and 54,010 normally 
in casual employment, making a total of 1,402,588. 
This was 28,050 less than the number on the registers 
on October 16, and 425,515 less than at November 14, 
1938. The total on November 13 comprised 897,061 
men, 40,460 boys, 405,175 women and 59,892 girls. 
There were reductions, between October 16 and 
November 13, in the numbers unemployed in coal 
mining, engineering, metal-goods manufacture, motor 
vehicle, cycle and aircraft manufacture, the principal 
textile industries, boot and manufacture, the 
transport and distributive trades, the fishing industry 
and the entertainment, sport and kindred industries. 
The numbers of unemployed increased in the building 
industry, agriculture and horticulture, tailoring, hat 
and cap making, and local government service. 


shoe 


Between October 16 and November 13, the numbers 
of unemployed persons increased by 5,379 in the 
London area, 398 in the South-Eastern area, 1,592 in 
the Southern area, and 1,943 in Wales. They decreased 
by 135 in the Eastern area, 1,435 in the South-Western | 
area, 4,686 in the Midlands, 29 in the North Midlands, 
»,005 in the North-Eastern area, 13,110 in the North- 
Western area, 5,149 in the Northern area, and 7,813 
in Scotland. ‘The number of unemployed persons in 
Northern Ireland on November 13 was 74,998, which 
was 5.743 more than on October 16 and 8,192 fewer 
than in November, 1938. 


An interim Wages (War Adjustment) Agreement has 
signed by the National Federated Electrical 
Association and the Electrical Trade Union. It is 
supplementary to the agreements dated August 2, 1935, 
und June 14, 1939, and is to operate up to and including 
the first pay day in January, 1940, for the pay period 
covered by that pay day. Thereafter it is to be super- 
ceded by the following For the period of war the 
rates of wages contained in the June, 1939, agreement 


been 


shall be stabilised as under :—Grade “ A *—le. 94d. 
per hour. (This rate is subject to an addition of 
5 per cent., making the total rate ls. 10}d.); Grade 


B”—1s. 74d. per hour. The rate for Mersey District 
Working Rules ; Note to Rule 11) is subject to an 
addition of one penny per hour in lieu of travelling 
time ; Grade * B2 ls. 7d. per hour; Grade “C” 
ls. 6$¢. per hour, . 

\s from the second pay day in January, 1940, for 
the pay period covered by that pay day the wages 
set out above shall be subject to a cost of living (war) 
addition to be calculated on the following basis and 
declared by a small committee of both this 
month, and thereafter, at three-monthly intervals. 
lhe additions will come into operation on the second 
pay day in the month following the declaration for the 
period covered by that pay day :—(1) Fivepence per 
week for each point variation in the cost of living 
figure (all items) above that of September 1, 1939 
(155). (2) The rise or fall to be based on the average 
of the figures published by the Ministry of Labour, on 
or about the 18th of the month in which the committee ; 
sits and the two preceding months. (3) In ascertaining 
such average any final fractions of a half-point or over 
to count as a point, and final fractions of less than a 
half-point to be ignored. (4) The above payment shall 
apply to all journeymen electricians and assistants 
over 21 years of age irrespective of the number of 
hours worked, provided that (a) the full weekly addition 
so declared shall be payable when the period of employ 
nent is not less than three days in any one week ; 
b) for periods of less than three days in any one week 
the payments shall be made at the rate of one-sixth 
of the weekly addition for each day or part of day 
worked. sum any final 
fraction over one-half to count as Id.; final fraction 
of one-half to count as one-half, and final fractions of 
less than one-half to be ignored 


sides 


In ascertaining such daily 


The National Union of Railwaymen, the Associated 
Society of Locomotive Engineers and Firemen and 
the Railway Clerks’ Association were informed last 
week that the four main-line railway companies had 
accepted the findings of the Railway Staff National 
lribunal on their claims. On the claim for a 50s. 
minimum wage, a majority of the Tribunal awarded 
t 50s. minimum in London for men (38s. for women), 
48s. in industrial areas (36s. 6d. for women), and 47s. 
in rural areas (35s. for women). The minority finding 
proposed lower minima. According to the unanimous 
tindings, the minimum rate of 12s. a day for drivers 
und motormen will be raised to 13s., and there will be 
improvements in Sunday duty pay and the night duty 
pay of the salaried staff. As recommended by the 
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Tribunal, the higher rates of pay will be retrospective 
in application to the first full pay period after Octo- 
ber 28. It was estimated at the time of the award 
that the direct cost of the concessions will be 660,0001. 
a year, and that the consequential adjustments will 
cost an additional 350,000/.. making over 1,000,0001. 
altogether. 


The text of an agreement between the Ministry of 


| Supply and the Amalgamated Engineering Union on 


Relaxation of Existing Customs, etc.,”’ is given in the 
December issue of the A.E.U.’s Journal. It is mutually 
agreed that in order to supplement skilled man-power, 
in Ministry of Supply establishments, where it can be 
shown that skilled men are not available and production 
is prejudiced, an alternative class of worker may be 
employed on jobs hitherto done by such skilled men, 
under reservations mutually agreed upon. Semi-skilled 
labour may be utilised for the purpose of working with 
skilled men or under their direction or of performing 
such duties as may supplement the work of the skilled 
men. In the case of machining, the Ministry of 
Supply shall be entitled to employ men of a semi- 
skilled character on machines previously operated by 
skilled men under reservations. These reservations 
shall include that a register of standard type shall be 
kept of changes made under the new agreement, and 
an undertaking shall be given by the Ministry of 
Supply that as and when skilled labour becomes 
available, restoration to the pre-agreement practice 
shall be made. Any change so registered shall not be 


| taken into account in considering demarcation claims. 


The procedure for operating the agreement is to be 
as follows :—(a) An application for a change of practice 
shall be considered by a local joint committee including 
representatives for the Ministry of Supply establish- 
ment concerned, and local representatives of the 
A.E.U. whose agreement shall be effective subject to 
confirmation at a later stage by a central committee 
at the Ministry of Supply, consisting of representatives 
of the Department and of the A.E.U. (6) Failing 
agreement by the local joint Committee, the matter 
shall be referred for consideration to the central 
committee. (c) Changes made under the agreement 
shall be registered by the Ministry of Supply on a stan- 
dard form, and a copy of each registration shall be 
supplied to the worker or workers affected, and to the 
local representative of the union and the executive 
council of the A.E.U. 

‘On the face of it,” says the writer of an editorial 
note in the December of the Amalgamated 
Engineering Union’s Journal, “a mass of nearly 
1,500,000 able-bodied unemployed represents an 
unused national asset which national policy persists 
in treating as a liability. It is a liability in the sense 
that over 1,250,000 of these unemployed are insured 
and classified as claimants for benefit and unemploy- 
ment allowances, whilst another and smaller group, 
although no claimants to benefit or allowances, are 
probably not living on their own resources entirely. 
It is a fact, moreover, that in the four weeks ending 
October 28, expenditure on unemployment allowances 
amounted to over 1,500,0001.” 


Issue 


‘ We are not going to argue,’ the writer goes on to 
say, “that the whole of the 1,500,000 unemployed 
on the registers are permanently unemployed. Admit- 
tedly, the total is swollen by the registration of women 
offering themselves for war work and by seasonal 
and casual unemployed, as well as those who are 
temporarily working short time. But there is, 
obviously, a residue of workless people who must be 
classified as more or less chronically and permanently 
unemployed. Every analysis made of ~* samples’ 
in the Ministry's records goes to show that in this 
residue are workers who have been out of a job for years, 
elderly workers, and, probably, a considerable number 
who are not physically fit for full time employment, 
especially under war-time conditions.” The writer of 
the notes in the Journal suggests that this is a question 
which the Ministry of Labour and National Service 
could profitably discuss with the Trade Union Move- 
ment and the British Employers’ Confederation. 


Mr. Charles Pomaret, French Minister of Labour, 
has drawn up rules governing the rights and obligations 
of persons affected by a Government requisition order; 
persens whose services are requisitioned may not choose 
their employer nor may they leave their employment 
without permission. Administrative services are, 
however, empowered to transfer all such persons to 
other employment. Persons employed under a requi- 
sition order must display care and diligence in their 
work and furnish the hours demanded of them. Severe 
measures will be taken against those who fail to observe 
their obligations. Serious cases, such as sabotage or 
acts likely to compromise the interests of national 
defence, may even be referred to the military courts. 
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As a rule, however, the worker comes under the 
authority of the head of the undertaking or under the 
works regulations. 

As dismissal may be contrary to the requirements of 
war production, the employer is entitled to replace it 
by a deduction from wages which, however, has nothing 


{in common with the fines formerly imposed by em- 


ployers. Such deductions must be made within fixed 
limits and according to strict regulations and the 
proceeds must be paid to the National Solidarity Fund. 
Persons who carry out their duties satisfactorily are 
entitled to the rights laid down in the new regulations. 
Employers are obliged to observe towards them all the 
obligations stipulated in existing social legislation and 
must pay them the usual wages for the post which 
they hold. Such workers retain the right of appeal to 
the probiviral courts. Although the head of the under- 
taking has the usual authority over the persons whose 
services are requisitioned in the undertaking, he cannot 
exercise it without supervision. He must find employ- 
ment for persons put at his disposal by a requisition 
order, who in some cases may be attached officially to 
the undertaking by order of the public authority. 


Industrial and Labour Information states that an 
institute for the organisation of spare time has been 
set up in Chile by a Government Decree. The new 
institution, which will be called the Institute for the 
Protection of the Race and the Utilisation of Spare 
Time, will organise physical culture as a means of 
preserving fitness for work, supervise the observance of 
health regulations, and promote healthy and educative 
occupations for workers’ spare time. Every citizen is 
free to join the Institute, which will be under the 
management of the President of the Republic, assisted 
by a technical committee of nine members chosen by 
himself. On April 5 of each year, a congress will be 
held of all the organisations affiliated to the Institute. 


A Decree dated August 31 extends the schedule of 
occupational diseases entitling workers to compensation 
at present in force in Uruguay. It covers the follow- 
ing :—Pneumoconiosis (including silicosis and anthra- 
cosis); brucellosis; dermatitis due to cement or to 
salt; skin lesions caused by X-rays, radio-active sub- 
stances and compressed-air tools ; Sapper’s kyphosis ; 
ulcerations due to chromates; pig breeders’ disease ; 
poisoning by benzene, aromatic amines, chlorinated 
derivatives of the aliphatic series ; diseases due to 
coal tar (primary epitheliomas of the skin, ocular 
lesions, forms of chronic recurring dermatitis) ; diseases 
due to irritant, asphyxiating, caustic or toxic gases and 
fumes. The schedule enumerates in detail the products 
covered under their generic designations and includes 
in certain cases the relative symptoms. 


The Ministries of Labour and Industry and of Public 
Health have been instructed to furnish a list of indus- 
tries to be classified as unhealthy, together with the 
requisite hygiene provisions. They are empowered to 
prohibit or sanction conditionally the use of certain 
raw materials, substances, products, tools, machines or 
methods of working liable to constitute a source of risk 
for the worker’s health. 


A Decree concerning special hygiene measures 
applicable in establishments in which workers are 
exposed to benzol poisoning was issued in France on 
October 16. Four Orders issued in application of the 
Decree contain a list of the industrial processes covered, 
cases subject to exemption, the terms of notices 
describing risks from benzol to be posted up, and 
recommendations relative to medical examination. 








THE NEWCOMEN Socrety.—For the first time since its 
foundation in 1920, the Newcomen Society has elected 
a president from among its American membership, 
Col. C. E. Davies, M.A.S.M.E., of New York, succeeding 
to that office following the annual general meeting held 
in London on November 8, when Mr. W. A. Young, of 
Bromley, Kent, retired from the presidency. At the 
same meeting, Mr. S. B. Hamilton, of Selsdon, Surrey, 
and Mr. James Leavell, of Chicago, were added to the 
list of vice-presidents; and Dr. H. W. Dickinson and 
Mr. W. A. Young were appointed honorary treasurers, 
on the resignation of Mr. D. T. Heap, who had served in 
that position for a number of years. Messrs. J. E. Hodgson, 
A. P. Thurston, D.Sc., and R. Wailes, all of London, 
were re-elected to the Council, together with Mr. J. B. 
Ennis, of New York. From the December issue of the 
Newcomen Quarterly Bulletin, in which these elections are 
recorded, we note also that the war has caused a post- 
ponement of plans to erect in South-square, Gray’s Inn, 
a bronze tablet to the memory of John Smeaton. The 
scheme, which was in an advanced stage of fruition, was 
being sponsored jointly by the Newcomen Society and 
the Smeatonian Society, but consideration of it has 
been now adjourned by the Benchers of the Inn. 
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TOOTHED-GEAR FINISHING MACHINE. 


MESSRS. MICHIGAN TOOL COMPANY, DETROIT, MICHIGAN, U.S.A. 














TOOTHED-GEAR FINISHING 
MACHINE. 


Aw article entitled ‘‘ The Finishing and Measurement 
of Gear Wheels,” published in ENGINEERING, volume 
140, page 163 (1935), included an illustrated descrip- 
tion of a gear-finishing machine manufactured by 
Messrs. Michigan Tool Company, Detroit, Michigan, 
U.S.A. From Messrs. Gaston E. Marbaix, Limited, 
Humglas House, 22, Carlisle-place, London, S.W.1, 
the European representatives of this firm, we learn 
that a new hydraulically-operated machine, identified 
by Messrs. Michigan Tool Company as the No. 900, 
is now available. This machine is shown in the 
accompanying illustration, a comparison of which 
with the illustration of the earlier type of machine, 
given in the article above referred to, shows a number 
of important differences. In both machines, however, 
the same basic principle is adopted, viz., that the 
finishing cut to gears which have had the teeth 
previously formed in other machines, is effected by 
means of serrated cutters assembled as a rack which 
is given a horizontal reciprocating movement. The 
cutter teeth of the rack mesh with the teeth of the 
gear wheel to be finished but the axis of this wheel is 
set at an angle to the face of the cutters. Since the 
wheel is rotated by the movement of the rack, it 
follows that this angular setting produces a diagonal 
relative movement between the two surfaces, with the 
result that the unwanted material is “shaved” off 
the gear-wheel teeth by the serrations of the rack- 
cutter teeth. The requisite cutting feed is obtained 
by traversing the gear wheel downwards so that its 
teeth enter more deeply into the interspaces of the rack 
teeth. The wheel is reciprocated across the rack, i.e., 
transversely to the direction of reciprocation of the 








rack, this movement being to ensure even wear of the 
rack cutters. 

The rack and the traversing table on which it is 
mounted can be readily identified in the illustration. 
Above it are the centres between which the mandrel 
carrying the gear wheel is mounted, the front centre 
being fitted with a traversing handwheel and spindle 
in a manner similar to the tailstock of a smail lathe. 
The centres, it will be observed, are, further, capable 
of being adjusted along a slotted face-plate attached 
to the bottom of a vertical ram. Gears up to 8 in. in 
diameter can be finished and the maximum distance 
between the centres is 18} in. The face-plate can be 
set at the desired angle in the horizontal plane by 
means of a micrometer edge dial, in order to suit the 
gear being dealt with. The gear wheel has its axis 
always set at an angle, and it is from this circumstance 
that the term “ crossed-axis gear finishers’ has been 
derived. When helically-toothed gears are being 
finished, the teeth of the rack lie square across its 
direction of traverse, but when gears having involute 
spur teeth are to be dealt with the rack teeth are 
inclined in the horizontal plane to the same angle as 
the axis of the gear wheel. Both faces of the rack 
teeth are serrated to form a number of cutting edges 
and are also straight, the inclination of the faces to 
the vertical being the same as the pressure angle 
of the gears. The teeth are separate and are clam 
tightly in a box attached to the traversing table. 
Both tooth faces of the gear wheel are finished simul- 
taneously. 

The ram is carried in a head mounted on a compound 
saddle which has vertical traverse in slides situated at 
right angles to one another on the substantial upper 
column of the machine, this arrangement effectually 
preventing axial displacement. The upper element of 


the saddle carrying the ram has transverse motion on 
the lower element. The rack is reciprocated hydrau- 
lically, the operation being smooth and cushioning 
being employed at the reversal of the stroke. Hydraulic 
operation of the other movements is also provided. 
The cross-feed is designed so as to reciprocate the gear 
across the rack at a constant, but adjustable, rate. 
The length of the stroke across the rack and the 
transverse position of the rack are also quickly adjust- 
able. This control simplifies, and, in consequence 
reduces, the time required for setting up the work, 
and it is stated that the new machine produces an 
improved finish on the gears and a more even distri- 
bution of wear over the rack. The hydraulic down 
feed comprises a rapid approach with a change to the 
cutting feed when the gear wheel is brought to the 
finishing position. The cutting feed is adjustable, 
by means of a single valve, from 0-0005 in. to 0-0025 in. 
per double stroke of the rack table. Automatio stops 
arrest the down feed when the gear wheel has been 
properly sized, and a dial setting is provided, by the 
use of which the movement of the rack is stopped 
after the desired number of “ finishing” strokes. The 
head is automatically raised by the rapid traverse 
gear on the stoppage of the rack movement. The 
machine can then be unloaded and re-loaded. The 
travel of the rack is determined by means of adjustable 
dogs in the outer edge of the table. It may be noted 
that the rack travel in the new machine is some 3 in. 
greater than in the machine previously described. 

The machine is driven, through the hydraulic pump 
system, by a 5-h.p. motor running at 1,200 r.p.m. and 
housed in the base. The cutting lubricant system is 
also contained in the base and has been carefully 
designed. There are six separate compartments, 
arranged in series, each having an individual drain 
pipe. The cutting lubricant reaches the first compart- 
ment through a strainer and then flows over baffles 
into the other compartments, this repeated arrest of 
motion giving time for impurities to be deposited in 
the successive compartments. The last compartment 
is filled with steel wool to effect a final filtering. The 
adoption of this unusual method of cutting lubricant. 
purification is stated to have contributed to an 
improvement in the quality of the finish and to have 
increased the tool life materially. Lubrication of the 
moving parts of the machine is provided for by a 
system which automatically supplies oil to them each 
time a gear is finished. The machine reflects modern 
construction in the rounding off of all corners and pro- 
jecting parts and in the general enclosure of as much 
of the motions as is possible. This latter feature, 
however, does not interfere with the ready accessibility 
of all controls, piping and adjustments. 





THE PROTECTION OF SILVER BY 
THE ELECTROLYTIC DEPOSITION 
OF BERYLLIA.* 


By L. E. Pricx, M.A., Ph.D., and G. J. Tuomas, 
B.Sc., Ph.D. 


Dvurtne the course of an investigation on tarnishing 
reactions,t it was shown that a metal should become 
resistant to attack by a gas when covered with a film, 
such as an oxide film, of high electrical resistance. The 
film formed on heating in air an alloy of copper con- 
taining a small percentage of aluminium consists 
largely of aluminium oxide, and, as such, tends to 
protect the metal against further oxidation. The 
protection afforded, however, is much less than that 
calculated theoretically, although a value of the order 
of that indicated by theory can be obtained if the oxide 
layer first formed is absolutely free from the oxides 
of copper. Such films can be obtained by heating 
aluminium-copper alloys in atmospheres containing 
only an extremely small pressure of oxygen, and 
similar films on silver alloys containing aluminium 
prevent the — of that metal also.t An alter- 
native method of obtaining films of alumina and 
beryllia, by cathodic electro-deposition from baths of 
beryllium or aluminium salts, has also been described. 
This method has the advantage that the films can be 
applied to a wide range of metals or alloys, and does 
not depend on the presence of aluminium or beryllium 
in the basis metal. These films give silver a very high 
resistance to tarnishing. 

Difficulty in repeating the results led to a closer 
investigation of this somewhat novel method of obtain- 
ing tarnish-resistance, and it was found that protection 
could only be obtained over a certain rather limited 
range of pH values, and that, even within this range, 








* Paper prepared for presentation at the cancelled 
Glasgow Autumn Meeting of the Institute of Metals. 
Abridged. 

t See Jl. Inst. Metl., vol. 63, pages 21 and 29 (1938). 

t British Patent Application, February 9, 1938. 
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the form and adhesion of the deposited film varied 
considerably. A decrease in the polarising current 
during treatment led to a study of the changes in 
potential of the silver during cathodic treatment 
and a somewhat clearer understanding of the processes 
involved has resulted. H. T. 8. Britton, in 1925 and 
1927, investigated the changes in the hydrogen-ion 
concentration occurring during the addition of sodium 
hydroxide to solutions of aluminium and beryllium 
salts. The changes taking place during the addition 
of ammonium hydroxide have now been found to be 
similar, and it has been possible to correlate these 
changes with the range over which protection against 
tarnishing can be obtained and with the changes 
occurring in the electrode potential during the deposi- 
tion of the film. 

Experimental Results with Beryllium-Sulphate Solu- 
tions.—The experimental procedure was simple, con- 
sisting of treating sheets of fine silver* cathodically 
at a current density of 50 microamperes per square 
centimetre for 15 minutes in solutions containing 
3:4 grammes per litre of beryllium sulphate (BeSO, 
4H,0) and varying amounts of ammonia. A short 
length of platinum wire served as the anode. In each 
case the pl of the solution was measured, using a 
quinhydrone electrode, The cathode potential was 
measured potentiometrically against a calomel electrode 
every few seconds throughout the treatment. The 
specimens were removed, rinsed several times in dis- 
tilled water, and dried between blotting paper. The 
tarnish resistance so obtained was determined by 
exposing the material to the fumes from yellow 
ammonium sulphide diluted to 10 volumes with water 
and measuring the tarnish product by the method 
described elsewhere. t 

Variation of Tarnish Resistance with Time of Treat- 
Silver sheet was treated in a bath of beryllium 
sulphate at pH= 5-83 for varying periods, and the 
material was tested by exposure over ammonium. 
sulphide solution for 30 minutes or 300 minutes. 
The values obtained are given in Table I. 


ment, 


TABLE I. 


Equivalent per sq. em. x 
10-* AgoS 


Time of y 
Formed after Tarnishing. 


Electrolytic Potential 


lreatment Increase 
Minutes in my 
30 Minutes 300 Minntes. 
0 (untreate) 151 678 
: 0 a6 S44 
1 77 | 75 272 
2 204 43 264 
; 957 3-2 12 
4 ar72 3-8 4-4 
7 vo6 4°38 4-2 
15 1,015 2-2 2 
30 1,064 45 3-2 


Variation of Wear Resistance of the Film with Time of 
l'reatment.—If these tarnish-resistant films are to 
have any application as protective coverings they must 
have considerable resistance to abrasion. In order 
to investigate this, a series of simple tests was carried 
out. Specimens which had been treated for varying 
periods in a bath of beryllium sulphate (pH = 5-82) 
were subjected to the following treatment : An area of 
about 2 sq. cm. was marked off and rubbed by hand 
as hard as possible with Selvyt cloth for 12 periods of 
10 seconds each. These specimens were then exposed 
to fumes from ammonium sulphide for 1 hr., together 
with similarly treated silver that had not been rubbed, 
and with untreated silver. Subsequently, the amount 
of tarnish on the specimens was measured and the 
results are given in Table II. Similar results are 
obtained when films are deposited on sterling silver. 


Tanue It. 


Farnish, Equivalents per sq. cm 
10-* 


time of | 
Klectrolyth | 
Treatment } 
Minutes Rubbed Unrubbed 
Materia! Material. 
} 
Untreated | 250 232 
147 8-2 
“) Is-5 8-1 
st) a-2 42 


Effect of Cleaning Treatment on Appearance of the 
Protective Film.—Normally, the fine-silver sheet was 
cleaned by degreasing with acetone vapour for 2 hr. to 

* Except where otherwise stated, the films of beryllia 
or alumina were always deposited on hard-rolled fine silver 
sheet, 0:1 mm. thick, obtained from Mesers. Johnson, 
Matthey and Company, Limited, and of a purity not less 
than 99-9 per cent. 

t See Journ Inst. Met., vol. 63, pawe 29 (1938). 
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3 hr. before treatment in the beryllium-sulphate solu- 
tion. It has been found recently that cathodic cleaning 
of the silver in sodiom-carbonate solution at 5 amperes 
per square decimetre for 10 minutes, and then thor- 
oughly washing, gives better results, particularly in 
reducing the tendency of the deposited films to have a 
cloudy appearance. The most tarnish-resistant films 


were usually found, after exposure over the ammonium- | 


sulphide solution, not to be wetted by water. This is 
rather surprising in films formed electrolytically. 

Beryllium Nitrate and Other Solutions.—The experi- 
ments described in the third paragraph above were 
repeated, using beryllium-nitrate solutions, and almost 
identical results were obtained. Probably owing to 
the depolarising action of nitrate ions, the cathode 
potential at film-covered surfaces never reached values 
0-6 volt (saturated calomel 
scale), and the potential increases were therefore smaller. 
The degree of protection conferred on silver approached 
the same high values as those obtained by treatment in 
beryllium-sulphate solution. Positive results have 
also been obtained by using solutions of beryllium 
chloride, aluminium chloride, and aluminium sulphate, 
but detailed results regarding the deposition of films 
from these solutions are not yet available. An attempt 
was made to deposit films of silica on silver by this 
process. Using a solution of sodium silicate with 
varying amounts of sulphuric acid added, no evidence 
was obtained of a silica film on the cathode, and the 
potential remained constant. 

Application of the Method to Service Specimens.— 
A sterling-silver inkpot stand, half of which was treated 
electrolytically using a beryllium-sulphate solution 
with a pH of 5-77, was exposed in a fume cupboard 
in which a small amount of ammonium-sulphide solution 
had been placed. Since treatment, the article has been 
exposed, freely handled, and exhibited for 4 months, 
but there is no trace of tarnishing on the treated portion, 
even as a result of scratching. Similar results were 
obtained with two sheets of fine silver, parts of which 
were treated, and the entire specimens were exposed in 
a sitting room for 75 days. 

Discussion.—Comparison of the results of the present 
work with those of Britton shows that protective films 
can only be deposited from solutions the composition 
of which lies between BeSO,-Be(OH), and Be(OH),. 
From solutions more acid or more alkaline than these 
no film deposition is possible. 
of which lies between the above limits, are colloidal, 
and the particles are almost certainly positively charged, 
while the alkaline solutions probably lie beyond the 
iso-electric point and the particles are negatively 
charged. Two mechanisms may be suggested for the 
process of deposition: (1) Free alkali results from 
cathodic treatment and, in solutions already saturated 
with BeO or Be(OH),, precipitates a film in close contact 
with the surface. (Solutions more acidic than BeSO,° 


| Be(OH), contain no precipitate and show no film 


formation.) The precipitate, being positively charged, 
is attracted to the surface and adheres firmly. (2) Solu- 
tions in the given range of acidity are colloidal, and the 
particles, being positively charged, are attracted to, 
and deposited upon, the surface by cathodic treatment. 
Whichever explanation is correct, it seems probable 
that the film so deposited, if gelatinous, will tend to 
be dried by electrical endosmose during cathodic 
treatment. The amount of current which must be 
passed, at a current density of 10-* ampere per square 
centimetre, before the potential increases to the high 
value, is about 5 x 10-* coulomb per square centimetre 
—sufficient to cover the surface to a depth of about 
30 A. if the efficiency of the process be 100 per cent.. 
and if the process can be represented by the equation : 


2 OH- + Be” BeO + H,0 or Be(OH),. 


This value of the thickness is compatible with either 
theory of deposition. 

Although the resistance of the films to removal 
by rubbing is usually quite high, some lack of reproduci- 
bility in this respect has been noticed, and further 
study is being made to elucidate this point. The 
maximum resistance to wear actually noted is rather 
surprising, and special factors must be involved. It 
has been found possible to deposit these films upon 
clean silver, copper, iron, and even upon tarnished 
silver, but, in the few tests that have been made, the 
deposit upon nickel was loose and easily removed. 
Possibly the fact that silver, copper, and iron oxides, 
and silver and copper sulphides are readily reduced 
cathodically ensures the production of a clean (oxide 
and sulphide-free) surface to which the film will adhere 
firmly. The possible relationship between adhesion 
of the film and the method of cleaning the silver 
before treatment is now being investigated. 

When a film-covered sheet of silver foil is floated 
on a bath of mercury, the silver is dissolved and the 
film floats freely upon the surface of the mercury ; 
it has been possible to remove the film in this way 
and to transfer it to the surface of celluloid. Under 
the optimum conditions the film is invisible, being 
too thin to give interference colours. If, however, the 


Solutions, the acidity | 
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current density is too high or the treatment too pro- 
longed. the film thickens and faint interference colours 
are seen ; for many purposes these tints are undesirable. 
though very beautiful “ mother-of-pearl” effects 
can be obtained if desired. If the film is very thick, 
it becomes visible. Deposits formed when using solu- 
tions the pH of whichis too near the alkaline end of the 
range over which deposition occurs, tend to be visible 
and loose ; in this case, due to cathodic formation of 
alkali, the solution in the immediate neighbourhood 
of the cathode is too alkaline for precipitation and the 
precipitate is formed at a distance from the surface. 
Deposits formed at very high current densities are also 
loose and visible; in this case, the alkali is formed 
more quickly than beryllium ions can diffuse up to the 
electrode, and the deposit is again formed at a distance 
from the surface. 

The authors gratefully acknowledge the continued 
financial support of the Worshipful Company of 
Goldsmiths. They thank Professor R. S. Hutton, 
| M.A., D.Se., and Dr. U. R. Evans, M.A., for their keen 
| interest and valuable criticism, and also Mr. A. W. 
| Hothersall, M.Sc.(Tech.), for helpful discussion on clean- 
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A LABORATORY METHOD FOR 

EVALUATING THE INFLUENCE OF 

LUBRICATING OILS ON CARBON 
DEPOSITION.* 


By H. A. Everett and G. H. Kater. 


Is view of the general trend toward higher compres- 
sion ratios and smaller clearances and combustion 
spaces, the importance of carbon deposits becomes 
increasingly great. Different lubricating oils have 
| materially different proclivities for producing carbon 
deposits in automobile engines, and at present none of 
the identification tests has any reasonable correlation 

with the carbon deposits found in service. A simplified 

| and inexpensive laboratory test is now presented, 
|developed for predicting the engine carbon-forming 
| characteristics of lubricating oils and rating them 
| with regard to this property. It utilises a battery of 
small single-cylinder engines operated under carefully 
controlled conditions. Undoubtedly the best way to 
predict the performance of oil in an engine is to run 
the engine under service conditions using the oil in 
question. If the runs are carefully controlled to 
simulate road service and several identical engines are 
used simultaneously, laboratory tests provide the best 
data on the progressive change in the many oil pro- 
perties customarily considered to be of interest. For the 
| past four years the Pennsylvania State College, in 
| co-operation with the Pennsylvania Grade Crude Oil 
| Association, has conducted research along these full- 
|seale lines. We believe that the technique developed 
| makes it possible to provide accurate and comprehensive 
data on the progressive deterioration of various oils in 
engines under service conditions. However, involving 
as they do the simultaneous operation of four or more 
six-cylinder engines at high power and speed for long 
periods, and also the duplication of the test run with a 
reference of control oil, such tests are inevitably 
expensive. 

In many instances, complete data covering the 
change in all the important properties of the oil are 
not needed and some single property can be selected, 
information concerning which alone is desired. One 
property on which considerable interest now centres is 
the influence exerted by the lubricating oil on the 
carbon deposited in the combustion space and on the 
piston. The objective of the studies presented in this 
report is to develop a laboratory method of rating oils 
as to their engine carbon-forming characteristics, 
which should correlate with service tests. It was laid 
down that the rating must be a true indication of the 
carbon-forming characteristics of the oil in an auto- 
mobile-type engine under normal service conditions, 
that the quantity of oil required for the test should be 
a minimum, less than | gallon if possible, and that the 
test experiment must be relatively simple and inex- 
pensive, both as regards first cost and cost of 
operation. 

A set of tests was available as a background of service 
results to which all tests for carbon formation could 
be compared. These tests consisted of nearly a dozen 
runs under service conditions on five oils, using for 
each a battery of four six-cylinder automobile engines. 
The run on each oil was paralleled with a similar run 
using a reference oil. There were inevitable fluctuations 
in the amount of carbon deposited from the same oil. 
These variations occurred in the same engine from 
run to run, even with all operating conditions accurately 
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stabilised. Different engines during the same run also | by some device in which would have combustion and oil would form different amounts of carbon. Accordingly, 
showed slight differences in performance, although the | maltreatment occurring simultaneously and in pro- | six identical units were purchased and installed. To 
engines were mechanically identical. These variations | pinquity. Obviously, the engine used should be small | provide a proper engine load, the generator of each 
are independent of the precision of experimental work |in order that the cost, difficulty of operation, and | was loaded with a bank of six 26-watt lamps in parallel 

and place a basic limit on the accuracy attainable. | quantity of oil required would be minimised. Further, | with a 6-volt storage battery. 
For example, if this irregularity amounts to 20 per|the weight of the cylinder head and piston would be| Type B engine was also a single-cylinder L-head 
cent., and the two oils tested show a difference in| such that they could be conveniently weighed in an | air-cooled model, the cylinder bore being 1} in., the 
earbon deposits of 15 per cent., all that can be said | analytical balance, to enable’ the carbon formation to | piston stroke 1% in., and the compression ratio 4-5 to 1. 
is that the two oils are not appreciably different. On | be followed as the test progressed by successive weigh- | The cylinder was again of cast-iron, and the piston 
the other hand, had the difference been 30 per cent., | ings without removing the deposits. At the time the | and head of aluminium. The piston was fitted with 
then one oil could be said correctly to have preferential | tests were begun there were two small engines on the | two compression rings and one oil-control ring. The 
carbon-de positing characteristics. market that appeared to meet the requirements. They | capacity of the oil sump was approximately } pint. 
The physical properties of the original oils are given | will be designated as Ty pe A and Type B. The former | The engine speed was governor controlled. For pre- 
in Table Ll, and Table II shows the distillation charac-! was made by the Deleo Appliance Division of Messrs, liminary tests, the engine was connected by a flexible 
coupling to a direct-current generator. In_ tests 
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r4Ftg-L. | |o Re Oil Head C - 4 : ae 3 a, extending over more than 300 hours this engine showed 
al | Pr @: te = A: 1 2 4 up remarkably well, both in mechanical operation and 
ak a axa , 3 2 2 ) 7 in rating the carbon-forming characteristics of the oil 
¢ rT ,. 7 roar eee ee >| 5 es properly. Six of these engines were installed adjacent 

: 08 —o—o eee 2 * o . to the Type A group. 
£ ies OE ST I = e+ As it was anticipated that the effect of oil consump- 
s oO —T le} J + }_ | os - 4 tion on carbon formation might be important, a test 
S mB nl i _| of approximately 150 hours was made with the Type A 
| | e 10 Ref: Oil Tests | | group. Reference oil was used, and in order to increase 
T o-4 Tete + 4 — the oil consumption the oil-control rings were removed 
f | Yaris [ | from three of the units. The progressive carbon forma- 
- See oe ee : he tion was determined by removing the cylinder heads 
| ue at frequent intervals and weighing them on an analy- 
12 


tical balance. The heads were replaced without dis- 
turbing the carbon. To prevent operating conditions 


TABLE II. 









| | 
Per cent. | Reference! | 
Distilled. | Oil 1-C. ; Oi 12. | O13. — 14. | OW 15. 
| | 







| 
! | 4 a ont an | | 
ian Ni es A a | Ol 16. 
| @ Oil 14 Head Carbon , . a ois 
ot Shaw ane ot ot one | | | 
| I.B.P. 468 | 439 446 | 437 | 448 | 415 
10 493 486 480 | 491 487 | 473 
20 511 =| 511 496 | 509 | 507 | 496 
30 | 531 | 532 511 | 529 | 525 | 520 
40 , 554 | «(5563 527 | 552 | 550 | 562 
50 581 | 599 | 541 | 576 | 574 | 585 
60 19 | 633 | 565 | 618 | 604 | 621 
70 660 669 585 | 642 | 635 653 
80 Me — | 687 — | 6:7 | 649 669 
90 ‘a A on | oor | = 
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from being disturbed, the pistons were not withdrawn 
during the tests and the carbon formed on them was 
weighed at the end of the run. Because of the excessive 
oil consumption, the engines without control rings 
| had to be stopped at two-hour intervals and sufficient 
| oil added to fill each crankcase. Oil was added to the 
other engines at eight-hour intervals only. From the 
oil-consumption curves, it was apparent that the carbon 
formation was materially influenced by the oil consump- 
tion. During the first 30 hours of the test, the units 
with high oil consumption formed carbon about twice 
as fast as the units with normal oil consumption. The 
;, ratio of the oil consumptions was about 5 to 1. More- 
‘ over, while the total carbon deposited increased with 
| General Motors Corporation and the latter by the Law- | oil consumption, the specific carbon deposited, t.e., 


}son Company. Type A engine had a single air-cooled| the weight of carbon per pound of oil consumed, 
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i 7 S$ 30 35 40 Piston cylinder of | f& in. bore, the piston stroke being 18 in.. | became less with increased oil consumption. This is 
(7071.4) roe Carbon | und was of the L-head type. The compression ratio | of particular importance as it indicates that compari- 
40Hrs. | was 3-5 to 1. It was direct-coupled to a generator | sons of carbon deposits are unreliable unless adjusted 


, ; — | Fated at 150 watts at 2,250 r.p.m. The cylinder was | to the basis of a common oil consumption. The units 
teristics of all the oils at 10 mm. of mercury absolute | of cast-iron, and the piston and head of die-cast | with high oil consumption reached an equilibrium in 
ag mere }aluminium. The piston was fitted with two compres- | carbon formation sooner than the units with normal oil 

Attempts were made to construct a laboratory device | sion rings and one oil-control ring. The capacity of | consumption. 
which would so treat lubricating oils that carbon | the oil sump was approximately one pint and lubrica- In all tests it was decided to use six engines to 
similar to that found in automobile engines in service | tion was by the splash system. A series of 24-hour permit a statistical treatment of resulting data and to 

minimise the effect of individual engine differences. 
The next step was the testing of the actual oils and for 
this the Type A six-unit group was first used. The 
engines were fitted with new pistons, and cylinders of 
| 144 in. bore. The new cylinders raised the rated 
output of the units to 200 watts, and the compression 
ratio to 3-6. The test procedure was as follows: 
Before the start of each test the engines were thoroughly 


TABLE I. 


Reference 
Property onl. Oil 12. Oil 13 Oil 14 Oil 15 Oil 16. 


(iravity A.P.I. (American Pe- 


troleum Inst.) ‘ 28-6 2R-4 2R-5 29-1 23-8 29-6 
Flesh Poles’ = deg. F oon 0-885 0-884 0-881 0-883 0-878 | cleaned with petrol. The valves were ground and new 
Firing Point, 4 Banik . 508 4 - a i y--4 | rings were fitted to the pistons. After being carefully 
Pouring Point, deg. F 30 25 0 “20 "25 0 'cleaned, the cylinder heads were weighed to one- 
tT —— — me as? a+ 5 4 4} |} thousandth of a gramme. The duration of each test 
\cid Value, mg. KOH ae. al jw +> a ex? a pa ar was 40 hours. All tests were run in five eight-hour 
Ach Comment, per cent. Nil Nil Nil Nil Nil Nil intervals. At the end of each interval, the heads were 
Casmaiienn Cutan, war — jan  B a Nil, 0-G008 0-0008, | removed and weighed. They were then replaced 
Viscosity S.U.S. (Saybolt Uni- “ ' a - without disturbing the carbon and run for eight hours 

versal Seconds)— more, weighed again, and the procedure repeated. Thus 
= Pm 4 ban $70 458 $50) 462 470 for each test the total carbon formed on the head after 

210 deg. F 61-6 A os:8 He + = yl 8, 16, 24, 32 and 40 hours of operation was known, 
Viscosity Index (K.V.1.) 103 99 106 104 103 100 The piston was not disturbed during the test, and was 
meovy Check oer Ee ae = 100 100 105 104 106 weighed only at the end. Thus the carbon formed on 
Light Stock, per cent. waliehin ro = ad 3 pd the piston after 40 hours of operation was known, but 

: not at intermediate periods. A complete test of an oil 


consisted of operating each engine for 40 hours, using 


. . . 
would be produced. None of these attempts was | tests was run on this unit to see what type of carbon | the test oil, and then for 40 hours of operation using 
| the reference oil 1-C. The procedure for doing this 


successful, and the conviction was reached that the | formed, and to find out if the carbon formation were 

only way to get engine carbon deposits which would | sensitive to different types of oil. The carbon formed | was as follows ; The units were numbered from A to F 
simulate those obtained in practice would be by means | was of similar appearance to that formed in the full. | inclusive. During the first test, units A, C, and E 
of the cylinder of an internal-combustion engine, or | size engines, and the tests indicated that different oils: were operated on the reference oil, while units B, D 
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and F were operated on the test oil. In the next test, 
this order was reversed so that each engine was 
operated once on the reference oil and once on the 
test oil. The reason for not operating all engines on 
the same oil simultaneously was to eliminate possible 
effects of cylinder wear, room temperature, atmospheric 
pressure, etc. The simultaneous runs on the reference oil 
furnished an accurate and reliable basis for comparison 
with the test oil unaffected by the ageing of the engines. 
At the completion of each eight hours of operation, 
sufficient oil was added to each engine to fill the 
crankcase. During the test, the carburettor was 
adjusted to give maximum power with the leanest 
mixture possible. Data on engine speed, generator 
voltage, and generator amperage were recorded hourly. 
The engines were operated as recommended by the 


makers for normal output, namely, at approximately | 


2,600 r.p.m., and full throttle. Five oils, Nos. 12 to 16, 
inclusive, were tested. The average value of all six 
units using the same oil was then plotted against time 
to give the curves shown in Figs. 1 to 5. 
shows the cylinder-head carbon formation curve of the 


oil under test and of the reference oil test that was run | 
Each figure also includes bar graphs | 
showing the average carbon formed on the pistons | 


simultaneously. 


after 40 hours of operation, both for the test and 
reference oils. Table III shows a comparison of the 
carbon data obtained by the small engines with that 
of the full-size engines. The comparison is made by 
means of the carbon ratio, which is obtained by 
dividing the specific carbon* formed by the test oil 
by the specific carbon formed by the reference oil, 
adjusted to the same oil consumption as that of the 
test oil. Such a comparison is the only adequate one 
that can be made from test data where oil consumptions 
differ, as they always do. 

A large number of runs with reference oil in all 
three sets of engines, the full size, and the Types A 
and B, made it possible to construct for each a curve 
showing the effect of oil consumption on the specific 
carbon deposited. These curves are shown in Figs. 
6, 7 and 8. On them are also plotted data for the oil 
tested ; these, however, are only of incidental interest 
because the curves were drawn primarily for the 
reference oil. 

In order to prove the method independent of the 
commercial unit used, it was decided to repeat all the 
previous tests using a single-cylinder engine of a 


TaBLe III. 


Each figure | 


| ry A engines given in Table III to be made. The 
nm ratio was obtained by dividing the specific 
carbon formed by the test oil by that formed by the 
reference oil, both adjusted to the same oil consumption. 
| In conclusion, it may be said that while from the 





| precision of measurement of the carbon deposits an | 


accuracy to within a few per cent. might be expected, | 


the vagaries of carbon formation were materially higher, 


and it is doubtful if the accuracy of individual results | 


|is closer than about 10 per cent. When it is 
borne in mind that the five oils tested were not 
| materially different and that the greatest difference 


in carbon deposits was but $ gramme at the end of | 


| 40 hours, it is apparent that comparisons should be 
considered significant only when differences are greater 
than the above-mentioned percentage. 
with the small engines are unique in that they make 
it possible to follow the carbon deposition as it is 
being formed. This may be particularly important in 
the tests of some oils as it gives information not only 


on the total amount of carbon formed, but also on the | 


are ground true and flat, and no lubricant is used. 
The fixed plate contains a very accurately cut rect- 
angular opening, 0-250 in. by 0-500 in. in size. The 
air and gas pass up a vertical hot-water jacketed tube, 
11} in. in height, in which the gas-air mixture is 
maintained at 50 deg. C., and is burnt on a steatite 
head. The sliding plate is operated from outside the 
instrument case by a steel micrometer screw of 20 
threads per inch. The gas is supplied at the correct 
pressure, and the air slide is then slowly opened until 
an inner blue cone is formed, 19 mm. in height. The 
reading on the micrometer screw, which is a measure 
of the extent to which the air slide has been opened, 
is known as the “A.T.B. number.” Care is to be 


| taken that the instrument, and especially the gas orifice 


These tests | 


| rate at which it is formed. For example, one oil may | 
| out that detailed recommendations obviously cannot 


form carbon very rapidly during the first few hours 
of operation, but soon reach an equilibrium value, 
while another may form carbon more slowly but later 
| reach a much higher equilibrium value ; thus if only 
| total carbon were measured and the test were not of 
sufficient duration, the oils might be rated differently 
| from results obtained from long-time service operation. 
carbon formation as well as on the tolal carbon. 
on the carbon-forming tendencies of different lubri- 
eating oils for automobile use. Tests by this method 
may not give the final answer on any one oil, but 
should distinguish oils that are good or bad as to carbon 
formation. Such tests should classify the oils suffi- 
| ciently well to enable the most likely oils to be selected 
|for further testing in full-scale engines under service 
| conditions. The final proof of any oil is its performance 
| in service. 

The paper concludes with a suggested technique for 
carbon-formation tests. It is considered that any 
| well-made small air-cooled engine of similar charac- 
| teristics to the A or B types can be used satisfactorily, 
| at least six units being employed. More units may give 
| more accurate results, but the use of fewer units is not 
|advised. For general test purposes, it is suggested 
| that speeds of 2,400 r.p.m. to 3,400 r.p.m. should be 
| adopted, with wide open throttle and some crankcase 

















| ventilation. However, when an oil is to be tested for 
Carbon Ratio. a very definite service, the small engines should pro- 
; bably be operated under conditions generally comparable 
Ol No a , with the engines taken as prototype. Mixture should 
Full-Size Engines ; —. be adjusted to the leanest value for maximum power. 
The temperatures of both crankcase oil and cylinder 
' . head should be controlled at reasonably constant 
+ ; o. +f values ; 250 deg. F. for the crankcase, and 375 deg. F. 
14 0-98 1-04 for the cylinder head have been found satisfactory for 
15 1-10 1-01 the Type B engines. Other engines may require other 

16 0-95 1-16 values. 

Tasie IV. 
AERATION-TEST BURNER FOR GAS. 
Carbon Ratio 

Tue 44th Report of the Joint Research Com- 
Oil No ; mittee of the Institution of Gas Engineers and 
Full-Size Engines = |) Leeds University, which was prepared for presentation 
= at the 11th Autumn Research Meeting by the Research 
Chemist, Mr. James W. Wood, M.Sc.Tech., A.I.C., 
12 0-85 0-96 and the Research Assistant, Dr. A. H. Eastwood, 
- : 4 ao A.1.C., describes the new form of the Aeration Test 
ih 1-10 1-12 | Burner, developed to express the combustion and aera- 
16 0-95 0-04 tion characteristics of a gas by a single number. Modern 
| gas appliances require the gas to be reasonably constant 
| in respect to these characteristics, and the development 
different commercial make. For this purpose, six | of a burner of this type is intended to enable the gas- 


Type B engines were used. The duration of each test | works to control the composition of the gas sent out, 
was 40 hours, and the procedure of overhauling and just as the calorimeter enables the calorific value to 
cleaning the engines, and of measuring the carbon, was | be controlled. The burner consists of three main parts, 
exactly the same as that employed with the Type A | namely, the pedestal, the air-intake chamber and the 
engine tests. During the test, the speed of the engines | water-jacketed stem, all rigidly connected. Accurate 
was held at 2,400 r.p.m. by adjusting the governors. | production to specified dimensions is essential. The 
The carburettors were adjusted so that the mixture | gas is admitted through an orifice consisting of a 
was as lean as possible for steady running at this speed. punched cylindrical hole, 0-0390 in. in diameter, in a 
Hourly readings of engine speed, generator voltage, | German-silver plate 0-008 in. thick. The discharge 
and generator amperage were taken. The total quan. | in the instrument examined at 2-50 in. w.g. with 
tity of carbon formed on the cylinder head of each | saturated air at 60 deg. F. and 30 in. barometer, was 
engine was determined after 8, 16, 24, 32 and 40/2-19 cub. ft. per hour. The pressure used is marked 
hours of operation. The average value of the carbon | on a water gauge, and is that at which the instrument 
formed on the cylinder heads of all six units operating | was calibrated. The injector action of the gas draws 
on the same oil was then computed for each interval. | the whole of the primary air through an adjustable 
These data were plotted against time to give a curve rectangular opening into an annular chamber surround- 
of the average cylinder-head carbon formation for that | ing the orifice fitting. The rectangular air-admission 
particular oil. Table IV enables a comparison of the | port is formed by two plates working on the slide-valve 
carbon deposition daca of the Type B engines with the | principle. It consists of a brass plate, provided with 
full-size engines, similar to the comparison of the| a rectangular opening, j in. by in., sliding over a 
——— | fixed plate, which is screwed to the front face of the 

divided by the | air-intake chamber, the two plates being pressed 
‘together by a contact spring. The faces in contact 


* The weight of the carbon deposits 
weight of ofl consumed. 


The small-engine tests allow a check on the rate of | 


These small engines are a valuable tool in any study | 


plate and the air shutters, is kept clean. The gas 
supply is controlled by an accurate governor. The 
report repeats many of the precautions to be observed 
in use, which were contained in the 42nd Report.* 
The gas-utilisation department of the Gas Light and 
Coke Company, Watson House, London, have contri- 
buted a section to this Report in which it is pointed 


be made for each type of gas, but, after a little experi- 
ence with the burner, engineers should be in a position 
to know that, if the A.T.B. number varies by more than 
a certain percentage either way from an average figure, 
trouble may be experienced. The effect on the aeration 
test burner of lowered calorific value, variation in 
proportion of water gas, and inerts, would thus provide 
a useful guide during those periods when variation in 
manufacturing conditions is unavoidable. Too great 
a fall in the A.T.B. number, leading to lighting-back, 
is obviously to be avoided if possible, as the expense 


| involved in adjusting appliances may be very great. 


The effects of possible changes in composition, and 
the interpretations of the indications of the instrument, 
are as follows :—(a) The main danger is from a fall in 
A.T.B. number, leading to lighting-back of appliances 
and noise. A rise in A.T.B. number may cause a fall 
in efficiency and also incomplete combustion, but will 
not normally put the appliance completely out of action. 
(6) The A.T.B. number is not an additive property 
of a gas, because the amount of air which flows through 
the rectangular opening of the air shutter is not directly 
proportional to the extent of the opening, i.e., to the 
A.T.B. number. Thus, coal gas of 565 B.Th.U. per 


| eubic foot has an A.T.B. number higher than 220 ; 


whereas the majority of gases distributed for town’s 
purposes, with a calorific value of 500 B.Th.U. per 
cubic foot, would have an A.T.B. number of between 
87 and 49. Blue water-gas has an A.T.B. number of 
16, and producer gas, of 12. The instrument is not sensi- 
tive, therefore, for A.T.B. numbers greater than 100 
or 150. (c) A fall in calorific value is normally accom- 
panied by a fall in A.T.B. number. (d) A town’s gas 
of constant A.T.B. number has been attained with 
different proportions of water gas by varying the 
calorific values of both the coal gas and carburetted 
water gas to suit the amount of water gas used. (e) The 
effect of carburetted water gas on the A.T.B. number 
can be reduced by modifying the technique of carburet- 
ting, e.g., by cracking oil in the generator so as to give 
a lighter gas containing more hydrogen. (f) It is not 
possible to lay down definite limits within which change 
in the A.T.B. number is permissible, as this depends to a 
great extent on the kind of appliances in use, the general 
conditions in the district, and the nature of the gas 
supplied. (g) In using the A.T.B. number, much depends 
upon the character of the initial setting of consumers’ 
appliances, and in districts where it has always been 
the practice to set appliances to a longer cone height 
than that recommended by the makers, a greater lower- 
ing of the A.T.B. number will naturally be permissible. 

An Appendix to the Report shows that the readings 
of the instrument have reasonable consistency over @ 
long period of use, but that there is a small time drift 
which, with the apparatus tested, amounted to an 
accumulated increase in A.T.B. reading of 4-3 units 
over the period June to December, 1938 ; cleaning and 
re-assembly also reduce the A.T.B. reading, but this is 
in the opposite direction so that, since in the neigh- 
bourhood of an A.T.B. number of 80 the reduction 
was 3-8 units, it represented an almost quantitative 
elimination of the accumulated time drift of 4-3 units 
already mentioned. On Leeds gas with an average 
A.T.B. number of 62, the change resulting from cleaning 
was smaller, namely, 1-3 units. An application of the 
instrument to a gasworks was made at Leeds, where the 
gas at the Meadow-lane works is produced by steaming 
in West’s 33-in. and 50-in. retorts and is partially washed 
for benzole. The output is supplemented as required 
by carburetted water gas, the calorific value of town’s 
gas being 470 B.Th.U. per cubic foot. The gas at the 
New Wortley Works is produced in horizontal and 
inclined retorts, washed for benzole, and brought down 
to 470 B.Th.U. by the addition of producer gas. It 
was found that, at Meadow-lane Works during the 
period June to December, 1938, the mean value was 





° See ENGINEERING, vol. 146, page 569 (1938). 
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62-7, the maximum 69-6, and the minimum 67-6, 
55 per cent. of the readings being within + 2 units of 
the mean. At the New Wortley Works, the mean 
value was 66-7, the maximum 72-4, and the minimum 
62-9, while 79 per cent. of the readings were within 
+2 units of the mean. It was concluded that the 
increased fluctuation in A.T.B. number of the town gas 
sent out from the Meadow-lane Works, as compared 
with the results given in the 42nd Report, is due to the 
intermittent use of carburetted water gas and not to 
less uniform gas production in the retort house. The 
effect of adding 15 per cent. of carburetted water gas 
was to depress the A.T.B. number by approximately 
5 units. 








THE COMBUSTION CHARACTER- 
ISTICS OF TOWN GAS AND 
ITS CONSTITUENTS. 


DEVELOPMENTS in the methods of gas production, 
and particularly with reference to the complete gasifi- 
cation of coal, suggest that it may be possible in the 
future for gas engineers to have a wide choice in the 
composition of the gas. The problem of selecting the 
most suitable type of gas for town’s purposes thus 
assumes considerable importance. The Aeration Test 
Burner, while valuable as a control of the characteristics 
of gas, is unlikely to yield sufficient information to 
enable a detailed comparison to be made of the relative 
values of different gases. For this reason, the subject 
has been studied in the laboratories of the South 
Metropolitan Gas Company, by a method involving 
the determination of combustion and aeration diagrams 
on lines suggested by earlier work of the U.S. Bureau 
of Standards (Technical Paper No. 193, 1921); and a 
report on the results is contained in the paper on 
“The Combustion Characteristics of Town Gas and 
its Constituents,” which was prepared for presentation 
at the 11th Autumn Research Meeting of the Institution 
of Gas Engineers by Messrs. G. H. Fuidge, B.Sc., 
W. O. Murch, M.Sc., and B. Pleasaunce, of that 
Company. 

Four modes of combustion in a Bunsen burner are 
recognised : (1) Normal combustion, which produces 
a non-luminous flame with a well-defined inner cone ; 
(2) Under-aeration, which results in the flame being 
luminous; (3) Unstable combustion, in which the 
flame fires back; (4) Unstable combustion, in which 
the flame blows off the burner top. ‘‘ Combustion 
diagrams” are obtained which show these four zones 
as areas between boundary lines, the air-gas ratios of the 
burner being taken as the ordinates and the thermal 
output, in B.Th.U. per minute, as the abscisse. To 
determine these diagrams, the gas under examination, 
filtered, washed, and measured by an accurate flow- 
meter, is passed into a mixing chamber where it meets 
a supply of primary air which has been filtered through 
cotton wool and charcoal, saturated with water at 
20 deg. C., and measured by a similar flow-meter. The 
thoroughly-mixed gases are then admitted to the 
burner, which consists of an internally-polished brass 
tube, 7 mm. in diameter and 35 cm. in length, sur- 
rounded by a water jacket and heated by a current of 
hot water so that the gas mixture is maintained at 
50 deg. C. The gas, first without primary air, is 
admitted to the burner at a low rate (2 B.Th.U. per 
minute) and the height and luminosity of the flame 
are noted. A measured quantity of air is then admitted 
and is increased in small steps, observations being 
made at each step of the height of the flame, the 
height of the inner cone (when present), and the presence 
of luminosity. The proportion of air required to cause 
the flame just to fire back or to blow off the burner is 
determined by trial and error, as accurately as possible. 
These observations are then repeated with increasing gas 
rates until the curves can be established. The resulting 
diagram is of the type shown in Fig. 1, on this page. 

It was found desirable to superimpose upon this 
diagram an “ aeration diagram,” showing the degree of 
aeration obtained with the given gas, when using 
orifices of various sizes, as given in the 9th Report of 
the Gas Investigation Sub-Committee (Trans. Inst. Gas 
Eng., 1922-23, page 188), and supplying them with 
gas at various pressures. The aeration diagram con- 
sists of a number-of curves, one for each size of orifice, 
showing the air-gas ratio at different gas pressures as 
ordinates, and the thermal output of the burner as 
abscisse, as before. Fig. 2, on this page, shows a set 
of these curves superimposed on the combustion 
diagram. By following each curve in turn, the 
influence of the size of orifice or the gas pressure on the 
liability of the gas to blow off the burner, to back-fire, 
or to become luminous, will be evident. To obtain 
these curves, a separate apparatus is used, in which 
the gas is measured to the burner by a meter, and the 
air supply flows freely under the injector action of the 
gas through a hot-wire anemometer (J. S. G. Thomas, 
Phil. Mag., 1920, 39, 505). It is emphasised that, while 
in a general way the diagrams determined in this 


| 
research can be looked upon as characteristic of the 





gas, the precise figures depend on the size and con- 
struction of the burner and must be taken as referring 
only to the particular burners used. Mixing, also, is 
more thorough in the experimental apparatus than it 
would be in practice, so that the back-firing zones are 
larger and the blowing-off limits lower for a commercial 
burner than for those used by the authors. | 

A study was first made of the simple gases, hydrogen, | 
carbon monoxide, methane and ethylene. Carbon 
monoxide has a very low degree of flexibility, because 
its blowing-off curve is low on the diagram, and it 
possesses high air-injecting properties which cause the 
aeration curves to lie well above the blowing-off line. 
The authors consider that the size of the zone of normal 
combustion, Fig. 1, is a measure of the flexibility of the 
gas, and that the flexibility is thus governed partly 
by the area of the firing-back zone and also by the 
positions of the line demarcating the luminous zone 
and the blowing-off limits; for high flexibility, these 
lines should be wide apart and the firing-back zone 
should be confined to as small an area as possible at 
the extreme left of the diagram. 

Hydrogen has also a low flexibility, but this is due to 
the fact that its firing-back zone is of very large extent ; 
the maximum thermal limit for firing back, indeed, 
could not be directly determined in this apparatus, 
and the exceptionally high value of 100 B.Th.U. per 
minute shown on the combustion diagram had to be 
deduced from other data. Hydrogen, therefore, has 
only a very narrow range of stable combustion ; this 
is off-set, to some extent, by its capacity for low air 
injection, but the aeration curves all lie within the back- 
firing zone. Methane, on the other hand, has a high 
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degree of flexibility and is thus of great value as a 
constituent of town’s gas. It suffers, however, from the 
serious drawback that its blowing-off limit coincides 
with its optimum combustion conditions, so that at 
higher thermal outputs it is impossible to attain these 
optimum conditions before the flame blows off the 
burner head. It is suggested, therefore, that the 
value of methane would be improved by the addition 
of a gas of high flame velocity, such as hydrogen. 
Ethylene is similar to methane; it has a small back- 
firing zone and only blows off at very high air-gas ratios. 
It has the drawback of a very large luminous zone 
and of having its aeration curves all lying within this 
zone. The authors conclude for these reasons that it 
could only be used for enriching purposes. 

It is clear, therefore, that no single gas is the ideal 
fuel for present appliances and burners. The authors 
next investigated blends of gases, i.e., binary mixtures 
of these four simple gases and of certain of these gases 
with the inert gases nitrogen and carbon dioxide. The 
general conclusion reached is that the binary mixtures 
also are not as satisfactory as the complex blend 
which constitutes coal gas. The binary mixtures are 
much more flexible than the four simple gases, as would 
be anticipated from what has already been said, but 
their flexibility is far less than that of coal gas. Mix- 
tures of hydrogen and methane most nearly approach 
the characteristics of coal gas, as is to be expected, since 
these gases make up the bulk of coal gas. It appears, 
therefore, that for satisfactory combustion characteris- 
tics to be obtained, tertiary, quaternary or even 
more complex mixtures of gases are required. Small 
proportions of unsaturated hydrocarbons, such as 
ethylene, have a particular value in reducing the area 
of the back-firing zone and raising the position of the 
blowing-off limit. The inert gases have also a special 
value in that their high density increases the air- 
injecting power of the mixtures containing them. 

A preliminary attempt was then made to determine, 
by analysis of the curves, the connection between them 
and the other physical properties of the gas. Although | 





it would be expected that the firing-back zone and the 
blowing-off limit would be dependent upon the flame 
speeds of the air-gas mixtures, the author’s experi- 
ments suggest that, at the point of firing-back, there 
appears to be no simple relationship between the 
mixture velocity and the flame speed as ordinarily 
determined. Apparently, however, the sizes of the 
firing-back zones are related to the maximum flame 
speeds of the respective gases. It is emphasised that 
the conditions in the flame are affected by the cooling 
effect of the burner head. The maximum mixture 
velocity at which back-firing can occur has been found 
to bear a linear relationship to the maximum flame 
velocities ; the maximum mixture velocity for back- 
firing corresponds to the apex of the back-firing zone 
in the combustion diagram. The proportion of air in 
the mixture when blowing-off occurs is so great that 
the flame-speeds are very low and lie outside the range 
covered by previous investigators. In the combustion 
diagrams that have been examined, blowing-off appears 
to occur when the mixture velocity is from 8 times 
to 14 times the flame speed. The results of this work 
on the aeration diagram completely support the findings 
of J. S. G. Thomas and E. V. Evans (Phil. Mag., 1923, 
vol. 46, p. 785) respecting the injection of air by the gas. 
They also confirm approximately the deduction of J. W. 
Wood (Trans. Inst. Gas Eng., 1937-38, vol. 87, p. 75) 
that both the gas discharged from an orifice and the 
air-gas ratio are proportional to the square root of the 
density of the gas. It is concluded that, in general, it 
is easier to determine the aeration curves than to 
attempt to calculate them. 

Although the study of the simple gases was uncom- 
pleted, it was decided finally to determine the combus- 
tion and aeration diagrams for typical town’s gas. 
Four synthetic mixtures were made up to represent :— 
(a) Carbonisation in continuous vertical retorts with 
limited steaming (500 B.Th.U. per cubic foot) ; (6) car- 
bonisation in horizontal retorts without benzole 
removal, but in such a manner that a fairly high 
proportion of inerts was obtained (504 B.Th.U. per 
cubic foot); (c) carbonisation in horizontal retorts, 
with benzole removal to give gas of 530 B.Th.U. per 
cubic foot, and the addition of 40 per cent. carburetted 
water gas of 455 B.Th.U. calorific value (486 B.Th.U. 
per cubic foot) ; (d) carburetted water gas (486 B.Th.U. 
per cubic foot). The general conclusions reached are 
that the intrinsic liability of these gases to fire back 
decreases in the order (a) and (d), (c), (b) ; the liability 
to blow off the burner top as a function of the air-gas 
ratio decreases in the order (d), (c), (b), (a); the 
amount of gas discharged from an orifice under a 
given pressure decreases in the order (a), (b), and 
(c), (d); the liability to fire back diminishes in the 
order (d), (c), (b), (a); the liability to blow-off the 
burner at high pressure diminishes in the order (d), (c), 
(b), (a); none of the gases has any tendency to give 
luminous flames in a Bunsen burner ; and the tendency 
to give over-aerated flames diminishes in the order 
(d), (c), (6) and (a). The word “and” between any 
two of the gases above-mentioned indicates that they 
are equal in the particular property referred to. 

The authors have not examined these gases for their 
performance in commercial appliances, but state that 
if continuous vertical retort gas (a) was first distributed, 
and was then progressively replaced by horizontal 
gas (b), then by the mixed gas (c), and finally by 
carburetted water gas (d), the changes that would 
progressively occur would be as follows :—(1) At con- 
stant pressure, the gas consumption of burners would 
fall progressively by a total of 20 per cent.; (2) the 
liability to back-firing at low pressures would increase ; 
(3) the liability to blowing-off at high pressures would 
also increase progressively ; (4) the flexibility of the 
gas would become less, in that the range of air-gas 
ratio over which combustion was normal would be 
reduced ; (5) the tendency for over-aeration of flames 
to occur would increase, and the tendency for under- 
aeration would diminish. 

In practice, the foregoing changes would require a 
progressive increase of orifice size and also a restriction 
of the primary air, so that burners must be fitted with 
provision for adjusting both air and gas. It is concluded 
that the combustion and aeration diagrams provide a 
means of representing the combustion characteristics 
of gases, from which the behaviour of the gases in 
appliances can be deduced. It is considered doubtful 
whether the representation of these characteristics by 
a single number, as in the Aeration Test Burner, would 
be adequate. The research is not completed, but has 
now been interrupted by the war. 








TROLLEY-OMNIBUS SERVICES IN BELGIUM.—The first 
trolley omnibuses in Belgium were placed in service in 
Liége, where, at the present time, 45 km. of route are 
served by 94 trolley "buses. These vehicles were next 
seen in Antwerp, which city now possesses 55 trolley 
*buses, and, this summer, the Tramways Bruxellois pur- 
chased sevenkrolley *buses for service over a 17-km. route. 
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** ENGINEERING ”’ ILLUSTRATED 
PATENT RECORD. 


ABSTRACTS OF SPECIFICATIONS RECENTLY 
PUBLISHED UNDER THE ACTS OF 1907 TO 1939. 


The number of views giren in the Specification Drawings 
is atated in each case; where none is mentioned, the 
Specification is not illustrated. 

Where inventions are communicated from abroad, the 
Names, etc., of the Communicators are given in italics. 
Copies of Specifications may be obtained at the Patent 
Office Sales Branch, 25, Southampton Buildings, 

Chancery-lane, London, W.C.2, price 18. each. 

The date of the advertisement of the acceptance of a 
Complete Specification is, in each case, given after the 
abstract, unless the Patent has been sealed, when the 
word “ Sealed" is appended. 

Any person may, at any time within two months from the 
‘date of the advertisement of the acceptance of a Complete 
Specification, give nolice at the Patent Office of 
opposition to the grant of a Patent on any of the 
grounds mentioned in the Acts. 


AGRICULTURAL APPLIANCES. 


513,423. Tine-Mounting Lock. John Wallace and 
Sons, Limited, of Glasgow, and J. L. Young, of Glasgow. 
(6 Figa.) April 5, 1938.—The invention is a lock for 
pivot-mounted tines on agricultural machines which has 
few exposed parts and is easy to reset. Two parallel 
rows of tines | carried on arms 4 are arranged, respec- 
tively, in front of and behind atool bar 2, which consti 
tutes the frame of the implement and is attached to a 
tractor. The tool bar carries a number of parallel-sided 
brackets 5. The upper end of each arm 4 passes through 
a slot in a tine buckle 8 The ends of a transverse pivot 
pin 10 on the tine holder cngage slots in the sides of 
the supporting bracket At its other side, the tine holder 
is provided with recesses 12, which are engaged by 
spring-loaded plungers 13 (Fig. 2) in the sides of the 
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bracket The plungers 13 and recesses 12 have corre 
spondingly inclined faces radial to an are struck from 
the pivot pin 10 and thus resist pivoting of the tine 
holder & 


us to provide inclined planes leading up to the recesses. 


The tine holder is of tapering cross-section so 
The operation is as follows Should a tine meet a 
sufficiently great resistance, the arm 4 and holder 8 
will pivot in a clockwise direction about the pin 10, the 
plungers 13 riding out of engagement with their recesses, 
in order to return the tine to its normal position, the 
holder 8 is slid to the ends of the slots nearest the tool 
bar until a position is reached at which it can be 
pivoted upwards, the inclined planes and the thickened 
part of the holder containing the recesses 12 passing to 
one side of the plungers The pivot of the holder is 
then moved back along its slot and the arm 4 and 
holder 8 pulled so that the plungers ride up the planes 
until they snap into the recesses lecepted October 12, 
1939 
ELECTRICAL APPARATUS. 

512,350. Compounding Exciter. The English Electric 
Company, Limited, of London, and H. S. Carnegie, of 
Stafford. (2 Figs.) May 31, 1938 The invention is a 
magnetic shunt for an exciter pole which delays the 
commencement of compound'ng and de-compounding 
until a given value of load current on the motor is 


reached The armature of a variable-speed reversible 
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direct-current motor for a rolling mill is supplied from 
a Ward-Leonard generator, while the field is separately 
excited from a constant-voltage supply in series with a 
compounding exciter coupled to the motor. The field 
winding 6 of this exciter is connected across an inductive 
shunt in series with the armature of the motor. In good 
magnetic contact with the exciter poles are saturable 








=NGINEERING. 


magnetic shunts 7. 
generates no e.m.f. up to a given load on the motor 
and accordingly the motor is constantly excited. As the 
shunts reach the point of saturation, the exciter com- 
mences to generate an e.m.f. which assists the constant 
supply. Should the main motor regenerate, the exciter- 
voltage will reverse and it will act as a de-compounding 
exciter, but not until a predetermined regenerated current 
has been exceeded. For varying the point of saturation, 
the magnetic shunts 7 are wound with control coils 9 
associated with each pole. The coils are fed by the 
Ward-Leonard generator and the value of motor load 
current at which compounding or de-compounding is 
introduced will decrease with increase in generator voltage 
and hence with increase in motor speed while, owing to 
the increase in exciter speed, the amount of compounding 
or de-compounding introduced will increase. (Accepted 


Owing to these shunts the exciter 


September 1, 1939.) 


INTERNAL-COMBUSTION ENGINES. 


512,936. Pulverised-Coal Engine. The Buell Combus- 
tion Company, Limited, of London, and R. P. Fraser, 
of Kingston Hill. (4 Figs.) February 23, 1938.—The 
invention minimises the ignition time lag of pulverised 
coal by making use of the blackness of the particles 
which enables them to absorb radiant heat rapidly. The 
cylinder head 3 is detachable and its internal surface is 
a concave annulus forming the combustion chamber 4, 
which is fitted with an air-inlet valve 5 and an exhaust 
valve 6. A circular refractory plug 7 (Fig. 2) of heat- 
resisting steel is interposed between the cylinder and the 
eylinder head. The periphery of the plug is fluted so as 
to provide a number of passages 8 by which the space 
above the piston communicates with the combustion 
chamber 4 at all times. The upper surface of the plug 
is concave. During the compression stroke, air is forced 
up through the passages 8 and a toroidal vortex ring is 
established in the combustion chamber. The plug is held 
firmly in place owing to the fact that its fluted periphery 
overlaps the upper edge of the cylinder and the lower 


Fig.1 
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edge of the head, and also abuts against a water-cooled 
spacing member Only a very small portion of each 
flute of the plug is in actual contact with the walls of the 
combustion chamber and the cylinder, and since the 
flutes are thin, heat losses due to conduction are mini- 
mised. Consequently, the plug is readily heated and 


kept at the requisite temperature. The pulverised coal 
is injected through an inlet port 11, which is central to 
the plug 7 and the vortex ring. The particles are 


entrained into the vortex, which flows over the upper 
surface of the plug, which latter is at a temperature of 
about 600 deg. C., i.e., above the ignition temperature of 
the coal. The particles are accordingly irradiated and 
raised to incandescence rapidly, the ignition lag being 
diminished and the speed of combustion increased. The 
process of combustion is also hastened, due to the more 
or less orderly turbulence produced by the vortex ring 
as indicated by the curved arrows. The engine is started 
with an auxiliary fuel in order to heat the plug 7, but 
during normal running the heat of combustion maintains 
the plug at a temperature above the ignition temperature 
of the pulverised coal. (Accepted September 29, 1939.) 


MINING, METALLURGY, ETC. 


513,276. Melting Aluminium. The Austin Motor 
Company, Limited, of Birmingham, and J. J. Sheehan, 
of Birmingham. April 4, 1938.—-When aluminium or its 
alloys are melted in a furnace which is heated by inter- 
nally-fired iron tubes located beneath the surface of the 
molten metal, the difficulty is experienced that the iron 
is attacked by the molten aluminium and rapidly becomes 
unserviceable. Furthermore, a proportion of iron in the 
aluminium has a deleterious effect. The invention aims 
at overcoming these faults by forming a protective 
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chromium-oxide coating on the exposed surface of the 
tubes. The iron or steel is alloyed with 30 per cent. 
chromium and sufficient silicon and carbon to enable the 
it contains also traces of phos- 


metal to be easily cast ; 


phorus, sulphur and manganese. The tubes are then 
maintained at about 1,000 deg. C. in the presence of 
air for about twelve hours, after which they have become 
coated with chromium oxide and iron oxide, which are 
strongly adherent and resistant to the action of molten 


aluminium. If each tube is then coated with silica-flour 


wash and heated to about 1,3C0 deg. C., the silica reacts 


with the adherent oxide and forms a highly refractory 


silicate coating, which is impervious to the action of 


molten aluminium. (Accepted October 9, 1939.) 


MOTOR ROAD VEHICLES. 


513,261. Pneumatic Tyre. Expanded Rubber Company, 


Limited, of Croydon, and G. C. Goodhart, of Inkpen, 
Berks. March 4, 1938.—The invention is a light tyre, 


which, if punctured, will not immediately deflate. It is 


particularly intended for aircraft and military vehicles. 
The tyre consists of a tube filled with gas-expanded cell- 
tight rubber and fitted with a non-return inflation valve 
by which it can be periodically inflated to maintain the 
required pressure. The expanded rubber contains 
an immense number of small cells separated completely 
one from another by thin walls, and is very light, weighing 
only from 6 Ib. to 12 Ib. per cubic foot. The rubber is 
inserted into the tube as a sheet and, after insertion, is 
vulcanised to it. The tyre is fitted and inflated in the 
ordinary way. At first, the expanded rubber contracts, 
but later expands again and fills the tube. Air can 
diffuse very slowly through the cell walls. Thus, when 
subjected to an increased external pressure, the tyre 
is at first reduced in size, but after a time it expands, 
when the external and internal pressures are equalised. 
In use, when such a tyre has been punctured, the leakage 
of air is sufficiently slow to prevent deflation of the 
tyre for some considerable period; in some cases for 
several hours. (Accepted October 9, 1939.) 


RAILWAYS AND TRAMWAYS. 


512,997. Coach Bogie. George Spencer, Moulton and 
Company, Limited, of Westminster, and R. T. Glascodine, 
of Westminster. (4 Figs.) March 28, 1938.—The inven- 
tion is a railway-coach bogie fitted with lateral sway 
control. The coach body is supported by a bolster 2 
suspended from the bogie frame 1 on links which permit 
limited lateral movement of the bolster and the coach 
body relative to the bogie frame. A roller 5 carried by 
a pair of duplicate rocking levers 6 mounted on a gudgeon 
pin 7 bears on the side of the bolster. The levers are 
positioned between cheek plates on the bogie frame 
which are slotted to guide the gudgeon pin. Between the 
levers 6 the gudgeon pin 7 mounts the head of a draw rod 
which passes through the bogie frame and carries an 
india-rubber spring 14 at each end of which are follower 
plates. The inner plate bears on a wear plate 18 recessed 
to take locating projections on the follower plate. The 
rocking levers are cranked in somewhat, each having a 
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cam surface 22 to ride on the bogie frame. In the 
position shown, which corresponds to the mid-position 
of the bolster 2 relative to the bogie frame, the cam 
surface closely adjacent to the gudgeon pin 7 is in abut- 
ment with the inner wall of the bogie frame 1 and con- 
stitutes the fulcrum of the levers during initial relative 
movement between the bolster and the frame 1. _ In this 
initial stage the mechanical advantage of the levers 6 
is of the order of 10 to 1. Should the relative movement 
between the bolster 2 and bogie frame be considerable, 
the effective fulcrum of the rocking levers rises, thereby 
reducing the mechanical advantage of the levers until 
at about the end of the cam surface it is reduced to the 
order of about 1 to 1. As a result, the progressively 
increasing resistance of the india-rubber spring 14 with 
movement of the bolster from the mid position is multi- 
plied by the progressive decrease in the mechanical 
advantage offered to the bolster. Two double-acting 
recoil dampers are fitted to each pair of springs 14. 
They are connected to lugs 30 on the outer spring follower. 
(Accepted October 2, 1939.) 
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GRINDING TUBE MILL. 


It is perhaps not surprising, in view of the already 
great and still growing importance of the cement 
industry, that the makers of cement plant have 
shown a progressive spirit in design and a willingness 
to co-operate with the engineers and managers in 
charge of such plant. These two qualities are well 
illustrated by the constructional details here given 
of a large compound tube mill for cement grinding, 
recently installed by Messrs. Ernest Newell and 
Company, Limited, Misterton, Nottinghamshire, for 
Messrs. Lafarge Aluminous (Cement Company, 


Limited, Fondu Works, West Thurrock, Grays, | 


ENGINEERING. 


| of 28,900 meshes per square inch. 
| A cardinal departure from hitherto-accepted 
construction is the discarding of the old method of 
riveting for completely welded fabrication. The 
shell is made of mild-steel boiler plate, 1} in. thick, 
three plates being employed in the length; thus 
there are only two circumferential seams and three 
longitudinal seams. The welding of these gives an 
unbroken surface to the shell as is shown in Figs. 
1 and 2, on Plate XXVI, though perhaps more strik- 





|ingly evident in Fig. 5, on the same Plate. The | 


| projecting bolts seen in several of the illustrations 


shell is divided along its length into four compart- 





Fig. 8. 


Fig.9.SECTION THRO’ PRELIMINARY 
. GRINDING CHAMBER 





Essex. _Some drawings and photographs of this 
interesting mill are reproduced in Figs. 1 to 7, on 
Plate XXVI, and Figs. 8, 9 and 10, on this page. 
rhe material produced is the well-known Ciment | 
Fondu, which is claimed to possess characteristics 
of strength and rapid hardening in a greater degree 
than the rapid-hardening Portland cements. These 
characteristics result, however, in a clinker which | 
is much more difficult to grind than that of Portland | 
cement, and the machine to be described has, 
therefore, improvements and features not adopted 
at the time of its erection, on mills of standard 
construction. The mill, which has a tube 7 ft. 3 in. 
in diameter by 39 ft. long, runs at 19 r.p.m., and 
the design is based on a day of 24 hours’ con- 
tinuous running. As the clinker is much harder and 
tougher than ordinary Portland-cement clinker, 
the mill output is naturally less than would be 
expected from one grinding the softer material. The 
capacity of the mill varies between 10 tons and 
12 tons of cement per hour when grinding to a 
fineness such that there is approximately 3 per cent. 
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Fig.10. SECTION THRO FINAL 
. GRINDING CHAMBER 





ments, each compartment having a different type of 
liner plate. Those of the preliminary-grinding com- 
partment are shaped as shown in Fig. 9, herewith, 
which view may be compared with that of Fig. 10, 
showing the type adopted for the final-grinding com- 
partment. The liner plates for the first and second 
compartments are made of cast manganese steel. 
Those for the third and fourth compartments are of 
hard white cast iron. Special care has been given to 
their design, as the very hard nature of the clinker 
necessitates this special arrangement to ensure 


are for the purpose of attaching the liner plates. The | 
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FABRICATED-STEEL CEMENT- lto 4 per cent. residue on the standard cement sieve | to the shell. The rolled mild-steel plate, on the 


other hand, can be made of lighter scantlings, even 
|the ribbing being less bulky; and, by employing 
welding instead of a bolted or riveted construction. 
the shells in the vicinity of the endplates are made 
stronger and more rigid. All risk of blow-holes, etc.. 
is, of course, eliminated. Electric welding is used 
| throughout the shell. Manholes are provided at 
the centre and at the outlet end of the shell, on 
| opposite sides. 
| The inlet end of the mill is served by a Ross feeder 
discharging into an inverted pyramidal hopper, as 
shown in Fig. 1. The hopper is provided with a 
chute controlled by a butterfly valve. The function 
| of this chute is to enable a check to be made on the 
rate of feed of clinker into the mill. The valve is 
opened for a definite period, say, 30 seconds, and 
|the clinker falls into the hopper of a portable 
electrically-driven weighing machine. As the quan- 
tity of clinker passing the valve in the given per!>d 
can be weighed, the tonnage per hour of the clinker 
entering the mill for any given setting of the feed 
mechanism is readily computed. The bottom of 
the main hopper is seen to the left of Fig. 4, together 
with the measuring chute and the feed tube. The 
| feed tube passes through the inJet trunnion and into 
| the first compartment of the mill, the trunnion being 
of exceptionally large diameter in order to accommo- 
date the tube. The trunnions are mild-steel castings, 
|machined where necessary for connection to the 
|endplate, and accurately turned and polished on 
| the journals. The main bearings are of interest, as 
| here again fabricated steel has been used through- 
| out, so that, although comparatively light in weight, 
|the bearings are strong and rigid. The actual 
bearing occupies the lower half of the housing 
only and is lined with high-grade white metal. 
There is no cap or top half bearing, the top part 
| of the housing seen in Figs. 4 and 6 being to protect 
| the exposed top of the journal and to accommodate 
| the lubricating devices. 
| Lubrication is effected by a cascade flood-oiling 
system, which has beendeveloped by Messrs. Ernest 
Newell and Company. A disc, the lower edge of 
| which dips into an oil bath in the lower housing, is 
| attached to the trunnion near one end of the journal. 
Oil brought up by this disc is diverted, by means of 
suitable wipers, into an oil trough formed in the 
top of the housing. The trough is drilled at intervals, 
so that a series of oil streams falls on the exposed 
journal. The whole surface of the journal is thus 
kept continuously covered with oil and an effective 
oil film is maintained over the bearing surface. 
The effective surface is large, so that the load per 
| square inch of projected area is light and the 
makers claim that a high efficiency is obtained, the 
| friction losses being no heavier than those of roller 
| bearings for the same diameter. Inspection doors 
|are provided in the top housing, the interior of 
|which is illuminated by an electric lamp. The 
bearing for the outlet trunnion is of similar con- 
| struction to that of the inlet trunnion. It may be 
| mentioned, however, that, while the whole bearing 
|of the outlet trunnion is rigidly anchored to the 
feundations, the bearing for the inlet trunnion floats 
on rollers so that variations in the length of the 
mill, due to expansion and contraction, are auto- 
matically provided for. The pressure gauge seen 
on the housing of the trunnion in Fig. 6 is for 
ascertaining the amount of excess air pressure 
in the inner trunnion. A slight pressure is main- 
tained, through the armoured hose seen to the left, 
in order to prevent escape of the ground cement 
by way of that trunnion. 

It will be seen from Fig. 1 that the mill rotates 
above a trough filled with water. A continuous 
spray, drawn from and returning to this trough, is 
directed on to the exterior of the mill by means of a 
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progressive effective grinding from the inlet to| motor-driven pump, the object of this douching 
the outlet. The three diaphragm plates are of | being to dissipate the heat generated in the mill by 


nickel-chrome steel. 


The end plates are of mild-| the grinding process. The liner bolts, previously 


steel boiler plate and are welded directly to the | referred to, are of a construction which effectually 


shell. 


The reason for adopting this construction, | prevents any of the sprayed water from finding its 


which is the subject of a patent, is stated to be that | way into the interior of the mill. The outlet end of 
the end plates of large mills, when made of cast steel, | the mill is shown in Fig. 8, on this page. The ground 


have not only to be heavily ribbed, but must be 
of considerable thickness. Such castings may 
contain unsuspected flaws and blow-holes, and, 
moreover, heavy angles are needed to connect them 


| material is picked up and discharged through the 
'trunnion, and through a screen rotating with the 
| trunnion, by means cf lifters, into the discharge hood 
' geen towards the centre of this illustration, and shown 






















682 


also in Figs. 1 and 2, Plate XX VI. After passing the 
screen, the cement falls into the feed hopper of a 


Fuller-Kinyon cement pump. The pump consists, 


essentially of a rotating worm which forces the 
cement into a stream of compressed air, by which it 
is conveyed through long pipe lines to the storage 
silos. The pump is driven by a Crompton-Parkin- 
son 25-brake horse-power motor. As the mill 
itself is operated under an exhaust-air system, it 
will be realised that a certain amount of the ground 
product is entrained in the air stream. ‘This is 
intercepted and returned, through a rotary seal, to 
the cement-pump feed hopper by a “ Visco-Beth ” 
dust-collecting plant. The return pipes are visible 
to the right of Fig. 8. Since they are on the dis- 
charge side of the dust-collecting plant, a slight 
air pressure, derived from an auxiliary fan, exists 
in them and thus no dust can escape into the 
grinding room. The air from which the dust has 
been separated is discharged to the atmosphere. 
That the preventive means are effective may be 
gauged from the fact that the mill house is excep- 
tionally clean, the atmospheric conditions and sur- 
roundings being comparable with those obtaining in 
a well-kept power station. Across the mouth of the 
cement pump are situated small enclosed worms, 
constantly driven by electric motors and forming 
sample collectors. The quality and fineness of the 
cement being produced, therefore, is continuously 
under observation. 

The outlet trunnion is coupled to a cardan 
shaft, as shown in Fig. 1, the coupling and housing 
being encased up to the partition between the 
grinding room and the power house, in order to 
prevent the possibility of any cement dust finding 
its way into the latter. The input end of the 
cardan shaft is connected to a large flexible coupling 
on the output shaft of a double-reduction gear box. 
A view of this coupling is given in Fig. 7, Plate X XVI, 
the absence of cement dust on the adjoining walls 
and floor being particularly noticeable. The double 
reduction gear, which has a ratio of 1 to 39-47, was 
supplied by Messrs. Turbine Gears, Limited, Cheadle 
Heath, Stockport. The disposition of the gears 
will be evident from Fig. 2. An external view of 
the gearcase is given in Fig. 3, Plate XXVI. The 
input shaft carries two single-helical pinions meshing 
with gear wheels at either end of the intermediate 
shaft. The centre of the intermediate shaft carries a 
double-helical pinion with continuous teeth, which 
meshes with the gear wheel on the output shaft. 
This wheel is built up of fabricated steel and 
the gears generally are of the robust construction 
and accurate workmanship which the experience 
of Messrs. Turbine Gears with steelworks and 
similar plant has proved to be necessary for arduous | 
continuous duty. The power normally transmitted 
is 800 h.p., the motor running at 750 r.p.m. and | 
the mill at 19 r.p.m. The design is based on the 
assumption of continuous running for an indefinite 
period, and a substantial overload margin is allowed. 

As regards details of the reduction gear, the | 
bottom half of the gearbox is of heavy cast iron, | 
while the top half is entirely of fabricated steel. 
All the shafts are mounted in double-row, self- 
aligning roller bearings with taper races. The 
first set of gears is spray-lubricated by means 
of a pump and the second set by rotation in an oil- 
bath formed in the bottom half of the housing. 
The reduction-gear input shaft is fitted with a 
flexible coupling between it and the motor spindle. 
The flexible coupling on the output shaft of the 
gear is noteworthy and is interesting by reason 
of the disparity in diameter of the shafts it 
connects. The actual drive is through a dia- 
phragm, as shown in Fig. 1, and the output shaft 
is enlarged much above customary dimensions in 
order to obviate possible torsional vibration. The 
diaphragm coupling and large torsion shaft have 
been developed by Messrs. Turbine Gears for the 
drives of cement and other mills, in which an out-of- 
balance effect arises from the tumbling about of the 
grinding medium, of which, in the mill illustrated, 
there is a total weight of 50 tons. Reference to 
Fig. 2 will show that the input shaft of the reduc- 
tion gear is coupled, on the side opposite to the main 
driving motor, to a small motor, worm-reduction 


gear being interposed. This unit is for barring 


round the mill at a speed between 0-5 r.p.m. 
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| and 0-33 r.p.m. Automatic disengagement is 
provided for this drive. 

The main motor, of which an illustration is given 
in Fig. 3, was supplied by Messrs. Crompton Parkin- 
son, Limited, Chelmsford. It is an auto-synchro- 
nous motor developing 800 h.p. at 750 r.p.m., and 
is controlled by automatic contactor-type control 
gear interlocked with an oil switch. The installation 
is of interest on two accounts: firstly, because the 
auto-synchronous motor has a remarkably high effi- 
ciency, and, secondly, because of the safety devices | 
involved in the control circuits of the starting | 
equipment. As will be seen from the illustration, the 
motor has two pedestal bearings and is mounted 
on a bedplate extended to carry the exciter. It is 
designed to operate at a maximum of 0-9 leading 
power factor on a 3,300-volt, 3-phase, 50-cycle 
system, and is capable, therefore, of considerably 
improving the power factor of the other motors 
in the works. The stability of the machine is such 
that the power factor is adjustable between unity 
and 0-9 leading by means of a control pedestal 
incorporating an exciter shunt field regulator and a 
moving-coil excitation ammeter. When the grinding 
mill is run alone, the power factor is adjusted to 
unity in order to secure maximum efficiency, the 
losses being so reduced that an electrical efficiency 
approaching 97 per cent. at full load can be realised. 
When other motors, e.g., those for the kilns and other 
grinding mills, are being run off the system, the 
overall efficiency of the plant can be raised, and the 
power costs reduced in consequence, by increasing 
the excitation. This improves the power factor 
so that when operating under this condition, the 
auto-synchronous motor runs at the unusually high 
figure of 96-1 per cent. at 0-9 leading power factor 
at full load. 

A characteristic feature of the Crompton auto- 
synchronous motor is that, while it retains the high 
electrical efficiency of the salient-pole synchronous 
motor, it is capable also of a starting performance 
equal to that of an induction motor of equivalent 
output. The maximum starting torque likely to be 
needed on this particular mill is 1-5 times the 
full-load value, for which torque a primary current 
of approximately 180 per cent. of the full value 
would be required. Under actual working condi- 
tions with a fully-charged mill, the starting torque 
is 155 per cent. of the full-load value, and the 
current taken is in the neighbourhood of 177 per 
cent. of full load. This creditable performance is 
obtained by an unusual arrangement of the secon- 
dary windings, which arrangement ensures a con- 
centrated field form under running conditions while 
retaining a distributed effect, with a complete iron 
circuit, to produce the induction-motor characteristic 
at starting. 

The control of the motor is effected by means of 
an oil-immersed circuit breaker made by Messrs. 
George Ellison, Limited, Birmingham, and inter- 
locked and interconnected with an automatic 
contactor panel supplied by Messrs. Contactor 
Switchgear, Limited, Wolverhampton. The con- 
tactor panel consists of a pillar-type sheet-steel case 
of dust-proof and drip-proof construction and having 
hinged inspection doors. It contains seven double- 
pole rotor contactors, as well as the necessary control 
and starting relays. These relays are arranged 80 
as to provide a warning period to men who may be 
working in the grinding-mill department prior to 
the starting-up of the motor. Depression of the 
starting push-button energises a Klaxon alarm, 
which then sounds for 50 seconds. When 30 seconds 
of this time have elapsed, the circuit to the no-volt 
no-close device of the high-tension stator circuit- 
breaker can then be closed by hand. This condition 
is signalled by the illumination of a white indicating 
lamp mounted on the panel. When the circuit- 
breaker is closed, the motor starts with all rotor 
resistance in circuit, this resistance being subse- 
quently short-circuited in seven steps by the closing 
of the rotor contactors by means of a mechanical 
timing device which can be readily adjusted to suit 
the starting load. 

If the circuit-breaker is not closed within 50 
seconds of the depression of the starting button, 
the control and starting relays all become de- 
energised and it is then necessary to re-press the 
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motor is effected by depression of the stop button. 
The motor will also shut down due to excessive 
overload, voltage failure, failure of the lubricating 
oil pressure on the reduction gear or stoppage of 
the cement pump on the discharge outlet of the 
mill. It will be realised from the account of the 
starting cycle given above that an initial warning 
period of 30 seconds is provided during which 
period the stator circuit-breaker cannot be closed. 
On its expiry the circuit-breaker must be closed 
within 20 seconds or a re-start will have to be made. 
The rotor resistance, seen in the background at 
the extreme left of Fig. 3, and at the extreme right 
at the bottom of Fig. 2, is of the non-corrodible, 
unbreakable, jointless grid type and is housed in a 
protected ventilated enclosure having a drip-proof 
drop cover and expanded-metal sides. The pilot 
circuits for the various safety devices are fed from 
a separate low-tension single-phase supply derived 
from a transformer on the main high-tension supply. 
There are, in addition to the normal “ stop” push- 
buttons, further safety devices in the form of oil- 
pressure switches and emergency stops, which have 
the effect of opening the circuit-breaker and also 
the secondary contactors. The barring motor, 
connected to the main reduction gear by a clutch 
is used for turning the mill slowly for feeding-in 
purposes and for adjusting its position to an exact 
spot, is also protected. A shielding arrangement on 
its “stop” and “start” push-buttons makes it 
impossible to operate the main “start” button 
while the barring motor is running, and vice rersa. 

The whole of the power unit forms a good example 
of the economy and the saving of space that can be 
effected by installing a comparatively high-speed 
motor and employing a reduction gear with a high 
ratio, though the basic object of the scheme was to 
obtain increased electrical efficiency in a combined 
unit of reasonable proportions. In conclusion, we 
wish to acknowledge the courtesy of Mr. C. M. Kay, 
of Messrs. Lafarge Aluminous Cement Company, 
Limited, and of Mr. P. Howden, of Messrs. Ernest 
Newell and Company, Limited, in providing us 
with the information on which to base this article. 
It may also be mentioned that publication was 
sanctioned by the late Mr. Arthur H. Moss, former 
managing director of Messrs. Newell, who was very 
closely associated with the design and installation 
of this plant. 








SOME NEW _ INVESTIGATIONS 
ON OLD COMBUSTION-ENGINE 
PROBLEMS. IV.* 


By Proressor Dr.-Inc. G. EICHELBERG. 
ENTROPY. 


17. The Entropy-Diagram of a Combustion Engine. 
—For the study of a new cycle of an internal 
combustion engine, for example, of a highly super- 
charged Diesel engine, or for a comparison of 
different processes, such as the influence of different 
heat losses, different combustion lines, and different 
scavenging effects, the entropy-diagram is of the 
greatest help. The entropy of a gas can be expressed 
by the temperature and the volume : 

) } ' Ce adT+Rl . 

ee ae + “ % 
To find the entropy, we must know the specific 
heat of the gases, 
_ aU 
on 
and therefore we must have the energy U, theoreti- 
cally given as the kinetic energy of the molecules. 
The kinetic theory of gases shows that the energy 
of the translational and the rotational movement 
of the molecules is given by their degree of freedom 
and is proportional to the absolute temperature. 
The quantum theory adds the energy of oscillation, 
which is given by Einstein’s formula, when the 
frequencies v of the atoms have been measured by 
spectroscopy, or by the Raman effect. 


Cy 


* Fourth of a series of five lectures delivered before 
the University of London, at the Institution of Civil 
Engineers, on February 2, 1939, by Professor Dr.-Ing. 
G. Eichelberg, Professor of Mechanical Engineering in the 
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Energy U = Utrans!. + Urot + Uoscillation 
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The curves of C, for the three components of 
combustion gases are given in Fig. 51. 

As the chemical composition of our normal 
liquid fuels is very nearly constant (87 per cent. C 
and 12-5 per cent. H,), the chemical combustion of 
1 kg. of fuel always needs 14-2 kg. of air and the 
burned gases will have well-defined proportions of 
CO,, H,O and N,, so that the resulting specific 
heat Cy,., can be found as a mean value : 

a xn-C, 
*res =n 





Theoretical combustion gas : 
CO, n, = 0-0725 mols per kilogramme of fuel. 


H,O Ne = 0 -0625 ” ” 
N, 2; =0-3900 " 
>» n=0 +5250 ” , ” 


Keeping this in mind, a correct entropy-diagram 
can easily be drawn, for example, for air, by caleu- 
lating graphically the integral : 

- To 
A\S=| dT, 
J2,7 
as shown in Fig. 52. 

We can thus find the V,-line of our entropy- 
temperature diagram, for a constant volume V, 
(or, in the same way, the p,-line for a constant 
pressure p,). The construction is shown in Fig. 53. 
If the volume or the pressure increases, the entropy 
changes only by a constant additional term, for 


\ 
example, Rin--. For burned gases, assuming 


0 
either the quantity of air necessary for chemical 
combination, referred to below as the “ chemical 
\ air 
chemical air’ 
the integral curve must be determined for another 


air,” or another value of air ratio 
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St-curve. But it is possible in the entropy-diagram 
to use the same volume or pressure curves as for 
air if we measure the entropy values not from the 
vertical axis, but from an inclined and even slightly 
curved line, as in Fig. 53. The scales of the diagram 
may be chosen in such a way that, since the entropy 
changes logarithmically with the volume ratio, the 
logarithmic scale of every normal slide rule can be 
used. As the energy U is merely a function of the 
temperature, the curves for the energy of the air 
and of the burned gases are also drawn in on the 
diagram. 

To give an example, the diagram of a Biichi 
supercharged engine is drawn in on our new entropy- 
diagram in Fig. 54. The composition of the fuel oil 
used is 86 per cent. carbon and 12-5 per cent. 
hydrogen, the heat value being 10,000 kcal. per 
kilogramme. The turbo-blower first compresses air 
of normal temperature and at 1 atmosphere up to 
1-4 atmospheres, with an adiabatic loss of 20 per 
cent. Between the turbo-blower and the cylinder 
there will be a drop of pressure (throttling at 
constant temperature) and a rise of temperature 
caused by heat intake from the cylinder walls and 
by mixture with the remaining burnt gases. We 
assume, in the cylinder, an adiabatic compression 
which reaches an end-pressure of 35 atmospheres. 
We now choose an air ratio \ = ——""__ = 2 for 

chemical air 
the combustion. For this value we find the chemical 
heat per molecule of burned gas (about 10,000 kcal. 
per molecule) in the diagram in the lower right-hand 
corner of Fig. 54. We deduct 17 per cent. heat loss 
and could assume that the remaining 8,300 kcal. 





yt ae 


— 








2” 


will be introduced into the gas by a combustion 
either at constant volume or at constant pressure. 
I propose, however, for normal Diesel engine 
diagrams, to introduce 30 per cent. of the heat at 
constant volume, 50 per cent. at constant pressure, 
and 20 per cent. at constant temperature. At 
constant volume, the energy U of the gas is changed 
and at constant pressure it is the total heat I that 
increases. The heat introduced at constant tem- 
perature is given by T. AS. The adiabatic expan- 
sion runs parallel to the curved ordinate axis for 
A = 2. At the end of the expansion the temperature 
is still higher than 800 deg. C. After the exhaust 
period, the remaining gases in the cylinder will 
have a lower temperature, which can be found at 
the lower pressure on the same adiabatic curve. 
The temperature of the exhaust gases can be found 
by the first law of thermodynamics by assuming 
a cooling of the gases at constant volume and their 
reheating, by the same heat quantity, at constant 
pressure. For the Biichi system there will also be 
a mixture of the exhaust gases with a certain 
amount of scavenging air, so that the temperature 
at entry to the exhaust turbine will be lower. The 
expansion in the turbine will not be adiabatic but 
with a loss. The energy freed in the turbine is 
equal to the drop of the total heat ; that is to say, 
for gases, proportional to the temperature drop. 
The power of the turbine must be sufficient to drive 
the blower. 

The assumed combustion of 30 per cent. at 
constant volume, 50 per cent. at constant pressure, 
and 20 per cent. at constant temperature is a good 
average assumption; it gives normal engine 
diagrams, normal maximum pressures at full load, 
and reasonably lower maximum pressures at smaller 
loads. The influence of different assumptions on 
the thermal efficiency of the cycle is indicated in 
Fig. 55. For this diagram no loss to the walls is 
assumed. It is evident that the real shape of the 
combustion line in the indicator diagram will be 
influenced by the characteristics of the engine, the 
fuel, and the injection. 


Fue. INJEctTIon. 

18. Types of Nozzles and Pumps.—The usual and 
well-known system of fuel injection is that of a 
quick-delivery pump and an injection nozzle with 
a spring-loaded needle. The special difficulties of 
this system, caused by the mass and the compressi- 
bility of the fuel-oil in the pipes, are well known. 
By the sudden plunger movement, pressure and 
velocity waves are started at the pump end and 
travel along the pipe at the velocity of sound, 
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Regulation 

(weer 
which is 1,400 m. per second in oil. 
end, although these waves at first help the injection, 
their reflection may easily disturb it. I will not 
here go more deeply into the discussion of these 
difficulties ; I had occasion, when in 1926 I published 
their first analytical explanation,* to propose an 
injection system which was free of them. Although 
at that time it had been developed for stationary 
and marine engines, this accumulator system, in 
which the fuel is stored in the injection valve itself, 
also showed that it was likely to have advantages 
for high speed and for petrol injection. During the 
last few years, we have accordingly been trying in 


our Institute to develop this system for these 


special purposes. 

The well-known quick-delivery pump shown in 
Fig. 56 has a short plunger stroke given by the 
cam, the movement corresponding to a crank angle 
of about 20 deg. or less, so that for a given injection 
quantity the plunger diameter must be relatively 
large. The beginning of the stroke determines the 
beginning of the injection. The end of the injection 
is given by the discharge, which may be regulated 
by the position of the plunger. In the accumulator 
aystem, shown in Fig. 57, the pump delivers the 
fuel quantity needed for the next injection and 
stores it in an accumulator. The plunger stroke 


may correspond to 120 deg. crink angle or more, | 


so that the plunger diameter may be small. The 
pressure valve can be arranged at the supply 
connection to the accumulator. The fuel oil is 
accumulated either under a spring-loaded piston, 
or, by its own compressibility, in a large-volume 
container. The beginning of the injection is con- 
trolled by a mechanically-operated locking device 
acting on the spring-loaded fuel needle. A hydraulic 
locking arrangement, as shown in Fig. 58, is, 


however, much simpler than a mechanical one | 


and can be operated by the pressure of the fuel | 
I : I . . | between the space above the needle and the accu- 


* G. Eichelberg, Uber die Mittel zur Kompressorlosen 
Brennstoffeinspritzung, Z.1'.D.J., page 1079, 1926. 


At the nozzle | 
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Fig. 62. 

| itself, which acts on the upper end of the needle 
jand keeps it closed. By a discharge valve at the 
pump end, the pressure in the pipe is suddenly 
released so that the needle is freed for the injection. 
| The injection is accomplished by the oil pressure in 
| the accumulator, while the discharge back into the 
pipe is checked by a non-return valve. As may be 
seen from Fig. 58, the arrangement still has some 
disadvantages. In the first place, the needle- 
spring is located in a chamber that has to be 
discharged by the pressure release, so that the 
pressure drop is not quick enough. And, secondly, 
there are two elements which may cause trouble : 
a controlled discharge valve in the pump and a 
non-return valve in the nozzle. 


These disadvantages can be avoided by the} 
arrangements shown in Fig. 59. The needle spring | 


lies in the accumulator chamber, the discharge is 
controlled by a simple hole in the pump plunger, 


and the non-return valve is replaced by a small hole | 


mulator chamber. To avoid fuel return during 


injection, the top end of the needle can be arranged 
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as a conical seat which closes the passage after a 
lift of about a hundredth of an inch. The actual 
|arrangement of this injection system is shown in 
| Fig. 60. As about half a revolution of the camshaft 
is allowed for the delivery stroke of the pump, the 
cam may take the form of an eccentric. The 
| delivery may be regulated, to start sooner or later 
after the beginning of the stroke, by rotating the 
plunger, as in the Bosch pump. At the end of the 
delivery stroke, the space above the plunger is 
connected to discharge by the groove in the plunger 
over-running the supply ports. This groove is 
connected to this space by a hole in the top of the 
plunger. Before the pressure in the pipe is released. 
there is the same pressure at the two ends of the 
needle and no leakage along the needle spindle is 
possible. During the injection period, the upper 
end of the needle closes the pipe opening and there 
is a discharge of the accumulator chamber along 
the needle spindle and through the small-diameter 
|hole ; this eccurs only during the short opening 
and closing time of the needle. The fact that this 
loss is not proportional to the injection time, but 
is about the same for no-load and full-load, allows 
regular injections at small loads. If the closing 
pressure is 200 atmospheres, and the pressure for 
|maximum load 500 atmospheres. giving a pressure 
drop of 300 atmospheres, then the pressure drop 
| for no-load will be only about 50 atmospheres, as 


“ENGINEERING 
































DEC. 22, 1939. 


INVESTIGATIONS ON 





Fig.64. FUEL DISTRIBUTION 
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the injected quantity is then about one-sixth of the 
maximum quantity. If the diameter of the spinale 
is not much larger than the seat, it is possible that 
the pressure of 250 atmospheres will not be sufficient 
to lift the needle, but when, owing to the equal 
losses, the relation of the stored quantities is not 
|: 6, but, for example, (1 + 1): (6+ 1), the pres- 
sure at no-load will reach 285 atmospheres, instead 
of 250, and the needle will be lifted. 

A valuable feature of this system is that as the 
valve is totally enclosed there is no possibility of 
external leakage. This is an important matter 
if an attempt is made to utilise the device for the 
injection of petrol, the fire risk being eliminated. 
As petrol is not a self-lubricating fluid, an additional 
advantage of the system for use with petrol is 
that no lubrication is required. The needle spindle 
may be made quite an easy fit in its guide, as before 
injection the pressure at each end is equal and 
during injection the top valve is closed. Petrol- 
injection tests have been made at our Institute 
with this pump and nozzle feeding a single cylinder 
of an aero engine without any difficulties due to 
the absence of lubrication. The elimination of 
leakage and lubrication troubles are, however, not 
the only considerations which arise if a _petrol- 
injection system is to be employed. In a Diesel 
engine, a short injection period is necessary. This 
can be obtained by providing more or larger nozzles. 
For petrol, however, the injection period may cover 
the whole of the inlet and compression strokes, 
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and there is no advantage in injecting the whole 
charge into the cylinder in a short spray which 
would form a dense cloud. On the contrary, it is 
necessary to distribute the petrol into the moving 
air of the cylinder over a long injection period. 
With the accumulator system there is no difficulty 
in injecting during 180 deg. crank angle, simply by 
using a small nozzle. Very fine holes have the 
advantage of giving a fine pulverisation and also a 
short-distance spray, as the fuel is not injected into 
highly compressed air as in a Diesel engine, but 
into air at about atmospheric pressure. With a 
fine spray from a number of small holes, the petrol 
will have evaporated before it reaches the opposite 
cylinder walls. 

As these tests gave promising results, we began 
detailed investigations with petrol injection on a 
single-cylinder engine arranged for high-speed 
running. We made a further series of tests to 
investigate the problem of the injection of small 
fuel quantities at extremely high speeds. For this 
purpose we built a small pump to give a maximum 
injection quantity of only 12 cub. mm. It had a 
3-5 mm. plunger, and operated on the same accu- 
mulator principle. The quantity is regulated simply 
by throttling the suction inlet of the pump. The 
guide for the plunger is replaced by a simple lever 
between plunger and cam, as shown in Fig. 61. 
As the cam was an eccentric circular disc, we were 








able to replace it by a ball bearing. We tested 
the behaviour of this little pump up to 6,000 
injections per minute, i.e., 100 per second. To 
ascertain if the injections were continuous and regu- 
lar, the valve sprayed on a drum blacked with printer’s 
ink, from which copies could be taken. To investigate 
the distribution of the fuel over one injection, a 
section of the spray, passing through a hole in the 
drum, can be trapped in a glass tube. By changing 
the position of the hole the mean quantity distri- 
bution of the spray can be obtained. Spray dia- 
grams obtained on the drum at 2,000 r.p.m., 4,000 
r.p.m., and 6,000 r.p.m., which indicate very exact 
beginning of the spray and regular discharge, are 
shown in Fig. 62. The injected fuel volume when 
these diagrams were taken was 10 cub. mm., the 
nozzle bore was 0-25 mm., and the injection period 
0-0045 second. Fig. 63 shows full-load spray 
diagrams at different speeds up to 6,000 r.p.m. 
The injection delay is greater than the travelling 
time of the discharge wave. The diagrams were 
taken for a 0-15-mm. nozzle ; the measured spray 
duration for a 0-25-mm. and a 0-30-mm. nozzle 
are also indicated. Fig. 64 shows the measured fuel 
distribution. The ordinates of this curve are milli- 
grammes per degree and the abscisse crank angles. 
The highest fuel pressure is at the beginning of the 
injection. The load control diagrams for this little 
pump, shown in Fig. 65, may be of interest as the 
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quantity is regulated only by throttling the suction 
side of the pump. As a result, the pressure on the 
suction side of the delivery pump is of great effect 
and allows us to influence the shape of the curve of 
quantity over speed. In the diagram on the left, 
the delivery pressure is constant; in that on the 
right, it increases with the square of the speed. 

In the accumulator system, the injection is not 
disturbed by the pressure and velocity waves in 
the pipe. These may occur during the charging 
period, but will not influence the fuel pressure 
during the injection. The hydraulic discharge of 
the needle takes place at a depression wave, and it 
is necessary to ensure a correct discharge. If 
the full sectional area of the 1-5 mm. pipe is 
suddenly opened at the pump end, the pressure 
of, say, 400 atmospheres would immediately break 
down at that end and the fuel would attain a 
velocity of discharge proportional to the pressure 
drop: about 8 m. per second for each 100 atmo- 
spheres, that is to say, 32 m. per second. The 
corresponding depression and velocity waves will 
run along the pipe at the velocity of sound (1,400 m. 
per second in oil). When the waves have reached 
the valve, the needle is freed, but the whole con- 
tents of the pipe will continue to flow out at 
the pump end. By a suitable discharge hole, 
however, which is 0-4 mm. for a 1-5 mm. pipe, 
the discharge can be throttled so that the first 
pressure drop will be to half the initial pressure 
(from 400 atmospheres to 200 atmospheres) and the 
fuel velocity will be half that produced by a full 
opening (16 m, per second). After a reflection at 
the valve, pressure and velocity will drop to zero. 
With a piezo-quartz indicator we took diagrams 
in the pipe, both at the pump end and on the valve 
side at 2,000 r.p.m., 4,000 r.p.m., and 6,000 r.p.m. 
These are shown in Fig. 66, page 685. At the higher 
speeds, in spite of the even shape of the circular 
cam, pressure waves occur during the delivery 
stroke of the pump, but do not disturb the injection. 
The discharge takes place, as it should, in two 
steps. The duration of the half-pressure period is 
long at the pump, being equal to the time taken 
by the wave to travel to the valve and back, and 
very short near the valve. With a smaller discharge 
hole (0-35 mm, diameter) the wave runs twice 
along the pipe. The injection pressure, measured 
between the needle seat and the nozzle hole, is 
absolutely regular. 

1%. Nozzle Carbonisation.—To conclude this lec- 
ture on fuel injection, | may mention a difficulty not 
dependent on the injection device but on the fuel : 
that is the special difficulty with Diesel fuels which 
cause carbon deposits around the nozzle holes. 
The best known and most generally applied remedy 
is the cooling of the nozzle. The description of 
another remedy, which I had occasion to try some 
time ago, may be of interest. The arrangement is 
shown in Fig. 67. The idea is to blow away the 
liquid fuel around the nozzle holes before it has 
time to carbonise. A very small air chamber of 
volume V is formed around the nozzle and is 
connected to the combustion chamber by a small 
circumferential passage f. The chamber is filled 
by compressed air during the compression stroke 
and discharged during the expansion stroke, thus 
blowing the liquid off the nozzle, just after injection. 
The weight of the air coming out, dG, is given| 
(a) by the change of air density « y in the volume V, 
and (6) by the equation of continuity : 


dG Vdy fwydt. 
The air velocity w depends on the density drop 
or the adiabatic pressure drop, which is, for example, 
at 30 atmospheres, about 2 atmospheres per 


15 deg. crank angle. If into 
\ ldp 
u“ a 
f pdt 
we introduce the mean piston speed ¢, the piston 
. > \ , 
surface’ F and 28 er the velocity of the air 
eyl . 


along the nozzle becomes 


wa~s8 K*é, 


We then find that 
of about 


we need only a volume V 
ovo of the cylinder volume, i.e., about | 
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1 per cent. of the combustion space, to obtain a 
velocity of 100 m. per second for the air that cleans 
the nozzle. This cleaning device was tested during 
a 30-hour run on a four-cylinder two-stroke marine 
engine of 600 mm. bore, running with heavy Mexican 
crude-oil which contains 15 per cent. asphalt and 
only flows out of the barrel when heated. As the 
fuel must be heated to be able to flow through the 
suction pipe of the pump, it is not advisable to cool 
the nozzle. Fig. 68 shows four of the nozzles after 
the test. The cleaning device was fitted to three of 
the nozzles but not to the fourth. 








ELECTRICALLY-MANUFACTURED 
STEELS. 


THe manufacture of steel in electric furnaces is the 
subject of a paper by Mr. A. Sieveking, recently 
issued by the Institution of Electrical Engineers. 
For this purpose, two types of furnace—the are and 
the high-frequency induction—have been developed. 
Are furnaces are used for melting or keeping molten 
metal hot, and are usually of the vertical three-phase, 
three-electrode type. They consist essentially of a 
* basic ” 


charge arcs are formed. The power input is maintained 
at the desired value by moving the electrodes towards 
or away from the charge, and further control is obtained 
by providing voltage tappings on the transformer 
supplying the furnace. The position of the electrodes, 
which are made of either graphite or amorphous carbon, 
is adjusted either by hand or automatically by an elec- 
tric or air-hydraulic servo-motor on each electrode. 
This system is preferable owing to the less violent 
fluctuations of power to which it gives rise. In other 
types of control the impulse is electrical and may be 
proportional either to the current flowing or to the arc 
voltage and current flow combined. The latter gives 
the closer regulation, but in the author’s opinion, 
operation is no smoother with hydraulic than with 
electric control. Owing to the high reactance neces- 
sary and the fact that a number of tappings are required, 
a special transformer must be used. Owing to the 
heavy currents taken, this must be placed as close to 
the furnace as possible, but to minimise fire risk it is 
located in a separate chamber. With the development 
of fireproof insulating material to replace oil in the 
transformer, the abolition of the chamber may be 
looked forward to as a possible improvement. The 
furnaces may be charged by hand or mechanically, 
and from the side or the roof, according to conditions. 
Pouring is effected by tilting the furnace either electri- 
cally or hydraulically. 

The high-frequency induction furnace consists 
essentially of a hollow water-cooled helical copper 
coil, which is insulated electrically, and against which 
is rammed a refractory liner from 2 in. to 4 in. thick. 
The whole rests on heat-insulating blocks and is sur- 
rounded by a case carefully insulated against eddy 
currents and made of laminated steel with an air space 
between the coil and case. High-frequency current is 
applied to the copper coil so that currents are induced 
in the charge, causing the temperature to rise. The 
most common frequencies in use are between 500 cycles 
and 2,250 cycles per second, with a tendency in this 
country towards the latter. The current is generated 
by a motor-driven homopolar machine with an efficiency 
of 85 per cent., or 86 per cent. at full load. When a 
constant furnace frequency is employed, the inductance 
of the secondary circuit varies throughout the melting 
period, resulting in wide changes in the power factor. 
To prevent excessive current being drawn from the 
motor generator, condenser banks are placed in parallel 
with the furnace coils. One of these is permanently 


connected while the remainder can be put in or out | 


of circuit by contactors, either manually or by a 
contact-making power-factor meter. Ifa valve oscilla- 
tor is used for control, as is the case on small furnaces 
for melting precious metals, no power factor correction 
is needed. 

There exist to-day a very large number of alloy 
steels, some of which present manufacturing difficulties 
that can only be overcome in an electric furnace. 
These difficulties relate to oxidation, the necessity for 
keeping out gaseous and removing solid impurities, 
and a rigid control of the analysis and temperature 
within narrow limits to ensure that the ultimate 
structure of the steel is correct. High-frequency 
furnaces have the advantages that an oxidising atmos- | 
phere is absent, there is no carbon pick-up, there is | 
a good natural mixing of the bath, they are suitable for 
intermittent operation, and a high temperature is 
obtainable. On the other hand, they are of limited 
capacity and refining presents difficulties, so that | 
raw materials of known composition are necessary, | 
and the capital cost is high. As regards the arc’ 





| duced from relatively poor raw materials. 


or “acid” hearth on which the charge is | 
placed, and three electrodes between which and the | 
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furnace, a steel having a rigid analysis can be pro- 
Its capacity 
is good, its cost is reasonable and a high temperature 
is obtainable. Its disadvantages are that there is a 
tendency to oxidise out chromium and vanadium, the 
mixing of the bath is indifferent, and it is unsuitable 
for intermittent operation. There is also a certain 
amount of carbon pick-up. 

Theoretically, 340 kWh will melt one ton of steel, 
but in practice it is found that arc melting requires 
from 540 kWh to 620 kWh, i.e., the overall efficiency 
is from 63 per cent. to 55 per cent. With the high- 
frequency furnace from 600 kWh to 710 kWh per ton 
are required, giving an overall efficiency of from 57 per 
cent. to 48 per cent. The principal factors governing 


| the electrical consumption per ton when melting are 


the capacity of the furnace, parasitic losses, parti- 
cularly conduction and radiation, being smaller in 
proportion the larger the furnace. The shorter the 
melting and recharging time the smaller will be the 
effect of the continuing losses, such as those due to the 
cooling water and heat in the gases, while long periods 
of idleness will also increase the average consumption 
owing to losses from the body of the furnace. The 
state of repair of the furnace is another factor. How 
intermittent operation affects consumption can be 
illustrated by two cases. An induction furnace starting 
from cold was found to have a consumption per ton 
which was about 12} per cent. greater than that 
recorded during the fifth consecutive melt. In the 
other case, a 5-ton are furnace was operated for eight 
hours out of the 24, and the consumption per ton 
during the first melt was 35 per cent. above that of the 
final melt, and over 15 per cent. above the day’s 
average consumption. 

The cycle time of the melt will depend very largely 
on the transformer capacity available, and numerous 
factors must be taken into account. In general, the 
melting time of arc furnaces is about 14 hours, while 
that of an induction furnace is about one hour for 
sizes up to about 3 tons. For either type a short 
melting time implies a large power input, which, in 
the case of an induction furnace, involves heavy capital 
cost and difficulties in designing the high-frequency 
generator. During refining, the consumption will vary 
with the quality of the original material, the degree 
of accuracy of analysis required, and the ease or 
difficulty of each melt. A very rigid analysis, involving 
a low carbon, phosphorus and sulphur content, may 
require as much as 350 kWh per ton, even with good 
quality raw materials, while in other cases the con- 
sumption may fall to 100 kWh per ton. The approxi- 
mate division of energy is probably as follows :— 
Effective work 36 per cent., cooling water 7} per cent., 
heat in gases 74 per cent., conduction and radiation 
42 per cent., and electrical losses 7 per cent. While, 
in general, the same factors contribute to the efficiency 
when either melting or refining, nevertheless a reduction 
in the refining time cannot be achieved by applying 
heavy power inputs; in fact, such a procedure would 
produce very inferior steel with characteristics worse 
than those of the ordinary open-hearth quality 
Further, since the losses are essentially proportional 
to the running time, the only way of reducing consump- 
tion would seem to be to improve the furnace man’s 
skill. 

Some idea of how the cost of steel can be influenced 
by the melting procedure is given by comparing the 
electrical data for two successive melts in the same 
furnace. The total melting time and the value of the 
average melting consumption is the same in both 
cases, but the maximum demand metered over half an 
hour was 3,600 kW in the first case and 4,400 kW in 
the second. As a consequence, the running load factor 
was 45-5 per cent. instead of 55-5 per cent., and the 
average cost per kilowatt-hour was 0- 431d. and 0-398d., 
making a difference of about 2s. per ton on a consump- 
tion of 676 kWh per ton. Most efforts to avoid the 
consequences of poor load factor have been directed 
towards the staggering of operations, but suggestions 
that might interfere with maximum output are dis- 
couraged. The only remedy, which is also disliked, 
is to derate the transformer and increase the melting 
time. 

The high-frequency furnace is a desirable load from 
every point of view, as individual units are only infre- 
quently stopped and started, the motor of the motor 


| generator can be over-excited for correcting the power 


factor and the load factor during operation is good. 
Fluctuations of power are not severe. About ten 
minutes after the beginning of the melt the consumption 
falls to a minimum when a temperature of about 
800 deg. C. is reached, after which it rises again and the 
charge undergoes a structural change, probably from 
the ferromagnetic to the paramagnetic state. Arc- 
furnace operation is different, load fluctuation being 
violent, while the arc is repeatedly striking on one or 
more phases until the charge has melted sufficiently 
to enable it to burn steadily. In the case of a 1,500- 
kVA transformer, instantaneous load swings of 1,000 
kVA to 2,000 kVA have been noted. It is universal 
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practice to insert reactance for limiting the maximum 
current drawn from the mains and also for stabilising 
the arc, usually with as many tappings on the reactor 
as there are on the transformer. Indiscriminate addi- 
tion of reactance will, however, have a bad effect on the 
furnace as a whole without assisting in any way, except 
to reduce the short-circuit current relative to a pre- 
determined operating current. This result can, 
however, be equally well achieved by choosing a greater 
operating current originally, though this necessitates 
working with a correspondingly bad power factor. An 
arc-furnace load is such that with a good operating 
power factor the short-circuit swings will be from 1-5 
times to twice the full-load current. They will occur 
during the first half of the melting period and can be 
reduced only by lowering the input to the furnace at 
a poorer power factor, assuming that the maximum 
permissible voltage is applied to the arc. 

So far as this country is concerned, electrical manu- 
facture is essentially suitable for special alloy steels, 
which form only a small proportion of the total output. 
Until 1934, the proportion of electric steel to the total 
was nearly constant, but there has since been a steady 
increase Owing to re-armament demands. Inthe United 
States, the proportion was also nearly constant, but 
in Germany, the fluctuations have been more marked, 
there having been a rapid increase during the period 
of re-armament, while another factor has been the 
necessity of avoiding the import of iron ore. The 
countries producing the greatest proportion of electric 
steel are Italy and Sweden, both of which are rich in 
water power and poor in coal. The world output of 
electric steel is only about 3 per cent. of the total, and 
if Italy and Sweden are omitted, the proportion is 
only 2 per cent. In countries that are rich in coal, 
there is a preference for large open-hearth furnaces, 
so as to reduce production costs, the electric furnace 
being regarded as a small-scale producer of special 
steels having a higher market value than of mass- 
produced steel. Figures indicate that in any country 
where trade conditions are difficult, the proportion of 
electric steel tends to rise, since such demand as there 
is will be for small lots quickly delivered, conditions 
more satisfactorily fulfilled by the electric furnace 
than by the large open-hearth furnace. 

In Great Britain, the term “ electric steel ’’ must be 
confined, at present, to such steels as have a high 
selling price. The cold-charge process is almost 
universally employed, with the result that some 600 
kWh is required merely to melt the charge before any 
operation is carried out which will give valuable 
properties to the steel. This will increase the cost of 
the steel in billet form by 25s. per ton without any 
particular benefit resulting. Large increases in electric 
steel output can, therefore, be more readily expected 
from an increased use of the duplex or hot-charge 
process. The weight of finished steel used to-day 
is far greater than that required by theory. This is 
another way of saying that the material structure is 
not uniform and, therefore, the strength of the weakest 
point must be guessed and the steel dimensioned accor- 
dingly. An electric steel, on the other hand, has a 
very uniform structure and it would, therefore, seem 
possible to reduce the factor of safety at least by an 
amount sufficient to make the total cost of the steel 
requirements the same, whether the steel is manufac- 
tured electrically or by other methods. It is un- 
doubtedly along these lines that Germany is working 
at the present time in order to reduce her internal 
consumption to a minimum. 

Sections and plates represent 35-8 per cent. and 
16-8 per cent., respectively, of the total quantity of 
steel manufactured in Great Britain, and produced 
electrically 2,000,000 tons per annum could be made 
in 60 furnaces of from 30 tons to 35 tons. Each furnace 
would consume 9,000,000 kWh per annum, with a 
maximum demand of 3,000 kW at an average price 
of 0-49d. per kWh. Diversity has been ignored, and 
under good conditions a load factor of 35 per cent. 
could be reached. Thus, if an average selling price of 
11l. per ton be assumed for this class of steel, the new 
product would require to be sold at 14-2/. per ton. 
The reduction in total weight due to lower factors of 
safety would reduce the selling price to 111. again, 
if the reduction were to 77} per cent. of the present 
values, a very conservative allowance, but would be 
accompanied by other savings, such as on freight to 
site, lighter foundations and greater ease of handling 
generally. The greatest possibility of extending the 
use of electric steels, apart from the somewhat limited 
field of special alloy steels, therefore, lies in the pro- 
duction of structural sections and plates, where uniform 
crystalline formation will show to the greatest 


advantage. 





FIRE-ENGINE STEAM BOILERS.—In pursuance of the 
power conferred upon him by Section 32 of the Factories 
Act, 1937, H.M. Chief Inspector of Factories has excepted 
vertical boilers of the water-tube type, used solely in 
conjunction with fire engines, from the requirements of 
sub-section (1) (c) of Section 29 of the said Act. 


THE MANUFACTURE OF CARTONS | 
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FOR THE DISTRIBUTION OF MILK. 


A DEPARTMENT for producing the paper cartons which 
are now being increasingly employed for the distribution 
of milk has recently been established by Messrs. 
Cambrian United Dairies, Limited, Cardiff, and con- 
tains some interesting equipment. Unlike the ordinary 
type, these cartons are made, not of waxed paper, but 
of a special grade of pure non-porous paper, which is 
impervious to liquid. The machines employed are of 
novel design and enable the cartons to be made, 
filled and sealed in a continuous series of operations. 
The paper is supplied in reels and is first passed through 
a grinding machine which chamfers the edge so as to 
ensure a thin smooth joint at the overlap on the 
finished carton. The reels are then transferred to a 
winder, where they are cut to the right length, wound on 
a mandrel and fastened with a casein adhesive. The 
name and trade mark are printed on during this 
operation, after which the cylinders are taken to the 
assembly machine, where the bottoms and covers 
are pressed on in four operations. 

Fig. 1, on page 692, shows one end of the winder with 


the paper threaded through the rollers which carry it | 
under the guillotine. In the background are the partly- 


formed cartons passing up into the drying chamber and 
the horizontal conveyor which subsequently transfers 
them to the assembly machine. The winder is driven by 
a 14-h.p. squirrel-cage motor through reduction gearing. 
Another view of the winding machine is given in Fig. 2 
on the sime page. Under the bench in the foreground is 
a small squirrel-cage motor for driving the suction pump. 
This pump is connected by an air line to the travelling 
plate and serves to hold the individual lengths of paper 
on the latter while they are carried across to the mandrel. 
In the background against the wall is the grinder. This 
is driven by a 1-h.p. squirrel-cage motor which is 
mounted on the floor beneath it, while to the right is 
the press which punches the tops and bottoms of the 
cartons out of cardboard strip. This machine is belt 
driven from a 4-h.p. squirrel-cage motor which is 
mounted on the floor above. 

The assembly machine is belt driven by two 2-h.p. 
squirrel-cage motors through belts. The tops and 
bottoms are brought in by a conveyor from the press 
and are then fed on to a chute down which they travel 
with the cylinders to which they are to be fitted. The 
finished cartons, which are made in pint and half-pint 
sizes, are delivered into a basket whence they are 
collected by a travelling chain conveyor and taken to 
the churns for filling. 

The motors, which are designed for a 440-volt, 
50-cycle three-phase supply, are fitted with direct-to- 
line starters controlled by push buttons. Both the 
motors and control gear were manufactured by Messrs. 
General Electric Company, Limited, Magnet House, 
Kingsway, London, W.C.2. 





THE MANUFACTURE OF RIMMING 
STEEL AT BRITON FERRY.* 


Some Notes on the Manufacture of Rimming Steel at 
Briton Ferry, Using Cold Pig Iron and Scrap in the 
Basic Open-Hearth Furnace. 


By J. S. Lewis. 


THE materials to be used in the manufacture of a 
cast of rimming steel should be very carefully selected. 
Elements such as silicon and sulphur, if high, adversely 
influence the successful production of rimming steel. 
In the cold-pig iron and scrap process it is customary 
to use about 40 per cent. of pig iron and clean good- 
quality cast iron and about 60 per cent. of high-grade 
scrap with sufficient lime or limestone to give a good 
slag. The lime or limestone used is usually equivalent 
to 10 per cent. to 12 per cent. of limestone. It is 
essential to use enough carbon-bearing material, such 
as pig iron, to ensure at least about 0-30 per cent. of 
carbon in the steel when the bath is “ clear.” A cast 
which “ works out,” and does not require scale or ore 
to reduce the carbon to the desired final result, is 
usually of poor rimming quality. In a cast which has 
0-30 per cent. of carbon or more when clear, ore or 
scale should be added until the carbon content of the 
bath is about 0-14 per cent. to 0-16 per cent., at which 
point the sulphur and phosphorus content of the steel 
should be as low as required. In the author’s experience 
casts containing over 0-05 per cent. of sulphur do not 
rim as easily as those which contain less than this 
percentage. The lower the carbon and sulphur content 
of the steel, the better are the rimming properties. 

When the bath has reached 0-14 per cent. to 0-16 per 
cent. of carbon, there should be enough oxide present 





* Paper contained in the Ninth Report on the Hetero- 
geneity of Steel Ingots, prepared for presentation at the 
cancelled Cardiff Autumn Meeting of the Iron and 
Steel Institute. Abridged. 
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to reduce the steel further to 0-08 per cent. without 
more additions of ore or scale, but if carbon contents 
lower than 0-08 per cent. are required it will probably 
be necessary to add ore or scale to a point about 
0-06 per cent. higher than the final carbon required. 
Ore or scale added in the above manner will reduce 
the carbon in the bath at the rate of 0-01 per cent. 
every three or four minutes, depending very largely on 
the temperature of the bath and the residual manganese 
present. If the temperature is too high or the residual 
manganese is too high (say, higher than 0-22 per cent.), 
slower elimination of the carbon takes place. From 
the author’s experience, the best residual manganese 
for a rimming cast of 0-08 per cent. carbon steel is 
0-15 per cent. to 0-18 per cent. 

At the moment immediately prior to tapping, the 
usual analysis of the slag is :— 





SiO, —_ 060 11 per cent. to 13 percent. 
FeO hee oes 16 % » 20 
Fe,O03 a juste 1-5 3 ; 
| Al,O;_ ... oe 0-2 * » 0°5 
, Cad ive ase 44 o » 49 
| MgO oo one 6 ” a 2 
MnO os 5 oe oo 7 
P,O; ot ste 5 a » 8 


Prior to tapping, the bath-metal analysis should 
approximate to the following values :—Carbon, under 
|0-08 per cent.; phosphorus, under 0-04 per cent. ; 
| sulphur, under 0-05 per cent. (but the lower the better 
|for rimming purposes); and manganese, under 0-15 
| per cent. to 0-18 per cent. 
| Finishing.—To aid the rimming effect, it is advan- 
| tageous to shut off the gas and air supply for a few 
| minutes prior to tapping. Of course, this is only done 
| if it is judged that the bath temperature will allow it. 
| Low casting temperature aids the rimming properties 
;of the steel. Having decided the final pit analysis 
| desired, ladle additions are made accordingly. For 
good rimming action the addition of silicon should be 
j}avoided. The best additions that it is advisable to 
|make for deoxidation purposes are aluminium and 
| ferro-manganese. The quantity of aluminium neces- 
|sary usually depends on various factors, such as 
|temperature, bath analysis prior to tapping, size 
lof nozzle used for teeming, size of ingot to be cast 
and rate of casting. Since these factors vary from 
works to works, it is impossible to arrive at a standard 
| addition for all conditions, but the aluminium necessary 
will usually be in the region of 3 oz. to 5 oz. per ton 
of steel. 

If necessary, a corrective addition can be made in 
the mould if excessive sinking of the metal is observed 
during casting. As regards manganese, the best 
rimming action will be observed when the man- 
ganese content of the metal during casting ranges 
from 0-32 per cent. to 0-36 per cent. With this 
| manganese content and a correct aluminium addition, 
the metal will usually rim-in properly without either 
sinking or rising excessively. To obtain this percentage 
of manganese in the casting metal, and with a residual 
manganese in the bath of 0-15 per cent., an addition 
of about 8 Ib. of ferro-manganese (80 per cent. man-_ 
ganese) per ton of steel would be required. 

Casting Practice.—As indicated earlier, the size of 
mould used has a very great bearing on the ease with 
which rimming occurs. The smaller the mould or 
ingot size, the more difficult is it to obtain a good, 
| even rim throughout the length of the ingot, especially 
if the ratio of length to cross-section is greater than 
4:1. The moulds should also not be hotter than 
hand warm, and for preference should be coated with 
dehydrated tar. The size of nozzle used depends to 
some extent on the number of nozzles per ladle. The 
usual size with a two-nozzle ladle is | in. to 1} in. 
The smaller the nozzle used the better, as this allows 
for a steady rate of pouring which is not too fast. 
There is sometimes a tendency for melters to work 
their metal hotter if they know that small nozzles are 
being used, and this neutralises the beneficial effects 
of the smaller-sized nozzles. 

During the pouring, the metal should be fed quietly 
| into the mould at the start to form a pool at the bottom 
of the mould. This acts as a cushion and prevents 
splashing on the sides of the mould during pouring. 
The metal should then be fed at a steady pace until 
the mould is about three-quarters to four-fifths full 
and then poured at a slower rate which just counteracts 
any tendency of the metal to sink. It should then be 
quietly filled to the desired height in the moulds and 
allowed to rim-in. The rate of pouring ‘with this 
method is approximately 1 ton per nozzle per minute. 
When the ingot has rimmed across about two-thirds 
of its cross-section, it is customary to plate or cover 
the central portion of the ingot. The time taken for 
this to proceed depends on the ingot size and cross- 
section, and is about 20 minutes with a 30-cewt. ingot 
of 16-in. square cross-section. Steel manufactured 
according to the above method and with the precau- 
tions outlined usually rims flat and does not rise nor 
fall appreciably during the rimming action. 
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Fig 47. | 
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Fig.48. 


THE PARIS HIGH-TENSION 
CONFERENCE. 
(Continued from page 672.) 
Tue Fire Daneer or Ow Cracurr BREAKERS. 


In addition to the paper by Herr Kesselring, the 
advantages of circuit breakers containing no oil were 
set out in a further paper which was presented to the 
Congress by Herr G. Meiners; it also dealt with German 
practice. The subject of the paper was the fire danger 
associated with the employment of oil circuit breakers 
in power stations and substations and the advantages 
of oil-less breakers from this point of view. He 
stated that up till the year 1900 air breakers were exclu- 
sively used. There then followed a period of some 
30 years during which oil breakers were employed. 
After this relatively long period, the air breaker again 
made its appearance. In the early stages, air-break 
fuses were extensively employed, frequently being 
arranged in series with section links. 
of air-break switch fitted with an air-blast jet was also 
tried. Owing to the increase in the power which had 
to be dealt with, oil was then introduced to quench 
the are, and as voltages increased it was also employed 
to provide the necessary insulation. Thirty years of 
development had led to the perfecting of the oil circuit 
breaker from the points of view of circuit interruption, 
speed of operation, and insulation. During the last 
five years, the quantity of oil required had been 
greatly reduced by a better utilisation of its dielectric 
properties and by improvements in the extinction 
process. 


The first fires and explosions which occurred with | 


oil circuit breakers led to the demand that high-tension 
apparatus of this kind should be installed in such a 
way thatg fire would not endanger the whole plant. 
It was f 
burning oil might make its way through small openings, 
such as were caused by cable bushes passing through 
walls, and start fires in neighbouring compartments. 
In one case, the fire which followed did more damage 
than the explosion of the breaker itself. Accidents of 
this kind aroused much uneasiness among power- 
station operators. Originally oil circuit breakers were 


arranged in the same room with the rest of the plant, 
and it was clear that a fire in such cases might have led 
to serious results, 


Happily, fires were rare. In early 
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A primitive form | 


nd that during a circuit-breaker fire, the | 
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Fig.50. 
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ig. 49. 
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German practice with high-tension gear, the oil circuit 
| breakers were placed on a separate floor and were 
| isolated one from the other by partitions of refractory 
| material. As, however, the breaker cells were open 
| on the side of the service corridor (Fig. 42), it was possi- 
| ble for a fire in one breaker to spread to the next. Later 
| the breakers were separated into a series of groups, 
shown in Fig. 43, in order to limit the extent of a 
possible fire. To prevent flames and vapour from a 
| burning breaker passing upwards into the ‘bus bar 
| chamber, the fronts of the breaker cells were furnished 
| with steel doors, as shown in Fig. 44. The use of 
| breaker tanks strong enough to resist an explosion 
was a further step in development. In some cases the 
circuit breakers were installed in pits, as shown in 
Fig. 45. This greatly influenced the whole lay-out of 
| the building. Another arrangement adopted was to 
use separate cells with doors opening to the outer air. 
Oil drains from the cells, delivering to a pit outside the 
building, had also been used. 

The installation of oil circuit breakers in such a 
way as to minimise the danger from fire and explosion 
necessitated not only an expensive building, but one 
containing such a large number of vertical and hori- 
zontal partitions that supervision was difficult. In 
spite of the developments tending to reduce the danger 
of fire with oil breakers, there had been an insistent 
demand in Germany for breakers containing no oil. 
The main reason for this was the increasing powers 
which had to be dealt with. Modern circuit breakers 
contained considerably less oil than those of earlier 
| pattern, but, none the less, the total amount of oil in 
| @ station was still sufficient to constitute a potential 
danger. After the introduction of air-blast and water- 

vapour circuit breakers, they were rapidly adopted for 
|indoor installations, in Germany, the oil breaker 
| continuing to be used for outdoor work in which it 
| was considered that there was less danger from explo- 
|sion and fire. Later experience, however, had shown 
| that fire dangers with outdoor gear were greater than 
| had been supposed, largely owing to the fact that the 
| plant was exposed to the effects of the wind. The result 
| was that, in Germany, circuit breakers containing no 
i= were bejng every day more extensively installed, 

both for indoor and outdoor stations. The increasing 
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CIRCUIT-BREAKERS. 


Fig. 45. 
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| power behind short-circuits had everywhere drawn 
| attention to the fire danger. 

The most efficacious method of subdividing high- 
tension switchgear was by means of panels made of 
refractory material. By careful grouping, or by 
separation, of the different outgoing circuits, it was 
| possible effectively to limit the action of a fire. It was 
| equally important that the cables should be separated ; 
| the number of cables carried in a subway should be 
| limited, in order to prevent faults in one cable affecting 
others. There was a case on record in which a large 
station was put out of commission by the spreading of 
a cable fault in a subway. It was also desirable to 
separate main cables from control cables in the way 
indicated in Fig. 46. If a large switch house were 
divided into a number of smaller houses, the possibility 
of the spread of a fire would be greatly reduced. In 
|order to prevent the possible leakage of burning oil 
into the lower parts of a building, it was necessary to 
make tight joints where cables passed through walls 
or floors. The arrangement should be such that the 
burning oil could not destroy the cable. Protection 
might be afforded by means of a metal sleeve filled 
with sand, as illustrated in Fig. 47. Serious damage 
had been done by oil leakages of the kind referred to. 

In many outdoor stations equipped with oil circuit 
breakers, walls were erected between the breakers, 
as shown in Fig. 48, to limit the extent of a possible 
fire. If oil-less breakers were used, the transformers 
might be placed at a considerable distance one from the 
other, but if the space available did not permit this, 
dividing walls might be built, as shown in Fig. 49. 
This not only prevented a fire from spreading to neigh- 
bouring transformers, but also facilitated its extinction. 
Transformers should not be installed in the manner 
shown in Fig. 50, as in case of a fire the flames and 
burning oil might pass through the window and destroy 
the switch-house. An occurrence of this sort was 
unusual, but none the less it had taken place. The 
plant should be arranged so that it was impossible. 
When a fire started, the burning oil should be run off 
as quickly as possible. For this purpose, oil switches 
and transformers were mounted on trays furnished 
with outlets of large section, which were not likely to 








become blocked. The arrangement was shown in 
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MODEL OF PARSON DROVE WOAD MILL, CAMBRIDGESHIRE. 
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Fig. 51. Walls and partitions in the neighbourhood 
of apparatus containing oil should not be painted 
with oil paint. Under the action of heat, the paint 
became liquid and might flow into the outlet channel, 
which it would block-up when it cooled. As an addi- 
tional safeguard, two outlet channels should be pro- 
vided, as shown in Fig. 51. It was desirable to fill 
oil gutters and the area round the trays with gravel 
in order that any overflowing oil should be rapidly 
drained away. Such filling, however, was not to be 
recommended unless it could be kept free from blown 
sand and the growth of weeds prevented. The gravel 
should be regularly dug over. For large outdoor 
transformer installations, it was becoming usual to 
install high-pressure hydrants. In case of fire the 
transformer concerned was isolated from the mains 
and subjected to intense water sprays. The burning oil 
was cooled and the transformer became enveloped by 
an emulsion of oil and water that was non-flammable. 

In a station fitted with oil-less circuit breakers, 
there was no danger of an oil explosion, or of a fire 
being spread by oil projected outside the switch cubicle. 
The arrangement of the lay-out was also facilitated. 
It was possible to put oil-less circuit breakers in the 
same cells as the section links and ’bus bars. 
however, necessary to divide the different circuits by 
means of partitions as the danger from short-circuit 
ares had still to be provided against. Open cells with 
oil-less circuit breakers were very common in Germany. 
They were arranged so that a short circuit could not 
affect a neighbouring cell, or the "bus bars. The 
arrangement did not eliminate the possibility of short- 
cireuit arcs or arcs to earth, but in such events the 
damage was restricted to the cell concerned and did 
not spread to the rest of the gear. The action of a 


It was, | 


short-circuit arc was very different from that of an oil 
circuit-breaker fire. 

It was possible to make direct short-circuit tests 
and as a result of these, switchboards with oil-less 
breakers for handling very high powers had been 
developed in Germany. An example was illustrated 
in Fig. 52. This represented a board for use at from 
10 kV to 30 kV, the switches of which were able 
to deal with short circuits of 200,000 kVA. The ’bus 
bars were arranged so that they were visible from the 
switchgear floor, but were protected from any are in 
the cubicles by the partitions shown. When greater 
power had to be dealt with, a two-floor arrangement 
was used. With outdoor stations controlled by oil-less 
circuit breakers, these partition arrangements were 
usually not required. If space was limited, however, 
partitions should be placed between the transformers, 
as shown in Fig. 49. A particular advantage of oil-less 
circuit breakers for outdoor installations lay in their 
much-reduced weight as compared with oil circuit 
breakers. This greatly reduced the cost of the neces- 
sary foundations. 

(To be continued.) 

















|THE LAST OF THE WOAD MILLS. 


In 1932, the last crop of woad, the plant that is known 
|in all nurseries (probably erroneously) as the source 
of the national adornment dress of the ancient Britons, 
was grown at Skirbeck, Boston, Lincolnshire. It was 
the last crop to be grown in the world, after centuries 
| of cultivation throughout western Europe. Woad was 
| used first as a dye, and later as a mordant for rendering 
indigo permanent, but its use was expensive and, 
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finally, was confined to the preparation of cloth for 
blue Government uniforms. The economies enforced 
by the financial crisis of 1931 are given as the cause 
of the abandonment of its use for dyeing and thus of 
its cultivation. Sown in April, it was ready for cropping 
in the following August, when it resembled spinach. It 
was cropped by hand into baskets, and thence loaded 
into carts for transportation to the mill. The type of 
cart used was of peculiar design, being, in effect, a wagon 
body on two wheels, the unusual proportions being due 
to the fact that the crop was light in proportion to its 
bulk, and the two-wheeled form, to the necessity for 
tipping, to shoot the leaves into the mill. Originally, 
woad-growing was undertaken on hired land ; and, as it 
exhausted the land rapidly, only the best was hired, 
and periodically the growers, the ‘‘ wadmen,” and the 
mills were transferred to “ pastures new.” About 
150 years ago, however, when knowledge spread of the 
advantages of rotation of crops, permanent farms and 
mills were established, until, by 1857, the last of the 
peripatetic woad mills came to rest finally at Parson 
Drove, in the Cambridgeshire Fens. Here it was 
operated until it was pulled down in 1914. 

Inspired by Dr. Hurry’s book, The Woad Plant and 
Its Dye, Mr. H. O. Clark and Mr. Rex Wailes recently 
investigated the construction and operation of the two 
remaining mills, situated, respectively, at Skirbeck, 
Boston, and at Algarkirk, in the same district. In 
spite of their great interest, however, neither of these 
mills was typical of the old woad mills, both being 
housed in permanent buildings and designed for opera- 
tion by engine; but it was found that, in the village 
of Parson Drove, there lived a Mr. Burnham, since 
deceased, who had worked at the woad mill for some 
forty years. With his help, the puzzling, and often 
contradictory, information about the mill that had 
been gleaned from various sources, was straightened 
out, and additional information and illustrations were 
made available. 

The mechanism of the mill consisted of three large 
tapered crushing rollers, mounted on wooden axles 
which were attached to a vertical rotating shaft. Each 
roller had two wooden flanges, connected by a number 
of iron bars parallel with the axis, and as the rollers 
ran round a circular stone-paved track in the floor, 
the leaves were shovelled into their path and crushed. 
After about an hour, the leaves were removed, kneaded 
into balls, and dried by being stored for three or four 
weeks in open sheds. They were subsequently re- 
crushed, fermented, and shipped off in casks to the 
dyers. Each roller was drawn by a horse, which walked 
round on a track raised above the grinding floor, the 
relative positions of the rollers to each other, about the 
vertical shaft, being fixed. 

Following the publication of the results of these 
researches,* the Science Museu, South Kensington, was 
approached by Mr. C. R. L. Adrian-Vallance, of the 





* “The Preparation of Woad in England,” by H. 0. 
Clark and Rex Wailes, M.I.Mech.E., Trans. Newcomen 





Society, vol. xvi, page 69 (1935-36). 
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Hinaidi Club, Baghdad, who offered to pay for the con- 


struction of a model woad mill, to be placed in the 
Museum. The order was placed with Messrs. George 
Wailes and Company, Limited, Euston-road, London, 
N.W.1, who offered to make a model which would be a 
scale reconstruction of the Parson Drove mill. Views 
of the model, from photographs taken when it was 
nearing completion, are shown in Figs. | to 3 on the 
previous page. 

Certain fundamental measurements were known, and 
with these and the aid of photographs and a small-scale 
block model, an outline scale drawing was prepared in 
collaboration with the staff of the Science Museum. One 
of the first difficulties was to copy the irregularity of the 
wooden framework of the building. It found 
impracticable to do this in the case of the roof, although, 
in other parts of the structure, peeled twigs were used. 
The turf walls were successfully copied, but the longest 
and hardest task was the thatching of the roof. Even 
tually, this was accomplished by using a natural fibre. 
The waist coat was sewn on in the orthodox manner, 
but the over coat had to be stuck on, as it was found 
that scale-model spicks would not hold. It is believed 
that this is the first successful attempt in England to 
produce ascale-model thatched building. The woad cart, 
to be seen in Figs. | and 2, is a copy of one of the two 
remaining at Skirbeck, and is correct in every detail, 
including the shade of the paint work. The iron fittings 
all workable and the wheels are built up in the 
correct fashion with naves, spokes and felloes, and with 
tyres shrunk on. At present the model is in storage, 
the Museum 
war; but, when public exhibition is again practicable, 
it will certainly be held to reflect credit on all who have 
been concerned in its production, and especially on the 
craftsman who carried out the work with such pains 
taking attention to every detail 


was 


Science being closed on account of the 








ANNUALS AND REFERENCE BOOKS. 


Who's Who.—The 92nd annual edition, that for 
140, of this well-known biographical dictionary of 
prominent living men and women has recently been! 
issued by the publishers, Messrs. Adam and Charles 
Black, Limited, 4, 5 and 6, Soho-square, London, W.1. 
Who's Who is certainly among the most frequently 


works of reference in the English language 


in ordinary times, but, on account of the appointment 


consulted 


of new officials and committees during the period of 
hostilities, the present edition is likely to prove even 
The arrangement 
of the biographies follows established precedent and is 
well known 
tvye 
received, 


more useful than is usually the case. 


The name of the subject is given in heavy 
followed by the honours and 

of which dated Data regarding 
training. and subsequent career are then 


and is awards 


each is 


education, 


given, and the biography closes with a list of the 
books and treatises published by the person concerned, 
club memberships, addresses, recreations and other 
miscellaneous information. The accuracy of the 


entries is ensured by annual personal revision, but: it 
in pointed out in the preface that. as it is necessary to 
begin printing the volume in August, occurrences of a 
later not recorded. Deaths 
reported up till the middle of October, however, have 


date are, in many cases, 
been included in an obituary list at the commencement 
of the work. The volume, which comprises 3,532 pages, 


ws compared with 3,536 last year, is strongly bound in 


the familiar secarlet-cloth covers, and the price is 
31. 3a. net. 

llmanacs and Calendars We have received monthly 
tear-off calendars from Messrs Ruston- Bucyrus, 
Limited, Lincoln; Messrs Industrial Brownhoist 


Corporation, 135, Washington-avenue, Bay City, 
Michigan, U.S.A. ; Messrs. C. A. Parsons and Company, 
Limited, Heaton Works, Newcastle-upon-Tyne, 6; 


Messrs. Evershed and Vignoles, Limited, Acton-lane 
Works, Chiswick, London, W.4; Messrs. William 


Baird and Son, Limited, Temple [ron Works, Annies 


land, Glasgow ; Messrs. The Bristol Aeroplane Com- 
pany, Limited, Filton, Bristol; Messrs. Holman 
Brothers, Limited, Camborne, Cornwall: Messrs. 
Ruston arid Hornsby, Limited. Lincoln; Messrs. 
Ransomes and Rapier, Limited, Waterside Works, 
Ipawich ; und =Messrs. British Insulated Cables, 
Limited, Prescot, Lancs Messrs. Mavor and Coulson, 


S.E.. have sent 
Daily tear-off calendars 


Limited, Bridgeton, Glasgow, 


bi-monthly tear-off calendar 


us A 


have been received from Messrs. Raybestos-Belaco, 
Limited, Asbestos House, Southwark-street. London. 
S.E.1; and Messrs. Henry Simon. Limited, Cheadle 


Heath, Stockport, Cheshire 








CANADIAN NICKEL PRODUCTION In 1914, Canada’s 
nickel production totalled 45,500,000 Ib In 1938, the 
production was more than four times as great. namely 


Ib 


711.000.000 


ENGINEERING. 


BRITISH STANDARD 
SPECIFICATIONS. 


Tue following specifications of engineering interest 
have been issued by the British Standards Institution. 
Copies are obtainable from the Publications Depart- 
ment of the Institution, 28, Victoria-street, London, 
S.W.1, and, unless otherwise stated, the price is 2s. 
net, or 2s, 2d. including postage. 


Calorifiers.—-A specification has been issued for riveted 
and welded steel, iron, and copper calorifiers 
for central heating and hot-water supply. The publi- 
cation is designated No. 853-1939, and is one of a 
series of specifications for land boilers; it covers 
steam-heated calorifiers of any capacity and water-to- 
water calorifiers exceeding 50 gallons holding capacity. 
The requirements laid down govern the quality of the 
material, the construction and workmanship, scant- 
lings, and the inspection and testing of the calorifiers, 
the heating element being dealt with separately. 
\dditional provisions are also included in regard to the 
various types of mountings and appliances fitted to 
caloritiers, an important feature being a graded series 
of standard sizes of relief valves according to the size 
of the calorifier. [Price 3s. 6d. net., or 3s. 8d. post 
free 

Foamed Blast-Furnace Slag for Concrete Reinforce- 
This, the first of a series of specifications 
dealing with concrete aggregates generally, has been 
based on research carried out by the Building Research 
Station in collaboration with the Blast-Furnace 
Committee of the Iron and Steel Industrial Research 
Council. The specification (No. 877-1939) is restricted 
to material having a lime content not exceeding 50 per 
cent., and the laid down cover weight per 
unit volume, impurities, combustible matter, stabi- 
lity, and presence of sulphate. Details of the methods 
by which the various tests are to be conducted are 
given in appendices. It is recommended that concrete 
made with this aggregate should not be employed for 
outside work without the protection of a rendering. 


cast 


ment 


clauses 


Road Stone and ( hippings.— A revision of specification 
No. 63, which deals with the sizes of road stone and 
chippings, including gravel and slag, has now been 
One of the major modifications introduced 
is the adoption of square-mesh sieves, to specification 
No. 410-1931, for testing the size of the chippings, in 
place of the round-hole sieves and hand gauges pre- 
viously specified. As this change will necessitate 
appreciable alterations to the existing equipment of 
quarries, the requirements of the revised specification 
will only come into operation on January 1, 1940. 
In preparing the revision, account has been taken of 
two main criticisms of the previous issue. These were 
the absence of tolerances for average material and 
the fact that no limits of size were stipulated on the 
30 per cent. of undersize material permitted. The 
grading tolerances have, therefore, been revised and 
amplified to cover these points, and the tolerances now 
specified have been drawn up after a careful study of 
present-day quarry practice. In giving effect to the 
above-mentioned changes, an attempt has been made 
to simplify the specification by setting out the toler- 
ances in tabular form. A revised list of the trade names 
of road stone is included for general information, and 
it is hoped that the nomenclature given will be widely 
adopted 


issued 





BOOKS RECEIVED. 


Electrical By 
Fourth edition. London 
Sons, Ltd. [Price 12s. 6d. net.! 

Cutting Tools for Engineers. By A. H. Sanpy. London: 
Crosby Lockwood and Son, Ltd. Price 3s. 6d. net.| 
dir Ministry. tirworthiness Handbook for Civil Aircraft. 
Volume I Design Section. Amendment List No. 7. 

London: H.M. Stationery Office. [Price 6d. net.] 

The Railway Handbook, 1939-1910. Compiled under the 
direction of the Editor of “ The Railway Gazette.” 

The Railway Publishing Co., Ltd. [Price 


H. Corror. 
Pitman and 


PROFESSOR 


Sir 


Technology. 
Isaac 


London 
6d.) 
States Department of the Interior. of 
Technical Paper No. 597. Physical and 
Chemical Properties of Cokes Made or Used in Washing- 


ls 


~ 


nited Bureau 


Vines. 


ton. By H. F. Yaneny, R. E. Zane, R. W. FATZINGER 
and J. A. Kry [Price 10 cents.] Technical Paper 
No. 601. Carbonizing Properties and Petrographic Com- 


position of Sewell Bed Coal, Wyoming Mine, Wyoming 
County, W. Va. and the Effect of Blending this Coal 
with Alma Bed Coal. By A. C. FIELDNER and others. 
[Price 10 cents.] Technical Paper No. 606. Production 
of Explosives in the United States During the Calendar 
Fear 1938. By W. W. Apams, V. E. WRENN and L. 8. 


HORTON Price 5 cents.| Washington: Superinten- 
dent of Documents. 

Engineering Materials By Proressor A. H. WHITE. 
London McGraw-Hill Publishing Co., Ltd. [Price 


30e 
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PERSONAL. 


Appointments recently approved by the directors of 
| the London Midland and Scottish Railway include that 
|of Mr. F. W. ABRAHAM, as assistant divisional super- 
intendent of operation, Crewe ; that of Mr. P. McCaALLUM, 
jas assistant divisional superintendent of operation 
| (motive power), Manchester; and that of Mr. E. A. 
| TALBOT, as assistant district locomotive superintendent, 
| Bristol. 

MESSRS. BROADWAY ENGINEERING COMPANY, LIMITED, 
Carlisle-road, Hendon, London, N.W.9, have been 
appointed sole agents for the British Isles for Messrs. 
Fray Machine and Tool Company, Glendale, California, 
U.S.A. 

ENGINEER~ CAPTAIN G. VILLAR, R.N. (Ret.), has 
recently been appointed engineering works manager at 
the Woolston Works of Messrs. John I. Thornycroft and 


Company, Limited, Thornycroft House, Smith-square, 
London, 8.W.1, in succession to the late Mr. Robert 
Mackie. 


MR. ARTHUR SYLVESTER MATTHEWS and MR. JAMES 
HAROLD JuBB have been elected directors of Messrs. 
Turton Brothers and Matthews, Limited, Wentworth- 
street, Sheffield. 

Messrs. THE GENERAL ELECTRIC COMPANY, LIMITED, 
Magnet House, Kingsway, London, W.C.2, inform us that 
Srr Harry Brown has been appointed chairman and 
managing director of their subsidiary company in 
Australia, Messrs. THE BRITISH GENERAL ELECTRIC 











COMPANY PROPRIETARY, LIMITED, and will take up his 
duties on January 1, 1940. Mr. EpWARD Hirst will be 


| associated with him as joint managing director and vice- 


chairman. Sir Harry Brown, who was on the staff 
of the British Post Office for 25 years, went to Australia 
in 1923 as technical adviser to the Commonwealth 
Government in connection with Post Office matters, and 
was afterwards appointed Director-General of Posts and 
Telegraphs for the Commonwealth. 

The Cardiff establishment of Messrs. THE GENERAL 
ELEecTRIC COMPANY, LIMITED, has been moved from 
Womanby-street to new premises near the Civic Centre. 
The new address is Magnet House, Kingsway, Cardiff. 








TENDERS. 


WE have received from the Department of Overseas 
Trade, Great George-street, London, 8.W.1, particulars 
of the undermentioned tenders, the closing dates of which 
are stated. Details may be obtained on application to 
the Department at the above address, quoting the 
reference numbers given. 

Filter Plant, mechanical, 
swimming baths, Barberton, Transvaal. 
and Supplies Board, Pretoria; January 4, 
29,710/39.) 

Sluice Valves, heavy waterworks, double-socket (4 in., 
9 in., and 12 in.) and Pressure-Reducing Valres (4 in., 
and 6 in.). Water Works Department, Durban, Natal, 
South Africa: January 5, 1940. (T. 29,784/39.) 

Locomotive With reference to the for 
tenders by the Eastern Bengal Railway, Calcutta, for 
43 locomotive boilers, noted on page 554, ante, we now 
learn that the opening of the tenders has been postponed 
until January 15, 1940. (T. 27,813/39.) 

Pumps, portable, light-weight, petrol-driven. 
and Telegraphs Department, Melbourne; January 2, 
1940. (T. 28,545/39.) 


Boilers, five, 


continuous, for 
Union Tender 
1940. (T. 


prison 


Boilers. call 


Posts 


independent, and four 150-gallon and 


| one 100-gallon cylinders for Fort Napier Mental Hospital, 


Union Tender and Supplies Board, 


(T. 29,689 /39.) 
South African Railways and Harbours, 
(T. 29,712 /39.) 


Pietermaritzburg. 
Pretoria ; January 4, 1940. 

Bridgework. 
Johannesburg ; January 15, 1940. 

Overhead Frogs and Insulated Crossings for trolley 
omnibus routes. City Corporation, Durban, Natal, 
South Africa; January 19, 1940. (T. 29,780 /39.) 

Waterworks Fittings of various types. 
tion, Durban, Natal, South Africa; January 5, 
(T. 29,783 /39.) 

Traction Poles, tubular. 
Natal, South Africa; January 19, 1940. 

Air Compressors, two high-pressure. 
tion, Durban, Natal, South Africa; January 19, 
(T.Y. 29,778 /39.) 

Switchgear, pedestal-ty pe, metal-clad, compound-filled , 
draw-out, 6,600-volt. City Corporation, Durban, Natal, 
South Africa; February 2, 1940. (T. 29,782/39.) 


City Corpora- 
1940. 


City Corporation, Durban, 
(T. 29,774/39.) 
City Corpora- 
1940. 


Switchgear, automatic re-closing, outdoor-type, 11,000- 
volt, three-phase, 50-cycle. City Electric Light Company, 
Limited, Boundary-street, Brisbane ; February 22, 1940. 
(T. 29,937 /39.) 

Electrical Equipment, comprising transformers, auto- 
matic oil circuit breakers, and cable. Municipality of 
Paarl, South Africa; January 8.1940. (T.Y. 29,956 /39.) 




















DEC. 22, 1939. 


NOTES FROM CLEVELAND AND | 


THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

General Situation.—-Lron and steel producers hope soon 
to provide increasing tonnage for usual industrial pur- 
poses, but as yet continued concentration on output of 
supply for war needs is essential. With distribution 
for other requirements controlled, sellers can dispose of 
only those parcels for the delivery of which a licence 
has been obtained. Contracts made will involve con- 
siderable carry-over of work into the New Year. 

Cleveland Iron Trade.—There is still little prospect of 
early resumption of regular output of Cleveland pig, 
though stocks are at a low level. Makers claim that 
essential needs of users continue to be met as consumers 
of foundry iron are taking increasing supplies of tonnage 
from other home producing areas. Several North-East 
coast foundry owners are running plant entirely on 
other than Cleveland pig. Occasional odd parcels of 
Continental products continue to be offered here, but 
at prices far from competitive with the values of home 
makes, and there seems little likelihood of return to the 
use of much iron from abroad. Merchants now have 
command of very little Tees-side iron. Stabilised quota- 
tions of Cleveland pig keep at the level of No. 3 quality 
at 108s. delivered to local buyers. 

Hematite.—Adequate supply of East-Coast hematite 
is considered assured over quite a long period, but condi- 
tions have curtailed transactions to narrow limits. The 
large make falls short of current needs and following 
rather considerable withdrawals from the heavy tonnage 
accumulations at the blast-furnaces, producers have 
become reluctant to entertain new business until they 
have dealt with a good deal of the extensive work in 
course of execution. Second hands possess only moderate 
parcels and are distributing cautiously. Fixed prices are 
based on No. I grade of hematite at 124s. 6d., delivered 
to North of England firms. 

Basic Iron.—The fixed quotation of 101s. 6d. for basic 
iron is quite nominal, the whole of the huge output 
still passing promptly into use at makers’ own steel- 
works. 

Foreign Ore.—Importers of foreign ore continue to 
supply consumers with parcels that meet requirements, 
and expect to be able to increase deliveries. 

Blast-Furnace Coke.—Local users of Durham blast- 
furnace coke are well covered and are not inclined to 
embark on further commitments. Sellers are in the 
market at recognised values at the equivalent of good 
medium qualities at 29s. 2d. at the ovens, but are not 
pressing business. 

Manufactured Iron and Steel.—Re-rollers of iron and 
steel are receiving larger supplies than recently from 
home makers, and are promised much increased deliveries 
of Continental material. Finished-iron firms are turning 
out larger tonnage than'fer some time and finished-steel 
producers have still to operate plant at capacity to comply 
with customers’ requirements. Sheet-makers are now 
busy on ordinary work, having largely completed Govern- 
ment orders. Departments producing shipbuilding 
requisites are fully employed and likely to be so for several 
months. There is still pressure for larger deliveries of 
heavy steel. For home trade, soft steel billets are 
quoted 81. 7s. 6d.; hard steel billets, 91. 10s. ; steel ship, 
bridge and tank plates, 112. 10s. 6d. ; joists and sections, 
lil. 8s.; boiler plates, 121. 8s.; black sheets, No. 24 
gauge, 16/. 2s. 6d.; and galvanised corrugated sheets, 
No. 24 gauge, 18/. 12s. 6d. 

Scrap.—There is continued shortage of iron and steel 
scrap, but supply promises to be much increased in the 
near future by arrival of cargoes from overseas. 








TIN CONTROL.——In pursuance of Regulations 55 and 98 
of the Defence Regulations, 1939, the Ministry of Supply 
has issued the Control of Tin No. 2 Order, 1939, dated 
December 8. The new Order revokes, with effect from 
December 11, the Control of Tin No. 1 Order of 
September 17, 1939. The latter Order fixed maximum 
prices for tin on the basis of 2301. per ton for standard 
tin, and the new Order removes this limitation. Copies 
of the new Order may be purchased from H.M. Stationery 
Office, York House, Kingsway, London, W.C.2, price 1d. 
ret, or 1$d. post free. 


TOLLEY’s CHART OF EXCESS PROFITS Tax.—Mr. C. H. 
Tolley has sent us a copy of his synopsis. in chart form, 
of the new Excess Profits Tax (E.P.T.). In this, the 
main provisions of the Act of 1939, regulating the new 
Tax, are conveniently set out, while references to the 
Government explanations, given in Parliament during 
the passage of the Act, and other helpfu! notes, are 
included. The chart, price 2s. post free, is obtainable 
from Mr. Tolley, at 94, Gleneldon-road, Streatham. 
5.W.16, or at 18, Buckingham-street, Adelphi, W.C.2, or 
from the publishers, Messrs. Waterlow and Sons, 
Limited, London Wall, London, E.C.2. 


ENGINEERING. 
NOTES FROM THE NORTH. 
GLAsSGOow, Wednesday. 
of steel material of all kinds is as great as ever, and the 


Scottish steel trade is at present working at top speed 
to overtake all urgent business. While priority orders 


with quite a fair percentage of other business, both on 
home and export account. In the latter connection, 


market lately, and while it is only possible to meet a 


to keep in touch with the majority of the regular overseas 
customers. For obvious reasons, fresh bookings have 
been only moderate, as producers have as much work on 
hand as will keep them running at full capacity for a 
considerable time ahead. The large tonnage of steel 
being delivered to the shipyards every week hardly seems 


and whose output is on record lines. 
firms are also consuming a heavy tonnage of steel and 


them to push ahead with the many urgent orders on 
hand. The makers of black steel sheets, who have been 


are still exceedingly busy as the requirements of the 
majority of their clients are considerable. Steel for the 
automobile industry, for drums, shell cases and con- 
tainers of many kinds, is in steady request, and order 
books indicate a continued spell of activity. Stocks of 
raw materials are still ample to meet all needs and fresh 
supplies are coming forward in regular quantities. The 
following are the present prices :—Boiler plates, 12/. 8s. 
per ton; ship plates, 117. 10s. 6d. per ton; sections, 
11/7. 88. per ton; medium plates, 131. 2s. 6d. per ton; 
black-steel sheets, No. 24 gauge, 161. 2s. 6d. per ton; and 
galvanised corrugated sheets, No. 24 gauge, 181. 12s. 6d. 
per ton, all delivered at Glasgow stations. 

Malleable-Iron Trade.—Fairly active conditions con- 
tinue to prevail in the malleable-iron trade of the West 
of Scotland and makers have a considerable amount of 
work on hand. While the demand is steady, production 
is equal to the requirements of consumers. The re-rollers 
of steel bars are fully occupied and are having to face 
heavy pressure from practically all their clients. All 
plant is in full commission and record figures are being 
obtained. Although semies were somewhat short for a 
time, the supply has recently improved and the forward 
outlook is reassuring. The market quotations are as 
follows :—Crown bars, 12/. 15s. per ton; re-rolled steel 
| bars, 127. 19s. perton; No. 3 bars, 12/. 17s. 6d. per ton ; 
and No. 4 bars, 12/. 12s. 6d. per ton, all for home delivery. 

Scottish Pig-Iron Trade.—In the Scottish pig-iron 
trade there is much activity and the current output is 
rapidly taken up by consumers. The tonnage being 
absorbed by the steel trade is very heavy and is increasing, 
while the demand for foundry grades is steady. To-day’s 
prices are as follows :—Hematite, 61. 4s. 6d. per ton, and 
basic iron, 51. 1s. 6d. per ton, both delivered at the steel 
works ; foundry iron, No. 1, 5/. 12s. per ton, and No. 3, 
5l. 9s. 6d. per ton, both on trucks at makers’ yards. 














LLOYD'’s © REGISTER WRECK RETURNS.—-Statistics 
issued by Lloyd's Register of Shipping, for the quarter 
;ending June 30, 1939, show that 
94,428 gross tons, were lost in consequence of casualty 
| or stress of weather. 
| gether, 93,545 tons, were steamers and motorships end 
| six of them, aggregating 11,548 tons, were owned in the 
| United Kingdom. Vessels otherwise broken up or 
| condemned numbered 54, totalling 104,496 gross tons. 
Fifty-three of these were steamers and motorships, 
comprising 104,084 tons, and included 13 vessels, aggre- 
gating 34,840 tons, flying the merchant flag of this 
country. 


ScrRAP METALS ON THE LONDON MIDLAND AND SCOTTISH 
RAILWAY.—An all-embracing scheme for the collection 
and disposal of every piece of scrap metal, however 
small, has been put into operation by the London Midland 

|and Scottish Railway. with a view to giving maximum 
| support to the national campaign for increasing the 
| production of scrap. Employees of all ranks are being 


| urged to co-operate in seeing that not even the smallest | 


piece of waste metal is uncollected, and a special scrap-bin 
| is now provided at every likely place. Already a pre-war 
| ** comb-out ” of the system, instigated by a special com- 
mittee appointed by the Company to exploit the collection 
| of scrap over and above normal production, has yielded 
| as much as 100,000 tons of additional scrap, the whole of 
| which has already been disposed of. Included in this 
| 100,000 tons were 600 tons representing the aggregation 
of small pieces of metal found lying about sidings and 
| depots, and collected by individual members of the staff. 
| The normal production of scrap on the L.M.S. Railway 
is about 300,000 tons annually, of which—in peace time— 
| about 200,600 tons were sold and the remainder melted 
down in the company’s own foundries. 





Of these, 26 vessels, making, to- | 


Scottish Steel Trade.—The pressure from consumers | 


receive first consideration, makers are managing to cope | orders are bound to accumulate. 


inquiries for a substantial tonnage have been in the | inquiries. 


proportion of this business every endeavour is being made | and cross-cut. saws : 


to satisfy the builders. who have heavy programmes | engineering works will last two days. 
Engineering | maintenance men will carry out urgent repairs to plant 


29 vessels, totalling | 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—Export trade is developing on satis- 
, factory lines. All the leading firms are doing their best 
to satisfy the needs of overseas customers, but owing to 
the war-time requirements of the Government, export 
That prospects are 
| bright is indicated by the fact that Sheftield Chamber of 
|Commerce has received a further batch of overseas 

These include: from West Africa, for wood 
from Nigeria and the Gold Coast, for pit saws 
and from Portuguese East Africa, 
for tools. The Chamber has also received intimation 
of new trade openings in Brazil, for mechanics’ and 
joiners’ tools, carpenters’ tools, agricultural implements, 
steel wire and strip, wire ropes, mild-steel sheets, bars, 
| rods, shovels and spades, iron pipes and tubes. The 
| Christmas shut-down at all the big Sheffield steel and 
During the break, 


| planes ; 


that has been running at full pressure since August last. 


are keeping up a steady pressure for deliveries to enable |The demand for basic steel continues to grow, and 


| producers are doing their best to keep pace with the rush 


| of orders. It is confidently anticipated that Sheffield’s 


experiencing a heavy demand during recent months, | output of steel for the year will constitute a record 


despite an occasional weakening in demand during 
March and April. In the heavy machinery and engineer- 
ing branches, intense activity prevails. Forgings and 
castings of record weight are being turned out not only 
in connection with war orders, but also for commercial 
contracts. Some of these forgings and castings weigh 
over 200 tons. The recent run on iron and steelworks 
machinery has been maintained. The medium branches 
are operating to capacity. The demand for agricultural 
machinery and implements shows improvement. There 
is a brisk call for engineers’ small tools, machine tools, 
twist drills, hacksaws and blades, and fine-measuring 
instruments. 


South Yorkshire Coal Trade.—Heavy 
industrial fuel are on order, and forward 
developing on broader lines. There is a good demand for 
steam coal. Smalls are moving freely to electricity 
works and the house-coal market shows further improve- 
ment. The export position is satisfactory. 


tonnages of 
business is 








ASBESTOS PRODUCTION IN QuUEBEC.——During the first 
10 months of the present year, 291,511 tons of asbestos 
were produced in the Province of Quebec, as compared 
with 242,877 tons in January to October, 1938. 


SAN FRANCISCO-OAKLAND BAY BRIDGE.—It is stated 
in a recent issue of Engineering News Record that 
28,650,000 vehicles have crossed the San Francisco- 
Oakland Bay Bridge since the structure, which is 4} miles 
in length, was opened three years ago. 


PRODUCTION AND IMPORTS OF MANGANESE ORE IN THE 
Unrrep StTates.—During September 3,000 long tons 
of manganese ore, containing 35 per cent. or more of 
manganese, were mined in the United States. On the 
other hand, 87,581 tons of manganese ore were imported 
during the month, mainly from the Gold Coast, India, 
Russia and Brazil. 





THE FRANKLIN INSTITUTE, PHILADELPHIA. —The first 
recipient of the newly-established W. M. Vermilye Medal 


| of the Franklin Institute of Philadelphia, U.S.A., is Mr. 


L. H. Brown, President of Messrs. Johns-Manville Cor- 
poration, New York, who has been awarded the Medal 
in recognition of ‘‘ outstanding contributions in the 
field of industrial management.” 


Duke Unrversity, U.S.A.—In accordance with a 
resolution adopted by the Board of Trustees of Duke 
University, Durliam, North Carolina, U.S.A., the Division 
of Engineering, which was administered as part of 
Trinity College, has been re-organised into the College of 
Engineering of the University. Professor W. H. Hall, 
who is professor of civil engineering and was chairman 
of the Division of Engineering, has been appointed Dean 
of the new Engineering School. 


INSTITUTION OF ELECTRICAL ENGINEERS’ BENEVOLENT 
Funp.—In a booklet which has recently been issued to 
members the President of the Institution of Electrical 
Engineers, Mr. Johnstone Wright, calls attention to the 
need for continued support of the Benevolent Fund. 
Thanks to the appeal made last year, the deficit occurring 
during 1937 has been wiped out. Nevertheless, every 
effort must be made, even under war conditions, to ensure 
sufficient income, to enable assistance to be given to the 
many distressing cases which come before the Committee 
for consideration. During 1938, only 32 per cent. of the 
members contributed to the fund, and it is much to be 





hoped that this figure will be increased. At present, the 
| average amount contributed per member is only 4s. 6d. 
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EXPERIMENTAL WORK ON ROADS.) 

Tue factors which govern the behaviour of roads | 
under modern conditions of service are so numerous, | 
so much affected by technical developments in| 
methods of construction and maintenance, and so 
varied by local circumstances, that experimental 
work must be planned and carried out upon a 
national scale if the best results are to be achieved. 


Long-term trials upon actual highways used by |‘ 


ordinary traffic are an essential part of such work, 
but satisfactory conclusions can be drawn only if | 
the experiments are controlled and observed from a 
single standpoint, and if the results are surveyed | 
as a whole in correct relationship to each other. 
This task of directing and co-ordinating a represen- | 
| tative series of full-scale investigations is carried | 
"out, under the Ministry of Transport, by the Experi- 
mental Work on Highways (Technical) Committee, 
some of whose members are closely in touch with 
the Road Research Laboratory of the Department 
of Scientific and Industrial Research, at Harmonds- 
worth. These complementary branches of the 
same class of work are undertaken in collaboration, 
one of the most useful functions of the Laboratory 
being to discriminate, by relatively rapid tests, 
among the many alternative methods and materials 
now available for road construction, and hence to! 
enable the attention of the Ministry of Transport 
to be directed to those offering most promise of 
being successful on a large scale. In this connection, 
much importance attaches to the degree to which 
laboratory-scale experiments with road-testing 
machines can yield reliable criteria of road behaviour, | 
and some of the Ministry’s trials are designed specifi- | 
cally to examine such relationships for particular 
types of construction and surfacing materials. 
Another concomitant to successful road research 
is the co-operation of technical bodies, such as the 
County Surveyors’ Society and the Institution of | 
Municipal and County Engineers, from whom, 
obviously, the Ministry of Transport Committee | 
can receive valuable assistance, not only as regards 
a sympathetic, scientifically-detached attitude 


| towards the objectives and prosecution of full-scale 


| condition. 


| of coarse aggregate. 
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experimental work, but also in the form of knowledge 
and experience bearing upon local conditions of 
climate, topography, subsoil, labour, traffic, and 
the sources and cost of road-making materials. 
Equally desirable for the work, both of the Ministry 
and of the Road Research Laboratory, is a close 
and continuous contact with the industries concerned 
in road-making plant and materials. The numerous 
engineering firms within this category, as well as 
the associations interested in road stones, tar, 
asphalt, cement, concrete and timber, are them- 
selves actively engaged in developing their respective 
products and must be reckoned among the most 
useful contributors to the general problem of road 
improvement. How fruitful such organised co-opera- 
tion can be is well illustrated by the recently- 
published annual report* of the Highways Committee 
which gives an account of experiments in progress 
throughout Great Britain, and covers a wide range 
of practice in road making and maintenance. 
The largest group of related studies deals with 
concrete roads, which present a great many variable 
factors for investigation by separate experiment. 
From the financial standpoint, one of the most 
important indications now apparent is that com- 
paratively cheap aggregates, formerly considered 


| suitable only for foundation work, can be used for 


road concrete with eminently satisfactory results. 
Some abrasion occurs with limestone, Cornish grit, 
or quartzite aggregates, but granite and Thames 
Valley gravel can carry 10,000 tons of traffic per 


| day for more than five years and still remain in good 


No more than 6-in. thickness of such 
concrete, mixed in 4: 2:1 proportions, is necessary 
for such service, provided that it is carefully placed 
|upon a stable and well-drained subsoil. These 


| qualities of the subsoil, equally desirable in reducing 


the tendency of concrete roads to crack, unfortu- 
nately, are not always naturally available. In 


| such cases, experiment is demonstrating that an 
'even sub-base overlaid by waterproof paper goes 


far towards remedying the defects of the subsoil, 
and that mechanically-consolidated concrete, mixed 


with a low water-cement ratio and placed in short 
| Slab-lengths, affords additional security. 


It seems 
to be impossible, however, to prevent cracking 
entirely, whether the concrete be reinforced or not. 
The Committee’s conclusions on this subject go no 
farther, at present, than the assurance that the 
propagation of cracks can be restricted, with corres- 
ponding improvement in maintenance costs and 
riding qualities of the road, by the judicious use of 
metal reinforcement, especially at the corners of 
slabs ; and by the avoidance of staggered transverse 
joints. In rather unexpected contrast with these 
results is the observed fact that concrete slabs, 
laid on a gradient of 1 in 20, have exhibited no 
measurable down-hill creep, despite fluctuating 
movements due to temperature changes, over a 
period of five years. 

As regards the wearing qualities of concrete 
road surfaces, it is of interest to remark that, in 
the rare instances where an unsatisfactory resistance 
to skidding develops after a short term of service, the 
cause is almost invariably found to be an unduly 
high proportion of sand and cement near the surface, 
accompanied by a correspondingly low proportion 
This adverse consequence of 
good intentions is probably brought about by 
excessive tamping during construction, with the 
laudable object of ensuring a dense surface layer 
of concrete, free from irregularities and of uniform 
appearance. Under the more usual conditions, 
when the aggregate contributes to skidding resistance 
the type of material employed can produce appre- 
ciable differences ; quartzite aggregate, for instance, 
is found to be superior to granite in this respect. 
Perhaps the most remarkable experimental result 
in this connection, however, is the increase of rough- 
ness which can be artificially produced, on concrete 
roads that have worn smooth, by treating the surface 
with a wash of dilute hydrochloric acid. This 
treatment is said to be comparatively cheap, but 
until further measurements of sideway-force coeffi- 
cient have been made, it is impossible to state with 
confidence how long the improvement will persist. 





° Experimental Work on Roads. Report for 1938-39 
of the Experimental Work on Highways (Technical) 
Committee. H.M. Stationery Office. Price 2s. 6d. net. 
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Among the other modern alternatives to tar 
macadam for road construction, cement-bound 
macadam has figured prominently in the Ministry's 
experimental programme. On the whole, the trials 
have not been encouraging from the standpoint 
either of durability or cost, and while the results 
so far available are not completely conclusive, they 
leave no doubt that the special technique required 
is not only an inherent disadvantage but is finan- 
cially impracticable, wherever exceptionally cheap 
supplies of suitable sand and stone are not available 
locally. Of three systems of cement-bound maca- 
dam subjected to trial along the same road, the most 
successful results have obtained with com- 
pressed concrete, in which a mixture of granite 
aggregate, sand and rapid-hardening cement was 
placed as a moist concrete, consolidated by longi- 
tudinal rolling, and finished by alternate sott 
brushing and light transverse rolling. The sand- 
wich system, in which a thick layer of sand-cement 
mortar is spread between two layers of stone, has 
been found so susceptible to cracking and spalling 
as to need extensive patching after quite a short 
life. Very similar defects have occurred with 
macadam bound by the cement-penetration system, 
in which a 4-in. thickness of heavily-rolled coarse 
aggregate is grouted with thin mortar and finished 
by light rolling and tamping. It can 
ceded that the surfaces of cement-bound maca- 
dam roads retain regular, non-skid qualities for 
long periods and can be satisfactorily durable, 
but there is little prospect that the best of such 
results will justify their higher cost, as compared 
with the County Surveyors’ normal surfacing. 


been 


be con- 


The least tentative of the Highways Committee's 
conclusions relate to tar and other bituminous 
surfacings, upon which subject sixteen representa- 
tive trials have been undertaken during the last 
eight years. Within this period many of their 
opinions regarding foundations and surface con- 
struction have passed into accepted practice, and 
the main interest in their present findings attaches 
to matters of maintenance detail and experimental 
proofs of durability. They to report, 
for example, that several types of bituminous sur- 
facing given excellent for at least 
eight years, with no appreciable repairs, on a road 
carrying fast and heavy traffic. Under equally 
severe conditions, satisfactory non-skid qualities 
in a rock-asphalt surface preserved by 
incorporating pre-coated chippings in the upper 
layer of coarse metal. Rather greater care and 
control are needed, however, if equally good service 
is to be obtained from hot-process tar-macadam, 
while ordinary tar-macadam tends 
to fail prematurely under heavy traffic, especially 
during severe winter weather. Noticeably good 
results, however, have obtained in test 
with a cheap, two-coat cold bituminous macadam, 
and it may be remarked that bituminous surfacings 
generally can be satisfactorily laid on worn concrete 
without any prior treatment of the old exposed 
suriace. 


are able 


have service 


can be 


cold -process 


been one 


rhe possibility of laying thin concrete surfaces 
on the crusts of existing roads, in which the Cement 
and Concrete Association is particularly interested, 
lies at present outside the scope of the Ministry's 
experiments. Several trials of thin surfacing coats 
are described in the Report, but these have been 
composed of bitumen-bound aggregate, variously 
specified, and the detailed results obtained are 
principally concerned with the most suitable com- 
binder and stone of the most 
durable surfacings, for example, comprises a bitu- 
minous sand carpet into which pre-coated chippings 
rolled. In general, a linea’ relationship appears 
to exist between the proportion of bitumen, for 
satisfactory service, and the fineness of the aggregate 
used. As regards the economics of prolonging road 
life by surface coating, the Committee observe that 
the alternative treatment of repeated surface dressing 
tends to make the top layers undesirably rich in 
binder ; and that the appreciably higher cost of a 
thin coating may be more than counterbalanced 
by longer life and greatly improved riding qualities. 
\ point of interest in either type of renovation is the 
conspicuity of the surface, in which connection 
comparative experiments have revealed that gravel 
aggregate gives a more attractive appearance and 


binations of One 


are 
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greater conspicuity at night than dark grey granite, 
though at some cost in durability. Satisfactory 
qualities in all these respects are obtainable with 
Cornish or pink Leicestershire granite, but trans- 
port charges naturally limit the areas over which 
these chippings can be employed economically. In 
the matter of footpath construction, similarly, the 
cost of sand and stone enters, often with the force 
of a deciding factor; and, while experiments in 
widely separated districts have led the Committee 
to conclude that concrete and tarred limestone can 
always be relied upon to give satisfactory service, 
there is a tenfold range among the costs of all the 
alternatives tried, so that the cheapest materials 
can sometimes be most profitably employed, even 
when maintenance is taken into account. 

Perhaps the most striking general feature about 
the work described in this Report is that, despite 
the tremendous scope of the experiments in hand 
and the multiplicity of methods and materials under 
observation, none of the experimental roads is 
signally bad. If such a trial had been undertaken, 
of course, it would be worthless and its cost wasted ; 
and, as previously mentioned, an important function 
of the Road Research Laboratory is to sort out 
the most promising new procedures by accelerated 
forms of test, as a preliminary to the more expensive 
trials on the road. The surveyor or engineer is 
consequently left with a wide choice of almost 
equally satisfactory alternatives, and it remains for 
him to contribute his knowledge of local conditions 
and his judgment based on personal experience, 
towards reaching a final decision. The local know- 
ledge and the scientific experiment are comple- 
mentary, and the steadiest progress, no less than 
the best immediate results, will be achieved when 
both are harmoniously combined. 








THE LEGALITY OF THE TWO-PART) 
TARIFF. 
THE bases on which an electricity-supply under- 


taking may charge for the energy supplied by it are 
regulated by Section 31 of the Schedule to the 
Electric Lighting (Clauses) Act, 1899. This, in effect, 
lays down that the charge may be based on the 
actual quantity of electricity supplied, as measured 
either by a watt-hour or an ampere-hour meter, 
or by such other method as may be approved by the 
Electricity Commissioners. This state of compara- 
tive freedom, however, is limited to some extent 
by Section 32 of the same Schedule, which lays 
down that an approved maximum price is not to be 
exceeded, and by Section 20 of that doyen of electrical 
legislation, the Electric Lighting Act of 1882, which 
provides that undue preference in the matter of 
price is not to be shown to any consumer. In prac- 
tice, the first restriction has led to no great diffi- 
culties, for, generally speaking, the maximum 
price that may be charged is well above the tariffs 
that are in operation. It has placed no obstacle, 
for instance, in the way of the formulation of the 
two-part tariffs, which are now so general and the 
structure of which is distinguished by a rather 
regrettable variety ; for, as Mr. A. P. Trotter once 
said, such a tariff may be based on the cube-root of a 
consumer's waistcoat buttons so long as the total 
amount of his bill, divided by the number of kilo- 
watt-hours consumed, does not exceed the permitted 
maximum. 

On the other hand, the second restriction has 
more than once proved a stumbling block during the 
fifty-odd years that public electricity supply has 
been in existence ; and that well-known book, Will's 
Electric Lighting, contains quite an impressive list 
of decided cases on this subject, many of which con- 
tain certain points of interest. It is clear, moreover, 
that the end is not yet, for electricity-supply under- 
takings, sometimes with misplaced ingenuity, con- 
tinue to devise tariffs which they hope will at once 
attract the consumer and bring added profit to them- 
selves. Consumers, for their part, are unceasingly 
insistent that their neighbours shall not be allowed, 
even by chance, to make a better bargain than 
themselves. The latest of these cases is one on 
which Mr. Justice Simonds gave judgment in the 
Chancery Court last week. It is worth some con- 
sideration both as a matter of general importance 
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and as regards the plaintiff's claim and the award 
he obtained. The action was brought by the 
Attorney-General, at the relation of a Major ©. H. 
Stevens, against the Wimbledon Corporation. 
Major Stevens claimed that the two-part tariff 
under which electricity was supplied to his house 
was invalid and ultra vires. He also claimed a 
declaration that the Corporation was not entitled 
to supply electricity on the terms of its two-part 
tariff, and sought an injunction to restrain it from 
doing so. Further, he claimed a declaration that 
all consumers in the Corporation’s area were entitled 
to be supplied under a two-part tariff imposing 
uniform terms, as well as a declaration that he was 
entitled to have an annual fixed charge under 
the two-part tariff without any restriction of his 
demand, and also to be informed of the method by 
which this fixed charge was assessed. 

The facts are a little complicated to anyone but a 
close and eager student of electricity tariffs, but 
may be simply stated as follows: Until 1934, the 
Corporation’s two-part tariff consisted of an annual 
charge based on the size and type of the premises 
supplied, together with a running charge of }d. 
per unit during the two winter quarters, or of $d. 
per unit during the two summer quarters. In that 
year, the terms were changed and, thereafter, the 
basis was the amount and nature of the electrical 
demand. As a result, said Major Stevens, he was 
told that his fixed charge, in future, would be 16/. 
per annum, the running charges remaining the same. 
He was also given the cheering information that, by 
adopting the new tariff, he would save some 22/. per 
annum. Naturally, this was an attraction, so Major 
Stevens adopted the new scale ; only to find, as he 
alleged, that in October, 1936, he was being over- 
charged. Other consumers with houses of a similar 
type and size to his own were, he discovered, only 
being charged 7/. per annum. The defendants, 
however, declined to reduce the charge unless Major 
Stevens agreed to limit his demand to 2} kW during 
the peak hours in the morning and evening in the 
months of November and December, a restriction 
which, for his part, he alleged was not imposed on 
other consumers. The defendants also declined to 
give any information regarding the way in which that 
fixed charge was arrived at. 

During the hearing, it was stated by the plaintiff's 
counsel that the main question in the case was 
whether or not the two-part tariff was ultra vires. 
That was a matter in which the Attorney-General 
was interested on the behalf of the public. On 
that point, however, it would seem that the law is 
quite clear, and we are not surprised that the judge 
found no difficulty in deciding that such a tariff is 
valid under the Electricity Acts. This is an impor- 
tant point, because some consumers and certain 
associations who purport to look after their rights 
are strongly opposed to the whole principle of the 
two-part tariff. They do not seem able to appre- 
ciate the fact that the conditions under which 
electricity is supplied make the two-part tariff 
advantageous both from their own point of view 
and that of the undertaking, and that while, 
undoubtedly, it penalises the small consumer, that 
consumer is fully protected by the right he possesses 
to demand to be charged on the flat rate. It may 
even be argued that he is unfairly protected, and 
that in some cases the cost which the undertaking 
incurs in supplying him is being met, at least in 
part, by some other class of consumer. It is well 
that this should be clearly stated, and we hope that, 
as a result of this case, the arguments against this 
form of tariff, which are periodically advanced by 
interested persons, have, been finally answered. 

As regards the other points at issue, however, the 
Corporation were on less firm ground, as will be 
gathered by quoting the salient points of Mr. 
Justice Simond’s judgment. He agreed with the 
Attorney-General that the system of basing the 
fixed charge on the electrical demand was a 
thoroughly bad one, since, not being related to any 
precise or ascertainable formula, it was open to 
grave abuse. The Committee appointed by the 
Electricity Commissioners, in the 1930 report, 
he said, had expressed their strong disapproval 
of any basis of charge which required adjustment 
by the staff of the undertaking and was not made 
public. The method adopted by the Corporation, 
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however, was, peculiarly open to that criticism. It NOTES. Messrs. John Mowlem and Company, Limited, 91, 
was arbitrary and capricious, and, if capable of r Ebury Bridge-road, London, S.W.1, a plug weighing 
explanation, was at any rate unexplained. Even EMERGENCY Rarts FOR MERCHANT SHIPS. | 35 tons being used for this purpose. In order that 
so—and we may once again recall Mr. Trotter's A NOTICEABLE feature of the present war has been | the line might be opened before Christmas, the gates 
dictum—however much such a method might be | the destructive character of the mines that Germany | Were dispatched by road from Kilmarnock on 
condemned, it did not follow that it was ultra vires,| has sown in the sea routes as part of her attack | Wednesday, December 6, but, owing to fog, did not 
and his lordship could not, therefore, hold that it | against British and French shipping, and also in | Teach the site until the morning of Saturday, 
was illegal. The question remained, whether it had | German coastal waters. Not only has the sinking | December 9. They then had to be loaded on to 
been operated in such a way as to bring it within (of mined ships been rapid, but the extent of the | Special trains, transported to the stations and 
the doctrine of undue preference ; in other words, | damage caused by the explosions has resulted, in erected. Finally, the plugs had to be removed. 
whether it infringed the famous Section 20 of the | several cases, in large ships breaking their backs as A special train carrying the Minister of Transport 
Electric Lighting Act, 1882. they sank. In such circumstances, there may be|W@S run between Charing Cross and Waterloo on 

Dealing with that point, Mr. Justice Simonds | little time or opportunity to launch boats, and the | Friday, December 15, and the line was re-opened 
remarked that Major Stevens was not told that, if| value of immediately-available buoyant apparatus for traffic on Sunday last. The consulting engineer 
he saved more than 25 per cent. on the basis of | js consequently enhanced. In conformity with the | for this work was Mr. W. T. Halcrow, M.Inst.C.E., 
past consumption by going over to the new two- provisions of the International Convention for the | 16, Victoria-street, London, S.W.1. 
part tariff, his fixed charge would not be based on Safety of Life at Sea, sea-going passenger vessels | , 
the floor area, but would be specially assessed in a | are already equipped with apparatus of this descrip. | Import LICENSING OF [RON AND STEEL. 
sum which might be two or three times as great. | tion, but recent experiences have shown the desir-| At the request of the Ministry of Supply, the 
In other words, the Corporation wanted to make ability that similar appliances should be carried by | Board of Trade has issued an Order, entitled the 
the best of both possible worlds—to induce their | cargo vessels also. The Ministry of Shipping, which Import of Goods (Prohibition) (No. 10) Order, 1939, 
consumers to increase their consumption, and, at|now exercises the maritime functions formerly | which adds to the list of goods which may not be 
the same time, to guard themselves against any | carried on by the Mercantile Marine Department of imported except under licence: iron, manganese, 
loss that might be incurred by that increase. Even| the Board of Trade, has issued a notice, therefore, | molybdenum, tungsten and vanadium ores, concen- 
that, perhaps, would have been justifiable if they | urging shipowners to provide their ships with rafts | trates and residues ; the principal forms of iron and 
had carried out the policy with reasonable care ; | or buoyant apparatus sufficient for all persons on | steel, including alloy steels, namely, semi-finished 
for if, in theory, such a distinction was made, and in| board, and equipped with self-igniting lights or| and finished rolled products, wire and wire ropes 
practice there were numerous cases where special | some other self-acting illumination which will guide | and netting, and screws, bolts, nuts, etc. ; ferro- 
assessments were not imposed, then clearly they | men in the water to the appliance and attract the | alloys and certain other materials employed in the 
laid themselves open to the charge of undue pre- | attention of rescuing vessels to the spot. The Notice | manufacture of iron and steel; various chemical 
ference. Actually, it was found that, in three of the | (No. M. 174, dated December, 1939) points out that | products, such as calcium silicide and molyb- 
fifteen houses in the class to which Mr. Stevens’ | any such apparatus, which is in excess of the provi- |denum, tungsten and vanadium compounds; and 
belonged, no special assessment had been made, | sion required by the Life-Saving Appliances Rules, | certain non-ferrous metals and manufactures, such 
while in other cases there had been a failure to| may be of any suitable pattern, whether officially | as molybdenum, tantalum, tungsten and vanadium 
act up to what was said to be the guiding principle. | approved or not, and need not conform to the | metals, and cemented metallic carbides. The inten- 
In fact, said Mr. Justice Simonds, no one could} Rules. A suggested design, in which the buoyancy | tion of the Order is to facilitate the purchase and 
have examined the numerous files brought before is provided by six 50-gallon barrels of steel or wood, transport of all necessary supplies of these materials, 
the Court without coming to the conclusion that, is appended to the Notice. The suggested overall | and, so far as is practicable, importations will pass 
but for the action, the anomalies of which complaint | dimensions in plan are 8 ft. 8 in. by 9 ft., the barrels | through the normal trade channels. The Order 
was made would have continued. Major Stevens | being disposed in two rows, as far apart as practi- | came into force on Monday, December 18, but any 
was entitled to relief, therefore, on the grounds that | cable. If properly constructed,, it is stated, this| goods which are proved to the satisfaction of the 
he was not getting a supply on the same terms as raft should afford support for at least 20 persons. | Customs authorities to have been despatched to the 
other consumers in similar circumstances. Accord. | It is recommended that rafts or other buoyant | United Kingdom before the Order came into 
ingly, his Lordship granted the declaration claimed | apparatus should be stowed in positions from which | operation will not require a licence. Licences will 
and added that if, as a result of the action, this | they can be readily launched overboard, and where | be issued by the Import Licensing Department of 
objectionable system was ended, good service would | they will be free to float off, in the event of the|the Board of Trade, 25, Southampton Buildings, 
have been done to the community. | vessel sinking before they can be launched ; they Chancery-lane, London, W.C.2, on the recommen- 


Put shortly, the important result is that the two- | should not be stowed on hatchways, as hatch covers | dation of the Iron and Steel Control of the Ministry 
of Supply, Steel House, Tothill-street, Westminster, 


London, 8.W.1. Forms of application for licences 
may be obtained from either of these two addresses, 
|and importers may obtain further information and 











part tariff is shown to be perfectly legal, while, on | are liable to be blown off by the explosion of a 
the other hand, undertakings are warned of the | torpedo or mine. | 
dangers of too much ingenuity in the framing of | 
tariffs, and of the necessity of seeing that all con- FLoop PREVENTION IN THE TUBE RalLways. 
sumers of the same kind are treated in the oe! 5. cu bee of Catches 18. 1939, we gave an| advice from the Iron and Steel Control. 
way. We think there will be general satisfaction on | cceuuet of Gn Caste Genk Gets bate tan Yer the! 
both these points, perhaps with some regret that, | — pelicans yPwnneedlecorig hee. oe ay ae} Tue Horse-Power Tax on Motor VEHICLES. 
; fs ; ete | London Passenger Transport Board to safeguard | é ‘ 
in attempting to develop their sales, as they have | , : a , , ' : 
a Pad : i. |the tube railways from damage due to air raids.| After careful consideration, the Chancellor of 
done successfully enough during recent years, the | i . " . . . 
7 he . : . |These comprised protective works at a number of | the Exchequer has decided that the increase in 
Wimbledon Corporation were tempted to stray | . : ; , R x 
. : ; . . ’ | stations to prevent flooding from burst water mains | horse-power tax on motor vehicles from 15s. to 25s., 
from the strict paths of legality. We hope the | ; : : | whi : a ; 
- ; . sa or sewers and, in particular, the construction of | which was provided for in the Budget last April, 
matter will be allowed to rest there, as it should be | - - ; 
| gates across the tunnels at places where the railways| must stand. The arguments which have been 


yp nh — Seana aaaliie ya . ‘sas te | pass under the Thames. In all, fifty-one stations | advanced against this increase may be divided 
engage in litigation on such relatively unimportant | “°T° involved and the work necessary has now been | into two classes, depending on whether they were 
matters. The only point ‘upon which most people | completed at all but two of these, so that it has | put forward before or after the outbreak of mer 
will differ from Mr. Justice Simonds is in his severe | been possible to re-open them for public use. It During the summer, there was a continuous, voci- 
criticism of the method of charging on electrical has also been possible to re-open the section of the | ferous, but not very well-organised plea that it was 
demand. Although, from the legal point of view, this | Northern Line which passes under the Thames be- unfair further to penalise a section of the community 
may be “inherently vicious,” from the technical tween Charing Cross and W aterioo. Gates, by which | which — already bearing more then its Shir share 

’ | both tunnels can be shut off in case of flooding from | of taxation, and that, if more revenue were needed, 


aspect it has much to recommend it, though obvi- | the river, have been constructed at each end of this| it would be better to obtain it by increasing the 


ously its application in the case of domestic con- ; : : 
: PE section, and are of the same general design as| tax on petrol rather than that on car licences. 
Since the war, it has been pointed out that the 


sumers bristles with difficulties. In conclusion, th nee at ibed. I iditi t Be 
: se already described. . pect 
perhaps we may be permitted to congratulate his | {°° * seeage Beemer: a ee <e : f 
I “i ed have been placed between the foot of the escalators | restrictions on the consumption of petrol render 
srdship on introducing that useful engineering . 7 ; ‘ : : 
word “ gadget ” into a legal judgment ' and the running platforms of the Northern Line | the tax still more unfair and that the effect will be 
€ « Cpe . . . ' M Ht 
at Charing Cross, so as to close the passages leading | that the Chancellor will not obtain the amount for 
from the District station. These gates, which, like | which he has budgeted. This point of view has 
Ae oe ee Pe ee ee ’ those across the tunnels, were constructed by Messrs.| been put very clearly by our contemporary, the 
RP rg ramenenth = ty” ie gtgy ae National Safety | Glenfield and Kennedy, Limited, Kilmarnock, are| Autocar, which points out that increasing the 
irst Association (Inc.), 52, Grosvenor-gardens, S.W.1, | Y: — . | : s 
announce that, in view of war-time conditions involving | of the sector type and are six in number. Each tax 66 per cent. and at the same time cutting down 
’ F -= - . Minttin | " " fr ° os . 
more personnel, it is probable that there will shortly be | Weighs 4} tons and, owing to the limited space | the use of a car by 75 per cent., will result in 
vacancies for Safety First officers. The Association is, | @Vailable, they have been designed to slide into the | less and not more revenue. On the other hand, 
therefore, compiling a register and states that. applica-| roof of the station tunnel. They can be lowered, | Sir John Simon states that, having taken everything 
tions for enrolment thereon may be made on forms to be | within 2 minutes of the receipt of an air-raid warning, | into consideration, the Ministry of Transport and 
obtained from the address given above. The applicant} by an electric motor, which operates through | the Treasury are not satisfied that, in the conditions 
a re : a a phen his 7 ie forwarded | gearing and is controlled by a push button. Raising | of to-day, the number of motorists who will fail to 
nediately to any firm offering @ post for which he | i, effected in a similar manner. In emergency, hand | renew their licences will counterbalance the loss 
appears to have suitable qualifications, or of being A lable f i 5S the low : | which ld It f th juci f the t 
informed of such jobs and asked whether he would like | 8°@" 18 es — a ——— ane ae — | i a oo — ¥e" a % rhineey 
his name to go forward. All correspondence will be | b€ carried out by gravity. As a precautionary | In making this assumption, the officials concerned 
treated as confidential if desired and no charge will be measure, at the beginning of the war, the openings | show that they are good psychologists. The first 
‘were filled with concrete by the general contractors, ' result of increasing a tax on any commodity is 








made for the services performed by the Association. 
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grumbling, the second is a determination on the 
part of the individual to cut down his consumption 


so that he does not pay more, and the third is that | 


consumption remains at or near the old level. 
There are exceptions, of course, but this is the rule, 
and it will be interesting to see into which category 

the usual or the unusual—this increase falls. 
A further significant feature of the situation has 
been the reluctance of motorists, either as individuals 
through their representatives in Parliament, or by 
way of their powerful associations, to fight this 
matter to a finish. Taxes can be reduced by well- 
directed agitation, as one or two recent examples 
have shown, but such action has been singularly 
lacking in the present case. 


TRANSPORT SERVICES IN War TIME. 


Satisfaction with the help which the transport 
industry had given to the country in the emergency 
created by the war was expressed by the Minister of 
Transport (Captain Euan Wallace, M.P.) at the 
annual meeting of the Institute of Transport, 
which was held at the Charing Cross Hotel on 
Monday, December 11. On the railways, he said, 
the demands of the Government were so great that 
it must have complete control. At the beginning of 
the war, drastic curtailment of services was unavoid- 
able. Each week, however, had seen a progressive 
improvement and this process would continue. Some 
diversion of ships from their normal ports of call 
might continue to be necessary, and rapid clearance 


of goods through the ports was of the highest import- | 


ance. In each of the principal commercial ports 
a Port Emergency Committee had been appointed, 
with wide powers to see that ports were used to their 
fullest capacity and goods passed through as quickly 
With a view to making the best use of 
transport, a Canal (Defence) Advisory 
Committee had been appointed, consisting of repre- 
sentatives of canal owners, canal carriers and the 
Government departments directly interested in 
this form of transport. Enormous quantities of 
petrol were required for such war operations as the 
raids on Wilhelmshaven and Heligoland and, if 
they should consum ption 
would leap up. Reserves therefore, be 
available to meet any conditions which might arise. 
In conclusion, the Minister said that the modifica- 
tions in the road-construction programme would 
mean that commitments would be reduced by about 
50,000,0007, : 


as possible. 


casual 


become more intense, 


must, 


MANUFACTURE OF MOTOR 
VEHICLES FOR WAR SERVICE. 
Tue technique of vehicle manufacture has undergone 
« very marked change since the outbreak of the world 
war in 1914. At that time, the application of con 
tinuous production methods to car manufacture was 
in its infancy, the majority of vehicles being built 
upon the batch principle in relatively small numbers. 
\ large number of makers were in competition for the 
small British market, and there was little attempt at 
standardisation of even the features common to all cars, 
such as tyres and screw threads, As a result of these 
conditions ruling in the industry, difficulties 
were met with when the task of expanding to meet 
army requirements had to be undertaken at short 
notice In contrast with this state of affairs, the 
outbreak of the present war found the industry in the 
hands of a few firms, each with a large output, and each 
employing continuous-production methods to an extent 
that is met with in few other industries. Even the 
outputs achieved in the last few years, however, are 
far from sufficient to meet the demands of a large 
mechanised army in time of war, particularly if the 
manufacture of numbers to 
meet the demands of the home 


many 


vehicles in appreciable 
and export markets 
Fortunately, in the circumstances, 
international conditions in the past few years have 
essential that plans should be prepared 
in advance for the great expansion of the industry 
which would be necessary should war break out, and 
no time was lost in implementing the arrangements 
visualised when a state of war was actually declared in 
Septem ber last 

The greater part of the resources of the largest manu- 
facturers were dedicated to the production of Army 
vehicles, and after little more than three months of 
war, an enormously increased output of these vehicles 
has actually been achieved. The requirements of the 
Army demand a large variety of models in varying 
juantities, but the quantity of some of the types 


is to be continued 
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WAR-SERVICE VEHICLE MANUFACTURE. 
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required is so great that large factories can be devoted | 
entirely to the production of one or two models. The | 
types in greatest demand are probably lorries in the 
medium-weight classes, and in such cases, modifications 
of the standard commercial production vehicles may 
meet all requirements. An illustration of this practice | 
is afforded by the two Army vehicles shown in Figs. 
1 and 2, on this page, the design of these vehicles being 
closely based on well-known commercial models. In 
this case, it was found possible to make the necessary 


modifications in the works for the production of the|or nine vehicles a week. 
Army models very rapidly, and the works have, in fact. | is replacing the * 


peak. To-day, double shifts are being worked in 
every part of the factory, and the output figures indicate 
how effectively this complete manufacturing unit is 
joining in the national war effort. Every week about a 
quarter of a million pounds’ worth of vehicles are 
made, assembled, tested and handed over to the 
Ministry. Twenty-five years ago the factory faced a 
similar situation. Then, the entire production was 
turned over to what became known as the “ war car.” 
The rate of production in those days was about eight 
To-day, the * war truck ” 
war car.”’ and four vehicles are being 


been turning out the modified vehicles in large and | produced for what was then the price of one. The 
increasing numbers for several weeks. | vehicles now being produced in ever-increasing numbers 


The productive area, t.¢.. the covered floor space 
devoted to‘the manufacturing and assembling, is large. 
and before the war, the scheduled output of cars and 
commercial vehicles was correspondingly great. On 
the outbreak of war, the entire resources were turned | 


are of three different types, all designed for war work. 
The works is engaged in producing a number of special 
vehicles for the Royal Air Force and the Royal Navy 
as well as those required by the Ministry of Supply. 
Overseas trade is not being neglected. Before the 


over rapidly to production for the Ministry of Supply.| war, the factory was responsible for a considerable 


Existing layouts of equipment and production flow | 
were scrapped and replanned, a process which involved 
night and day work in nearly every shop in the 
works. Time schedules for the manufacture of 
individual parts and assembles, and the intricate 
dovetailing of mass-production operations, all had to be 
re-organised. 
1,200 ft. in length, from passenger-car production to the 


manufacture of Army truck bodies, for instance, was | of ** line production.” 
achieved in a single working week at a cost, including | 


additional equipment, of 30,000]. By September 23, 
the first convoy of Ministry of Supply trucks left the 
works. The length of these convoys has increased every 
day since, and the output is already approaching its 


The complete change-over of one shop, | 


part of Great Britain's motor-vehicle exports. Even 
|now, 60 per cent. of that export business is being 
maintained, despite shipping difficulties, shortage of 
petrol in certain countries, and the priority of Govern- 
ment work. 

The methods of production do not differ essentially 
from these previously employed in peace time. The 
engine machine shop, for example, is a typical example 
Each line of machines processes 
one particular engine part. The parts are inspected 


and tested in a number of ways after each series of 


operations before being passed on to the unit-assembly 
| conveyors, which run along one side of the shop. 
| Among the machines of special interest in this section 
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aperture in the floor to the chassis, which have been 
| taking shape on the final-assembly conveyor below. 
Each body reaches the end of its conveyor, and is 
lowered to the floor below, at the moment when the 
| chassis is ready to receive it. On the ground floor, 
| the series of operations on the conveyor begins with 
the bare chassis frame. It is fitted, while upside down, 
| with axles and springs, and is thoroughly greased. 
After these operations, it is turned over for the rest 
| of its one-third-of a mile journey along the line. The 
| engine is lowered into the frame, and the braking 
equipment is fitted, together with the steering, after 
| these operations. The body is then lowered from the 
| conveyor above. As final operations, petrol and water 
are put in, and the vehicle is given a final rigid inspec- 
tion before being driven off for various tests. 

The manufacture of the radiators is of particular 
|interest. The radiator core is built up of a number of 
| crimped copper strips machine-cut from rolls of foil, 
| placed in frames, and then passed through the soldering 
|machine. This machine is over 70 ft. in length. In it 
| the radiator core passes through the various stages of 
| preheating, coating with flux and soldering, on an 

automatic conveyor. The machine feeds itself auto- 
| matically with solder, turns the radiator over after 


MANUFACTURE. 
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is a normalising machine in which pistons are treated 
to take out inherent distortion in the metal before the 
finishing operations are carried out. The next stage 
is the assembly of the engine in the assembly shop. 
A number of machining operations are carried out 
here as well as in the engine machine shop. Related 
parts, such as connecting rods, pistons and gudgeon 
pins, are graded and assembled on the long lines of 
unit assemblies, all of which link up with the final 
engine-assembly conveyor along one side of the building. 
On this conveyor, the engine is built up in stages, 
starting with the cylinder block and progressing through 
the whole range of assembly, part by part, until it is 
inspected at the end of the conveyor, and passed on, 
again by conveyor, to the engine test shop. A view 
of this shop is given in Fig. 3, herewith, and it will be 
noticed that the engines are coupled up in pairs for 
testing. 


Press SHop. 


alternately on the test bed, so that the one under 
power is employed to run-in the engine to which it is 
coupled. 

In the cab-building shop, the driving cab is built up 
on jigs, the various panels being flash-welded or spot- 
welded together, and the assembly is passed on to the 
paint and trim shop. Here it embarks on a long 
conveyor journey, during which it is sanded and 
smoothed, sprayed with primer and finishing coats, 
and fitted with a number of individual assemblies, such 
as the instruments and wiring harness, before bein 
lowered through an aperture in the floor to the final 
assembly conveyor below. The component parts of the 
body, bearers and runners, floor, back, front and sides, 
are all built up in jigs, assembled into a complete body 
and then slung on « conveyor which takes them 
through the spraying Looths and paint ovens. At the 





The engines are mounted and removed | end of the conveyor line they are lowered through an 


one side has been done, and eventually passes the 
completed core out to the section where the top and 
bottom tanks are added and the radiator is tested for 
water flow. Before closing our description of the works’ 
lay-out, a reference may be made to the press shop, 
illustrated in Fig. 4, on this page. This shop is one of the 
most important elements in continuous production of 
motor vehicles, and the size of the one in the works 
described can be gauged from the photograph repro- 
duced. Some of the presses are capable of exerting a 
pressure of over 1,000 tons. The plant in the shop 
includes a flash-welding machine for welding up the 
various sheet-metal components of the driving cab in 
one operation. 

The employees of the works are well catered for. 
Thousands of meals are served every day in a cafeteria 
equipped with a billiards room, card rooms, a bar and 
other amenities. A fully-equipped surgery takes care 
of minor ailments, as well as inevitable mishaps. There 
is a recreation club, with facilities for a wide variety of 
sports and pastimes, and the A.R.P. arrangements are 
among the finest and most comprehensively organised 
in the country. Very large sums have been spent 
on air-raid precautions. The work involved in blacking- 
out the factory may be gathered from the fact that 
380,000 sq. ft. of vertical glass windows have been 
covered with wooden shutters, and that 300 tons of 
sheet steel were required to shield the glass roofs. 
The A.R.P. personnel totals several hundreds, 70 being 
permanent staff and the remainder volunteers. Vehicles 
standing by, day and night, include three ambulances, 
a fire engine, three auxiliary trailer pumps, and two 
lorries, one for rescue work and one for the decon- 
tamination squad. The factory is divided into six 
zones, each with its own headquarters, telephone centre 
and trench system. The trenches are equipped with 
battery lighting and loud-speakers. 








LETTERS TO THE EDITOR. 


GLASS FOR A.R.P. PURPOSES. 


To THE Eprror or ENGINEERING. 
Sir,—An article which appeared in ENGINEERING 
of December 1, on page 618, and was entitled “ Glass 
for A.R.P. Purposes,” has just come to our attention. 
This article contains an inaccurate statement, which 
we feel we should bring to your notice. It is to the 








effect that in reducing the risk of detached splinters of 
glass flying about, ‘““ Windows are not strengthened 
appreciably by sticking strips of paper across the glass 
and Cellophane is not regarded as effective owing to 
the difficulty of making it adhere permanently to the 
glass.” 

As early as the spring of 1938, Messrs. British Cello- 
phane, Limited, manufacturers of “‘ Cellophane ”’ cellu- 
lose film, entered upon a series of careful experiments 
in order to discover an effective method of obviating 
the risk from flying splinters of glass without in any 
way obscuring the light. The result of these experi- 
ments is a transparent tape, coated with a special 
plastic adhesive, which is marketed ready for appli- 
cation. The adhesive is particularly strong; once it 
is properly applied, it is almost impossible to remove 





this tape from glass, except by the use of a chemical 
agent. 

The great advantage of this A.R.P. window tape, 
which is very widely used to-day in schools, hospitals, 
army and police depots, as well as in private houses, 
lies in the plastic quality of this special adhesive with 
which it is coated, and which ensures that the frag- 
ments of broken glass will hold together. The combina- 
tion of the adhesive, which is also transparent, and the 
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‘ Cellophane "’ cellulose film makes certain of adequate 
protection without the discomfort of a daytime black- 
out. The material, as supplied by us, is well known 
to the authorities and has official approval. 
Yours faithfully, 
For Messrs. British CELLOPHANE, LIMITED. 
HAROLD MAYER, 
December 11, 1939. Publicity Bureau. 
[The statement to which our correspondent takes 
exception was intended to apply to the use of 
ordinary domestic adhesives and not to the special 
plastic adhesive to which he refers above.—Ep., E.} 








THE FLOW OF LIQUIDS THROUGH 
BEDS OF GRANULAR SOLIDS. 
To tus Eprror or ENGINEERING. 

Sir,—I wish to reply to the letter from Mr. H. E. 
Rose, published in your issue of November 10 last, on 
page 536, pointing to a fallacy in my British Association 
paper, * The Flow of Liquids through Beds of Granular 


Solids,” printed in your issue of October 20, 1939, 
on page 435. 

First, the average aggregate voids cross section 
Ay A».a’ is not the same as the fractional free area. 


Imagine two cubes, one of side H representing the total 
gross volume of the porous media and the other within 
it, side h, representing the compacted aggregate void 
space, as in the accompanying diagram. Then the 


h 3 . : 
porosity (ix) (say) } = a. The ratio of the areas 
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In two beds of porous media having the same porosity 
and composed of unigranular particles of diameter d, 
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and d,, the average ratio of the volumes of the indi- 


vidual voids would be ( 


d,\3 , 
) . When the porosities differ 
1 

and we neglect any possible variation in the total 


porosity of each bed, the ratio of the individual voids 


¢ 


volumes may be taken as In the same way, the 
ratio of the cross sections of the individual voids will be 
x*d* 

, and as the void velocities vary inversely as the 
a ‘d’ 


Vs ay > . 
void cross sections then . The corresponding 
vy Xe 
linear dimensions of the voids will be in the ratio 
i 
a’-d 
a d 


Secondly, therefore, the fractional free length cannot 
be compared directly to the length factor d, of the paper. 
In order to obtain a unique friction coefficient as shown 
in Fig. 4 of the paper, the “‘ reduced ” characteristic 
parameters vp and dp were used. This object is achieved 
within reason, since the shapes of the various sands 
and gravels used were by no means the same and the 
only account taken of shape was by using the equivalent 
spherical diameter. 

For spheres in cubical packinz the length factor dp 
can easily be shown to be equal to d-a’. Consider 
just one sphere, diameter ¢, in its allotted cube void 
Total gross volume = d*, total voids volume 


n : 7 
) ; therefore « (1 ) . Imagining this 
6 6 
7\t 
’) d, then 
6 
a\i 
) x, and 
6 


i 
5) =a 
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W. H. Warp. 
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AKROYD-STUART OIL ENGINE. 
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A HISTORIC OIL ENGINE. 


Tue oil engine illustrated in Fig. 1, on this page, 
is the first commercially-produced engine sent out 
from the Grantham Works of Messrs. Ruston and 
Hornsby, Limited. The engine was delivered in 
May, 1892, and was built under the patents of Mr. 
Herbert Akroyd-Stuart. It was erected at Fenny 
Stratford Waterworks, with a duplicate engine in a 
pumping station under the Bletchley Urban District 
Council, both engines being in service at the waterworks 
until 1923, when they were both superseded by more 


Piston (11 in. diameter) 


Position 1 2. 3 
Dia. « - 0-005 - 0-005 — 0-008 
vo 0-003 0-004 — 0-005 
ll 0-003 0-002 — 0-004 
,« 0-003 0-003 — 0-003 

Liner (11 in. bore) 

Position l 2 3 
Dia. @ 0-005 0-025 0-030 
n 0-004 0-021 0-028 
,¢e 0-008 0-019 0-030 
d 0-003 0-023 0 O38 


powerful units. The engine illustrated, which has just 
been returned to the makers’ works, was bought from 
the Bletchley Urban District Council by a timber 
merchant in Bletchley, who used it until the timber 
business was closed down recently. Incidentally, 
the engine was borrowed by Messrs. Ruston and 
Hornsby for exhibition at the British Industries Fair 
in 1930, after which it was returned to the owner for 
further service. 

Without entering into the controversy as to what 
degree of credit is respectively due to Mr. Akroyd- 


Stuart and Dr. Diesel for the foundation on which 
the modern airless-injection engine has been built, 
it is generally admitted that while both employed a 
charge of pure air in the cylinder with automatic 
ignition, Mr. Akroyd-Stuart’s engines operated on the 
constant-volume cycle, which is closely approached in 
modern high-speed airless-injection engines, while 
Dr. Diesel’s engines operated on the constant-pressure 
cycle. The engine illustrated is of the airless-injection 
type, with lamp starting, and has an output of 9} brake 
horse-power at 200 r.p.m. The indicated horse-power 
is 12}. On a 140-hours test, the oil per brake horse- 
power on maximum load was 1-4 pints. The cylinder 
bore is 11 in., the piston stroke is 15 in., and the engine 
has a crankpin diameter of 3} in. The mechanical effi- 
ciency obtained on test was 75-5 per cent. The weight 
of the engine, with flywheel, is 2 tons 1 ewt. 3 qr., the 
flywheel itself weighing 13 cwt. The total weight corres- 
ponds to a weight of 505 lb. per brake horse-power. The 


| original liner, piston and piston rings are still in the 


| 1911, the order was cancelled later. 


Although a set of piston rings was ordered in 
The piston and 
liner were measured up on receipt of the engine at the 
works to ascertain the wear that had taken place, the 
micrometer gaugings, referred to the diameters indi- 
cated in Fig. 2, being as shown in accompanying table. 


engine. 








NON-FERROUS METALS CONTROL.—In pursuance of 
Regulations 55 and 98 of the Defence Regulations, 1939, 
the Minister of Supply has issued the Control of Non- 
Ferrous Metals (No. 5) Order, which came into force on 
December 18. The Order brings together in one docu- 
ment, with some amendments, the operative provisions 
of the four previous Non-Ferrous Metals Orders, which 
are now repealed. The most important feature of the 
new Order is the new scale of maximum prices fixed 
for copper, lead and zinc, and the consequent increases 
in the maximum prices of certain zinc products and 
varieties of non-ferrous metal scrap. These increases 
are necessitated, partly owing to increased of 
freight and other charges, and partly to the fact that the 
prices now quoted are for delivery at the consumer's 
premises, whereas, previously, they were mainly on a c.i.f. 
or ex-warehouse basis. 


costs 
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LABOUR NOTES. 
Writixe in the December issue of the Transport 
and General Workers’ Record, Mr. Ernest Bevin says 
that it is the duty of the working people at least to 
tight for the maintenance of liberty, to overthrow 
aggression and to strive hard to secure social justice 
in the world. ‘ There will be no peace,” he declares, 
~ until that is established.” Proceeding, he says :— 
* No one to-day can listen to the talks on war aims 
and peace aims without being conscious of the fact 
that the statesmen at the moment, whilst they are 
quite clear as to war aims, are certainly in doubt as 
to what the peace aims should be. The fact is, you 
cannot get peace in the world and at the same time 
maintain the present social order, with its private 
ownership ; vested interests; colossal profits; and 
exploitation of labour. All these basic features of the 
capitalist system strike right at the root of harmony 
between nations. The martyrdom of our 
in the 18th and 19th centuries won for us the blessings 
of liberty ; freedom of speech and thought and expres- 
sion. Ifthat freedom is to be preserved ; if the world is 
to be saved from a cycle of wars, then the whole basis 
of the structure of human society, on which are built 
up the economic relationship of the classes, their 
conception of liberty, organisation and exchange, etc., 
must be changed. Political democracy by itself will 
not unite the world, neither does the re-establishment 
of what is called the free exchange system offer any 
hope. It goes much deeper than that.” 





After a meeting in London, on Thursday last week, 
of the Executive Committee of the Mineworkers’ 
Federation of Great Britain, Mr. Lawther, the president, 
said that the miners were pressing the coal-owners to 
adopt a formula which would automatically control 


the rise of wages in accordance with the movement of 


the cost of living index figure. The owners had, so 
far, however, not seen their way to approve the prin- 
ciple of the scheme, and that was to the miners a 
“tremendous disappointment.” There is, of course, 
another side to the question of cost of living bonuses 
to that put forward by the miners. A cost of living 
bonus in the present circumstances would raise wages 
irrespective of the financial condition of the industry, 
and the increase in the cost of fuel which resulted 
would, itself, be a factor in causing another rise in 
living costs. 
living and wage policies receive further examination, 


the miners may ask for a second flat-rate increase of 


wages on the strength of the present prosperous state 
of the industry. Flat-rate increases, because they 
rank as a cost of production, must necessarily reduce 
the credits available for division, in percentage additions, 
to the wage rates which are customary in the industry. 

A message of congratulation from the King was read 
at the annual meeting in London, last week, of the 
Industrial Welfare Society, which celebrated the 
twenty-first anniversary of its foundation. “I am 
convinced,”” wrote the King, “that the work of the 
society is more than ever necessary to maintain the 
health, happiness, and efficiency of all those workers 
who are making such splendid efforts to help the 
country in this time of need.’’ Mr. Burgin, Minister of 
Supply, also sent a letter of congratulation. ‘ Now 
that we are involved in such strenuous endeavour,” 
he wrote, “‘ I am certain that it would be to the advan- 
tage of every firm in the country to be in touch with 
the work «f the organisation. So far as the Ministry 
of Supply is concerned, it is good to know that, as the 
production of munitions of war increases, and new 
centres of manufacture are established, the Ministry 
can rely upon a fund of knowledge and information 
and the supply of suitable personnel to deal with all 
that human side of industry which is of such paramount 
importance.” 





According to an Order issued on September 29 by 
the German Minister of Labour, relating to the organisa- 
tion of female employment during the war, the increased 
demand for female labour in branches of special import- 
ance for the war (agriculture, metal working, chemical 
industry, transport, health and welfare services) must 
be met primarily by the usual methods of placing, 
priority being given to women who require to earn 
their living on account of family responsibilities. The 
employment of women on work hitherto performed by 
men is permitted only when men are not available. 
An Order of the Ministry of Labour of October 5, 
1938, enumerates the classes of work for which women 
may not be employed even in time of war. Only 
when the requirements of undertakings and adminis- 
trative services working for war interests cannot be 
satisfied in the ordinary way may the obligation to work 
in such services be imposed on staff of undertakings 
not working for the war, and on unmarried women, 
widows and divorced women between the ages of 16 
and 50 years, and even then certain exceptions may 
be made for economic and family reasons. Domestic 


people | 


At least for a short period, while cost of 


G. 








| servants may only be required to take up war work in 

| exceptional cases. Persons required to perform such 

| work must be set free as soon as they can be replaced 
through the usual placing channels. 





Of the young women born in 1920 and 1921 who 
replied to the call for enrolment in the compulsory 
| labour service, 60,000 have been found suitable for 
| service, and some 25,000 of these were to be called up 
as from November 15, to help to bring in potatoes, 
| beetroot, etc. The others, as well as the thousands of 
| girls who have voluntarily offered their services, will 
| be enrolled as from January 1, 1940. In the meantime, 
| active steps have been taken to increase the number of 
|forewomen and labour camps. It has also been 
decided that girls in the labour service whose demobi- 
| lisation had been postponed may leave the service at 
| Christmas. 


At the Cincinnati Convention of the American 
| Federation of Labour a report on the relations of the 
| Federation with the Congress of Industrial Organisa- 
| tions was submitted by the Committee on Resolutions. 

It gave a survey of the attempts made by the American 
| Federation of Labour to bring about a reconciliation, 
| and criticised the attitude adopted by the Congress of 
| Industrial Organisations. The report declared that 
| from the time the C.I.0. had been organised, continuous 
| efforts had been made by the A.F. of L. to bring about 
| unity, and that all of these efforts had been thwarted 
| by the Chairman of the C.I.0. 





Mr. W. Green, the president of the Federation, 
| speaking on the report, said that all were inspired by 
|a desire to achieve unity within the ranks of Labour. 
| Committees had been appointed on both sides to meet 
|and endeavour to settle the differences between the 
| organisations. An agreement had been worked out 
| and this agreement had been accepted by the committee 
| representing the C.I.O. But the chairman of the C.1.0. 
| had vetoed the agreement. New unions were being set 
'up by the C.1.0., and new declarations of war were 
| being made. This made it more difficult, because those 
| who had set up these unions maintained that they 
should be chartered by the A.F. of L., in competition 
with other unions already established within the 
Federation. This was not a means to unity, but would 
destroy the unity which already existed within the 
Federation. This section of the report of the Committee 
on Resolutions was unanimously approved, and it was 
agreed that the present negotiating committee of the 
Federation should remain in office and hold itself in 
readiness to meet representatives of the C.I.O. when- 
ever the latter should indicate its willingness to resume 
conferences. 








| 

| After expressing approval of the United States 
| Government programme and the work of the Federal 
Committee on Apprenticeship, another resolution 
; adopted by the Convention urged that all Federal 
agencies employing or controlling young workers in 
skilled trades should be asked to formulate apprentice- 
ship standards corresponding to those recommended by 
| the Federal Committee on Apprenticeship ; that State 
| federations of labour should be requested to continue 
their efforts to secure sound apprenticeship legislation, 
administered by State Departments of Labour with 
sufficient appropriations for administration, and to 
establish uniform standards and terminology; and 
that in view of the growing volume and importance of 
apprenticeship work, the United States Congress should 
be asked to increase the appropriation for the Federal 
Apprenticeship Service. 





The recent report of the Chief Inspector of Factories 
states that “there has been a tendency to overlook 
the restricted scope of the Operations at Unfenced 
Machinery Regulations and to regard machinery 
‘ attendants ’ as being licensed to do work other than 
that prescribed or work which involved a contravention 
of the statute and would entail serious liability should 
an accident occur.” It is pointed out by the National 
Safety First Association that the regulations do not, 
as some people imagine, make it right for every kind 
of work to be carried out on unfenced moving machinery 
provided that it is done by a certified person. Only 
certain work is permitted. To make the matter clearer, 
the National Safety First Association has suggested 
test questions in regard to any proposed operation. 





The test questions are as follows :—({l) Is it an 
examination which must be carried out while the part 
is in motion ?; or (2) Is it lubrication or adjustment 
which (a) is shown by such examination to be imme- 
diately necessary, and (b) must be done while the part is 
in motion ?; or (3) Is it (a) lubrication of, or slipping 
or mounting of belts on transmission machinery used 








(6) work which cannot be deferred until the machinery 
is stopped ? Unless one of these three questions can 
be answered unreservedly in the affirmative, the 
operation proposed is not legal. 


The writer of an interesting article on the subject 
of * State Control of Labour in Germany,” in the 
Monthly Review of the United States Department of 
Labour, says that in order to be in a stronger position 
against foreign competitors in international trade, and 
in order to derive larger profits from such trade for 
war purposes, the National Socialist Government 
early made various attempts to prevent the cost of 
production rising, and, if possible, to lower it. ‘* This it 
was hoped to accomplish,” the writer goes on to say, 
‘* by an increase in the productivity of the workers, by 
rationalisation, i.e., by the re-organisation of industrial 
production on a more efficient basis, and by keeping 
down wages which constituted 20 per cent. to 50 per 
cent, of the production cost in various German indus- 
tries.” As a substitute for incentive, based on wage 
increases,” the author of the article goes on to say, 
*“measures for the encouragement of workers to 
greater efforts in production were adopted by the 
authorities responsible for the scheme. Among these 
were the intensification of the technical training of 
workers, competition in output (Leistungs wettkampf), 
and the bestowal of the title of ‘* National Socialist 
Model Establishment” (Musterbetrieb) upon efficient 
establishments. Several of these practices had been 
used in the Soviet Union long before.” 





Continuing, the writer of the article says :—‘‘ The 
shortage of skilled workers caused by the increasingly 
active armament industries resulted in a tendency 
toward a rise in wages. In order to check this tendency, 
or at least to limit it closely, the officials of the Ministry 
of Labour, including the labour trustees, were em- 
powered by a decree of June 25, 1938, to fix not only 
the lower limits of wages, but the upper limits as well. 
This power was extensively used. For instance, the 
labour trustees of Thuringia decreed on February 9, 
1939, that the wages in the building trades were not 
to be increased more than 10 per cent. over the 
scheduled minimum wages, beginning with March 1, 
1939. The same upper limit of wages was decreed by 
the labour trustees of Westphalia and the Ruhr District 
as from March 15, 1939. Similarly, the labour trustee of 
the Berlin-Brandenburg district foreshadowed, in a 
statement made in the summer of 1939, the promul- 
gation of a wage-stabilisation decree which would 
establish in all industries a maximum wage level 
10 per cent. above the minimum laid down in the 
wage codes.” 


The fixed or stabilised wage, the author points out, 
constitutes a considerable item in labour economy 
and the cost of production. The various compulsory 
labour services in Germany had shown that workers 
could get along without wages in the usual sense 
of that word. Under the influence of this fact, and 
prior to the outbreak of the war, certain prominent 
National Socialist authorities were demanding that the 
wages of civilian workers be reduced to the “‘ wages ”’ 
of soldiers in the army and that the workers be put 
on canteens, and under the same military discipline as 
soldiers at the front. This, the proponents of the plan 
argued, would not only lower the cost of production, 
but the workers themselves would be better housed, 
fed, and clothed, and even better trained and educated. 
Hitler himself, in his Reischstag speech on January 30, 
1939, intimated that the greatest gain for them, in his 
inion, would be their subjection to discipline. It is 
urd to say that obedience and discipline are neces- 
sary only for soldiers and are of little significance for 
others in the lives of nations. In fact, the opposite is 
the case. 


oO 
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ARTIFICIAL-ICE RINK AT STOCKHOLM STADIUM.—An 
unusual application of refrigeration to the production of 
artificial ice has been completed recently at the Stockholm 
Stadium, where arrangements have been made for the 
conversion of a football ground into a skating rink. The 
noteworthy feature is that the refrigerating pipes are 
placed under the turf, at a depth of some 4 in. to 5 in., 
the grass surface remaining under the ice until the 
ground is wanted again at the opening of the football 
season. The ice field has a length of 198 ft. and a width 
of 98 ft., and will be used as such for four months, from 
November to March. The refrigerating plant, of the 
ammonia type, cools the brine to a temperature of 
minus 20 deg. C. In passing through the buried pipe 
system, the liquor loses about 14 deg. C. in the two 
minutes which the circuit occupies. The pipes are laid 
on an insulating bed of clinker and concrete, to prevent 
loss of energy in cooling the ground beneath. The 


in one of the fifteen processes scheduled in the Opera- | quantity of liquid in circulation is stated to be 350,000 


tions at Unfenced Machinery Regulations, or is it’ litres. 
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SOME RESEARCHES ON STEAM- 
TURBINE NOZZLE EFFICIENCY.* 
By Dr. H. L. Guy, F.RAS., M.Inst.cC.F 


Tuts series of lectures was founded in memory of 
one of the very great men of our race and time, who 
worthily ranks with Newcomen, Watt and Stephenson. 
rhe three preceding lectures have rightly been given 
by those who, from their own intimate associations 
with Sir Charles Parsons, could speak with personal 
authority of his great engineering and scientific work, 
with which they were themselves concerned. When I 
received the honour of your invitation to give this 
Lecture, while [ hoped that other personal associates 
with Parsons in his life’s work would have further 
opportunity of adding to our knowledge of his methods 
and achievements, | realised that, as time goes on, 
others like myself must, of necessity, turn to what is 
the ultimate object of the foundation, which, in the 
trust deed, is stated to be An annual lecture in any 
of the subjects in which Sir Charles Parsons was 
interested.’ 

In this manner an annual occasion is provided for 
the specific discussion of such subjects, and this, perhaps, 
ean be honoured most fittingly by the endeavour 
however imperfectly achieved—to make some contri 
bution to the knowledge of some aspect of one such 
subject If | sought a text for my own remarks, | 
could find none more suited to my purpose than the 
quotation from Parsons’ own words with which Sir 
Frank Smith concluded the first Memorial Lecture 

When you think you know everything about a 
thing, make some experiments and find out more 
shout it.’ 

Although, in the years which preceded the work 
of the Steam Nozzles Research Committee of the 
Institution of Mechanical Engineerst and during its 
progress, a voluminous literature accumulated of 
researches on the flow of steam through nozzles, no 
scheme of research was so exhaustive or so well planned, 
and none stimulated my interest or illuminated my 
own mind to the same extent. While this work gave 
& great impetus to further research by individual 
designers, little notable contribution to the knowledge 
of this subject has since been published. It may be 
of interest to trace from this starting point the main 
lines of research which have increased my own know 
ledge or modified our deductions. [ propose to do so 
on the basis of work with which I have been directly 
connected, as it is of such work only that I have the 
precise and intimate knowledge necessary to appreciate 
its lessons and its limitations. 

The apparatus employed by the Institution of 
Mechanical Engineers’ Committee consisted essentially 
of an impact plate on which was placed a pad of wire 
netting, some } in. thick and carrying above it an 


‘ 
approximately « ‘ular “cage” of horizontal slats 


* The Fourth Sir Charles Parsons Memorial Lecture, 
prepared for presentation before the Institution of Civil 
Engineers 

+t The Steam Nozzles Research Committee of the 
Inatitution of Mechanical Engineers will be referred to 
by the initials 8.N.R.( 
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intended to secure the necessary condition for accuracy, 


that all steam leaving or re-entering the space within | 
the cage should do so in directions parallel to the plane | 
The impact plate ! 


of the impact plate at the bottom. 
with its cage was mounted on a vertical axis and 
carried by a spindle passing through a long rotating 
bush fed with oil, which ingeniously provided a rela- 
tively frictionless gland and bearing. Forces trans- 
mitted through the spindle were measured by weighing 
at the end of a lever opposite that to which the spindle 
and impact plate were attached. (See Fig. 1, on the 
opposite page.) 

A condition for accuracy was that the direction of 
the steam flow of the nozzle under test should be 
perpendicular to, and central to, the impact plate. 
It was therefore necessary to know the direction in 
which the steam issued from the nozzles, by observing 
the discharge from these in open air when passing steam 
(preferably wet). The appearance of such a stream of 
steam flowing from a simple straight-axis convergent 
nozzle shown in Fig. 2, opposite, in which the 
nodes associated with acoustic waves in the stream 
are clearly visible. Here no problem arises in obtaining 
the correct setting. In the case of the “ inclined ” 
nozzle, which must be used in steam turbines, the direc- 
tion of flow cannot be accurately predicted from the 
shape of the nozzle, except in so far as experimental 
observation has permitted correction rules to be 
obtained by which the approximate direction of flow 
may be deduced from the geometry of the steam 
passage. 

_The character of such a stream of steam is shown in 
Fig. 3, opposite, in which, again, the nodes in the 
stream are clearly visible. The stream is not clear-cut 
at its boundaries, friction with the surrounding air 
causing a fringe of less dense steam to break away 
from the main flow. Since, in most turbines, the 
stream of steam is continuous for the whole circum- 
ference, this effect at the ends introduces into such 
nozzle tests losses which do not arise in a turbine 
itself. On the other hand, this effect at the inner and 
outer peripheral surfaces of the stream takes place 
to a certain extent in a steam turbine. As, however, 
the predictions based on “ good” tests in the nozzle 
tester agree reasonably well with the results obtained 
in a turbine itself, the effect of these fringe losses 
does not entirely vitiate the utility of this method of 
test when used with experienced “judgment. On the 
other hand, the relatively great length of the free jet 
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from the nozzle to the impact 
plate is responsible for some 
of the difficulties which we 
now recognise to follow from 
| the use of this type of apparatus. 

At the time of the issue of the six reports* of the 
Steam Nozzles Research Committee, I, in common 
with the Committee and others, felt that the apparatus 
was reasonably free from error arising from differences 
in the distance of the centre of the stream of steam 
from the impact plate. In view of the greater accuracy 
of measurement now desired and obtained, later and 
almost continuous work on a nozzle tester based on the 
S.N.R.C. design has modified that opinion. It is 
probable that in the distance of the nozzle face from 
the impact plate lies one of the causes of the anomalous 
results sometimes obtained. 

While the S.N.R.C. explored the mean direction of 
stream flow from inclined nozzles by means of cotton 
threads or long vanes of the type shown in a in Fig. 4, 
opposite, it has been necessary since that date to 
devise means of measuring more accurately the direc- 
tion of flow in different parts of the stream from the 
nozzle and at distances as close to its outlet face as 
are usual to the entry of the moving blade it supplies. 
A long series of trials of various methods, several of 
which are shown, has now reduced our choice to the 
type of vane d and the small yaw meter / of Fig. 4. 
Vanes of type d, which are practically free from 
flutter, can be used close up to the face of the nozzle, 
and give the mean direction over an axial distance 
of about 0-05 in. It is shown in use in Fig. 5, opposite, 
measuring the efflux angle from a short length of 
ja long moving blade. For such observations it is 
| more comfortable for the observer to work with com- 
pressed air than with steam; observations with air 
apply to steam flow, but, at steam velocities greater 
than the air velocity of the test, they are in the ratio of 
sound velocity in the steam to that in the air. 











nozzle with a geometrical angle of 20 deg., and sup- 
ported by two neighbouring nozzle streams, is shown in 
Fig. 6, on this page, with the characteristic changes as 
steam velocities are increased from 320 ft. per second 
to 1,520 ft. per second. At intermediate velocities, 
the direction of flow varied continuously as velocities 


* First Report, Proc. I. Mech. E., 1923, vol. i, page 1. 
Second Report, ibid., page 311; Third Report, ibid., 





page 747; Fifth Report, ibid., 1928, vol. i, page 31; 


Sixth Report, ibid., 1930, vol. i, page 215. 


600 1000 1 
Steam Velocity ...Ft.per Sec 


The character of the variation in direction of flow | 
over a typical nozzle stream from an impulse type | 


1924, vol. i, page 455 ; Fourth Report, ibid., 1925, vol. ii, | 
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| were increased between these values and arrange- 

ments. The dotted line on each figure, shown at an 





. - 0 
angle of 15 deg. 28 min., corresponds to sin~} 
P 


throat width 

vane pitch 
well this relation, suggested during the discussion of the 
S.N.R.C. Reports, agrees with the mean observed value. 
This test is typical of the correspondence we usually 
find between test results on good nozzles and the appli- 
cation of this simple relation. In fact, the degree of 
agreement with the mean angle predicted by this 
relation is often a rough measure of the efficiency of a 
nozzle. 

There is no doubt that the publication of the first 
results of the S.N.R.C. was sensational, because it 
appeared to establish a shape of characteristic for the 
variation in velocity coefficient of a nozzle with 
velocity of the steam which was markedly different 
from conceptions then currently held. The actual 
curves for the first nozzles tested, with a 20-deg. 
nominal angle and made from thin plate 0-040 in. thick, 


are reproduced in Fig. 7, on this page. The most 


oO 
where — denotes and shows how reasonably 


» 0 
important curve is that for a throat length of i’ for 


these researches soon established that long throats 
were a source of undue loss and their use was generally 
abandoned. 

The significant features of the characteristic were : 

(1) A rapidly rising curve as velocity was decreased 
from 700 ft. to 300 ft. per second. 

(2) A valley at about 700 ft. per second, followed 
by :— 

(3) A rise to a second maximum of efficiency at a 
velocity of about 1,350 ft. per second (86-5 per cent. 
of sound velocity), followed by : 

(4) A second valley at about sound velocity, 1,560 ft. 
| per second, with : 
| (5) A further rise in efficiency beyond sound velocity. 
Earlier researches had rarely attempted the task 


| of tracing the characteristic of a turbine-type nozzle 
| down to the lower range of velocities covered by the 
| S.N.R.C. tests, a region where experimental difficulties 
|increased very rapidly. Typical earlier published 
|results are those shown in Fig. 8, on this page, 
|due to Professor E. Josse and P. Christlein,* G. 
| Fliigel.t and Escher Wyss. Those of Josse and 
= 2% : wile I Soll bbe Bd 
| * Z.V.D.L., vol. 55, pages 2072 and 2082 (1911, part 2). 

+ “ Die Diisencharakteristik,’’ YForschungsarbeiten, 
No. 217, page 18 (1919). 
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Christlein showed a curve rapidly rising with velocity 
to a point beyond that of sound. Fliigel, starting 
with an experimental curve obtained for a high 
range of velocities, showing the same but a flatter 
tendency, continued it backwards by an analytical 
speculation with a slowly dropping curve as zero 
velocity was approached. As these kinds of charac- 
teristics were generally accepted and those of Josse 
and Christlein had had great weight on turbine design 
for some years, it was natural that the effect of the 
8.N.R.C. curve was profound. 

It is now no secret that turbines designed on the 
basis of the characteristic exhibited by Josse’s and 
Christlein’s results, requiring, as they did for high 
efficiency, a very small number of stages running 
at a very high peripheral velocity, proved disappointing 
in efficiency and, as a result of the necessarily high 
peripheral speeds of the blades, both difficult and 
dangerous machines. If the shape of the characteristic 
shown at the top of Fig. 9, on this page, were in fact 
correct, then, naturally, a designer would, if possible, 
endeavour to adopt steam speeds of, say, 400 ft. per 
second, to obtain highest efficiency. Unfortunately, the 
geometrical requirements of the blading of a turbine 
based on such a velocity would be impossible, even for 
the relatively low ratirgs and steam conditions usual at 
the time. It must be remembered that the total 
volume passing through a modern machine increases 
some 450 times for what would now be standard steam 
conditions. Of course, the area provided through 
the last row of blades should, in such a case, also be 
450 times that through the first row if the velocity 
of the steam is maintained the same in both cases. 
Even with steam conditions quite usual at the date 
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Curve A.—S.N.R.C. Test on 7 in. long, | in. dia. Mellanby Straight Nozzle. 
B.-—M.V. - - - 9 9 
( S.N.R.C, ; 20 deg. Thick Impulse 0/1-Throat Flat-Chamfer Nozzle. 
D.—M.V - 0 ; , 0 0 0%” ’ 
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Curve A. -20-deg. Small Radius Nozzle, 3/1 Throat Ratio. 
B. - - - 0/1 ” a 


('.-12-deg ; ; ; 3/1 
1). —-20-deg. Large 0/1 
3/1 
3/1 


12-deg. 


of the issue of the second report of the S.N.R.C. (1923), 
such as a pressure of 250 Ib. sq. in. gauge, a total temper- 
ature of 600 deg. F., and a vacuum of 28} in. Hg, an 
impulse turbine designed for 10,000 kW at 3,000 r.p.m. 
would require the phenomenal number of 136 stages 
with a first-blade height of 2; in. on a mean diameter of 
133 in. and a last-blade height of 300 in. on the same 








mean diameter—utterly impossible conditions for 
design or manufacture, or for that matter, even to 
draw, as will be seen from (a), Fig. 9. If the second 
optimum in efficiency, at a velocity of 1,250 ft. per sec., 
were chosen for the same conditions, 14 stages would be 
required with a first-blade height, smaller than desirable, 
of } in. on a mean diameter of 43 in. and the last-blade 
height of 30 in. on that diameter would again be a 





impossible (Fig. 9b). Again, if advantage were to be 

















taken of the third rise in efficiency, at a velocity of 
1,800 ft. per second, 6 to 7 stages only would be required, 
with the quite attractive last-blade height of 10} in, 7 
with a mean diameter of 62 in., but with the undesirably 
small first-blade height of 0-2 in. (Fig. 9c). 
Acceptance of this characteristic, therefore, naturally 
led many designers to construct turbines which would 
work with low velocities, of from 300 ft. to 500 ft. per 
second, on small diameters at the high-pressure end ; 
and, directly this approach became geometrically 
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impossible, to step up at once to the relatively large 
diameters required with steam speeds of between 
1,200 ft. and 1,800 ft. per second, as shown in (d) and 
(e) of Fig. 9. These figures are summarised in Table I, 
page 704. Where such constructions were carried 
to extremes of low speed and small diameters at the 
high-pressure end or to very large diameters at the low- 
pressure end, it is now, I suppose, no secret that once 
again the resulting turbine efficiencies were disappoint- 
ing, in spite of the encouraging names given to them by 
their progenitors. 

Apart from the deduction from tests with actual 
turbines designed with different steam velocities, 
re-examination of the S.N.R.C. tests, together with a 
mass of later information gained from continuous 
researches with this and other types of apparatus, 
suggests that, while the true characteristic of certain 
types of nozzles may be of waved form, as shown in 
Fig. 6, the actual rise and fall of efficiency with velocity, 
particularly at low velocities, is much less than these 
tests suggest. Further, for other nozzle types the 
variation of efficiency with velocity follows quite 
different characteristics, and, to some extent, the shape 
of the characteristic can be controlled by design. 
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In experiments of this kind, apparatus errors and 
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Fig. 18. 
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shortcomings in test technique 
are often characteristic of a par- 
ticular apparatus and method of 
test. This is illustrated by the 
curves shown in Fig. 10, oppo- 
site, in which the result of tests 
in our own nozzle tester of the 
S.N.R.C. type, with the original 
8.N.R.C. straight ‘* Mellanby noz- 
zle,” and also on the original 
S.N.R.C. 20-deg. thick flat-cham- 2 
fered nozzle, which we borrowed 
for this purpose, are contrasted with the results on the 
same nozzle published in the S.N.R.C. reports. In 
order to simplify comparisons of these two determina- 
tions of the shape of the characteristics, our own curve, 
which gave slightly higher coefficients, has been moved 
vertically downwards in Fig. 10 until the two coincide 
at velocities of 800 ft. per second for the 20-deg. nozzle 
and of 900 ft. per second for the straight nozzle. 
In both cases it will be noted that the rise of efficiency 
at low velocities is much less marked in our test than 
in those of the S.N.R.C. 

Again, if the results of the S.N.R.C. tests on straight 
nozzles are examined, as replotted in Fig. 11, opposite, 
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the steep rise at low velocities, which implies effi- 
ciency of over 100 per cent., suggests the need for 
caution in this area of the test, where experimental 
difficulties are rapidly increasing. Again, consider the 
significant results obtained by the 8.N.R.C. with the 
20-deg. thin-plate nozzles, replotted in Fig. 12, on the 


opposite page. The fact that, with the < throat ratio, the 


characteristic shows no tendency to rise at low or 
high velocities, is of great importance; for, of this 


group, the : -ratio nozzle is the one which most nearly 


represents modern practical turbine nozzles. 
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Additional evidence of this kind is provided by a 
comparison of the S.N.R.C. tests on the 12-deg. and | 
20-deg. thick nozzles, chamfered at the outlets, the one 
series with a small and the other with a large radius 
forming the inlet. The mean curves of the observations 
are replotted in Fig. 13, on page 702, in which the 
absence of the rise of efficiency with low and decreasing 
velocity of the large-radius nozzles is most marked com- 
pared with the small-radius nozzles ; once again these | 
large-radius nozzles are those which most nearly corre- 
spond to modern turbine nozzles. Further, it is to| 
me inconceivable that, at a velocity of 400 ft. per 
second, the losses in a 20-deg. thick-plate nozzle, with 
chamfered outlet and a throat ratio of 3 to 1, can be 
more than halved by decreasing the radius at inlet | 
from If in. tol in. It is, however, conceivable to me 
that the greater experience in this kind of test and the 
increased use of the apparatus at the later date when 
the larger-radius nozzles were tested, resulted in a more 
accurate determination of the shape of the nozzle 
characteristic at the lower end of the velocity range. 

It must not be supposed that such suggestions, made 
many years later, with the guidance of continuous 
research on this subject in the intervening years, in 
any way detract from the very great practical and 
historical importance of the invaluable researches of 
the S.N.R.C. This later work arose out of the S.N.R.C. 
researches, by which it was directly stimulated and 
inspired. Work with this kind of nozzle-testing appa- 
ratus emphasised the kind of limitations in its utility 
which the previous discussion reveals, and the recurrent 
appearance of certain disturbing anomalies resulted in 
many attempts being made to improve it, so as to 
make the results more reliable and absolute. Among 
these steps were :—{a) the substitution of knife-edges 
for ball bearings on the weighing arm attached to the 
impact plate ; (b) improvements in the form of cage ; 
and (c) addition of baffles in the neighbourhood of the 
exhaust, to improve pressure distribution in the casing. 
In the end, we had to accept this apparatus as a 

comparator rather than an absolute measuring 
device, and, at that, not an infallible comparator. 
Recognition of this limitation enhances rather than 
diminishes its utility, for it often tends to exaggerate 
or caricature the effect of differences in vane forms. 


TABLE I frrangements of Blading with a Selected Steam 
Velocity for a 10,000-kW Turbine for 250 Ib. per 
Sq. In. Gauge, 600 deg. F.,. and 284 in. Vacuum. 
Steam No. of Mear : — : bash +> ) 
Velocit St ane ) ate Nace made in ig . 
elocity ayes Diameter Height Height page 702 
Pt. per sec In In In 
hoo 136 133 2-4 292 ' 
1250 14 0-36 0 ) 
1s) 7 o o-21 10-5 
mo 1 i >? 
i 2M \ a 
“ ’ at us 
woo he 133 o4 
) 4 
Lain ted Ww 
\ search was naturally made for alternative methods 


f experiment and one of great promise was found in 
the Pitot-tube exploration method developed to a 
high degree of utility by L. Wirt.* 
nozzle block is mounted on a large wind chest” or 

steam chest,’ as shown in Fig. 14. on page 702. 
The stream issuing from the nozzle is explored by a 
minute Pitot tube, in a plane parallel to the outlet 
face of the nozzle and at a standardised distance 
from it, equal to the clearance usual between the nozzle 
outlet and the inlet of the moving blades. The distri- 
bution of the losses in the nozzles is deduced from such 
Pitot readings and those on the upstream side, and by 
integrating over the whole exit the nozzle effi 
ciency can be deduced. 

It is necessary in this form of test to take a very 
large number of separate observations, particularly 
near the boundaries of the stream. As many as 300 per 
nozzle quite common and necessary, if accurate 
results are to be obtained. The axis of the Pitot tube 
must point in the mean direction of the stream from 
the nozzles, so that, as in the S.N.R.C. type of nozzle 
test, the direction of steam flow at various points in 
the stream must first be determined. For tests on 
these full-scale turbine nozzles a vane provides a more 
useful means of plotting out the efflux angles than a 
yaw meter. For convenience, the movement of the 
Pitot tube is geared up to a rotating drum, on which 
the observer plots his readings direct. 

Such a series of observations permits contour maps 
of the losses to be plotted, and from such contour maps 
a solid model of the distribution of the losses can be 


In this system the 


tace 


1s 


* “The Turbine Designer's Wind Tunnel,” General 
Elec. Review, vol. 27, page 780 (1924). Also: “ New Data 
for the Design of Elbows in Duct Systems.”’ /bid.. vol. 30. 
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constructed, as shown in Fig. 15, on page 703, and a 
complementary solid model of the distribution of effi- 
ciency, as in Fig. 16, on the same page. In examining 
the latter model it is, I think, notable how closely 
certain characteristic “ripples” in the value of 
efficiency at various parts of the stream are reproduced 
in each of the nozzle passages. Again, the concen- 
tration of the losses at the boundaries is particularly 
emphasised by this method of test, which gives the 
distribution of the losses, whereas the S.N.R.C. type 
of tests give the average loss for several nozzles. It 
will be readily appreciated that, with the nozzle 
discharging to open atmosphere, it is much more con- 
venient to make observations with air as the medium 
than with steam. 

Wet steam would be required to show up the stream 
lines and the presence of “ break away” from the 
surface. Wet steam, however, has the disadvantage 
that the particles of water used as “ tracers” are so 
much heavier than the steam which propels them, that 
it is by no means certain that, in a curved stream, their 
path is that of the steam itself. In order to detect 
“break away” in small nozzles, Mr. B. Hodkinson, 
who supervised much of this work, devised the use of a 
small Pitot tube attached to stethoscope earpieces, 
which permits the area of breakaway to be traced out 
by a characteristic change of sound. 


size, so that the Reynolds number is maintained at a 


value of interest in turbine work, but with the com- | 


paratively low air speeds usual in wind-tunnel work. 
The system of test and a diagrammatic arrangement 


of this test are practically identical with that of the | 


small Pitot-tube apparatus shown in Fig. 14, page 702, 


| the change, in the main, being one of scale only. 


Fig. 17, on page 703, shows the set-up for such a 
* large-scale’ Pitot test. One advantage lies in the 
fact that the specimen can be made with sufficient 
accuracy in wood or other readily-worked material 
in advance of the tooling of a new or proposed blade. 
In the case illustrated, the outer nozzle vanes were 
aluminium castings from a carefully-carved wooden 
model, while the parti-coloured intermediate vane was 
built up of brass templates spaced by a number of small- 
bore tubes placed along the median line and filled in 


with a special cement to the true form. The composite | 
section of templates, tubes and cement was used to | 


permit a series of very small holes to be drilled from 
the surface of the brass templates into the tubes, so 
that the pressure distribution over the surface could 
be obtained. In the photograph, some of these holes 


are connected by the rubber bends at the top to a} 


manifold which, in turn, allows a very sensitive mano- 
meter to be used to measure each pressure separately. 
With such observations, diagrams can be constructed 
giving the pressure distribution on both sides of the 
vane in the direction of normal rotation in a turbine, 
and along what would be the axis of a turbine, as 
shown in Fig. 18, on page 703. 

In the case of a turbine nozzle or moving blade, 
these curves have quite a different meaning from the 
lift * and “ drag ’’ curves of an aeroplane wing. The 


force, both in direction of the rotation of the rotor | 
and in an axial direction, resulting from the pressure | 


difference on a turbine nozzle, is taken directly on 
the turbine casing and plays no direct part in its 
operation. 


In the case of a moving blade, the force in a circum- | 


ferential direction, resulting from this pressure distri- 
bution, provides the torque driving the rotor, while 
that in an axial direction is merely one of the compo- 
nents of thrust which is taken up on the thrust block. 
It is not possible to convert these pressure distributions 
directly into what is known as nozzle or blade efficiency, 
but they throw some useful light on the condition of 
the steam at the inlet, and, what is of more importance, 
also at the outlet. 

There are certain considerable limitations in the 
utility of these large-scale wind-tunnel tests, which 
emphasise the distinction between usefulness of wind 
tunnel work in the case of a turbine nozzle and in the 
case of an aeroplane wing. Most wind-tunnel work is 
conducted with air velocities which would be very 


low in a steam turbine, and at which the effect of com- | 


pressibility of the air is not marked, but in the range 
of velocities used in steam turbines the effect of com- 
pressibility is very great. Many of the phenomena 
peculiar to steam-nozzle flow are controlled by the 
relation of the exit velocity to that of sound, and, 
therefore, the necessary conditions of similarity of 
flow cannot be co-ordinated by Reynolds number for 
passages of different scale. 


(To be continued.) 








UNITED STATES Ow LIypUstry.—The average daily 
production of crude oil in the United States totalled 
3,289,000 barrels during the week ending December 2. 


A further system | 
of test, which has a useful place in these researches, | 
is a kind of wind-tunnel experiment, but one in which | 
the nozzle specimen is reproduced several times full | 
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THE PORTLAND CEMENT INDUSTRY 
IN THE UNITED STATES. 


THe obviously rapid expansion of the cement 
industry in most European countries may be supposed 
to arise, in considerable measure, from the satisfaction 
of military needs: the Maginot Line, the Siegfried 

| Line, and the less well known, but hardly less monu- 
mental lines of fortifications constructed by Czecho- 
| Slovakia, Italy, Rumania, Poland, and other countries. 
|have provided an immense market for the cement 
| manufacture of their own and other countries. The 
| position of the industry in the United States, however, 
|is more truly a measure of the extent to which its 
|}employment can be developed for peaceful purposes, 
and the direct stimulus which it applies to the various 
fuel industries, and to transport. In these and other 
respects, the statistics published by the United States 
| Bureau of Mines* are illuminating. 

| Although the production recorded during 1938 
| was 9 per cent. less than that in the previous year, it 
| totalled 105,357,000 barrels.t The average price per 
| barrel at the works was 1-45 dols., a decrease of 3 cents 
from the 1937 average, and the lowest since 1933, 
when the price fell to 1-33 dols. The stocks available 
at the mills on December 31, 1938, were 23,946,118 
barrels : a drop of 4 per cent. as compared with the 
corresponding date in 1937. Details of the distribution 
of the output among the different states of the Union 
show that New York took the largest quantity, namely 
10,823,514 barrels, this consumption representing. 
however, only 0-84 barrel per head of this thickly- 
populated State. California took 9,216,358 barrels. 
or 1-5 barrels per head; and Illinois, Pennsylvania 
and Texas, each of which accounted for more than 
6,000,000 barrels, consumed, respectively, 0-82, 0-6 
and 1-02 barrels per head. The great differences in 
density of population in different parts of the Union 
is emphasised by the figures for New Mexico and 
Wyoming, which shared the record consumption per 
head, namely, 2-11 barrels; for the actual quantities 
taken by these two States were only 891,119 barrels 
and 496,988 barrels, respectively. 

On the basis of the monthly reports rendered by the 
cement producers, the Bureau of Mines estimates that 
| the fuel consumed in cement manufacture in the United 
States during 1938, for the production of 105,357,000 
barrels of finished cement and 104,117,000 barrels of 
clinker (unground cement) amounted to 4,482,663 
short tons of coal, 80,958,528 U.S. gallons of oil, and 
37,336,231,988 cub. ft. of natural gas. The electricity 
used during the same twelve-months period totalled 
2,416,414,228 kWh, of which 51 per cent. was generated 
at the cement plants and the remainder purchased. Ot 
the total of 149 plants engaged in the manufacture, 28 
generated all the current that they used. The total 
estimated productive capacity of the industry in 1938 
was 255,697,000 barrels, so that the output actually 
recorded represented only 41-2 per cent. of the rated 
capacity. For purposes of comparison, the report 
tabulates the rated capacity and the actual output for 
1937 and 1938 in each of the twelve principal commer- 
cial districts which together provide the above men- 
tioned totals. This comparison shows that the greatest 
productive capacity is located in Eastern Pennsylvania, 
New Jersey, and Maryland, where works are situated 
| which aggregate a potential 50,712,000 barrels per 
annum. Only 39-2 per cent. of this capacity was 
| utilised in 1938, however, as compared with 41-8 
per cent. in 1937. No other district approaches this 
potential capacity, the next largest concentrations of 
cement plants being in Wisconsin, Illinois, Indiana and 
Kentucky, totalling 29,046,000 barrels (34-2 per cent. 
utilised in 1938, and 43-9 per cent. in 1937) and Ohio, 
Western Pennsylvania and West Virginia, with 
| 28,447,000 barrels capacity (33 per cent. used in 1938, 
| and 37-6 per cent. in 1937). An analysis of the elec- 
tricity consumption in the cement plants, by processes, 
shows that the average per barrel of cement produced 
in wet mills during 1938 was 22-6 kWh, and, for dry 
mills 23-3 kWh. The combined average of 22-9 kWh 
in 1938 compared with 23-1 in 1937. 

Although the home plants have been producing so 
much less than their possible output (even after allowing 
for the fact that the whole capacity can never be fully 

employed at any given time) there is an appreciable 
importation of Roman, Portland and other cements 
into the United States from Canada, Europe and Japan. 
Naturally, it aggregates only a small fraction of the 
| domestic output, but in 1938 it amounted to the not 
inconsiderable total of 1,715,184 barrels, valued at 
1,398,173 dols. The largest quantity. 1,168,148 barrels, 
came from Belgium, and the next largest, 279,317 
barrels, from Denmark. The exports of United States 
cement to other countries, although widely distributed. 
were comparatively small in amount. 








* Portland Cement Industry in 1938—Final Summary. 
The United States Bureau of Mines : Non-Metal Econo- 
mics Division Report No. M.M.S. 765. 

+ A barrel of cement = 376 Ib. 
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350-B.H.P. PORTABLE STEAM 
TURBINE. 


PorRTABILITY is an attribute not commonly associated 
with steam turbines, although the reason is not any 
inherently excessive power-weight ratio of the turbine 
itself, but rather the unavoidable size and weight 
of the associated boilers and condensing plant and the 
cireumstance that, under normal conditions of operation, 
occasions calling for such portable equipment are 
likely to be of rare occurrence. On the other hand, 
the turbine possesses advantages which are shared 
by no other prime mover, and which suggest that a 
wider sphere of usefulness might come to be recognised 
if portable units of this type were rendered more 
readily available. With this possibility in view, 
Messrs. Richardsons, Westgarth and Company, Limited, 
Hartlepool, have recently developed the 350-brake 
horse-power combined geared turbine and condensing 
plant which is illustrated by the photographs repro- 
duced in Figs. | and 2, on this page. 

The service for which the set has been designed is 
that of providing, for undertakings operating a number 
of small electric-power stations or pumping plants 
distributed over a relatively wide area, an emergency 
unit which can be readily transported to the site of a 
breakdown and which will work continuously and 
satisfactorily for as long as may be necessary for the 
repair of major damage to the main plant. Ease of 
handling is a primary consideration of design, therefore, 
and this means, in effect, that the size and weight of 
the individual components must be kept within well- 
defined limits, so that they can be transported by types 
of motor lorry that may be expected to be obtainable 
at short notice. Actually, we understand that the 
weight of the complete plant and accessories, as 
illustrated, is rather less than 7 tons. 

The turbine is of the Brown-Boveri two-stage impulse 
type and forms, with the main and over-speed governors, 
oil pump, stop valve, etc., a compact unit which is 
readily detachable from the rest of the plant. The 
set illustrated is one of three, recently completed, which 
are intended to use saturated steam at a working 
pressure of 150 lb. per square inch, exhausting to a 
vacuum of 27 in., but the design is suitable for any 
ordinary steam pressure and temperature. The tur- 
bine shaft and impulse wheels are machined from a single 
forging of nickel steel, and are supported in ball and 
roller bearings. The casing is of cast iron, excepting 
the quarter to which the live steam is admitted, which 
of cast steel. The usual steam-sealed labyrinth 


8 





.glands are provided, where the shaft passes through 
| the ends of the casing. The double-beat steam-inlet 
valves are controlled by oil pressure, regulated by the 
main governor according to the load conditions. 

The reduction gear, which gives a final shaft speed 
of 1,500 r.p.m., is of the single-helical type, and is 
fitted with a thrust-balancing device. The pinion is 
made of nickel-chrome-molybdenum steel, and the 
wheel ring of nickel steel. The lower part of the 
gearcase is integral with the main bedplate casting, 
which also incorporated the oil tank and the body of 
the condenser. The cooling surface, which amounts to 
270 sq. ft., consists of §-in. diameter brass tubes, held 
by screwed ferrules in the gunmetal tubeplates. The 
arrangement of the tubes is such as to ensure a ready 
flow of the exhaust steam to the full depth of the tube 
banks. 

The circulating pump and the condensate pump 
are mounted on a single vertical shaft which is driven 
by gearing from the slow-speed shaft of the reduc- 
tion gear, the complete pumping unit being housed 
within the bedplate. The air ejector is a separate wit, 
mounted on the condenser, and is of the two-stage 
steam-jet type, the steam being condensed in a small 
surface condenser which is cooled by water tapped 
from the discharge branch of the main-condenser 
extraction pump. A vertical atmospheric relief valve 
is provided on the main condenser, and other auxiliaries 
and accessories in the set include a steam separator, 
drain traps, and a self-contained lubricating-oil system, 
comprising an oil pump, duplex strainer, and an oil 
cooler of ample size. As the illustrations show, the 
set forms a compact unit, complete with all necessary 
fittings for connecting it quickly to existing steam and 
water systems and to the pump or generator which is to 
be driven. 





CATALOGUES. 


Precision Small Parts.—Messrs. Rotherham and Sons, 
Limited, Coventry, have sent us a folder outlining their 
resources for the production of precision small com- 
ponents. 

Boilers,—Messrs. Davy and United Engineering Com- 
pany, Limited, Sheffield, have sent us a booklet describing 
various types of boilers which they manufacture, and 
also fabricated welded work. 

Air Compressors.—We have received from Messrs. The 
Consolidated Pneumatic Tool Company, Limited, 232, 
Dawes-road, London, 8.W.6, a catalogue deseribing their 
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two-stage air-cooled and single-stage water-cooled com- 
pressors, of both vertical and horizontal types, driven by 
electric motor or Vee-belt. 

Electrical Accessories.—Messrs. British Insulated Cables, 
Limited, Prescot, Lancashire, have sent us leaflets 
describing fittings for their industrial wiring system, and 
terminal boxes for indoor and outdoor use. 

Valves.—We have received a folder from Messrs. The 
Edward Valve and Manufacturing Company, Incor- 
porated, East Chicago, Indiana, illustrating their standard 
types of valves for oil-field and other purposes. 

Traction Batteries.—Messrs. The Edison Swan Electric 
Company, Limited, 155, Charing Cross-road, London, 
W.C.2, have sent us a pamphlet giving particulars of 
batteries for road vehicles, trucks and locomotives. 

Electric Clocks.—-Messrs. Gent and Company, Limited, 
Faraday Works, Leicester, have republished the section 
of their catalogue which deals with synchronous electric 
clocks of the domestic, industrial and turret types. 

Pig-Casting Machines.—Messrs. Ashmore, Benson, 
Pease and Company, Limited, Parkfield Works, Stockton- 
on-Tees, have sent us a brochure describing recent 
developments in the design of pig-casting machines. 

Electrical Equipment for Ships.—From The 
General Electric Company, Limited, Magnet House, 
Kingsway, London, W.C.2, we have received a compre- 
hensive catalogue describing the equipment manufac- 
tured by them for marine use. 


Flexible Rubber Bearings.—-We have received from 
Messrs. Howard Graham, Limited, Tiddington-road, 
Stratford-on-Avon, a pamphlet dealing with automotive 
applications of Harris flexible rubber bushes and shackle 
assemblies. 

Fire-Resisting Cables and Accessories.—Two leaflets 
sent to us by Messrs. British Insulated Cables, Limited, 
Prescot, Lancashire, deal, respectively, with fire-resisting 
insulated cables and with their jacketed carriers for the 
conveyance of heated jointing compound. 


Sheet-Metal Working Machinery.—A comprehensive 
illustrated catalogue received from Messrs. F. J. Edwards, 
Limited, 359-361, Euston-road, London, N,W.1, deals 
with their stocks of new and second-hand presses, shearing 
machines, etc., for sheet-metal working. 

Steam Traps.—Messrs. Hopkinsons, Limited, Hudders- 
field, have sent us a new catalogue describing steam 
traps of various types, and also the Hopkinson distri- 
butor, which is a combination of their ‘** Nolos ”’ slide- 
valve trap and the Hopkinson-Moynan steam purifier. 


Messrs. 
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INTERNAL-COMBUSTION ENGINES. 

513,349. Fuel-Injection-Pump. Bryce, Limited, of 
Hackbridge, and G. W. A. Green, of Hackbridge. (2 Figs.) 
July 25, 1938.—The invention is a fuel-injection pump 
which maintains in the delivery conduit after the injection 
a residual pressure which avoids loss of time and energy 
in building up the injection pressure at the next stroke 
of the pump. The valve housing 1 is clamped between 
the end of the pump cylinder 4 and a delivery-chamber 
member 5, and houses a hollow valve body 7. An internal 
shoulder affords a seat 9 for the conical end of a boss on 
the valve body 7. Beyond the boss two slipper surfaces 
are in close sliding contact with the bore of the housing, 
these being defined by a pair of flate which extend to a 
short piston portion 15, which is a close working fit in 
the bore. The segmental passages 16 between the flats 
and the bore are relatively large. The boss is cylindrical 














(513,249) 
and extends from a frustro-conical base in which are 


drilled two transfer passages 18. A light coil spring 19 | 


holds the valve body down on its seat. The strength of 
the spring 19 and the area of the valve exposed to the 
pump chamber are such that the pressure developed at 
the commencement of a working stroke of the pump 
plunger causes the valve to lift slightly from its seat. 
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outer plate is a hole in which is mounted a spindle 16 
carrying a pinion, the teeth of which mesh with teeth on 
a nut 18 on the screw-threaded outer section of the flange 


12a, The nut 18 forms an abutment for the outer pres- | 


sure plate when it moves away from the brake disc. 

















| Tay 


ing the aperture lla in the rotating section of the brake | 
into register with the hole, a tool can be inserted and the | 


| spindle 16 rotated to adjust the setting of the nut. 
(Accepted October 4, 1939.) 


| 612,937. Hydraulic-Brake System. Automotive Pro- 
| duets Company, Limited, of London, and J. P. Beeston, 
| of London. (3 Figs.) February 24, 1938.—The system 
provides for the automatic limitation of the maximum 
| braking effort which can be exerted by the rear wheels 
| of a car, so as to minimise the risk of skidding. A com- 
bined reservoir and master-cylinder unit 10 feeds a pair 
of front-wheel brakes 13 and a pair of rear-wheel brakes 15. 
The feed to the former is direct, but to the latter it passes 
through a valve 17. The valve housing has a longitudinal 
| passage, the rear end of which is closed by a screwed plug, 
while at the front end is another plug 21 carrying the feed 
pipe to the rear-wheel brakes. The passage has a number 
of ribs which guide a sliding cylindrical valve member 26. 
At its forward end the cylinder carries a conical soft- 














In the end of the spindle 16 is a square hole and by bring- | 
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steel arranged in tubular formation. Two side-frame 
channels 10 and 11 form guides for the axlebox, and an 
upper frame piece 12 has a seating for the spring. There 
is also a lower member 13, all four members being pluced 
during assembly against an internal jig block and welded 
to four square-sectioned corner pieces 14. The inner 
faces of the members 12 and 13 are concave to fit a tube 














which houses the outer race of a roller bearing for the 
axle. The tube is removable endwise and, to prevent 
rotation, it is notched to receive a projection on the upper 
|member 12. The front of the axlebox is closed by a flat 
| rectangular cap 20 with an annular flange 21, which 
| forms an abutment for the roller bearing. The rear 
| end of the axlebox is provided with a cap composed of 
| two pressings of L-section welded base to base. The 
|in-turned flange of the inner pressing forms the other 
|abutment for the roller bearing. The front and rear 
caps are secured by nut; on threaded extensions of the 
corner pieces 14 and, when the nuts are tightened, the 
flanges not only support the tube 15 but also clamp the 
roller bearing in position. Upon the axle is a metal 
| sealing ring 32, externally corrugated to form oil-throwing 
edges. A deflector ring 33 and a closure ring 34 are 
welded to the rear cap.—( Accepted September 27, 1939.) 


MISCELLANEOUS. 


513,469. Rotary-Kiln Preheater. Edgar Allen and 
Company, Limited, of Sheffield, and H. Andrews, of 
Sheffield. (3 Figs.) March 7, 1938.—The invention is a 
preheater for a rotary-type kiln or dryer. The kiln 1 
opens into a flue communicating with a chamber in which 
is an inclined grate 4. The material to be treated is fed 
uniformly on to the grate, over which it descends under 
gravity, and accumulates in a receptacle 6 from which 


The oil then flows through the transfer passages 18, the | , 
area of which is such that, with the minimum velocities | rubber cap 28 which seats against the inner end of the 


and outputs required in practice, the pressure is sufficient | plug 21. Backward travel of the cylinder 26 is limited 





to move the valve body further so that the piston portion 
15 moves out of the bore and the oil then has free access 
to the delivery chamber by way of the larger passages 16. 
The valve lift is controlled by a spring-loaded stop 25, 
which is initially engaged by the valve body when the 
piston part 15 has moved a small distance from the 
outer end of the bore. When the usual spill device 
associated with the pump chamber operates to relieve 
the oil pressure in the latter, the valve closes rapidly 
under the combined action of the spring 19 and of the 
pressure in the delivery condui’, causing a rapid unloading 
of pressure in the conduit, while communication with the 
pump chamber remains open by way of the small transfer 
passages 18 until the valve actually seats. The residual 
pressure in the conduit is utilised for the next injection. 
~( Accepted October 10, 1939.) 


MOTOR ROAD VEHICLES. 

513,115. Disc Brake. J. H. Pratt, G. E. Manley, and 
A. H. G. Girling, of Birmingham. (2 Figs.) March 18, 
1938.—The invention is a disc brake which can be 
adjusted from the outside of the wheel. The rotating 
section of the brake has an aperture 11a and the stationary 
section has a castellated cylindrical flange 12a on which 
are splined a pair of pressure plates 13a, 136 which 
stip an intermediate floating brake disc. The inner 
pressure plate 13) is hydraulically operated, while the 
outer plate 13a remains relatively stationary. In this 


by an adjustable stop. The housing is fitted to a vehicle 
with the plug 21 forward. The housing is inclined so 
| that, with the vehicle standing level, the’cylinder 26 slides 
back aguinst the stop. During slight and medium 
braking the cylinder remains in this position, so that 
brake fluid passes freely to the rear brakes 15. Should 
the brakes be applied heavily, producing an excessive 
deceleration, the momentum of the cylinder moves it 
forwards to close the rear-brake feed pipe. The rear 
brakes thus continue to act—but the extent to which they 
are applied cannot be increased. Thus, premature 
skidding of the rear wheels is prevented and the maximum 
useful effort is obtained from the front brakes with a 
relatively small movement of the pedal. When descend- 
| ing a hill the inclination of the housing is reduced, but 
; at the same time a correspondingly greater proportion 
| of the weight is thrown on to the front wheels, so reducing | 
| the effective braking capacity of the rear wheels. When 
travelling up-hill, the opposite effect is produced. 
(Accepted September 29, 1939.) 





(5/2 469) 








the chute 7 delivers it to the kiln. The inclined grate 
| consists of a number of bars and is pivoted at the bottom 
| RAILWAYS AND TRAMWAYS. | and adjustable as to inclination by the nut 13, so that 

512,843. Railway Axlebox. London Passenger Trans- | the thickness of the layer of material to be treated can be 
port Board, of Westminster, and W. S. G. Baker, of | controlled. An oscillating trough 14 causes the material 
Kensington. (7 Figs.) March 18, 1938.—The axlebox to collect in the hopper and form a seal, preventing the 
|is of a built-up construction, by which castings are/| hot gases passing to the outlet otherwise than through 
| eliminated, and distortion due to welding is minimised. | the layer of material on the grate.—(Accepted October 13, 
‘The axlebox has four main-frame members of forged ' 1939.) 
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THE NEW WANDSWORTH BRIDGE, 
LONDON. 


Tue road bridge across the Thames at Wands- 
worth, which was demolished about two years ago to 
make room for a more modern structure capable 
of carrying the increasing through and local traffic, 
was, like several others of these cross-river links, 
notably that at Waterloo, due to the enterprise 
of a private company. Its construction was first 
mooted in 1864, when it was suggested that a 
suspension bridge similar to the Albert Bridge at 
Chelsea should be erected, but eventually a lattice - 
girder design was adopted. This change led to 
considerably delay, and the bridge was not actually 
opened for traffic until 1873. 

As completed, this bridge, which is illustrated in 
Fig. 1, had five spans, the two nearest the shores 
being each 113 ft. 6 in. long, while the three river 
spans were 133 ft. 4 in. in length. The approach on 
the Surrey, or south, side was 700 ft. long, and 
included five brick arches and one girder span, while 
that on the Middlesex side, which was about 400 ft. 
long, included one brick arch. The bridge piers each 
consisted of a pair of wrought-iron cylinders, 
7 ft. 6 in. in diameter and 3 in. thick. The two cylin- 








north intermediate span and the ironwork was 
removed in sections until the two piers were reached. 
The girders of the centre span were then jacked off 
their north bearings and enough of the cylinder 
underneath removed to enable them to deflect. 
The whole of the girder was then lowered into a 
cantilever position and its demolition was effected 
by burning off short lengths and removing them by 
a hand crane, which was skidded backwards as the 
work proceeded. 

The piers were demolished by first removing the 
cylinders to flood level. The concrete filling was 
then removed and a horizontal cut made in the 
surrounding iron cylinder at level — 22-50. A steel 
joist crosshead was next fixed inside the cylinder 
near the top and a 100-ton hydraulic jack, supported 
by timber struts resting on the old concrete in the 
base of the cylinder, was placed under the crosshead. 
The actual weight of the cylinder to be moved was 
about 8 tons and the necessary uplift of 60 tons 
required to raise it was provided by the jack. 
When the cylinder had been freed, it was lifted 
clear by a crane and cut in pieces. This proce- 
dure was adopted with all the piers, except one, 
which some years ago had been damaged by a 
collision and had been strengthened by being 





reinforcement being used for a distance of 14 ft. 6 in. 
where the piers are stepped in to a width of 20 ft. 
Above this, the piers are built of 6 to 1 concrete 
until just below low water level, where the facing, 
which is of Shap granite, begins. The granite 
facing continues upwards with a slight radial 
batter and the piers are about 16 ft. wide at Trinity 
high water. The concrete backing to the granite 
is 6 to 1, while under the bearings it is 4 to 1 for a 
depth of 3 ft. 3 in. There was an exceptional 
absence of difficulty from water owing to the 
hardness of the clay, and Fig. 8, page 709, which is a 
view inside the cofferdam of the south pier, shows 
how firm and compact this material is. After the 
piers had been constructed, the piles were cut off 
at level —22-50 and the top portions withdrawn. 
For constructing the cofferdams, working plat- 
forms supported on timber piles were built, and on 
these cranes were erected for lifting the spoil and 
dumping it into barges, as shown in Fig. 11, Plate 
XXVII. The sides of each cofferdam were supported 
by three steel frames below which was one reinforced - 
concrete frame and, finally, a fourth steel frame, 
the arrangement adopted being clearly illustrated 
in Figs. 17 and 19, on page 720. The reinforced- 
concrete frame was used as a drainage channel, all 
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ders forming a pier were placed 30 ft. apart from 
centre to centre and were sunk 14 ft. into the clay 
underlying the river bed. The ground was exca- 
vated below the cylinder for a diameter of 13 ft. 6 in., 
and the spaces thus created were filled with concrete, 
as were the cylinders themselves. The girders 
forming the bridge rested on bedstones, which 
were laid on the cylinder concrete. They were of 
the multiple-lattice type, 12 ft. deep, and formed 
a continuous structure over the whole length of 
the bridge. The cross-girders were spaced 4 ft. 
apart and were placed immediately above the bottom 
flanges of the main girders. 

This bridge was eventually acquired by the 
Metropolitan Board of Works and was then taken 
over by the London County Council. As we have 
said, it proved inadequate to the traffic demands, as 
the roadway was only 18 ft. wide, and for some time 
before its demolition a load limitation of 5 tons per 
vehicle, laden or unladen, was imposed. Demolition 
actually began in June, 1937, a temporary bridge 
for foot passengers, which had done similar duty 
during the reconstruction of Chelsea Bridge, having 
been erected in the meantime. This bridge can 
be seen in Fig. 13, Plate XXVII. After part of the 
deck had been removed, the continuous girders 
forming the old bridge were cut in the middle of the 
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surrounded by rings of 22-ft. tunnel iron filled with 
concrete. This was removed by building a coffer- 
dam round it and demolishing it by pneumatic tools. 

The new bridge, which is practically on the same 
site as the old, is a cantilever structure with a 
centre span 300 ft. long and two side spans, each 
173 ft. long from the faces of the abutments to the 
centres of the piers. It is 60 ft. 6 in. wide between 
the parapets and a head room of 21 ft. above 
Trinity high water is provided beneath the centre 
span. Its general design will be clear from the 
elevation plan and sections, Figs. 2 to 6, page 708. 
The reduction of the number of piers from five to 
two will greatly assist navigation on an important 
reach of the river. As will be seen from Fig. 2, the 
centre span is formed of two cantilever arms from the 
girders forming the side spans, and a 120-ft. sus- 
pended span. The piers were constructed inside 
sheet-steel cofferdams, after the alternative of 
sinking caissons under compressed air had been 
considered and dismissed on the grounds of cost. 
The material used for the cofferdams was Dorman 
and Long Krupp piling section K, steel and was 
driven down to a level of — 45-50. The piers, 
which are 93 ft. long and 30 ft. wide at their bases, 
were formed at level — 37-50 on hard blue London 
clay, 8 to 1 Portland cement mass concrete without 





the water being led away into one sump or tank. For 
concreting purposes, the contractors equipped a 
barge with a complete concrete-mixing plant con- 
sisting of hoppers for cement, sand and aggregate. 
This barge was moored alongside each cofferdam 
in turn. As soon as the work on the piers had 
advanced sufficiently, as illustrated in Fig. 18, on 
page 720, which shows the granite facing being 
erected, timber centring was erected on piles beneath 
the future positions of the side spans, as shown in 
Fig. 7, page 709, and the erection of the steelwork 
was begun above the piers, as described below. The 
foundations for the abutments were carried down to 
a level of — 25, and the clay was trimmed to a 
slope before the concrete was laid, with the object 
of bringing the resultant pressure about normal to 
its surface. As in the case of the piers, the founda- 
tions were stepped and the concrete was also of the 
same quality. Fig. 9, Plate X XVII, is a general view 
of the works from the south side at this stage, 
while Fig. 10 is a view of the north abutment at a 
later date. 

Each side span and cantilever unit consists of 
five lattice girders, at 10 ft. centres, under the 
roadway, together with a plate girder of the same 
depth on each side beneath the parapet, as shown 
in Figs. 11, 12, and 16, Plate X XVII, and in Fig. 20, 
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of ducts, outlet grilles, circulating fans and other 
components of the air-distribution system. Very 
| properly, the authors emphasise that air conditioning 
|involves the simultaneous control, not only of the 
quantity and temperature of a ventilating supply, 
| but also of its humidity, purity and movement. 
Discussion of each of these aspects is followed by an 
account of methods and types of equipment in use 
for automatically controlling the temperature of 
warmed or cooled air, and for filtering and deodoris- 
ing air for human habitations. A characteristic 
feature, associated with the American attitude 
towards air conditioning, but relatively of less 
| importance in British practice, is the large propor- 
| tion of the text devoted to air cooling and refrigerat- 
jing plant for this purpose. Noteworthy among 
| these chapters are two concerned, respectively, with 
well-water cooling and with unit coolers of the self- 
contained type suitable for rooms or small shops. 
| The concluding chapter, which sets forth certain 
|codes and ordinances governing air-conditioning 
| practice in the United States, will be found instruc- 
tive in many ways. 

The authors are to be commended for emphasising 
|that a large proportion of an air-cooling load is 
| absorbed by latent heat in condensing atmospheric 
| moisture, and for basing design generally upon the 
| requirements of the occupants rather than upon 
| the volumes of the rooms to be served. Equally 
praiseworthy are their recommendations for mini- 
mising aerodynamic resistance in ventilating ducts 
and preventing the transmission of vibrations and 
noise. On the other hand, their descriptions of 
apparatus and devices available for air-conditioning 
reveal an interest disproportionate to the importance 
of the purpose served, suggesting, in certain cases, 
the existence of a commercial bias, and, in others, 
that they are not quite sure of the principles at 
issue. In a number of instances, moreover, their 
discussion of fundamental physics is less sound 
than it might be. This is a drawback to a book 
which is largely concerned with demonstrating 
how published data should be applied to design, 
since it is likely to leave the reader with little apti- 
tude for any but quite straightforward problems. 
Nevertheless, the work can be described as a 
practical text-book, in the sense that, while somewhat 
less than adequate for the design of air-conditioning 
apparatus, it affords valuable guidance in the selec- 
tion and installation of plant to meet all but special 
industria] requirements. 


Automobile Engineering. Edited by H. Kerr Tomas, 
M.I.Mech.E., M.I.A.E. London: Sir Isaac Pitman 
and Sons, Limited. Seven volumes. [Price 7s. 6d. net, 
per volume.) 

A very favourable reception was accorded to the 

first edition of this work, which forms an encyclo- 

pedia on all questions relating to automobile 
engineering. If books of this type are not to lose 
their value, it is of the first importance that they 
should be kept up to date. Only those who have 
been associated with the editing of handbooks 
can fully appreciate the difficulty of this task, 
particularly if a wide field has to be covered as in 
the work under review, where every aspect of the 
subject, from the thermodynamics of the petrol 





and oil engine to the design of accessories, is dealt 
with in more or less detail. There is ample evidence, 


| however, that the revision entailed in preparing the 


second edition of the various volumes has been 
undertaken in a painstaking and conscientious 
manner by all the authors concerned. The emenda- 
tions and additions which have been made to the 
first edition are too numerous to record in detail, but 
some idea of the thoroughness with which the work 
has been undertaken is afforded by the fact that the 
volume devoted to ignition, starting, and lighting 
is more than twice its original length. In the first 
volume, covering the more theoretical aspects of 
car design, new matter is introduced dealing with 
recent developments in the production of ante- 
detonating fuels for high-efficiency engines, and in 
the section on petrol-engine theory, new data have 
been incorporated on compression ratios, aluminium 


| cylinder heads, and so on. In this volume, reference 


is also made to crankcase stiffening, copper-alloy 
cylinder heads, cylinder distortion, and recent 





researches on the causes of cylinder wear. The most 
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important revisions in the second volume, which 
covers inertia calculations, carburation, cooling, 
and valve-gear design, relate to the section on 
manifolds and carburettors. This section, which 
was originally written by the late Mr. Oswald 
Hayes, has been revised by Mr. A. W. Judge, and the 
principles and working of the latest proprietary 
carburettors have been explained. A feature of this 
volume is the information given on the subject of 
obtaining the maximum power from a given engine 
capacity. Particularly thorough revision of the 
third volume, which deals with front and rear axles, 
and with clutches and fluid flywheels, has been 
necessary on account of the developments which 
have recently occurred in the design of suspension 
and transmission systems. The fourth volume, 
dealing with rigid six-wheelers, lubrication, bearings, 
crankshafts and flywheels, has not been greatly 
altered, but in the following volume, which covers 
Diesel engines, and gives further information on 
suspension systems, extensive revision has again 
been necessary owing to the progress recently made. 
The same remark is also true of the sixth volume, 
in which chassis lay-outs, gearbox design, brake 
design, and pistons and connecting rods are covered. 
In this volume, for example, such modern develop- 
ments as streamlined all-metal bodies and the 
overhanging radiator are considered. The 
field covered by the whole series is shown by the 
inclusion in this volume of trolley "bus data. The 


last volume, dealing with ignition, starting, and | 


lighting, has already been referred to. The treat- 
ment in this volume is based upon a reasoned expla- 


nation of scientific principles and their practical 


applications, the illustrative examples being taken, 
as far as possible, from modern practice. 





Electrical Engineering Experiments. -Theory and Practice. 
By H. R. Reep and G. F. Corcoran. New York: 
John Wiley and Son. London: Chapman and Hall, 
Limited. [Price 22s. 6d.) 

Ir has not always been possible to speak favourably 

of American text-books, owing to the prevalence in 

them of purely descriptive matter and reproduced 
photographs. The present volume, however, is 
definitely not in this category. In the main, the 
character of the book is excellent; the technical 
information is sound and the diagrams are good. The 
appraisement of the book must be made on the 


basis of what it purports to be: namely, a manual | °CcUpation of their ordinary work. Firms employing 


for laboratory use. The claim is made that enough 
theory is given with each experiment to enable the 
student to grasp its significance, and to render 
detailed reference to other works superfluous. 
Students like such books, for obvious reasons, but 
teachers are not always of the same opinion. In 
the minds of the latter there is always some doubt 
about the possibility of combining satisfactorily the 
text-book and the laboratory manual. It is on this 


score that the present volume seems to be deficient | 


in some ways. On the whole, the explanatory 
theory is well chosen ; the main criticism is directed 
to the choice of subject-matter rather than treat- 

vent. Bench experiments appear to be subordinated 
B, machine experiments. Instruments and measure- 
ments well deserve more ample space. 

It is on the practical side, however, that the book 
appears to suffer, Admittedly, this is thorny 
ground, for so much depends on available equip- 
ment, and so much information can be better given 
in laboratory sheets—for example, data relating to 
particular apparatus and appliances; but even 
after making this allowance, the practical side is 
somewhat weaker than the theoretical. Neverthe- 
less, the book should be welcomed in technical 
libraries, where both staff and students should be 
able to make good use of it. 


Report on Industrial Instruments and Control Gear. 
London: O. W. Roskill and Company (Reports), 
Limited. 


Tuts somewhat novel publication, which engineers 
should find instructive and stimulating, has been 
issued by a firm of industrial consultants. The 


wide | 
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can be carried on. Logically, therefore, this report 
is concerned with instruments and control gear. 
There is no lack of information on this subject 
scattered throughout scientific literature, but it 
acquires enhanced value from being collected, 
sorted, critically examined, and eventually pre- 
sented in compact form, preceded by a sufficient 
account of the underlying physical principles. Not 
the least valuable feature of such a compilation is 
that it reveals unsuspected similarities and relation- 
ships between technical operations, thereby suggest- 
ing to the alert reader new applications for his plant 
and wider ranges of utility for his products. 

The scope of the report embraces the measurement 
of dielectric constant, fluid flow, relative humidity, 
hydrogen-ion concentration, liquid level, pressure, 
temperature and viscosity. In each case, a brief 
statement of the change of physical properties upon 
which the method of measurement depends and 
which, in turn, successful measurements can serve 
to regulate, introduces an account of the appro- 
priate instruments now available. These are dis- 
cussed in some detail, with reference to the principles 
on which they operate, the specific purpose and 
service for which they are intended, and the order 
of accuracy to be expected. The second part deals 
with the automatic regulation of industrial processes 
on the basis of the physical measurements achieved. 
A variety of control apparatus is surveyed, ranging | 
from relay mechanisms to servo-gear and valves 
of the several types employed in devices of this | 
sort. Finally, the applications in practice of the 
| eight types of physical measurement under considera- 
tion are reviewed and illustrated by numerous | 
examples drawn from a wide range of industrial 
activity. 

A noteworthy feature of the report as a whole | 
is the large proportion of the instruments and | 
operations that is concerned with fluids. Even | 
more marked is the physical or chemical basis of | 
the industries to which the report is evidently more 
particularly addressed. Methods of measuring and | 


| controlling length, weight, strength of materials, | 


and perhaps the majority of the characteristics with 
which most engineers are mainly concerned, fall 
outside the scope of this work. There must be few 
technical men, however, who could read it without | 
finding much that is new to them and recapitulating | 


much that they have lost sight of in the pre- | 


only a small technical staff will find the succinct, | 
yet comprehensive, style of this report especially | 
useful. 








THE RELATION OF THERMAL EFFI- 
CIENCY TO ELECTRICITY COSTS. 


By C. 8S. Jerrrey, M.I.E.E., M.I.E.Aust. 


Thermal Efficiency.—A fuel-burning electric gen- 
erating station is a machine for transforming 
the heat energy in the fuel into electrical energy. 
The overall performance of this machine is expressed 
by its thermal efficiency, that is, the ratio of the | 
heat recovered as electricity to the heat in the fuel | 
supplied to the station. This efficiency is expressed | 
| as a percentage, or as the number of British thermal | 
units required to generate one kWh. The term | 
“thermal efficiency” is taken from the science of | 
thermodynamics, but as used as a measure of overall | 
performance it short-circuits the true thermo- 
dynamic efficiencies of the boilers and turbines. | 
“ Thermal efficiency ” is not defined in the British | 
Standard Glossary of Terms Used in Electrical | 
Engineering, perhaps because, strictly, it is a mecha- 
nical-engineering term; but it is, nevertheless, 
of the utmost importance to the electrical engineer, 
as it is the measure by which the performance of | 
one station can be compared with another. There | 
is, however, no absolute measure of comparison, | 
because there are so many varying factors which | 
affect performance. In all tabulations of power- | 
| station performance, if thermal efficiency is given 
at all it is given as the average efficiency over a| 
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in B.Th.U. per lb., and the last is to measure the 
kWh sent out. Since one kWh is equivalent to 3,416 
B.Th.U., the first and last measurements have a 
direct and simple relation to each other. At one 
end of the station heat units are supplied as fuel, 
and at the other, heat units are delivered as elec- 
tricity. In the process of conversion, heat is lost 
to the ash pit, to the chimney, to the air as radiation, 
to the auxiliary plant, and—largest loss of all—to 
the condensing water. The magnitude and propor- 
tional values of these losses change with every 
change of load. In every station there is a point 
of maximum thermal efficiency or minimum propor- 
tional loss of heat, which may be quite different 
from the average thermal efficiency. 

If a power station comprises a number of generat- 
ing units, all of the same size, design and age, and 
the minimum load approaches full load for one 


|unit, the maximum and minimum thermal effi- 


ciencies may not diverge greatly from the average 
efficiency ; but if, as is more frequently true, the 
station comprises one or two large modern units 
and a number of smaller and less efficient units, the 
thermal efficiency may vary greatly from ‘hour to 
hour. So long as a station is supplying a self- 
contained system and must meet whatever demand 
is made on it, the station operating engineer cannot 
control the thermal efficiency except by making 
the best use of the plant at his disposal. He knows 


| the test efficiency of the individual units, and the 


average efficiency tells him in a general way, having 
regard to conditions of loading, if the operation is 
satisfactory. 

A different position arises when a system is not 
self-contained and the station is interconnected 
with other generating stations. Good management 
then demands that the controlling officer shall 
take power from the station able to supply it at 
the lowest cost or, neglecting the other cost factors, 
the station having the highest thermal efficiency. 
Here we are faced with the difficulty that the 
average thermal efficiency may be misleading, 
because we should know the incremental cost which 
will be incurred by a particular station in increasing 
its load. 

The actual thermal efficiency of a station can be 
obtained only by direct measurement of coal and 
kilowatt-hours. Where the turbine and _ boilers 
are operated on the unit system, that is, with one 
or more boilers reserved exclusively for one turbine, 
a fairly close approximation may be made from 
known test figures; but when, as is more usual, 
steam is supplied to a common main from which 
any turbine can be supplied, this cannot be done. 
For example, if a station includes five boilers and 
five turbines with a common steam main, there 
are 251 combinations of plant possible from the 
minimum load to the maximum load which can be 
carried. Each combination will have a different 
thermal efficiency, and all of these are subject to 
variation with operation conditions, such as load 
factor, and steam and condenser pressures and 
temperatures. In nearly all stations there is a 
period in the early hours of the morning when the 
load is light and the thermal efficiency greatly 
lowered by the necessity for keeping the boilers 
standing by to meet the sudden demand at the 
beginning of the working day. The average effi- 
ciency must include this period, and thus introduces 
an error in the estimate of actual efficiency for 
increments of load. The thermal efficiency of a 
station will increase until a maximum point is 
reached when the most efficient unit is running at 
its most efficient load, usually about 80 per cent. of 
its maximum continuous rating. Thereafter, the 
thermal efficiency will fall as the less efficient units 
are brought into service. All well-equipped stations 
maintain a high thermal efficiency for plant which 
can be run at a good annual load factor, that is, 
plant which is in regular service ; but it is usual 
to hold for occasional service plant which has a 
comparatively low efficiency. 

The operation of a power station under an 
agreement for the interchange of power may mean 


basis of sound and enduring improvement in| period of operation, which may be an hour, a day | operation of this low-efficiency plant where increas- 
industrial matters, as in all truly scientific advance, | or a year; but it is seldom given under varying | ing load means increasing incremental costs, because 
lies in the ability to measure and hence to control | conditions of loading. 


the processes which determine the «degree of tech- | 
nical and economical success with which an industry | station is to measure the calorific value of the fuel ! plant. 


The first step in the proper operation of a power | 


interchange agreements, inter alia, are made to 
avoid each station maintaining its own reserve 
Interchange operation, therefore, may be 
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peak-load operation. There is some diversity in| 


the incidence of peak load, for example, between a 
station supplying a traction load and one supplying 
an industrial load, but it cannot be assumed that | 
interchange will take place at times which will 
always result in decreasing or constant incremental | 
costs. The plant which is used for the interchange | 
of power at times of peak load is, of necessity, | 
the older and less efficient plant and, therefore, the | 
thermal efficiency of the incremental load may be 
lower than the average efficiency. It is clearly | 
desirable, therefore, to measure the thermal effi- | 
ciency under different operating conditions, if it can | 
be done at reasonable cost and without imposing | 
heavy duties on the operating staff. 

The direct measurement of thermal efficiency is a | 
simple matter which brings difficulty only by multi- | 
plication. Three factors only are required, namely, | 
the quantity of fuel, the calorific value of the fuel | 
and the kilowatt-hours generated or sent out. The | 
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ship to the kilowatt-hour. The B.Th.U. cannot! Instead of 


be displaced in thermodynamic calculations, but | 
such calculations are not made in the ordinary 
commercial operation of a power station. The 
B.Th.U. is used by the operating engineer only to 
express the calorific value of the coal that he burns. 
He measures the heat lost to the chimney in CO,, 
the heat to the steam in pounds of steam, and the | 


heat lost to the condenser in vacuum or absolute | 


pressure. Some day these motley units may be| 
swept away and a common heat currency established. 
For example, the automatic control of steam | 
temperature and pressure makes it possible to| 


measure the steam output in heat units or equivalent 


| kilowatt-hours with reasonable accuracy. However, 


the discussion of that subject is beyond the scope 
of this article. 

Much work has been done by the British Standards 
Institution in the preparation of specifications for 
the sampling and testing of coal. The measurement 





of calorific value is work for a skilled chemist or 


calorific value is known before the fuel goes into | 
fuel technologist. To suggest any alteration in the 


the bunkers. It remains but to read the quantity 
of fuel and kilowatt-hours at regular and accurate | standard laboratory method of stating the calorific 
time intervals. It is necessary, however, to use| value in British thermal units per Ib. of coal would 
automatic methods of measurement if accurate and | be to suggest imposing new methods on the mining 
continuous records are to be made, and it is necessary | industry. Whether he likes it or not, the power- 
to reduce the calculations to a minimum if the ther- | station engineer must continue to accept the standard 
mal efficiency is to be determined by the operating | methods of assessing the calorific value. When the 
staff. | coal is within his gates, however, he may use any 
Units of Measurement.—The designing engineer,| methods he pleases. Calorific value in British 
the laboratory worker, the statistician and the| thermal units per lb. is a highly inconvenient 
accountant are accustomed to working in figures | quantity. On the other hand, the usual method of 
which differ greatly in magnitude from those used | expressing the other coal values, fixed carbon, 
in commerce. The power-station operating engineer | volatile matter, moisture and ash, as percentages, 
does not work in single kilowatt-hours, British | are highly convenient, because a percentage correc- 
thermal units, or pounds of coal. His instruments tion can be applied to 1 lb. or to 1,000 tons with equal 
facility. Ifa percentage is to be used for calorific 


will not measure such small quantities. A power- 
station coal meter does not usually register less | value, a suitable standard value must be found for 
The calorific value of pure carbon 


than one-tenth of a ton, and the constants of the|1 Ib. of coal. 
electricity meters do not usually permit of reading | burned to CO,, which is 14,600 B.Th.U. per Ib., 
to less than 100 kWh. Pounds of coal and kilowatt- | would form a suitable standard, although certain 
hours reach embarrassingly long figures in a large | coals exceed this value, due to the higher calorific 
power station, but the resulting calculations cannot | value of the volatile hydrocarbons. 

achieve more than four-figure accuracy. The ther-| The author, in giving consideration to the matter, 
mal equivalent of the kilowatt-hour, on which the | has observed a fortuitous relationship which pro- 
accuracy of thermal efficiency depends, is variously | vides a highly convenient standard for power-station 
given from 3,412 B.Th.U. to 3,427 B.Th.U. Thej|use. This is obtained by dividing the thermal 
value of 3,415 is given by the British Standards | equivalent of 10,000 kWh by the number of pounds 
Institution, but 3,416 is used in this article because | in one ton : 

it corresponds exactly with the value chosen as | 3.416 x 10,000 
the standard of calorific value and is probably quite | ~ 9940 
as accurate as 3,415. Again, calorific value 18| The best coal analysis which he has found, without 
determined from a thermometer, which is a difficult | making an exhaustive search, is one for a Durham 
instrument to read with great precision. The im-| coal, and shows a calorific value of 14,960 B.Th.U. 
portant point is that we require not more than four | per Ib., a combustible percentage of 94-7, and 5-3 
figures for our purpose. If then it is possible to per cent. of ash. Allowing for variation in ash 
banish the lb., the kilowatt-hour and the B.Th.U., | content, it would be possible, doubtless, to find 
and calculate in tons and thousands of kilowatt- ‘samples of the coal which would approximate to 
hours, it is clearly convenient to do so provided that 'the standard proposed of 15,250 B.Th.U. per Ib. 
confusion does not arise if one engineer uses the | In any case, any error introduced by selecting a 
smaller units and another the larger. | standard slightly higher than is actually found is 

The method of calculation here proposed ad 


of no importance. The Durham coal, referred to 
based on units of 1 ton, and 10,000 kWh. The ton| above, as sampled, has a value on this basis of 


is the unit of coal in general use; the pound is|98-1 per cent. It is suggested, therefore, that 
used only because calorific value is given in B.Th.U. | calorific value should be expressed as a percentage 
per pound. The single kilowatt-hour must remain | of 15,250. 
for the small consumer, but any table of electricity-|_ Thermal efficiency can be stated as a percentage, 
supply statistics shows clear need for a larger unit, | as the B.Th.U. per Ib., as pounds of standard coal 
preferably with a distinctive name. It is suggested | per kilowatt-hour, or as tons of standard coal per 
that the “ Kelvin,’ which has not been generally | 10,000 kWh. 
adopted as a substitute for the kilowatt-hour,! The reciprocal of C, the calorific value as a 
might find a new dignity as a unit of 10,000 kWh. | 15,250 
A convenient symbol for this unit, which is ten | Percentage of 15,250, is Gv. ° 
million watt-hours, might be the ancient Egyptian! 1, the ordinary euieiintiem E, the thermal effi- 
symbol for ten million. ciency, per cent. spice 

The choice of a suitable heat unit to replace the "kWh x 3,416 
B.Th.U. has long troubled power-station engineers. Tb. x CV. 
The gas industry has adopted the “therm” in kWh x 15,260 
Britain, but in New South Wales, gas is sold by the = Ib. x C.V x 0 Da4 
electrical unit of 3,412 B.Th.U.; that, however, ae 








= 15,250 B.Th.U. 








is a commercial expedient to permit comparison of piles UL 
gas prices with electricity prices. If a new heat Ib. x C x 0-224 
unit is required in the electrical industry, there _ 10,000 kWh 
appears to be only one sound method of deriving ~ Tons x C* 
it, viz., from the equivalent B.Th.U. of one kWh. Therefore, 

In this connection, it is desired not so much to E 
urge the adoption of a new heat unit as to point | a 


out the disadvantage of adopting any unit, such as| where ‘[ = the consumption of standard coal in 
the “ therm,” which does not have a definite relation- | tons per kilowatt-hour. 





making the calculation of thermal 
efficiency in single kilowatt-hours, pounds and 
B.Th.U., it is only necessary to multiply the tons 
of coal used by the percentage calorific value, and 
divide it into the kilowatt-hours in ten thousands. 
Thus, if a station uses 5 tons of standard coal to 
generate 10,000 kWh, 


I) 


_= 


1 
5 , 
or 20 per cent., and 
on l 
I= 50" 
or 5 tons per 10,000 kWh. 

Application of Electricity Tariffs.—Any standard 
adopted must be suitable for any routine calcu- 
lations which may be necessary in the business of 
generating and selling electricity. When an agree- 
ment is made for the sale of electricity to large 
consumers, it is usual to provide for variations in 
price corresponding to variations in price per 
ton and the calorific value of the coal. These factors 
are usually beyond the control of the supply autho- 
rity. Thermal efficiency is presumed to be within 
the control of the supply authority and the price, 
therefore, is not subject to adjustment on this 
account. Nevertheless, these three factors all 
vary, and all should be known to the controlling 
engineer with as little time lag as possible. 

Calorific value, expressed as a percentage of a 
standard, should be known at the time the coal is 
burned and included in all statements of perfor- 
mance made thereafter. The coal cost per ton 
can be made known to those concerned before the 
coal is delivered. Thermal efficiency can be derived 
very soon after the coal is burned, and for any period 
desired. If a standard fuel value of 15,250 B.Th.U. 
is adopted, there is established a very simple 
relationship of these quantities. Coal purchased in 
British currency can conveniently be reduced to 
pence per ton. 

It is not necessary here to discuss the complex 
question of rate structures. The factor A, repre- 
senting pence per kilowatt-hour, may be taken to 
include all charges other than fuel, and can be 
subdivided into as many parts as is necessary. 
Some of these are fixed charges, which are indepen- 
dent of the station output, and some, such as stores, 
wages and plant maintenance, vary more or less 
with the output. All the factors included in A, 
however, can be calculated by the ordinary methods 
of book-keeping. The variable costs included in A 
are generally small in proportion to the fuel cost B, 
and are not subject to rapid or unexpected change. 
It appears highly desirable, therefore, to keep the 
fuel cost apart, and independently adjustable, 
in the supply authorities’ records. The details 
of the rate calculation, of course, need not be 
disclosed to the consumer. 

It has been pointed out that average fuel costs 
are not the true costs at any particular stage of 
loading, and only by ascertaining the thermal effi- 
ciency at each stage can the true costs be determined. 
By using a simple and accurate formula, the fuel 
cost can be made known to any person who is 
entitled to receive the information. 

Let P =the price of coal in pence per ton, 
C = the calorific value as a percentage of 15,250, 
C V =the calorific value in B.Th.U. per lb., and 
E =the thermal efficiency per cent. Then, in 
the usual notation, B, the fuel cost of electricity 
in pence per kilowatt-hour 





__P_ 3415 x 100 _ P 152-5 P 
7 ExCV ExcCV' 
But 
¢ = CV: x 100 
mae te 
therefore 
P 
B = EC 


When several electricity undertakings are parties 
to an agreement for the interchange of power, it 
may be expedient for each party to have the right 
to recover only the incremental costs of generation. 
These incremental costs will vary greatly with the 
circumstances, and at certain times the average 
thermal efficiency will not give a reliable indication 
of the incremental fuel costs. A station of uniform 
size and efficiency of generating units may maintain 
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approximately average thermal efficiency, except | on a recording tape the sum of the units recorded 
during periods of very light load, but a non-uniform | on a 
station will vary greatly in efficiency with variations | therefore, in obtaining a printed record at regular 
in load. It is clear that the incremental fuel costs | time intervals on adjacent meters of the total 
cannot be ascertained unless the station performance 
without the incremental loading is known. Since | hours generated or sent out from the station. 
measurements of performance cannot be made under | The calorific value being known, a simple slide-rule 
conditions which do not exist in fact, the thermal | operation will then give the overall thermal effi- 
efficiency without the incremental load must be/| ciency of the station. It would, no doubt, be 
ascertained from past experience. There are many | quite practicable automatically to correct the 
variable factors which affect performance but, given | summation coal meter for calorific value, so that 
a sufficient number of observations, there appears | the readings are in standard coal. It is also quite 
no reason why a normal performance curve of each | practicable to obtain a printed record of the coal 
station should not be plotted, from which the fuel | used for every 10 kWh or 100,000 kWh generated. 
consumption under hypothetical loading can be | By operating the printing coal meter at kilowatt- 
The fuel cost per kilowatt-hour for | hour intervals instead of time intervals, this record, 
|if in standard coal, will give a direct reading of 
| thermal efficiency. There is no engineering diffi- 
culty in obtaining all the records that are required. 
The question is only the extent to which the cost 
of the instruments is justified, and that depends 
|} on their value to the particular station. Some day 
we may even use automatic registration in a power 
station to the extent to which it is used on a race- 
course. The race-course totalisator, adapted to 
read in kilowatt-hours or standard coal, could 
record the total heat units supplied to a station, 
| the distribution of these heat units, so far as they 
But 200 « 6-6, or 132 tons, is to be charged to| are measurable, and the ratio of each quantity to 
the undertaking; thus the incremental coal is | the total; but that time is not yet. 

33 tons, or 3-3 tons per 10,000 kWh. The corres- | 


ascertained. 
the incremental loading will depend on whether 
the incremental load causes an increase or a decrease 
in the overall thermal efficiency. 

Assume that a station is operating at 15 per cent. 
efficiency ; then the tons of standard coal per 


100 , 
10,000 kWh is given by ~~, or 6-6. The load is 
efficiency 


then increased so that the y becomes 
18 per cent., or 5-5 tons per 10,000 kWh. Assume | 
that 200,000 kWh are generated for the undertaking’s | 
own consumers, and 100,000 kWh for exchange. 
The total coal is then 300 « 5-5, or 165 tons. 
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SOME RESEARCHES ON STEAM- 
TURBINE NOZZLE EFFICIENCY.* 
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Given an automatic record of total coal and total 
kilowatt-hours at appropriate time intervals, and | 
a curve of normal coal per kilowatt-hour throughout 
the total range of maximum demand, a continuous | 
check of performance can be made. If the station 
performance is normal at any observed load, it 
can be assumed to be normal at any other hypotheti- 
cal load. The incremental thermal efficiency for 
every increment of load can be calculated and 
plotted on a second curve, so that the station 
engineer can read at a glance the incremental 
value of E for normal operation by deducting his 
own system demand from the total demand. 


Dr. L. 


By 
(Concluded from page 704.) 

Let us now consider the character of the results 

obtained by these various methods of experimental 


|attack and their bearing on one another. If each 
| method had absolute accuracy, each would, of course, 


In practice, however, it will be neither necessary | o — I Ss . 
nor convenient for the operator to follow changing | a ee =< 


incremental costs. Each station authority will 
ascertain its own costs and undertake to supply 
between certain limits of load at a fixed charge 
with special charges for loads outside these limits ; | 
and this, in effect, means that reduced rates can | 
be offered at times of light load and increased rates 
at peak loads which necessitate the use of inefficient | 
plant. It should be noted that the increase at | 
veak load is a charge for decreasing efficiency and 
as such can have no place in an ordinary supply 





3 
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Il individual meters. There is no difficulty, | 


coal supplied to the boilers and the total kilowatt- | 
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| S.N.R.C. results for the 20-deg. thin-plate nozzle from 
| Fig. 7, page 701, ante. It is, I think, notable that none 
of the characteristics are of the very waved form of the 
| S.N.R.C. curve, and while many show a steady rise to an 
| optimum in the neighbourhood of sound velocity. and 
others a rising curve at the lowest velocities, none shows 
| anything like the very great rise in efficiency of the 
| S.N.R.C. curve as the velocity is reduced from 800 ft. 
| to 400 ft. per second. 
| The groups of tests here shown cover a very wide 
| range of designs, most of which have an appropriate 
| place in turbine design. However, I think it will be 
apparent that the form of the characteristic is suscep- 
| tible to modification by design, and that for each limited 
range of steam velocity there is a type of characteristic 
which gives the best result. In the main, this group 
of curves falls into two classes. The one has a charac- 
| teristic which, with increasing velocity, either falls 
| continuously or else falls to a valley at a moderate 
| velocity, thereafter rising very slowly. The other 
| rises continuously with increasing velocity to a maxi 
|}mum, usually below sound velocity, and thereafter 
| falls with further increase in velocity. 
| By separating out these results into these broad classes 
it is possible, [ think to indicate the characteristic 
of form which typifies them. The first class is collected 
| in Fig. 20, on the opposite page, and all the nozzles con- 
| cerned are characterised by a sharp inlet and thin body 
| to the nozzle section, and by a wide open entrance. A 
| few examples of this nozzle type are shown at the top 
| of the diagram. The second class, that of rising charac- 
| teristic, is collected in Fig. 21, opposite. The nozzle 
|vanes of this group are typified by a rounded or 
blunt inlet followed by a streamline tail, giving a thick 
or bulbous section in the body with a relatively less- 
| open inlet, a few examples being illustrated at the top 
of the figure. The two types necessarily have charac- 
| teristic differences at the outlet which belong to their 
|elass. Broadly, at low velocities the efficiency and 
| form of the characteristic appear to be mainly con- 
| trolled by the inlet portion of the nozzle to the throat, 
| while at high velocities both appear to be controlled 
mainly by the form at the throat and beyond it. 
| The profound effect of the exit at the higher veloci- 
| ties is well illustrated by certain of the S.N.R.C. tests 
| replotted in Fig. 22, opposite, recording the effect of 
|flat and radius chamfer on the 20-deg. thick-plate 
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agreement. The important point is that, whatever 
the charges, they should be recorded in the form 





BR 





RC: Thus, if the coal cost per ton is 17s. 3d. | 











(207d.) ; if the calorific value is 85 per cent., or 12,950 
B.Th.U. per Ib.; if the thermal efficiency of the 
station is 20 per cent., or 5 tons of standard coal 
and if the actual coal per 10,000 
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per 10,000 kWh ; i= I 
, 5 a 207 “400 =< GOO 200" 4000 
kWh is ... == 5-88 tons, then the charge is 
O-8S 20 85 frte.T) 


(}-122d. per kilowatt-hour, and the correction 
to be applied for a variation in any of these factors 
is heyond dispute 


give the same result when used on the same nozzle ; 
the difference between the results for the same nozzle 
is an index of the extent to which either one or all 
the methods should be questioned. At an earlier 
point, I threw some doubt on the advisability of basing 
principles of turbine design on the shape of the nozzle- 
efficiency characteristic exhibited in the early tests 
of the S.N.R.C. One further comment is necessary 
on the way these tests were made. While both the 
thick and thin impulse nozzles were well chosen to 
illuminate extreme characteristics, they were not truly 
representative of practice at that time, and are basically 
different from modern designs. 

In Fig. 19, on this page, I have replotted test results 


Measuring Instruments.—-More frequent measure- 
ments of thermal efficiency will require some im- 
provement in the present methods of measuring 
coal. The coal meters used in all generating stations 
are integrating instruments. For many years it 
has been the practice, whece necessary, to fit 
electrical contacts to the registering trains of inte- 
grating meters of various kinds to transmit the 
readings to a distant point. Printing relays, which 
print the readings on a tape, have also been com- 
monly used, mainly, however, for kilowatt-hour 
meters. It is sometimes necessary, for example, in | obtained on our S.N.R.C.-type nozzle tester, and selected 
the application of maximum-demand charges, to | becuse I have considerable confidence in their general 
know the sum of the readings of a group of meters | 2 se wp in - lower = “hy diagram. _ lightly 
over a given period. For this purpose, summation | ~ anamcdlienastetietesxcadiecisaratatesseetaes sanianiatie 
relays are used. Instruments have been developed * The fourth Sir Charles Parsons Memorial Lecture, 
which will collect the impulses from any number of | prepared for presentation before the Institution of Civil 


integrating meters and, at regular intervals. print | Engineers 
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for a number of different types of turbine nozzles |type of the blunt-inlet thick-bodied class. 
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|nozzles. It is significant that these tests suggested, 
|as a result of chamfering, a lowering of the efficiency 
| characteristic at the lower velocities, which I now find 
scarcely a credible result of improving the outlet. 
While the previous discussion has been limited to 
| tests on impulse nozzles, it is of interest to see how 
| the S.N.R.C. tests on reaction blading compare with 
|later tests we have made, although with reaction 
blading of rather different form. On Fig. 23, opposite. 
are replotted in full lines the three series of S.N.R.C. 
| tests on reaction blading of various widths, and of a type 
| which falls in the sharp-inlet open-mouth thin-bodied 
| class, together with two tests on our own S.N.R.C.-type 
| nozzle tester on reaction blading of a rather extreme 
It is, I 
| think, notable that, in general, the same difference in 
levee of characteristic is found as occurred in the case 
of the impulse nozzles. . 
When nozzle tests are taken with the small Pitot- 
tube exploration method, we usually limit them to two 
| determinations of efficiency at two velocities, equivalent, 
| for steam, to about 630 ft. per second and 1,460 ft. per 
The characteristics obtained in 
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this way for a number of nozzles are shown in Fig. 24, 
on this page. It is noteworthy that, in all cases, such 
observations suggest a characteristic always slowly 
rising with velocity. All but one of the results here 
shown were obtained with the same bulbous nozzle 
types as form the group plotted in Fig. 21 for our 
S.N.R.C. type of nozzle tester. As two points are 
scarcely sufficient to establish the shape of a charac- 
teristic, I have added one test in which measurements 
were taken at three velocities, and, in order to exhibit 
it clearly, have raised it above the remainder by 
adding 0-5 per cent. to the actual test velocity coeffi- 
cient. It will be noticed that again the three points 
lie on a straight line, slightly sloping upwards with 
velocity. 

A further broad discriminating factor between our 
various results, obtained with the S.N.R.C. type of 
nozzle tester, and shown in Fig. 19, is to be found in the 
geometrical angle at outlet of the nozzle-vane section, 
or the angle at which the stream of steam leaves the 
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nozzle face. Thus, in Fig. 25, above, the curves for 
certain of the sharp-inlet thin-bodied nozzle vanes of 
similar form have been collected and plotted with 
various outlet angles to typify them. To these has been 
added the test on the 8.N.R.C. 1}-in. straight-conver- 
gent nozzle, for which the outlet angle is 90 deg. It is, 
I think, obvious that the outlet angle is a very impor- 
tant factor in the vertical displacement of these curves 
—that is, in the velocity coefficient. 

Proceeding in the same way for the bulbous-inlet 


thick-bodied nozzles, but this time with sin-! 


as the characteristic variable, because geometrical angle 
has little significance with these forms, the grouping 
in Fig. 26, herewith, results. I have purposely added 
the lowest curve, with an efflux angle of 14-2 deg., 
because it is known to be a poor nozzle, and the displace- 
ment relatively to the 14-6-deg. nozzle immediately 
above it is the result of this poor form. I did it to 
remind myself to emphasise that all the other nozzles 
are good forms for their efflux angles. 

It might very naturally be suggested that the 
difference between the mean angle at the inlet and outlet 
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of the nozzle vane, or the “‘ camber,” should provide a 
more discriminating criterion for this effect than the 
angle of efflux of the stream at outlet. This, however, 
is contrary to my deductions from our tests. Nozzles 
having considerable forward angle at inlet—giving a 
big change in camber for the same exit angle—appear 
to fall into the position dictated by the efflux angle, 
and not by the camber. This, again, illustrates 
how the part of the nozzle beyond the throat, rather 


” 


p|than the early entry part before the throat, seems to 


be the dominating factor in determining the efficiency 
characteristic for bulbous vane sections. 

On the curves of Figs. 25 and 26 are plotted isolated 
test points, which are the velocity-coefficient determina- 
tion on the same nozzle forms either by one or other 
of the Pitot-tube methods of test. The very close 
correspondence of the results obtained by these very 
different methods confirms, I think, that each method 
can give very reliable results, and that the curves 
shown are reasonably accurate. I am bound to say 
that, in particular cases, even with the greatest care, 
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each method can give unreliable results 
that it is not desirable to depend on a single 
in fact, I hesitate to put much 


method 


reason 
experimental method ; 
value on the determinations of one unless 
it is confirmed in character by a second, 

While on this subject, perhaps I should add that I 
think it a fair statement to say that results which are 


confirmed in character by two such methods are later 


confirmed in character by tests in actual turbines. 
| have said confirmed in character advisedly, 
because, very frequently, if nozzle tests suggest that 
nozzle \ is, say, X per cent. better than nozzle 

B,”’ tests which later become possible in a turbine, 


very frequently show that, while the difference is only, 


A 


aay, or 4 


perhaps 2 X, but that * A ” is, in fact, better 
Ll, herewith, illustrates the kind of 
find between the different 


forma of nozzk experiments and tests in a single-stage 


than B labk 
variation which we actually 


turbine 
TABLE II 
hy hy By 
Nozzle Pit Purbine 
lester Leate lest 
Improvement in efficiency of 
nozzle \ over nozzle 
bb,” per cent 0-72 1:4 1-64 
Improvement in efficiency of 
norzk ¢”* ver nozzle 
D,"* per cent + 8 2-4 , 64 


The degree of agreement here shown is as good as, 
on an average, can be expected with nozzle testing, 
testing, 


attainable in 


or, for that matter, with single-stage turbine 
with the degree of present 
skilled hands 

it would be a very simple matter for me to select 
examples where the results of the different systems of 
nozzle tests agree much more closely, or are much more 
even differ from the final turbine test 
in sign as well as amount; but such results, when they 


poouracy t 


discordant, or 


arise, must be regarded with suspicion, and the tests 
themselves, together with the particular nozzle and 
blade as subjects for fresh examination, 
investigation and _ verification. In of these 
limitations, such experiments are of very real value, 
because they can be made many months before tools 
are available and perhaps years before tests can be made 
It is also possible to explore in this 
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way a much larger variety of forms than would be | 


practical in complete turbines. Further, with the 
most refined technique for testing complete turbine 
plant, it is quite impossible to detect, with any degree 
of certainty, the effect of a change in design of nozzles, 
which may improve efficiency by as much as | per cent. 
in a few stages of the machine, but necessarily by only 
a small fraction of 1 per cent. for the whole turbine. 
It would be natural to how far assistance 
in these important questions of nozzle effic lency can 
be obtained by analytical methods. The attack already 
outlined is purely experimental and, if an analytical 
basis could be built up, not only would design methods 
be less empirical, but the indication of the theory would 
experimental approach more direct and 
and the creature of general instinct 


inquire 


make less 


* hit and miss 
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Fig.30. VARIATION IN SINGLE-STAGE TURBINE 
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S. and P. Friction Coefficient 
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D.—Height Loss Deduced from Tests on Turbines 


usually more pretentious than useful. I was, however, 
encouraged some little time ago by Dr. F. W. Lan 
chester’s admirable lecture on skin friction,* to see 
how far the known losses in steam-turbine nozzles 
could be explained on the basis of skin friction alone. 
Earlier and less complete attempts, at a time when 
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: ture Volunx Hawkins, Hawkins — 
Solberg and Sigwart Solberg and Sigwart P and Sigwart. 
Potter. Potter Potter. 
Lb. per sq Dew. I Cub. ft. per Lb. sec. per Lb. sec. per Sq. ft. per sec. | Sq. ft. per sec. 
ales Ib sq. ft sq. ft 
650 14-54 0-460 10-6 | 0-451 10-€ 6-60 10-4 | 6-45 x 10-4 54°7 3-5 
14-7 S50 2-62 0-540 10-¢ 0-489 10-6 @-14 10-4 | 8-438 x 10-4 _ 
Loo 0-600 10-¢ 0-498 1u-6 - - 
650 2.558 0-560 10-6 | 0-454 10-6 | O-4¢ 10-4 | 0-374 x 10-4 3-8 3-1 
oo S50 3-67 0-640 « 10-6 0-500 10-6 0-631 10-4 0-494 10-4 | — — 
1) $438 0-720 10-6 | O-500 10-6 0-797 10-4 0-533 10-4 oo 
650 0-210 1-227 x 10-6 | 0-490 10-6 | 0-083 10-4 | 0-033 10-4 -—— — 
2.000 0 0-337 1-289 x 10-6 0-512 10-6 | O- 14 10-4 0-055 10-4 — — 
1.000 0-209 1-353 x 10-6 | 0-512 10-6 | 0-174 10-4 | 0-0657 x 10-4 1-45 0-545 
29 in. vac 7a-¥ 653 0-211 10-6 44-3 10-4 _ 358 
For air it GO deg. F. and 30 in. He., the kinematic viscosity 1 505 <x 10-4 sq. ft. per sec. Ratio = 12-98 
wate 0-1205 x 10-4 , - 
and experience. The problem is obviously vastly | nozzles were less efficient, were discouraging because 


more complex than that of the flow around an aerofoil, | of the great discrepancy between the calculated losses 
which has become susceptible to most useful mathe- | due to skin friction and the known or expected total 


matical treatment. The main differences, when 
contrasted with the aerofoil, lie in the fact that, in the 


losses in the nozzle. 
The most important quantities in such an investi- 


case of the nozzle, the angle to be turned through is | gation are the kinematic viscosity of the flowing fluid 
much greater, that compressibility of the fluid not only | at various points in its passage, the appropriate coeffi- 
cannot be neglected but has a dominant effect, and | cient of skin friction, the Reynolds number with which 
further, that in the flow through the nozzle passage | to operate, and how it is to be calculated for so variable 
or across the nozzle vane, the velocity is continuously |a passage as that between adjacent nozzle vanes. 


increasing and the density continuously decreasing. 
It is not surprising, in view of the complexity of the 

problem, that such analytical approach as has been 

ventured is, 


Lanchester published in his lecture a curve of friction 


* “ The Part Played by Skin-Friction in Aeronautics,”’ 


in the final issue, purely empirical and | Jl. Royal Aé. Soc., vol. xli, page 68 (1937). 





ENGINEERING. 


DEC. 29, 1939. 
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tion decreases fairly definitely for heights below, say, 
| in. By similar methods, the surface-friction losses 
in both nozzle and moving blade can be calculated for 
the same sections, but with decreasing heights. The 
results of such calculations are given in Fig. 30, on 
page 714, for a particular nozzle and moving-blade 
combination, for which the loss of efficiency deduced 
from turbine test is given in the top curve. 

The fact that the expected increase in loss, as height 
is reduced, is greater than that calculated with the 
surface-friction coefficient increased 50 per cent., is 
in accordance with expectation; because there are 
other known losses in such a combination of nozzle 
and moving blades, such as spilling, induction of inert 
surrounding steam, splitting of the stream and dise 
friction and windage of shrouding, which may be 
quantitatively indicated by the difference between the 
two curves, 

A more important use of such calculation arises if 
it can give some indication of the variation in efficiency 
of nozzles and blading to be expected with changes in 
steam pressure and temperature. In this matter, even 
a rough indication would be of great utility, because 
the variation in efficiency of a nozzle and moving blade 
with pressure and temperature, over the full range 
now employed in practice, cannot be obtained even 
direct experiment on _ individual 
nozzles or blades. Some attempt was made in this 
direction over an extremely narrow range by the 
S.N.R.C., but they advisedly put forward the results 
with considerable caution. Further, the results 
obtained were anomalous and discordant in themselves, 
and differ materially from the deductions from tests 
on full-scale turbines within that range of variation. 

If the variations of efficiency with pressure and 
temperature are to be calculated, the most important 
quantity required is the change in viscosity of steam 
with pressure and temperature over such a wide range 
as from 2,000 Ib. per square inch and 1,000 deg. F. to 


qualitatively by 


29 in. of vacuum, or 79 deg. F. Two recent researches 
have been made in this matter, one by K. Sigwart* in 
Germany, using the flow through a fine-bore tube, 
and the other by Messrs. G. A. Hawkins, H. L. Solberg, 
and A. A. Pottert in the United States, by observing 
the time taken for a plug to drop a known distance in a 
closely-fitting tube. While the viscosity determinations 
of both agree very well at low pressures and tempera 
tures, they differ widely at the high steam pressures and 
temperatures which are now of interest and importance 
in steam-turbine work. 

Certain values are given in Table III, on page 714, 
from which it will be noticed that, at a pressure of 
2,000 Ib. per square inch and a temperature of 
1,000 deg. F., Hawkins’, Solberg’s and Potter's value 
for the kinematic viscosity is times that of 
Sigwart’s It is of interest to recall that, in con- 
nection with the problems of flight, Lanchester long 
zo pointed out that the kinematic viscosity of air 
was nearly 13 times that of water, and has suggested 
that the implications of this difference were for long 
unappreciated. [I wonder whether it is generally 
appreciated that the kinematic viscosity of steam, at 
the condition of atmospheric exhaust and 330 deg. F., 
usually employed in nozzle testing, is about 26 times 
that of water and double that of air. Nor do I think 
it is appreciated that, at 29-in. vacuum—the usual 
pressure at exhaust from the last turbine stage—the 
kinematic viscosity of steam is 368 times that of water. 

Again, according to Sigwart’s determinations, the 
kinematic viscosity of steam at 2,000 lb. per square 
inch and 1,000 deg. F. is only about one-fiftieth of 
that of steam at the atmospheric exhaust pressure 
and 330 deg. F. temperature usually employed in 
nozzle tests. Hawkins, Solberg and Potter would 
make the ratio about one-twentieth. Both researches, 
however, agree that the kinematic viscosity of steam 
at 29-in. vacuum is over 14 times greater than that 
at which nozzle tests are usually made. 

Table LV, on page 715, summarises surface-friction 
calculations for the three nozzles A, B and C for both 
600 ft. per second and sound velocity at exit, and for 
the steam conditions usual in nozzle testing, in contrast 
with a steam pressure of 2,000 Ib. per square inch and 
1.000 deg. F. before the nozzle, and also for vacua 
of 27 in. and 29 in. Hg. at the outlet. The calculations 
are made with Stanton’s anc Pannell’s friction coeffi- 
cients, and both for Sigwart’s values for viscosity and 
those of Hawkins, Solberg and Potter. The resulting 
values of the difference of the calculated losses for the 
viscosity determinations do not differ 
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two sets of 
greatly. 
Averaging the whole Table for the three types of 
nozzles and for sound velocity at exit, the calculated 
improvement to be expected in nozzle efficiency at 
about 2,000 Ib. per square inch and 1,000 deg. F. is 


* “ Messungen der ZAhigkeit von Wasser und Wasser- 
dampf bis Kritische Gebiet,”’ Forschung auf dem Gebiete 
dea Ingenieurwesens, vol. 7, No. 3, 1936, page 139. 

+ “ The Viscosity of Water and Superheated Steam,” 
Trans. Am. Soc. M.E., vol. 57, 1935, page 395. 
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almost exactly 14 per cent. If we assume that the 
losses other than surface friction varied with steam 
pressure and temperature in the same way as surface 
friction, and can be included by increasing the surface 


friction by one-half, then, with sound velocity at exit, 


a nozzle should be 2} per cent. more efficient at 2,000 Ib. 
per square inch and 1,000 deg. F. than at 27-8 Ib. per 
square inch and 450 deg. F. at inlet. 

Now consider the positions at the lower exit velocity 
of 600 ft. per second. Considering surface-friction 
losses alone, and averaging the Table for the three 
types of nozzles, the efficiency at inlet conditions of 
2,000 lb. per square inch and 1,000 deg. F. inlet con- 
ditions would be almost exactly 2-3 per cent. better 
than with 15-7 lb. per square inch and 450 deg. F. at 
inlet. If, however, the remaining losses can be included 
by increasing the friction coefficient by one-half, then 


the improvement in nozzle efficiency at the higher | 


condition is increased to nearly 3-5 per cent. These 
are significant and important conclusions which may 
play a part in the ultimate development towards 
extreme steam conditions. 

We can also, in the same way, arrive at an estimate 
of the decrease in nozzle efficiency for the steam con- 


ditions in the last stage of a turbine exhausting at | 


29-in. vacuum, as compared with the usual atmospheric 
exhaust of nozzle tests. In this case, nozzles A most 
nearly represent the type of nozzles which would be 
used, and the exit velocity would be about equal to 
that of sound. For this nozzle we deduce that, with 
Stanton’s and Pannell’s coefficients and for surface- 
friction alone, the efficiency of the nozzle in the last stage 
will be almost exactly 3 per cent. worse than that 


|has, | 


the nozzles in that end of the machine, due to the 
greater angles of efflux of the nozzles there employed 
(exhibited in Figs. 25 and 26) has also been insufficiently 
appreciated. Again, Table IV shows that, compared 
with the atmospheric exhaust of nozzle experiments, 
while the increase in calculated surface-friction loss 
with friction coefficients increased 50 per cent. to 
cover all losses, would be 4-5 per cent. when exhausting 
to a 29-in. vacuum, it would be only 2-31 per cent. for 
27-in. vacuum. Thus the increase in kinematic vis- 


cosity results in a decrease in nozzle efficiency of 


2-25 per cent. for these 2 in. of vacuum, a fact which 
believe, been ignored in the 
vacuum corrections. 

I cannot conclude without acknowledging my great 
indebtedness to all those with whom I have worked 
and who have worked with me on this subject, and in 
particular to Mr. K. Baumann, Mr. N. Elce, M.Sc., 
Mr. J. R. Finniecome, Mr. B. Hodkinson, M.Sc., 
A.M.Inst.C.E., Mr. C. G. Lloyd and Mr. R. Poole, 
A.M. Inst.C.E. 
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deduced from the nozzle-test inlet conditions of 27-8 Ib. | 


per square inch and 450 deg. F. Further, this loss in 
efficiency is increased to 4-5 per cent. if the remaining 


FOR LONG BARS AND SECTIONS. 

THE application of protective coatings to articles 
the length of which is great in relation to their width 
and depth presents a number of problems when large 
quantities have to be dealt with. A further difficulty is 
introduced when it is necessary to use coatings which 
may endanger the operator’s health when applied 
by hand. With this in mind, Messrs. Aeraspray 
Manufacturing Company, Limited, Birmingham, 7, 
have for some years been engaged in the development 
of automatic painting and lacquering machines for the 


nozzle losses can be represented by a 50-per cent. | treatment of rods, bars, rolled and extruded sections, 


increase in friction coefficient. 


the external surfaces of tubes, and other work for which 


The presence of this considerable loss in the low- the usual type of rotary-table machine is unsuitable. 
pressure end of a turbine has probably been over- | An early machine of this type was described in ENat- 


looked, because the improvement in the efficiency of | NEERING, vol. 141, page 169 (1936). 
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TYPICAL SECTION 


Fig.4._ 
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building construction, and also to tongued and grooved 
boards of various sizes. Upwards of a dozen cross- 
sectional forms are dealt with at the rate of 60 linear ft. 
per minute, all surfaces being painted at one pass. 
The machine is illustrated in Figs. 1 to 8, on this and 
the opposite pages. Generally, it consists of a central 
painting unit through which the sections are passed by 
a pair of double-strand chain-and-slat conveyors. The 
- conveyors are coupled together, and are driven by a 
reversible geared motor unit. The work can thus be 
passed through in either direction, and the stacked work 
| need not be moved between coats, as would be the case 
| Were it necessary to return it to the other end of the 
machine for re-loading. The painting unit, shown 
clearly in Fig. 1, is in the form of a rectangular chamber 
| open at each side. Adjacent to each opening, on a 
| semi-circular mounting above the conveyor level, is 
|a battery of four automatic spray guns. These guns, 
| which will hereafter be referred to as the upper guns, 


oe © Q Q 0) Oo EB | deal with the top and side faces of the work. Within 
































eae. Q ene | the chamber, below the conveyor level, is a pair of 
fete! | 0) © net] |guns on a universal mounting. These lower guns 
ra | deal with the bottom faces of the work. The paint 

fumes are discharged to the outer air through trunk- 


recently built and installed for Messrs. Boulton and| ing, the base of which can be seen in Fig. 1, by 
Paul, Limited, Norwich, a plant which represents the | means of an 18-in. propeller fan. The fan is directly 
most recent development of the series. This machine | coupled to a totally-enclosed motor, and is mounted 
is now being used for the application of lead and other lin the top of a fan box behind the central chamber. 
paints to wooden glazing bars, ridge rolls, hip rolls, | The fan draws air, at the rate of about 3,000 cub. ft. per 
cappings, sills and other sections, such as are used in | minute, past the guns through the sides of the chamber, 











1 


‘wenenee'U 








ais 


and through a small aperture in its base. The upper 
guns are partly enclosed in cowlings to maintain the 
necessary air velocity, which is of the order of 150 ft. 
per minute. Between the front of the fan box and the 
back of the chamber is a battery of multi-louvred 
collector plates, which change the direction of air flow 
four times. 

Each of the two conveyors, shown in Fig. 3, consists 
of a pair of endless chains running over, chain-wheels 
on horizontal spindles carried in ball bearings mounted 
on the frame of the machine. The arrangement will be 
clear from Fig. 4. The chains are united by forty-two 
cast-aluminium slats or carriers ; each carrier is fitted 
with eight needle-pointed conical stainless-steel studs, 
as shown in Figs. 5 and 6, on which the work rests, the 
purpose of these being to prevent damage to the paint 
film. The chain-wheel spindles adjacent to the painting 
unit are positioned so that the inner ends of the con- 
veyors are just within the central chamber; the gap 
between the ends allows the lower guns to be brought 
to bear on the work without fouling the conveyors. The 
adjacent chain-wheel spindles are coupled by a roller 
chain and sprockets enclosed in the casing, which can 
be seen in front of the central chamber in Figs. 1 and 2; 
the spindle to the left of the chamber is driven through 
a similar chain by the geared motor unit, which can be 
seen mounted in the bottom of the frame. Chain 
adjustment is effected by draw-bolts acting on the 
spindles. Above each conveyor is a pair of fences which, 
by a simple right- and left-hand screw mechanism, 
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operated by a smal] crank handle, can be set to the width 
of the workpiece while remaining equidistant from the 
conveyor centre line ; these ensure passage of the work 
through the painting unit in correct lateral alignment. 

Actuation of the spray guns is by compressed air, 
electrically controlled. The guns themselves are of 
the normal Aeraspray pattern, in which the bronze body 
is extended to form a cylinder housing a small piston. 
The cylinder is in communication with the air cap ; 
admission of air to the gun causes the piston to draw 
the needle from the nozzle, so allowing paint to issue 
therefrom. When the air supply is cut off, the needle 
is returned by a small coil spring. Needle travel, and 
consequently rate of paint flow, is controlled by a 
graduated limiting screw. The needle and nozzle are 
of stainless steel, the latter having a ground taper to 
locate the Duralumin air cap. The machine is supplied 
with air at 80 lb. per square inch from the works main 
air line, a larger filter and purifier being interposed to 
remove oil and water vapour. The paint is supplied 
from a 10-gallon pressure-feed container having its 
own reducing valve for pressure control, and fitted 
with a paddle-type agitator driven by a geared ait 
motor. The distribution panel, which is mounted 
above the painting unit, as shown in Figs. | and 2, 
carries separate air and paint cocks for each gun. The 
two upper gun batteries do not operate together. If 
the conveyor is being run from left to right, the left 
battery is employed, and if from right to left, the right 
battery. Thus the maximum number of guns in 
simultaneous operation is six, but many of the sections 
can be satisfactorily with fewer and 
those guns not required are thrown out of action by 
closing the appropriate cocks. The distribution panel 
also carries a main line pressure gauge, and six reducing 
valves, each with its own gauge, to enable the operator 
to vary the air pressure on each gun as requisite. 

By each upper gun battery is mounted one of a pair 
of mercury switches, one of which can be seen above 
the conveyor to the left of Fig. 1. These switches are 
in series with a solenoid-actuated air valve As the 
forward end of each workpiece approaches the first 
upper gun battery, it closes the mercury switch adjacent 
thereto, the other switch being hell in the closed 
position by a catch provided for that purpose. The 
wlenoid valve thereupon passes air through a reducing 
valve to a small pneumatic cylinder and piston, shown 
at the top in Figs. 7 and 8, which opens the four ganged 
air valves shown the latter admit air to the 
upper guns, which thereupon begin to operate. Simul- 
taneously a time-lag mechanism is brought into action, 
which, after an interval of the time 
required for the leading end of the workpiece to reach 
a point vertically above the lower guns, closes a switch 
in circuit with a second solenoid-actuated air valve. 
This passes operating air to two ganged \ alves actuating 
As soon as the rearward end of the 


covered guns, 


below ; 


two seconds, 


the lower guns 
workpiece has passed the upper guns, the mercury 
switch returns to the open position, the first solenoid 
valve shuts, the air trapped in the cylinder escapes by 
a small bleed-valve, the four ganged air valves close, 
und the upper guns cease to operate. The time lag 
mechanism is double-acting, and consequently main- 
tains the lower guns in operation until they too have 
The gun-actuating 


been passed by the workpiece. 
painting chamber, 


valve gear carried above the 
behind the distribution panel. 

The electrical controls are grouped on the panel 
shown mounted on the frame of the machine in Fig. 1. 
This panel carries the push-button starter-reverser for 
the conveyors, the fan switch, and the switch for the 
remainder of the electrical gear. During operation of 
the machine, the conveyors are left running continu- 
ously, the work being loaded by one operator and 
unloaded by a second. The setting up of the machine 
to deal with a particular section is facilitated by th 
provision of a number of brass gauges arranged to clip 
on to the gun mountings; one gauge corresponds to 
each section, and bears numbered indices to which the 
numbered guns can be moved. When the machine is 
shut down or it is necessary to change over to a different 
paint, a two-way cock in the fluid pipe line enables 
cleaning solvent to be passed through the hoses and 
guns. Economy in paint usage is achieved by ensuring 
that the spray guns only operate while the work is 
actually passing them; ani by the separate air 
pressure adjustment provided for each gun, which 
enables the spray fog to be kept down to the minimum. 
\nother important point is that the efficiency of the 
fume-exhaust system, coupled with the fact that 
each operator stands at least 12 ft. from the painting 
unit, prevents injury to health. 
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Tue LABELLING OF MERCHANDISE FOR Goops TRAINS- 
In order to expedite the conveyance and delivery of 
goods, the Railway Companies are asking traders, when 
labelling consignments, to include their own name and 
address as well as that of the consignee. It is pointed 
out that this procedure facilitates matters if it be neces- 


sary to communicate with senders regarding their traffic 
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ENGINEERI 


THE DETECTION OF 
VAPOUR. 


THE series of pamphlets issued by the Department 
of Scientific and Industrial Research on methods for 
the detection of toxic gases in industry has now been 
extended to cover aniline vapour.* Aniline exists in 
small quantities in coal tar, but is produced industrially 
almost exclusively by the reduction of nitro-benzene. 
It is used chiefly in the manufacture of dyestuffs and 
has a pleasant smell, which in no way suggests the 
dangers resulting from its presence in the atmosphere. 
Acute aniline poisoning arises by absorption through 
the skin, by splashes either directly on the skin or 
indirectly through the clothing. Its immediate toxic 
effect is on the blood, and the symptoms which charac- 
terise it are a blue-grey discoloration of the lips, ears 
and cheeks. Depending on the intensity of the concen- 
tration, shortness of breath, rapid feeble pulse, and 
nervous excitement, not unlike drunkenness, may occur 
later. With a concentration of one part in 140,000, 
slight symptoms may occur after several hours’ expo- 
sure; but concentrations of one part in 10,000 to 
one part in 6,000 will produce serious effects if the 
atmosphere is inhaled for more than an hour. 

To test for the presence of aniline vapour in the 
atmosphere, the aniline must first be brought into 
solution, by drawing a sample of the air under test, 
by means of a hand pump, through a small bubbler 
containing dilute hydrochloric acid. Any aniline | 
vapour present is thereby converted to the hydro- | 
chloride, to which any of the ordinary tests for aniline 
may then be applied. Normally, however, the aniline- 
vapour concentration is so small that only very little 
hydrochloride is obtained without taking an incon- | 
veniently large sample of air; several of the ordinary | 
tests, therefore, are insufficiently sensitive. For | 
example, the best known test for aniline is by adding 
a few drops of a dilute solution of bleaching powder, 
which produces a purple coloration, rapidly changing to 
a dirty red; over the range of concentrations likely to 
be encountered in the atmosphere, however, only the | 
slightest trace of colour is obtainable. A more sensitive 
test, therefore, has been developed. If, after the 
addition of the bleaching powder, the solution is made 
alkaline with ammonia and a dilute aqueous solution 
of phenol added, a permanent deep blue colour is 
produced, even with minute quantities of aniline. This 
test has been adopted as the standard test for aniline 
vapour in industry. It has been made quantitative 
by comparing the colours obtained at known concen- 
trations with a series of standard colours prepared 
from a dye. In this way a table has been drawn up 
showing the depth of colour obtained, with up to 
10 strokes of the standard hand pump, over a range of | 
concentrations from one part in 5,000 to one part in 
100,000. The table is included in the leaflet, with 
full instructions for carrying out the tests and for the 
preparation of the standard colours. 
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PERSONAL. 
MESSRS. BURTON, GRIFFITHS AND COMPANY, LIMITED, 
Montgomery-street, Sparkbrook, Birmingham, 11, have 
been appointed the sole selling agents in this country 


for the series of power presses manufactured by Messrs. 
The V. and O. Press Company, Hudson, U.S.A. 





Mr. J. B. ROBINSON has been appointed sales engineer, 
for Bristol and the surrounding territory, by Messrs. 
E. H. Jones (Machine Tools), Limited, Edgware-road, 
The Hyde, London, N.W.9. The area covered includes 
Cornwall, Devon, Dorset, Gloucester, Wiltshire and South 
Wales. 








CONTRACT. 


Ministry of Supply, which 
British Expeditionary 
with locomotives, rolling stock, and 
materials, has placed orders with the LOCOMOTIVE 
MANUFACTURERS’ ASSOCIATION for 240 freight tender 
engines, of the 2-8-0 type, and with the CARRIAGE AND 
WaGon BUILDERS’ ASSOCIATION for 10,000 20-ton 
covered goods wagons. The engines and wagons are to 
be used overseas on certain sections of the French 
railways operated by the B.E.F. The cost of the loco- 
motives and wagons will be about 8,000,000/. In addi- 
tion, approximately 1,750,000/. worth of permanent-way 
equipment and various mechanical-handling plants for 
docks have been ordered, making a total expenditure of 
about 9,750,000/. These orders will provide work for a 
large number of men, but, in making delivery arrange- 
ments, the Ministry of Supply has left manufacturers a 
sufficient margin of productive capacity to provide for 
general export trade requirements. 


responsible for 
Force in France 
permanent-way 


is 


The 
providing the 








TENDERS. 


WE have received from the Department of Overseas 
Trade, Great George-street, London, S.W.1, particulars 
of the undermentioned tenders, the closing dates of 
which are stated. Details may be obtained on applica- 
tion to the Department at the above address, quoting 
the reference numbers given. 


Portable Air Compressor, petrol-driven, having a 
capacity of not less than 105 cub. ft. per minute and 
capable of supplying compressed air to operate two hand 
drills, each working at 80 Ib. per square inch, at an alti- 
tude of 6,000 ft. Union Tender and Supplies Board, 
Pretoria ; January 18,1940. (T.29,939/39.) 
fertiliser 
Orange 
15, 


Agricultural and Road Plant, comprising 3 
spreaders, 3 disc harrows, and 2 tar distributors. 
Free State Tender Board, Bloemfontein; January 
1940. (T. 29,955/39.) 

Central Foreign Purchasing 


Motor Launches, two. 


| Board, Ministry of Finance, Bagdad, Iraq; January 15, 


1940. (T. 29,958 /39.) 


Locomotives and Tenders, HPS-class. 
East Indian Railway, Calcutta; January 
(T. 29,967 /39.) 

Fire Extinguishers, portable, 500, to be delivered c.i.f. 
at Bandar-Chahpur. Iranian State Railways Adminis- 
tration, Purchasing Service, Tehran, Iran; January 16, 
1940. (T. 29,971/39.) 


General Manager, 
17, 1940. 


Cane-Sugar Machinery for equipping a _ factory. 
Ministry of Industry and Mines, Tehran, Iran; March 1, 
1940. (T. 23,403/39.) 


Water Fittings, including coated steel tubes, malleable- 
iron fittings, copper tubes and fittings, and full-bore 


water meters. Bagdad District Water Board, Bagdad, 


Iraq ; January 12, 1940. (T. 29,954/39.) 
Water-Purification Plant capable of dealing with 
300,000 gallons of filtered water and 200,000 gallons 


of settled water per 24-hour day. Also quantities of 
pipes, valves and fittings, specials and jointing materials. 
Municipality of Upington, Cape Province, South Africa ; 
January 23, 1940. (T. 29,957/39.) 

Braided Cable in quantity. 
Department, Melbourne, Australia ; 
(T. 30,032 /39.) 


and Telegraphs 
30, 1940. 


Posts 


January 








IMPORTS OF WATCHES AND CLOCKS.—A special com- 


| mittee of the watch and clock trade of this country. 


established by the London Chamber of Commerce, 69, 
Cannon-street, London, E.C.4, has been successful in 
persuading the Import Licensing Department of the 
Board of Trade to permit*the importation of certain 
classes of watches, clocks and movements, having regard 
to the rapid exhaustion of stocks in this country, and 
also to the fact that the particular types involved are 
not made in the United Kingdom. 
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NOTES FROM THE NORTH. 
GLaseow, Wednesday. 

Scottish Steel Trade.—In the Scottish steel trade the | 
makers are having to face a steady pressure for supplies, 
as all consumers are very busy. Production is at a 
maximum, and the holiday stoppage at the end of the 
year is expected to be of short duration because of the 
urgency for steel of all kinds. Although order books 
are full up for a long time ahead, new contracts are 
coming in and there is no lack of inquiries both on home 
and export account. Not only is the demand for heavy 
steel of very large dimensions, but light steel is in the | 
same category and makers are hard pressed to meet the 
current demand. The output of black steel sheets is 
exceedingly heavy at the present time and it is with 
difficulty that makers are able to keep their customers 
supplied. Prices are firm and are as follows :—Boiler | 
plates, 121. 8s. per ton ; ship plates, 117. 10s. 6d. per ton ; | 
sections, 111. 8s. per ton; medium plates, 131. 2s. 6d. | 
per ton; black-steel sheets, No. 24 gauge, 161. 2s. 6d. per | 
ton; and galvanised corrugated sheets, No. 24 gauge, | 
182. 12s. 6d. per ton, all delivered at Glasgow stations. 

Malleable-Iron Trade.—There has been little change in } 
the state of the malleable-iron trade of the West of | 
Scotland over the week, with the exception perhaps that 
there has been rather more pressure for supplies before 
the holidays begin. Order books are well filled and the 
output is on a large scale. The re-rollers of steel bars 
are still exceedingly busy and every ton produced goes 
rapidly into consumption. Plant is running at top 
speed and the supply of semies is ample to enable makers 
to maintain production for some time at to-day’s level. 
The following are the current quotations :—Crown bars, 
127. 15s. per ton; re-rolled steel bars, 12/. 19s. per ton ; 
No. 3 bars, 121. 7s. 6d. perton ; and No. 4 bars, 121. 12s. 6d. 
per ton; all for home delivery. 

Scottish Pig-Iron Trade.—The demand for Scottish 
pig-iron is so urgent that consumers are pressing for 
deliveries. Hematite and basic iron are encountering a 
steady demand but there is also a good request for 
foundry grades. To-day’s market quotations are as 
follows :—Hematite, 61. 4s. 6d. per ton, and basic iron, 
ol. 1s. 6d. per ton, both delivered at the steelworks ; 
foundry iron, No. 1, 51. 12s. per ton, and No. 3, 51. 9s. 6d. | 
per ton, both on trucks at makers’ yards. 

Shipbuilding.—The Scottish shipbuilding yards 
all fully occupied and during recent times many new 
orders have been placed. 
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NOTES FROM THE SOUTH-WEST. 
CARDIFF, Wednesday. 

The Welsh Coal Trade.—Holiday conditions have 
existed on the Welsh steam-coal market throughout the 
greater part of the past week. The Cardiff Coal and 
Shipping Exchange was closed on the first two days of 
the week, and from mid-day on Wednesday and work 
at the pits was suspended on Christmas and Boxing | 
Days. Coal-loading operations at the docks were at a | 
standstill on the Monday and Tuesday, and work on | 
Wednesday was carried on only from 6 a.m. to 12 noon, 
although on this day all types of vessels were handled. | 
This represented a concession on the part of the work- 
men, as last year only vessels that could be completed 
ready to sail by mid-day were handled on the day follow- 
ing Boxing Day. For some years past certain coal | 
exporters have been trying to persuade the men to 
curtail the holidays. It has been pointed out that 
holidays by the trimmers and tippers at the South Wales 
ports have been longer than those at any of the other 
coal-loading centres of the country, and several joint 
meetings with the men have been held in an effort to 
bring the practice at the ports on this matter more into 
line with that ruling at other docks. Until the present, 
however, the men have refused to make any concessions. 
Overseas and home buyers have continued to display 
keen interest. Operators on the market have had to | 
contend with a number of difficulties. 





A shortage of | 
railway wagons was responsible for some stoppages at 
the pits. Forward business continued to be checked by 
the difficulty confronting buyers in arranging stems. | 
Most collieries are well placed with business for shipment 
over some months, and the general tone of the market 
was very firm. Duff coals remained scarce and, as most | 
collieries had sold practically the whole of their potential | 
outputs of these kinds over several months to come, | 
strong conditions ruled. The occasional small parcels on | 
offer were eagerly taken up. Sized coals were well placed 
with outlets, while all the large qualities were being 
steadily lifted. Inferior smalls were usually in ample 
supply, but other kinds were steady. Cokes and patent 
fuels remained busy. 

The Tron and Steel Trade.—The South Wales iron and 
steel works were again busily engaged last week. There 
was a good demand for the various products and a fair 
volume of business was concluded for forward delivery. 
Most producers were well booked with business and the 
tone was very firm. 


| ments is naturally on Government account, but inquiries 


| of ordinary commercial business is being done. 
| producers are responsible for record outputs. 
| and sufficient supply of hematites and pig-iron is avail- 


| makers of machinery and heavy engineering products are 


| trade is developing in coke, and there is a stronger call 


| have to record the death of Major William Paxman, 
| 0.B.E., which occurred on Monday, December 11, after 


| his death occurred. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—-After a holiday shut-down of three 
days, all the big steel and engineering works resumed 
operations to-day. Some departments engaged on rush 
orders for the Government have worked through the 
holidays. Conditions generally continue to reflect intense 
activity, whether in the production of basic steel, high- 
efficiency steels, machinery, or tools. The bulk of require- 


at representative works show that an increasing amount 
Steel 
A steady 


able, while all types of steel scrap are coming to hand in 
bigger tonnages. Owing to the big influx of orders, 


having difficulty in planning ahead. As a result of steps 
taken to increase production of a variety of steel products, 
makers of steelworks’ machinery are experiencing an 
exceptionally busy time. Not only has a run developed | 
on rolling mills and forges, hydraulic presses, bending | 
machines, and pneumatic hammers, but also on lathes, | 
drilling machines, universal grinders, stamping plant, and 
planing machines. Recent improvement in the demand 
for shipyard equipment and tools has been more than 
maintained, while the call for ship steel, forgings and 
castings, auxiliary machinery, and deck furnishings has | 
become stronger. Rolling mills, forges, and press shops 
are all operating to capacity. Makers of railway steel, 
locomotive parts, and wagons hope to benefit from 
contracts likely to be placed by the Government. All 
types of crushing plant are in demand, and better trade 
is being done in coal crushers. Sheffield works specialising 
in the production of light forgings and castings are 
particularly busy. 

South Yorkshire Coal Trade.—All types of industrial 
fuel are in demand on home account, and the big steel - 
works are taking increased quantities. Steam coal is a 
particularly active line. Smalls are also in strong demand. 
The house-coal market displays more life. A better 





for blast-furnace coke. The export position shows little 


change. 











FUSION-WELDED PRESSURE VESSELS.—Messrs. Daniel | 
Adamson and Company, Limited, Engineering Works, 
Dukinfield, Cheshire, have sent us a copy of a new and 
enlarged second edition of their brochure on “ Fusion- 
Welded Pressure Vessels."’ The first section contains 
brief illustrated descriptions of the firm’s welding, heat- 
treatment and other shops, testing department and 
laboratory, and the equipment and methods employed 
therein. Embodied in Section 2 are illustrated repro- 
ductions of the rules for welded pressure vessels, boilers, 
etc., issued by Lloyd’s Register of Shipping, the Associ- 
ated Offices Technical Committee, the British Corporation 
Register of Shipping and Aircraft, the American Society 
of Mechanical Engineers and the German Ministerial 
Authorities. 





NOTICES OF MEETINGS. 
Ir is requested that particulars for insertion in this 


column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 


Coventry 
7.15 p.m., 
Cathode-Ray 

Mr. D. C. 


AUTOMOBILE ENGINEERS. 
Graduates’ Branch : Tuesday, January 2, 
The Broadgate Café, Coventry. ‘‘ The 
Oscillograph LEngine-Indicator Unit,”’ by 
Neaves. 


INSTITUTION OF 


INSTITUTE OF BRITISH FOUNDRYMEN.— Lancashire 
Branch; Saturday, January 6, 3 p.m., The Engineers’ 
Club, Albert-square, Manchester. ‘‘ Gating and Pouring 
Temperatures in the Non-Ferrous Foundry,”’ by Mr. J. 
Laing. 








NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—Owing to continued heavy pressure 
for delivery of iron and steel, Christmas holiday suspen- 
sion of operations at works has been shorter than usual. 
Maintenance of aggregate tonnage output of material at 
near record level promises soon to provide appreciable 
increase of commodities for usual industrial requirements, 
while continuing to meet priority delivery claims for 
war-time needs. 


Cleveland Iron Trade.—Cleveland pig is now virtually 
unpurchasable, but foundry-iron consumers are receiving 
large supplies from elsewhere, mainly the Midlands, and 
are little inconvenienced by the meagre deliveries of 
Tees-side brands. Prices asked for the odd parcels of 
Continental iron offered here are unattractive and there 
seems little likelihood of resumption of purchasing from 
abroad. Output of Cleveland qualities is still suspended, 
and makers have little iron stored, but they claim to be 
able still to meet users’ essential needs. Merchants 
now have command of next to no local iron. Fixed prices 
of Cleveland pig are based on No. 3 description at 108s., 
delivered within the Tees-side zone. 


Hematite.—-Production of East Coast hematite is very 
substantial but falls rather short of customers’ require- 
ments. While tonnage accumulations at makers’ yards are 
heavy, they are decreasing at a rate that calls for caution, 
particularly as a good deal of the iron stored is needed 


| for use at producers’ own consuming works and to meet 


delivery obligations against running contracts. Under 
such conditions, there is some reluctance to accept exten- 
sive new contracts and the volume of new business passing 
is light. At the same time, maintenance of output, to- 
gether with stocks, appears to be ample for needs well 
ahead. Supply is mostly direct from producer to user, 
but merchants still hold moderate tonnage and are 
distributing iron among regular customers of long 
standing. Stabilised quotations stand at the level of 


| No. 1 grade of hematite delivered to North of England 


| firms. 


250TH ANNIVERSARY OF THE HUSQVARNA WORKS.— 
The well-known general engineering establishment known 
as the Husqvarna Works, in South Sweden, has celebrated 
this year the 250th anniversary of its foundation. Ori- 
ginally, it was started as a small-arms factory, and the 
manufacture of shot guns and target rifles, which suc- 
ceeded that of military rifles, is still an important depart- 
ment. Hardware production represents a considerable 
proportion of the firm’s output. The other outstanding 
branches of their activities are those concerned with 
sewing machines, and cycles and motor-cycles, respec- 
tively. During the last half-century, in particular, there 
has been a marked expansion in the extent of the firm’s 
operations, the value of the output in 1938, for example, 
being 29,000,000 kr., some ten times that of 1877. 
The proportion represented by exports rose from a mere 
97,000 kr. in 1886 to more than 5,000,000 kr. in 1938. 
To take one item only, the Husqvarna Works has now 
produced more than a million sewing-machines. 


THe LATE Mayor W. PAXMAN, O.B.E.—-We regret to 


a short illness. Major Paxman, who was 73 years of age 
was the son of the late Mr. James N. Paxman, founder 
of the firm now known as Messrs. Davey, Paxman and 
Company (Colchester), Limited, engineers and boiler 
makers, Standard Ironworks, Colchester. He was edu- 
cated privately, and, in 1893, became a partner with his 
father. Upon the death of Mr. J. N. Paxman in 1922, he | 
occupied the position of chairman of the Company, | 
retiring in 1932, when he took up residence at Byfleet, | 
Surrey. A short time ago, Major Paxman removed to 
Folkestone for reasons of health, and it was there that | 
From 1915 and throughout the last | 
war he served in the Rifle Brigade, retiring with the rank 
of Major. For his services he was awarded the O.B.E. 
(Military). 





* 


Basic Iron.—The nominal price of basic iron is 
1068. 6d. ; the whole of the heavy make is absorbed by the 


huge needs of producers’ adjoining steelworks. 


Foreign Ore.—Imports of foreign ore are satisfactory, 
and much better than expected ; consumers have moderate 
working stocks. 


Blast-Furnace Coke.—Holders of Durham blast-furnace 
coke are not pressing sales and local consumers have 
little occasion to buy, so that transactions are few. 


Manufactured Iron and Steel.—The supply of semi- 
finished iron and steel is equal to re-rollers’ actual needs. 
Deliveries of home makes continue to improve and larger 
Continental supplies, chiefly from Belgium, are coming in. 
Production of finished iron is large and expanding, and 
finished-steel firms have to keep plant operating at high 
pressure. For home trade, soft steel billets are 81. 7s. 6d. ; 
hard steel billets, 9/7. 10s.; steel ship, bridge and tank 
plates, 111. 10s. 6d. ; steel boiler plates, 12/. 108. ; joists 
and sections, 111. 10s.; black sheets, No. 24 gauge, 
161. 2s. 6d.; and galvanised corrugated sheets, No. 24 
gauge, 181. 12s. 6d. 

Scrap.—There is still a shortage of iron and steel scrap, 
but the large cargoes arriving from America promise to 
greatly relieve the situation. 








MODEL KAPLAN TURBINE FOR STOCKHOLM MUSEUM. 

A model turbine of the Kaplan type, which formed part 
of the Swedish exhibit at the Internationa] Water-Power 
Exhibition at Liége during the summer, has been pre- 
sented to the Stockholm Technical Museum. The model 
weighs 1,000 kg., measures about 8 ft. in length, and 
5 ft. in height, and was built at the Karlstad Works in 
Sweden. 
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the increasing disparity between the living and 
working conditions, and the continuity of employ- 
ment to be expected, at sea and in equivalent shore 
positions. This disparity is not peculiar to Britain 
or to British ships, although the remarks of some 
commentators would appear to imply that it is ; 
and considerable interest attaches, therefore, to a 
paper on this general subject, which was contri- 
buted to the November meeting of the Society of 
Naval Architects and Marine Engineers, in New 
York, by Professor H. L. Seward, who occupies the 
chair of mechanical and marine engineering at Yale 
University. 

The title of Professor Seward’s paper was ** Some 
Observations Regarding Merchant Marine Person- 
nel,” and its scope was actually even more extensive 
than this rather elastic description would indicate. 
It covered, indeed, the whole subject of marine 
transportation, and contained a number of brief 
but penetrating surveys of maritime laws, regula- 
tions and operating conditions ; but, for the present 
purpose, comment must be confined to the section 
dealing with developments in the recruitment and 
training of personnel, the problems of which are 
probably more acute in the United States than 
| elsewhere because of the high standard of living to 
which the average citizen of that country has 
become accustomed and is now trained to expect. 

Professor Seward, regarding the industrial acti- 
| Vities and development as a whole, finds it difficult 
to believe that the American marine transportation 
industry is fundamentally different from any other 
basic American industry, and thus is led to ask, 
“Has the progress in the marine industry during 
the recent past kept pace with the other large 
American industries, particularly as regards im- 
proved methods and better management? Can 
| we not profit by the experiences of successfully 
managed concerns in other industries by finding 
| out some of the secrets of their great advances and 
progress ?”’ Pursuing the analogy with other 
commercial undertakings, he draws attention to 
an aspect which has been frequently stressed, but 
| which is still more commonly overlooked—namely, 


- | the capital investment represented by an employee, 


THE MANNING OF MERCHANT 
SHIPS. 


In all of Britain’s major wars the seafaring 


section of its population has been actively, and | 
usually decisively, engaged; and yet, of all the| 


skilled occupations in which men seek their liveli- 
hood, those associated with ships and the sea have 


progressed the most slowly in their emergence from | 


medieval conditions to a proper enjoyment of the 
amenities that modern science and social organisa- 
tion have made possible and generally available. 
Apart from the greater freedom of movement that 
accompanied the increasing size of ships, and a 
certain amount of added security and of economy 


of effort resulting from better structural materials | 


and more effective gear, the conditions under which 
the seaman, both officer and man. lived and 
laboured, can have undergone little change down 
to the close of the sailing-ship era ; and, in many 
of the smaller power-propelled vessels in service 
to-day, these conditions still can only be regarded 
as primitive. To some extent, this state of affairs 
is ascribable to conservatism, and in part—an 
appreciable part—to the fact that, while ships have 
become steadily less vulnerable to weather condi- 
tions, the shipping industry appears to have become 
more and more susceptible to the economic storms 
which periodically afflict all commerce. Neverthe- 
less, the improvements that some of the more 
enlightened shipowning firms have introduced, in 
spite of economic difficulties, are a sufficient indi- 
cation that evolution need not be halted entirely 
circumstances, even though its pace 


On more than one occasion we have referred to 
the apparent reluctance among young engineers in 
recent years to adopt the sea as a career on comple- 
tion of their apprenticeship, and we have attempted 
to analyse its causes. The evidence points to the 
conclusion that this tendency, while undoubtedly 
encouraged by the prolonged industrial depression, 


is not primarily due to it: a much more potent | 


influence, or combination of influences, has been 


| if his remuneration be regarded as the equivalent of 
| the operating cost of a machine. Converting the 
' relevant figures into English money at the pre-war 
rate of exchange, it is found that a man receiving 
| 150. per month (apart from his keep) represents an 
investment of some 5,0001., capitalised at 3} per 
cent. ‘‘We take great care of a machine which 
| represents such value,’ comments Professor Seward, 
“why should we not see to it that the man has 
such an environment and is in possession of such 
skill as to realise upon the investment that he 
represents, aside from all the accepted humani- 
| tarian and good-citizenship ideals ? ” 
| The serious investigation of the problems of 
training mercantile marine personnel in the United 
| States dates from November, 1930, when the Council 


|of the Society of Naval Architects and Marine 
| Engineers appointed a committee for this purpose ; 
but the general industrial position in the country, 
| in the years immediately following, led the committee 
to request that it should be disbanded, and the 
request was granted in November, 1933. The 
information that it had collected, however, was 
placed at the disposal of the Maritime Commission, 
which followed up the investigation and presented 
a report on the subject to Congress in January, 
1939. ‘Training ships and shore training establish- 
ments were provided, and a vigorous policy of 
recruitment has resulted in full advantage being 
taken of the facilities that they afford. The aim, 
in the words of a member of the Commission, as 
quoted by Professor Seward, is to attain certain 
standards which are regarded as “ essential to the 
welfare of the individual seaman and the merchant 
fleet.” The principles are briefly summarised ; they 
are that “the seaman is entitled to good wages, 
good food (well cooked and well served), good, 
comfortable, light, sanitary quarters, proper hours 
of work, reasonable and safe working conditions, 
/and such privileges as are consistent with proper 
performance of duty. For these things he owes 
something in return. This is to know his job and 
| do it. m 


Necessarily, personal 


there are limitations of 
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freedom, and of other amenities, which are unavoid- 
able in the special circumstances and restricted 
accommodation of a ship at sea; but there are 
certain advantages, such as assurance of continued 
employment and of a reasonable provision for old 
age, which can be as well provided in the shipping 
industry as in any other, to suitable men, and if 
they themselves desire to have such provision. 
Not all of them do think it desirable—at least, in 
their younger years—in spite of Professor Seward’s 
insistence that the seafaring man, as a type, is no 
longer to be regarded as a “ rough, improvident 
wanderer "’ ; but it may be argued that a reluctance 
to tie themselves indefinitely to any given company 
is probably an inherited trait, based on an accu- 
mulated experience of owners whose service was 
not anything to be coveted—a type not yet extinct. 

There are features characterising the incidence of 
these problems in the United States which, if not 
entirely peculiar to that country, are probably 
more pronounced there than elsewhere ; but the 
American approach to them is not without its 
lessons for those who, in this country, are faced 
with others of a similar nature. In_ particular, 
Professor Seward’s comments and conclusions would 
appear to have a direct bearing on the question of 
obtaining and maintaining a sufficient supply of 
young engineer officers for the British mercantile 
marine. That problem was causing concern for 
some years before the outbreak of war, and cases 
were not unknown of loaded ships which were 
delayed for days, and sometimes weeks, for want 
of certificated engineers. There is reason to suppose 
that the gradual raising of the standard of technical 
education demanded by the Board of Trade examina- 
tions for certiticates of competency has contributed 
in some measure to this shortage ; not, as might be 
supposed, by scaring away potential candidates, but 
by ensuring so much better proficiency that the 
holders of Board of Trade certificates have become 
increasingly well qualified to hold responsible posi- 
tions on shore, carrying the possibility of a standard 
of living which they could not expect to enjoy if 
they remained at sea. 

The obvious, and, indeed, the only effective 
counteracting influence to this tendency to regard 
sea experience merely as a preparative to a shore 
appointment is a material improvement in condi- 
tions afloat. A few farsighted owners, mainly in 
the categories of the liner and tanker companies, 
have recognised this fact, and have acted accord- 
ingly ; and they and their staffs of engineer ofticers 
ire reaping the benefit. Some do not stop at the 
provision of improved accommodation for their 
engineer officers, but, recognising the risk that 
young men, whose work inevitably involves the 
acquisition of a certain amount of grime, may tend 
to spend their off-duty time lounging in collarless 
and slipshod ease, wisely require that they shall 

clean into ” uniform and mix with the passengers, 
for the betterment of their social graces. 

hese are all steps in the right direction, but still 
they do not go far enough, or, at least, they are not 
sufficiently widespread, to remove entirely the 
negative attractions of marine engineering as a 
career; yet it is essential that it should be made 
positively attractive, if an adequate supply of 
seagoing engineers of the right quality is to be 
maintained. The careful attention that obviously 
has been given to the design and equipment of 
officers’ quarters in the latest American vessels 
completed for the Maritime Commission contrasts 
markedly with the cramped and often comfortless 
accommodation that many British owners consider 
good enough. Concurrently with improvements in 
this respect, however, something more than lip- 
service should be done to the important share that 
the engineer now takes in the operation of seagoing 
vessels, both naval and mercantile. The view still 
persists in some quarters that the marine engineer 
is purely a mechanic. It may be noted. in this 
connection, that seagoing erfgineers do not appear 
under any ship heading in the official Schedule 
of Reserved Occupations, but are listed under the 
general group heading of Erector, millwright, 
maintenance fitter (not electrical)” This claasi- 
fication, of course, is purely a matter of depart 
mental convenience, but it represents an opinion 
that is all too prevalent 
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The tribute of Rear-Admiral Sir Henry Harwood 
to the part played in the cornering of the Admiral 
Graf Spee by the engineers of the three British 
cruisers, Exeter, Ajax and Achilles, is a recognition 
which, we hope, will be duly appreciated in high 
places, and the commendation in the London 
Gazette, by the King’s command, of the chief 
engineer of the steamer Mopan, which successfully 
eluded the attack of a German submarine, is parti 
cularly welcome as a mark of Royal approval. 
The response to the modified form of the Board of 
Trade examinations, we understand, has been most 
encouraging, and as the syllabus has been drawn 
up in collaboration with the leading engineering 
institutions, there is reason to hope that the 
examinees, who will shoulder an increasing propor- 
tion of the task of operating the greatly extended 
merchant fleet now taking shape in British ship- 
yards, will develop, in course of time, a closer 
liaison between their branch of the mechanical- 
engineering profession and that represented by their 
confréres on land, whose work is now recognised 
publicly as enjoying a definitely professional status. 
The extension of this recognition to marine engineer- 
ing should go far to qualify it as a career, rather 
than a mere extended apprenticeship. 








ELECTRICAL HISTORY. 


Tue Institution of Electrical Engineers was 
founded in 1871 under the title of the Society of 
Telegraph Engineers, the name being changed to the 
Society of Telegraph Engineers and Electricians, in 
1881, to indicate the greater range of its interests. 
For the same reason, a further change was made, in 
1887, to the Institution of Electrical Engineers, 
under which title the organisation has done in- 
creasingly useful work for just over fifty years. 
During that period, which includes the granting in 
1921 of the privilege of a Royal Charter, with all that 
it implies, it has numbered many distinguished men, 
not only among its presidents, but in its ranks ; 
so many, in fact, that it would be invidious to 
make a selection by naming any. Its member- 
ship has increased in numbers from a few hundreds 
in the ‘seventies and ‘eighties of last century to 
over 17,000 at the present time, so that it enjoys 
the distinction of being the largest of the British 
professional engineering bodies. By means of 


meetings, publications in its Journal and other 
activities, both direct and indirect, it has done 
much to advance electrical engineering knowledge. 
and worthily maintains its status by imposing 
high qualifications for admission on those who desire 
to join its ranks. It is, therefore, fitting and even 
necessary that its history should be written, and 
the Council did well to commission Mr. Rollo 
Appleyard to carry out the task.* The resulting 


volume covers the sixty vears from the foundation of 


the Soc ety of Telegraph Engineers to 1931, the year 
which marked the centenary of the discovery by 
Michael Faraday of “the evolution of electricity 
from magnetism.” 

After an introductory chapter dealing with the 
work of the pioneers, from Gilbert onwards, and 
glancing at earlier attempts to fofm electrical 
Appleyard describes the foundation of 
the Society of Telegraph Engineers, whose object was 
‘the general advancement of electrical and tele 
graphic science’ and more particularly “the ex 
change of information and ideas among its mem- 
bers.” Subsequent chapters deal with “The First 


societies, Mr 


Decade,” The Transition,” which covers the 
period from IS881 to 1889, “The Institution in 
Being.’ from 1889-1900, “The Pre-War Period,” 


from 1900 to 1914, “The War Period’ and * The 
Restoration and Advance,” from 1918 to 1931. <A 
concluding chapter gives some information about 
the history of the Savoy. in which area the Insti- 
tution building is situated. As an addendum, 
there is a complete gallery of portraits and short 
biographical notices of the presidents. Appendixes 
contain interesting information relating to the Royal 
Charter, lectures, medals, scholarships, premiums, 
rules and regulations. There is an excellent index. 


* History of the Inatitution of Electrical Engineers. 
LS71-1931 By Rollo Appleyard London The Insti 
tution of Electrical Engineers 
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In spite of the attractive task which he had been 
set, Mr. Appleyard, in some ways, hardly seems to 
have risen to the occasion. We may illustrate this 
by referring to the two chapters which describe the 
history of the Institution during the twenty years 
between 1881 and 1900. Each of these begins with 
a well written introductory paragraph, sketching the 
position of electrical engineering during the period 
under review, and the mutual reactions between the 
electrical development that was then taking place 
and the growth of the Institution. The remaining 
parts of these chapters, however, consist far too 
much of facts which, though often of interest, 
require welding into a logical and continuous narra- 
tive if history is really to emerge. No reviewer 
should ever blame an author for not having written 
a different sort of book, but considering the impor- 
tance and high interest of electrical engineering 
development, as illustrated in the affairs of the 
Institution, it would appear that a closer and more 
detailed commentary on the relation between Insti- 
tution affairs and the progress of the industry might 
have been produced. 

It would appear that too rigid an attempt has 
been made to fit the narrative into a chronological 
structure. There was no marked change in electrical 
history between 1899 and 1901, and Mr. Appleyard 
has, therefore, imposed unnecessary difficulties on 
himself by making such a division. Historians, 
perhaps with less justification, have long given up 
the idea that the death of a monarch necessarily 
marks the end of a chapter. The result, in the 
present case, is that we are given an account of the 
development of heavy electrical engineering in an 
arbitrary decade and then a further account of what 
took place during a second, equally arbitrary, 
period. Improvements in the generation of elec- 
trical energy are not, however, subject to any such 
limitations and it would have been better if the 
connection of the Institution with, say, this one 
branch of electrical development, had been dealt 
with asa whole. Pari passu, the same comment ap- 
plies to telegraphy, education and wiring regulations. 

A further point to which reference should be made 
is that there are some notable omissions. Perhaps 
the most important of these is that hardly any 
reference is made to the attempts that have been 
inaugurated from time to time to bring the Insti- 
tution into closer touch with industry. The fact 
that the Industrial Committee was appointed in 
1912 is noted, but no account of its work appears 
to be given, nor of the manner of its demise. 
Nothing is said, moreover, of the informal attempts 
that were made in 1919 to convert the Institution 
into something more than a professional body. 
‘These attempts may or may not have been judicious, 
and it is probable that too much was being sought, 
but it is certainly a chapter in the history of the 
body which should not have been ignored, especially 
as these endeavours may have had indirect results 
more profound than is apparent. The matter is of 
some importance, as it is not unlikely that the sub- 
ject will be raised again after the present war. 

Mr. Appleyard’s book fittingly concludes with 
biographical notices and portraits of all the presi- 
dents between 1871 and 1938. In the nature of 
things some of these men were more eminent than 
others and more is known about some of them than 
about the remainder. The result is that the notices 
are of unequal length and varying content, and 
that some of the less eminent have received, perhaps, 
more than their just meed of honour. Some revision 
would be desirable for the sake of uniformity and 
balance if a second edition of the history is published. 

In spite of differences of opinion about the best 


way of compiling a history of the Institution of 


Electrical Engineers, it must be said, in conclusion, 


that Mr. Appleyard has collected a great deal of 


useful information which we hope will be studied by 


all who have at heart the welfare of a great body of 


professional men. They will find much that is inter- 
esting and a great deal that is instructive, and 
will be able to learn from its pages a little of the 
unceasing effort that has built up the profession 
and industry of electrical engineering to its present 
level of prosperity. The end of this development 
has not been reached, and as much, if not more, 
effort will be required in future to ensure that 
progress is maintained. 
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NOTES. 


Brirarn’s Economic Errort. 


THE announcement that British exports during 
November showed a 50 per cent. rise over the 
figures of the preceding month is a welcome indica- 
tion of the resilience of one important phase of the 
country’s activities, and much has been made of the 
fact that it was not until the 1914-18 war had been 
in progress for a much longer period that so great 
a recovery could be noted. At the same time, there 
is some evidence that the recovery is little more 
than a catching-up of arrears of shipments created 
by such factors as licensing and the control of 
supplies, and that complacency about the position 
would be unwise. Support is given to this opinion by 
the views advanced by a deputation from the 
Federation of British Industries, which was recently 
received by the Prime Minister. This body empha- 
sised the importance of the export trade as a vital 
part of the national war effort and pressed upon the 
Government that it should not be regarded merely 
as an ancillary activity. To secure this, the view 
was expressed that new methods must be employed 
without regard to precedents, and that steps should 
be taken to formulate a unified policy which would 
give its due place to needs of the export trade. It 
was suggested that there would be advantages in 


establishing a single authority charged with the | 
oversight of the export trade, and under the control | 


of a member of the War Cabinet acting with the 
advice of a panel of industrialists. To this sugges- 
tion the Prime Minister returned a not unsympa- 
thetic reply, though he did not think that there 


would be, at the present time, any advantage in | 


appointing a separate Minister for economic ques- 


tions. He intimated, however, that under the chang- | 
ing conditions of warno decisions could be regarded as | 
fixed and final, if altered circumstances rendered a | 


change desirable. It was agreed that the President 
of the Board of Trade should communicate with 
the Federation in order to discuss the possibility 


of improving the existing machinery by the appoint- | 


ment of an advisory panel. 


THe Crry anp GutLps oF Lonpon INSTITUTE. 


Founded in 1878 and incorporated under the 
Companies Act in 1880, the City and Guilds of 
London Institute is an association of the Corpora- 
tion and Livery Companies of the City of London, 
the main purpose of which is the promotion and 
advancement of technical education. The operations 
of the Institute are at present divided broadly into 


three branches, namely, the City and Guilds College, | 


Exhibition-road, London, 8.W.7; the City and 
Guilds of London Art School, Kennington Park-road, 
S.E.11; and the Department of Technology, 31, 
Brechin-place, S.W.7. The annual report of the 
Council to the members of the Institute for the 
year 1938 shows that the City and Guilds College 
was attended by 490 students during the 1937-38 
session, and that of the 96 students who entered 
for the final (internal) B.Sc. (Engineering) degree 
examination of the University of London, 85 gradu- 
ated, 16 with first-class honours, and 19 with 
second-class honours; in addition, one student 
passed the general internal final B.Sc. (Engineering) 
examination with second-class honours. Further- 
more, associateship diplomas (A.C.G.I.) were awarded 
to 88 students, while 46 students gained the diploma 
of Membership of the Imperial College (D.I.C.). 
The report states that the Engineering Board has 
given serious consideration to the question of 
whether the present three-year undergraduate 
engineering course is long enough to meet the needs 
of students. It is felt that the institution of a 
four-year course might be of great benefit to a 
number of students, where lack of preparation 
makes it difficult for them to succeed in completing 
their studies. It is emphasised, however, that if 
any such arrangements were made, it would still 
be possible for well-prepared students to take their 
final examinations, as now, after two or three years 
of study at the College. As is well known, the 
Department of Technology of the Institute offers 
examinations—in general in two stages, the inter- 
mediate and the final—in technologjcal and allied 
subjects covering most of the staple trades and 
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industries of this country. For the 60th series of 
examinations, held in 1938, as well as for the 
examinations for teachers’ certificates in handicraft 
and domestic subjects, there were 35,880 candidates 
in the British Isles and overseas, an increase of 
5,810 (or 19-3 per cent.) on the total for 1937, and 
of 9,412 (or 35-5 per cent.) on that for 1936. In 
technological subjects, in Great Britain and Ireland 
alone, 29,632 candidates were examined, this total 
representing a net increase of 5,317, or 21-9 per 
cent. over last year’s total. The entries for all 
grades of subjects grouped under the title of “* Tele- 
communications,” namely, 13,217, showed the sub- 
stantial net increase of 3,774 over the figure for 
1937. The percentage of candidates in Great Britain 
and Ireland who were successful in their examina- 
tions was 67-5, compared with 69-3 in 1937 and 
67-7 in 1936. Overseas, the percentage of candi- 
dates successful in examinations dropped from 
50-0 in 1937 to 43-9 in 1938; nevertheless eight 
prizes were gained by overseas candidates. 


SpecraL-Entry NAVAL CADETSHIPS. 


The Secretary of the Admiralty announces that 
the following appointments in the Royal Navy will 
be offered for competition at the Navy Entrance 
Examination to be held in March, 1940, namely, 
16 cadetships for executive duties, 12 for engineering 


for these special-entry cadetships will be eligible to 


compete if, on May 1, 1940, they have attained the | 
age of 17, but are still under the age of 18 years | 
8 months ; and those accepted for the Royal Navy | 
from this examination will be entered with seniority | 


of May 1, 1940. Forms of application to compete 
/must be obtained from the Secretary, Civil Service 
Commission, Burlington-gardens, London, W.1, and 
must be completed and returned to the Civil Service 
Commissioners not later than January 5, 1940. 
Subject to the payment of a special additional fee 
of 4/., they will be accepted up to January 10, but 
in no case after that date. Copies of the Entry 
Regulations concerning the above appointments can 
be obtained from the Secretary of the Admiralty, 
Whitehall, S.W.1, who will also be pleased to provide, 


training, pay, allowances, retired pay, etc., of 
| officers entered from these examinations. Further 
examinations will be held for special-entry cadet- 
ships (executive and engineering) and for paymaster 
cadetships, three times per year, in the months of 
March, June and November, but the examinations 
for first appointments in the Royal Marines will 
continue to be held in June and November only. 
The number of appointments to be offered at each 
cadetship examination will be the same as in the 
examination in March, 1940, as stated above ; and 
in each of the examinations for the Royal Marines, 
ten appointments will be offered. 


STREET AND SHop-WINDOW LIGHTING IN 
War TIME. 

Having dealt more or less satisfactorily with the | 
problem of train lighting, the Ministry of Home 
Security is now allowing some relaxation of the restric- 
tions imposed on the illumination of shop windows. 
It is emphasised that this relaxation is experimental, 
and that its continuance will depend upon general 
observance of the rules laid down. Two alternative 
methods are permitted, one of which will be suit- 
able for general lighting and the other for lighting 
special displays. In both cases, no light must be 
allowed to enter the window from inside the shop, | 
and no mirror or other large reflecting surface 
may be placed in the window. The light must be 


| directed from above on to the goods and no direct 


light may shine outside the window. One lighting 
fitting or cabinet may be used in each shop, except 
that where the window is more than 20 ft. wide, 
one fitting may be used every 10 ft. The lighting 
fitting is to consist of a container, finished matt 
inside, which is to be provided with a slot not larger 
than 4 in. by } in., covered with tissue paper. The 
rating of the lamp is not to exceed 25 watts, and it 
is to be placed inside the container at least 2} in. 
from the slot. Alternatively, three sizes of cabinet, 
1 ft. high by 1 ft. 6 in. wide, 2 ft. 6 in. high by 2 ft. 
wide, and 6 ft. high by 3 ft. wide, have been stan- 


duties, and seven paymaster cadetships. Candidates | 
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dardised and are to be mounted | ft., 2 ft., or 4 ft.. 
respectively, from the window glazing. Each 
cabinet will contain a 15-watt pearl lamp giving a 
specified light-distribution curve with a maximum 
illumination at 30 deg. above the horizontal. The 
cabinet is to be constructed from opaque material and 
all the interior surfaces are to be treated with a dead- 
matt black material. It is to be equipped with a 
display platform, a light-trap well, a display aper- 
ture, a screening pelmet and a baffle for light cut-off, 
in accordance with a specification BS/ARP 35, 
published by the British Standards Institution. 
No cabinet is to be placed in a window above the 
ground floor. Signs are also to be allowed in shops, 
restaurants and places of public entertainment so 
long as they do not exceed 3 ft. in width and 2 ft. in 
height, and the maximum aggregate area of the 
illuminated letters is not more than 144 sq. in. 
The maximum brightness of the latter is not to 
exceed 0-02 ft.-candle and the sign must be incon- 
spicuous at a distance of 100 ft. No light may be 
visible except from the illuminated letters, and 
restrictions regarding the mounting and the number 
that may be used are imposed. The sign must 
not be mounted above the ground floor, and flashing 
signs are forbidden. All the apparatus mentioned 
may be illuminated only when the premises are 
open to the public, and must be extinguished 
immediately an air-raid warning is sounded. In 
addition, it has been announced that reduced street 
lighting will be permitted in all areas except on 
the east and south-east coasts. Special fittings, 
which can be used on existing standards, have been 
designed for this purpose and, it is stated, can be 
used without exposing a district to the danger of 
identification by enemy airmen. 


War DaMaGE TO PROPERTY. 


An economic problem, to which it is desirable that 
a solution should be found without delay, is how 
to compensate equitably those whose property has 
been lost or damaged on account of enemy action. 
The intention of the Government, as expressed in 
the report of the Committee on the Principles of 
Assessment, is that the highest possible compensa- 


“wil . | tion shall be payable in the light of the country’s 
on application, memoranda concerning the course of | : . 


financial circumstances at the time. On the other 
hand, they also support the report of the Weir 
Conference, in which the procedure of obtaining the 
sums required by some system of insurance was 
condemned. The desirability of such a scheme is, 
however, ably argued in the report of a Committee 
of the Association of British Chambers of Commerce, 
which points out that the undertakings given on 
behalf of the Government are contingent and without 
legal effect. Moreover, they afford no relief whatso- 
ever during the continuance of hostilities and any 
compensation thereunder must be indefinite both 
in amount and in point of time. An attempt should, 
therefore, be made to spread the burden of damage 
that will fall upon that body in any event over the 
whole property-owning community, since in default 
of this being done, the damage not compensated 
will fall fortuitously and unfairly ; otherwise the 
lack of confidence in the scheme, which is admittedly 
prevalent, will persist. They submit, as an alter- 
native, that there should be a Government scheme 
providing for full compensation for war damage 
to fixed property. This scheme should be compul- 
sory and begin as early as possible. It should 


| comprise a flat-rate premium of 2s. per cent., payable 


through the insurance companies, in respect of all 
properties, on the amount for which the property 
is insured by fire. The Government’s present arrange- 
ments for immediately ascertaining and assessing 
damage should remain, and certificates of the 
assessed damage should carry interest to the date 
of payment. When hostilities cease and the total 
damage is ascertained, the Government should 
implement its present pledge to meet the loss, and 
the balance should be realised by post-war premiums 
not exceeding 10s. per cent. per annum for such a 
number of years as will suffice to ensure payment 
of compensation in full. It is further suggested 
that the first 500/. of the total value of an owner’s 
property should be exempted from these post-war 
premiums, and that payment for damage should be 
made as soon as possible after the cessation of 
hostilities. 
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RESEARCH ON REFRACTORY 
MATERIALS. 


Tue 30th Report of the Refractory Materials Joint 
Committee is unique among the reports and papers 
prepared for submission at the cancelled autumn 
meeting of the Institution of Gas Engineers, in retaining 
its pre-war completeness and size. As usual, the 
teport covers a number of subjects, some of them new. 
\t the instigation of the Research Executive Committee 
of the Institution, the experience and information 
acquired by gas undertakings and furnace builders, 
concerning refractories used in town-gas and coke- 
burning appliances, have been collected and supple- 
mented by a search of the literature. The service 
expected of refractory fire-backs for gas and coke 
fires, and the extent to which existing materials fall 
short of the desired standard, leads to the conclusion 
that further improvement is possible. When the gas 
fire is lighted, the radiants are raised from cold to 
some 1,050 deg. C. in 10 to 15 minutes, while the fire- 
hack face attains in the same time a temperature of 
M0 deg. C. The rate of cooling, on extinguishing the 
flames, is about the same as the rate of heating up. 
When it is considered that this thermal shock is 
received, perhaps, 2.000 times during the normal life 
of the fire (5,000 hours to 15,000 hours’ running), it 
will be clear that the first essential property of the 
fire-back is resistance to the strains set up in heating 
and cooling. Increasing the thermal resistance of the 
brick raises the radiant efficiency more by producing 
» higher temperature on the radiating front than by 
reducing the back losses, already small. In gas fires 
now being developed, the refractory fire-back is raised 
in temperature to 1,200 deg. C. at a quick rate. The 
requirement here is for a non-spalling, non-shrinking 
tire-back of the maximum resistivity to the passage of 
heat. To reduce the time which elapses in heating 
the tire to a comfortable-looking redness, the rate of 
penetration of heat should be slow, that is, the thermal 
conductivity and specific heat should be low. 

The fireclay fire-back is used in coke fires for two 
reasons; firstly, to act as a refractory support in 
positions where the absence of a cooling current of air 
would restrict the life of metal, and, secondly, to prevent 
undue loss of heat by conduction through the back of 
the tire. The highest temperature of a coke-fire back 
has been recorded as 1.225 deg. C. The rate at which 
coke is ignited, when using gas for the purpose, calls 
for a refractory of low and uniform thermal expansion 
to reduce the liability to cracking ; while the compara- 
tively high temperature reached necessitates a fire-back 
of somewhat higher refractory quality than is adequate 
for a coal-fire back. Since the clinker may tend to 
where to the back brick, an aluminous brick with a 


small percentage of iron in a well-dispersed form is 


preferred \ dry-pressed brick possesses a surface 
suitable for coke-fire backs. At present, a completely 
satisfactory cement for the joints between the compo- 
nent parts of the coke-fire back has not been found. 

Care must be taken in the application of lagging and 
other insulation to furnaces. Lagging firebrick walls 
with diatomite brick will halve the loss of heat by 
conduction through the walls, but the replacement of 
the firebrick by a lesser thickness of insulating firebrick 
will still further decrease the heat lost by conduction, 
ind, moreover, will reduce the stored heat by five- 
sixthe. Wastage of the heat stored in the brickwork 
it shut-downs is the major loss if the furnace is in 
use for less than a week at a time, so that it is imperative 
to use hot-face insulation, if at all possible, in inter- 
mittent furnaces. A further advantage is the reduction 
in heating and cooling time, proportionate to the 
reduced thermal capacity. The extra cost of the insu- 
lating firebrick will be offset in a year or less of running 
continuous furnaces, and in a ‘ew months in intermittent 
furnaces. In the United States, insulating bricks are 
no longer considered only as backing bricks, and hot- 
face insulation is out of the experimental stage. The 
penetrability of these bricks is a difficulty in use, and 
40, also, is their low resistance to crushing and vibration. 
For hearths, where the goods are not supported on 
skid rails, insulating firebricks are unsuitable. There 
has been some disappointment with arches constructed 
of these bricks, although, as far Saek as 1932, sprung 
urches were in use in the United States, with spans up 
to 15 ft. 6in. At operating temperatures of 1,450 deg. 
to 1,510 deg. C., the spans were limited to 12 ft. to 13 ft. 
In 1933, insulating firebrick crowns were used for round 
down-draught brick kilns with a diameter of 20 ft. to 
30 ft., and working up to 1,300 deg. C. The suspended- 
roof construction avoids the thrust at the skewbacks 
und crown supports, takes full advantage of the light- 
ness and het resistivity of insulating firebricks, and 
illows for expansion. An interesting advance in heat- 
treatment furnace design employs a suspended roof 
and walls, separated by an air gap from a thin insulating 
covering. 

Other factors which need to be taken into account in 
designing furnaces are the possible reduction in refrac- 
toriness of insulating firebricks in a reducing atmos- 
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phere, and the observed shrinkage which sometimes 
takes place, over long periods of time, well below the 
recommended safe upper limit of temperature. The 
abolition of dense, high heat-capacity bricks from the 
working space throws the onus of ensuring temperature 
uniformity on a proper circulation of furnace gases. 
The passage of gases through the walls of a furnace 
contributes to the heat loss. To prevent this, for all 
but the largest installations, where the cost is prohibi- 
tive, it is best to encase the furnace in steel plates and 


to press powdered insulation into the space immediately 


behind. A semi-fused white coating on the bricks has 
been claimed to reflect heat back into the furnace, and 
this effect may be of importance when the contents 
of the furnace are considerably cooler than the walls. 


For many purposes, such as muffles and recuperator | 


tubes, a refractory is needed of high conductivity, and 
resistant to spalling. Another use, requiring complete 
freedom from warping and shrinkage at high tempera- 
tures, coupled with high strength, is in tunnel-kiln 


car furniture. For such purposes, recrystallised silicon | 


carbide has almost all the necessary properties. It is 
of low porosity and permeability to gases, hot and 
cold, it has a small coefficient of thermal expansion 
and a high thermal conductivity, and also great com- 
pressive and tensile strength at high and low tempera- 
tures. Further, it cannot be melted, but volatilises at 
the highest temperatures employed. However, troubles 
have been encountered in its use. Silicon carbide 
oxidises to erystobalite; this oxidation begins at 
800 deg. C., is most noticeable at 1,000 deg. C., and 
ceases above 1.200 deg. C. On account of the draw- 
backs to the use of silicon carbide, fused alumina, the 


next best material from the point of view of thermal | 


conductivity, has found some favour. Its thermal 
conductivity is lower than that of silicon-carbide 
products, but is still about three times that of firebrick. 
It is very refractory and resists abrasion, but its 
resistance to spalling is reputed to be not so good as 
that of silicon carbide. 

The Report discusses the use of town gas in certain 
industries. In the pottery industry, tunnel kilns are 
coming into general use as a result of American experi- 
ence. In Great Britain, one of the difficulties hindering 
the universal adoption of tunnel ovens using town gas 
was its price, which was not competitive with that of 
producer gas. At the present time, the disparity is 
less. Taken in conjunction with the other well-known 
advantages of town gas—notably, constancy of supply 
and calorific value, ease of application and freedom 


from anxiety associated with the running of a gas | 


producer by a small pottery (which may not have a 
competent fuel engineer), and, most important, the 
low sulphur content, which permits open-flame firing 
of glost ware—it can be concluded that town gas is 
more suitable than clean producer gas for all but the 
largest users. In tunnel-kiln work in the United 
States, fireclay is usually used for car tops, though 
silicon carbide may be used where the hot gases are 
passed underneath. Silicon carbide, fused alumina or 
mullite are used for muffles. For kiln furniture at 
cone 10 (1,260 deg. C.) or above, where several tiers 
are used, silicon carbide, “semi ’’-silicon carbide, 
sillimanite, or mullite is used to resist the high bending 
stresses. The chief requirement for refractories in the 
firing zone of tunnel kilns is freedom from shrinkage. 
Directions in which improvements can be made by 
users of town gas in pottery firing include a greater 
use of insulation to reduce fuel charges. Further, the 
greater possibilities with open-flame firing, when using 
this fuel, should be constantly borne in mind. The 
choice between saggars and a superstructure of lower 
thermal capacity, made of silicon carbide, heat-resisting 
alloy or sillimanite, can only be decided in the light of 
expediency by each pottery. It can be said, however, 
that it is illogical, in a tunnel kiln, to use saggars of a 
thickness and strength necessary to support a bung 
in an intermittent oven of five times the height. 
Finally, in the ceramic industry, radiant heating is 
coming to the fore. The burning of gas in a closed 
space, surrounded by the material to be heated, has 
been used for some time in baking bread, and in melting 
type-metal and tin. Steel and cast-iron tubes were 
used. The development of heat-resisting alloys, 
capable of withstanding a temperature of 1,100 deg. C. 
for long periods of time, is a fairly recent innovation. 
In the United States, several installations have now 
been running for a year or more for vitreous-enamelling 
and decorating kilns of the continuous type. The 
efficiency of the kiln can be attributed to the perfect 
combustion combined with the ability to release the 
heat inside the furnace, which can be well insulated. 
The first cost of these furnaces, at present, seems to be 
higher than traditional types which can do the same 
work, while the gas consumption would also appear to 
be higher. 

In recent years, town gas has been displacing coke, 
coal, and producer gas in some branches of the metal- 
lurgical industry, where the advantages of ready 
applicability, ease of control, uniformity of calorific 
value, and cleanliness of atmosphere have more than 
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outweighed the slightly higher cost. This is particularly 
the case in working-up pre-fabricated steel in such 
processes as the reheating of billets and sheets, forging 
and stamping, carburising, and the several processes of 
heat treatment, consisting of normalising, annealing, 
hardening, tempering, and case-hardening. The variety 
of processes is reflected in the number of types of 
furnace used in the steel industry. However, the 
underlying idea is to perform the exact degree of heat- 
work on the steel without damaging it in any way, 
and, at the same time, to induce the biggest possible 
proportion of the heat expended to flow into the steel, 
while preserving the structure of the furnace unimpaired. 
In a desire to produce perfect goods, the steelmaker 
tends to lose sight of the advantages of fuel economy 
and to treat the refractory building materials in much 
the same way as fuel—namely, as articles inevitably 
to be used up. Holding this view, the steelmaker 
sometimes defeats his own ends by allowing a furnace to 
continue in operation when the structure is damaged, 
perhaps holed and admitting air or wasting fuel. At 
present, hot-faced insulation with insulating firebricks 
is restricted to positions where a moderate temperature 
prevails, the atmosphere is clean, and no flames impinge 
| on the bricks. Coatings, favoured by the majority in 
the United States, appear to be seldom used in England. 
The conditions of service of the refractories in 
reheating and forging furnaces are more severe than in 
heat-treatment furnaces. The temperatures are con- 
siderably higher, so that slag attack becomes the chief 
cause of ultimate failure of the refractories. Mechanical 
abrasion of the hearth, when no charging machine is 
used, and vibration caused by the stamping machines 
also have an influence. To minimise the slag attack, 
hearths of magnesite bricks or castable chrome cement, 
a few inches in thickness and renewable without 
disturbing the remainder of the brickwork, are used. 
In some of the largest installations at Newcastle-upon- 
Tyne, the door of a reheating furnace may weigh from 
7 tons to 10 tons. Here a non-spalling light-weight 
refractory insulating material is required. Those with 
a siliceous base are soon reduced to powder by the 
sudden heating and cooling. The insulation at doors 
is not always sufficient, and this is often where the 
principal loss of usable heat occurs. Instances are 
known where an increase in the thickness of the door 
could have saved more heat than was being recuperated. 
Recuperators are constructed of silicon carbide, fused 
alumina, fireclay, and heat-resisting alloys, including 
stainless steel, steel, and cast-iron. So far, magnesite 
has not been used for recuperators, because of its low 
resistance to spalling ; with the improvements recently 
made in this respect, magnesite may become a possi- 
bility. Fireclay recuperators should be impermeable to 
gases, well fired, and dense enough to resist impreg- 
nation by slag and the decomposition of carbon 
monoxide. Recuperator tubes and tiles should be as 
thin as possible, to encourage the flow of heat through 
them. 

The foregoing review of the types of refractories used 
in gas appliances stresses the importance of insulation 
—if possible, in contact with the heating gases— 
because, by an extension of its use, the fuel cost per 
unit of production can be brought down close to that 
of cheaper fuels used in inefficient appliances. While 
there are at present many uses to which existing com- 
mercial insulating bricks can be put, there is room for 
improvement. Increased thermal resistivity, especially 
at high temperatures, a smaller shrinkage at the working 
temperature, better resistance to crushing, both when 
cold and when hot, and to spalling, flying slag particles, 
and flame erosion are factors from among which the 
user must indicate his order of preference. The demand 
is often made by users for an insulating brick that shall 
have a very low thermal conductivity, but that shall 


lin other properties be similar to dense firebricks. 


These demands are mutually incompatible, but it is 
believed that much improvement in strength is possible 
without sacrifice of insulating properties. If possible, 
refractories should be used in compression, since their 
compressive strength is greater than their tensile 
strength. In heating and cooling, however, both play 
their part, the face of the brick being in compression 
on heating up and in tension on cooling. Many investi- 
gations have shown that the higher the firing tempera- 
ture, the higher is the modulus of elasticity and the 
greater the strength. What is required is a low modulus 
of elasticity, i.c., a state in which a small force will 
produce a considerable deformation. The limitations 
of insulating firebricks suggests that a composite brick 
should be developed, having the durability of a dense 
brick under adverse conditions of temperature fluctua- 
tions, flying slag particles, and mechanical abuse, 
combined with the heat conservation of porous insu- 
lating bricks. There is the possibility, already being 
realised in America, of incorporating a dense, slag- 
resisting face with an insulating back. Such a brick 
would probably be suitable, for instance, in the side 
walls of a forge furnace, working above slag-melting 
| temperatures. In the past, composite bricks of two 
chemically different materials have been made, such 
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as one having a face of silicon carbide and an aluminous 
backing. 

An investigation has been started on the action of 
steam and SO, on refractories, and observations have 
been made upon a fireclay containing 52 per cent. of 
silica and 30 per cent. of alumina, heated to 1,200 deg. C. 
for periods up to 222 hours in atmospheres of oxygen, 
steam, sulphur dioxide and various mixtures of these 
gases. The changes in the physical properties were 
small. The presence of steam aided vitrification and 
increased the strength, while the presence of sulphur 
trioxide nullified to some extent the effect of reheating. 
This may be ascribed to the loss of bond, since in this 
case notable proportions of lime and magnesia were 
removed as sulphates, on leaching with water. 

Attention was called in the 28th Report to the fact 
that dry coal gas direct from the mains does not cause 
the disintegration of certain types of firebrick at about 
800 deg. C., but that town gas from which the carbon 
dioxide has been removed can disrupt similar specimens 
in a relatively short period. An account is given in the 
present Report of the way in which these observations 
have been extended by determining the changes in 
composition of the coal gas during its passage over 
fireclay specimens susceptible to disintegration. Me- 
thane is considered to be the constituent of the coal gas 
which causes the disintegration of the firebrick speci- 
mens. A decrease in the methane content of the gas, 
and an increase in the hydrogen content, occurred 
during that period during which the test-pieces were 
cracking and disintegrating. The decomposition of the 
methane in the coal gas into its elements, carbon and 
hydrogen, apparently only takes place to an appreciable 
amount during the period of actual attack on the 
specimens. Methane is evidently the constituent of 
the town gas responsible for the disruption, producing 
disintegration by the growth of carbon around activated 
‘iron spots ’’ by the reaction CH, > C + 2H,. 

One of the most interesting features of the action of 
alkali-chloride vapours on refractory materials is the 
considerable expansion of the test-pieces which accom- 
panies the reaction at 1,000 deg. C. Some portions of 
the 27th and 28th Reports have been devoted to studies 
on this subject. A paper in the present Report is 
concerned with an examination of a somewhat similar 
effect due to sodium carbonate and sodium hydroxide. 
When specimens of silica and fireclay refractories are 
exposed to the vapour from these sodium compounds 
at 1,000 deg. C., reaction is usually restricted to the 
surface and no expansion has been detected. In an 
endeavour to obtain a more uniform reaction such as 
occurs with the alkali chlorides, test-pieces have been 
impregnated with sodium-carbonate and sodium- 
hydroxide solutions, dried, and heated to 1,000 deg. C. 
for 5 hours, the procedure being repeated a number of 
times. Under these conditions, expansion of fireclay 
and silica test-pieces occurs, but examination has 
shown certain marked contrasts with the expansion 
produced by the action of sodium- and potassium- 
chloride vapour. The observed expansion with the 
sodium carbonate and sodium hydroxide is ascribed 
to a more or less uniform distension of the refractory 
due to the evolution of gas—carbon dioxide from the 
carbonate and steam from the hydroxide—in a material 


rendered deformable by chemical reaction with the 
sodium compounds. The observation made in a 
previous Report, that refractories exposed to alkali 
attack changed in transverse strength, has been con- 
tinued by measurements of the transverse strength at 
1,000 deg. C., previous measurement having been made 
at atmospheric temperature. Potassium chloride 
causes a weakening of all the materials tested. The 
fireclay materials are weakened but not appreciably 
softened, whereas the silica and siliceous products are 
markedly softened. The difference in behaviour is 
ascribed to the larger extent of liquefaction, caused 
by reaction of the potassium chloride with the silica 
and siliceous products, compared with that occurring 
on reaction with the fireclay materials. 

In continuation of the work on the relation between 
the pressing operation and the texture of sillimanite 
mixes, experiments have been carried out on the 
alteration in grain-size ratios and the variation in 
permeability at different positions and depths in the 
pressed block. It is concluded that, in general, there 
is a decrease in the degree of compactness, indicated by 
the measurements of the permeability, and of the 
crushing of the grains, shown by sieve analyses, as the 
distance increases from the face receiving the pressure. 
Evidence is also presented which indicates that addi- 
tional crushing may occur in contact with the metal 
surfaces of the mould, for instance, at the walls and 
base. 

Work on the action of slags on refractories has been 


Little actual damage was occasioned in this particular 
| instance, but it is felt that, if similar growth occurred 
at some other part of similar settings, the effect might 
be very severe. It is concluded that the carbon was 
produced by the decomposition of hydrocarbons in the 
joints, and that there was a slight gas pressure in the 
top of the chambers which caused tar and gas to pene- 
trate therein. The initial opening of the joints may 
be accounted for by the variations in temperature 
on charging and discharging. Associated with the 


iron oxide which, it is considered, were probably derived 
from the coal ash. 








PRODUCTION OF 200-TON FORGING 
AT THE ATLAS WORKS, SHEFFIELD. 


THE reputation of Sheffield as a steel-producing 
centre has of late years been further enhanced by the 
manufacture, in the leading steelworks of the City, of 
very large ingots and forgings, descriptions of a number 
of which have appeared in our columns from time to 
|time. We are now informed that what is stated to be 
| the largest forging ever produced in the British Empire 
| has recently been completed at the Atlas Works. 
| Sheffield, of Messrs. Thos. Firth and John Brown, 
Limited. The forging is well over 200 tons in weight. 
| and a photograph of it in the press shop is reproduced 
|in the accompanying illustration. The firm’s large 
| 7,000-ton press was used in the forging operation, and 
| the finished piece, after machining, will later play a 
| part in an important phase of British industry. It 
| will readily be recognised that owing to the enormous 
| mass of steel dealt with, special precautions, involving 
accurate scientific control, were necessary at every 
| stage of manufacture, from the casting of the ingot to 
| the final forging to shape. The results obtained in the 

investigations inaugurated by the Committee of the [ron 

jand Steel Institute and the British Iron and Steel 
| Federation on the Heterogeneity of Steel Ingots, of 
| which Dr. W. H. Hatfield, F.R.S., has been Chairman 
| since its formation on May 7, 1924, have proved of 
| immense value in work of this kind. Ingots ranging in 
size from a few hundredweights up to more than 
200 tons are regularly cast at the Atlas Works, but we 
understand that the present forging is the largest of its 
| type yet produced. In conclusion, it is interesting to 
| 


record that the Firth-Brown large press employed in 
| this instance has produced some of the most out 
| standing forgings in the steel industry. 











DIAL-GAUGE RESEARCH. 


A COMMUNICATION entitled “‘ Report on the Dial 
Gauge and Its Use,” has recently been issued by the 
Research Department of the Institution of Production 
Engineers. The report, which is fully illustrated, gives 
an account of some researches carried out at Lough- 
borough College by the Director of Research to the 
Institution, Dr. Geo. Schlesinger. Limitations of space 
prevent us from giving the report in full, but the 
following is a summary: After stating that the 
| ordinary use of the dial gauge is as a comparator, 





carbon in some of the joints were substantial deposits of 


continued, the primary result of the extension of this rthat is, for the measurement of small differences of 


investigation being the conclusion that iron-free | dimensions, a number of examples of the employment 
anorthite (lime felspar) can crystallise out from the | of the instrument in acceptance tests for machine tools 
reaction products of firebrick and slags containing | are illustrated. Thus, the use of a dial gauge in measur- 





considerable proportions of iron oxide, and that the 
lowest melting composition at about 1,080 deg. C. 
corresponds approximately with the eutectic of anor- 
thite, magnetite and mullite. The literature upon the 
viscosity of slags and glasses has been examined with a 
view to work upon this subject, and the conclusion is 
reached that the future study of slagging requires 
investigation into the relationship between the viscosity 
of slags and their composition and temperature, the 


solubility of refractory materials in slags, the rates of 


diffusion of the liquids formed, and the measurement of 
erosion under controlled conditions. Further experi- 
ments are described in the production of highly-porous 
sillimanite bricks in which paper pulp in different 
proportions has been included in various sillimanite 
mixes. It was thought that the fibrous nature of 
paper might be utilised to give the fine texture required 
to confer low conductivity at high temperatures. The 
experimental products had the required texture and 
stability under load at 1,350 deg. C., but suffered from a 
tendency to crack on firing and also possessed consi- 
derable drying shrinkage. The shrinkage and ten- 
dency to crack have been reduced by including porous 
grog (obtained from the previous trials) in the mixes, 
but at some sacrifice of stability under load. 


At the conclusion of the Report, Mr. P. C. Gardiner, | 


the chief chemist of the Tottenham and District Gas 
Company, described an occurrence of carbon deposition 


|ing the concentricity of the various elements in a 
}machine spindle is shown, the gauge stand being 
mounted on some fixed part of, say, a lathe, and the 
concentricity of the face place seat, nose, and so forth, 





| 
| being measured directly. 
| the spindle may be obtained indirectly by inserting a 
| taper mandrel into the bore and again checking by a 
| fixed dial gauge. Other applications illustrated are the 
| method ascertaining the parallelism of such parts as 
| lathe headstock and tailstock spindles with one another 


| and with the ways of the bed and also the method of 


| checking the flatness of the bed. Still other applica- 
|tions are for ascertaining the agreement with, or 
| departure from, squareness ; for example, the line of 
| traverse of a drill spindle in relation to the bed or the 
squareness of the table travel in relation to the spindle 
| of a milling machine. 
| The permissible errors called for on Standard 
Machine Tool Acceptance Charts may range from 
| 0-0004 in. (0-01 mm.) to 0-002 in. (0-05 mm.) in this 
| class of work and the permissible tolerances for a single 
component, such as the race of a ball bearing, are in the 
same range. In all such cases it is imperative that 
the dial gauge be kept unchanged in position during 
the whole measuring operation. This does not mean 
that the gauge set-up may not be moved as a whole ; 
for example, in testing a lathe bed the saddle or cross- 
| slide on which the gauge is mounted will necessarily 


in the joints in the top two courses of firebrick, which | have to be traversed but, once the gauge is set in 
caused the irregular rising of the tops of the setting. ' position on the moving part, its position thereon must 


The concentric running of 
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rree. The tests 
stationary, 


not be disturbed in the smallest de 
described below were made with the gauge 
so that if imperfections existed in the stand on which 
it was mounted, these had no opportunity of affecting 
the result. The dial gauge has, of course, the advan 
tage that its reading range is large compared with 
the movement of the plunger, which may vary from 
0-2 in. (5 mm.) to 0-5 in. (12 mm.). A counter is, 
moreover, usually provided in record the 
number of complete revolutions of the pointer, and the 
diale may be graduated in 25 divisions, 40 divisions, 
50 divisions, or 100 divisions. The measure of the 
correctness of a gauge depends upon (a) repeatability 
An acce ptable 
all ordinary 


order to 


of reading, and (b) accuracy of reading 
gauge should under 
methods of operation to within 0-2 of a unit of division, | 
as laid down in the B.S.1. Specification on Dial Gauges 
1430. It is the alwavs at 
approximately the same plunger position at the com 
mencement of taking comparative order 
that the plunger-spring pressure shall remain unatiected; 
otherwise the different times and 
places will not be comparable even with the same gauge. 

Particulers of five dial gauges of good British make 
Table I, of tests are 
In this graph the ordinates inaicate 


repeat its reading 


advisable to use gauge 


readings in 


measurements at 


are given in and some results 
plotted in Fig. 1. 
pressure on the plunger in ounces and the abscisse, 
the actual movement of the plunger in inches, #.e., the 
movement of the pointer is not taken into account. 
The load on the plunger was noted from zero to maxi- 
mum and back to zero again. These tests were largely 
of the nature of an investigation on the sensitivity of 
the gauges, the first three of Table I being checked over 
their full 20 revolutions, viz., 0-2 in. 
(5 mm.) of plunger movement. Examination of the 
top graph of Fig. 1, shows that the plotted points of 


all three gauges are virtually coincident and that a 


range of about 


straight line may be drawn through them. As the 
results are identical, none of the three instruments 
shows an advantage over the others. When the 


pressure on the plunger was 3 ounces, the pointer had | 
made 3 revolutions, and it was 54 ounces when the full 


movement of 20 revolutions had been made. The 
difference in reading of all three instruments, com 
pared with one another, was less than 0-125 ounce 


at any one position 

The two coarser-reading gauges, viz., Nos. [V and V, 
had lighter springs —a type often In the 
graph for gauge IV, the pressure on the plunger is 
| oz. when the plunger has moved 0-04 in., the pointer 
having moved 0-5 revolution. Gauge V had a lighter 
spring than Gauge LV, and in consequence more plunger 
load Although the 
propor 


very useful, 


movement takes place for a 1-oz 
movement of the plunger in a dial 
tional to the load on the spring and the points on all 
the graphs lie approximately in a straight line, it will 
he clear that at some parts of the gr iph the coincidence 


gauge is 


In consequence, in order to 
is desirable 


ia closer than at others. 
degree of accuracy it 
the 
yp vided that these pressures are 


secure the greatest 
yreatest 


not too 


to use those pressures nearest areas of 


coincidence : 
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Fig.4. 
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(122.8.) 
on, say, a mandrel in a lathe spindle and is used to 


check the truth of a mandrel in, say, the turret, the 





arm will be turned through a complete circle in making 


high. It is suggested, therefore, that gauges of the ak 
degree of reading of gauges I. I] and III should be | the reading. Thus the gauge arm, in the top position, 
used with plunger pressures lying between 34 02. and | Will be subject to a bending moment arising from 
rABLE lI. 
| 
| Divisions 
Nominal Range of Plunger. 
Accuracy Total No D 
No. of > iam ned 
Gauge of of Revs of Degree of Dial Weight 
Keading Pointer Uni Number of Gradu- 
Ih in Mm ation 
. In Oz. 
»-cMhl + ow } iN , 6 os 
l u-vOO0l j 2 ) , ( —100 ull = és 
il 0-000] a4 OZ " O-O00T hwo Full 3 6-5 
a0 . e 
iil 0O-o001 2? 0-2 > 0-001 1 Full = 6°5 
~e + 30 Full and > — 
1V 0-OoO1 12 Oo-5 12-7 o-oo 10 halves » 6-20 
y 0-001 ) 0 12-7 0-oO01 an Full > 4 6-5 
44 oz., and gauges IV and V, with pressures between | the weight of the gauge acting downwards and the 


14 oz. and 24 OZ rhe provisio i il clause of the penulti 
mate sentence is important, since too high a load may 
cause deflection of the arms of the stand on which the 
gauge is mounted and may therefore invalidate the 
readings 

The tests showed that, 
usually provided are too weak and, therefore, are liable 
to deflection The bending load on the 
the tests were, generally, the weight of the gauge, viz.. 
6:5 oz. plus or minus the spring pressure, which pres 


5 oz. to 6 oz. The use of the 


in general, the stand arms 


irms used in 


sure might vary trom | 


phrase plus or minus is apt, at first sight, to be 
puzzling. Where the dial is stationary, 1.¢., its position 
is not altered from a particular plane, the bending 
moment on the arm is practically constant, but it 
will be realised that when a dial gauge is mounted 


pressure of the spring acting upwards, and it is possible 
that the would cancel another out. 
When, however, the arm is swung to the bottom posi 
tion, the bending moment is the sum of two forces both, 


two loads one 


acting downwards, viz., the weight of the gauge and the 
spring pressure It is conceivable, then, that in the 
top and bottom positions the load on the plunger may 
vary between zero and, say, 12 oz., with intermediate 
loads when the arm is lying in the horizontal plane, as 
when testing lateral deflection or agreement of the two 
mandrels concerned. There are, of cases in 
which a gauge arm can be swung round a complete 
circle without altering the load on the plunger. For 
example, if the squareness of the table face with the 
spindle of a vertical drilling machine is to be tested, 
a mandrel is inserted in the drill spindle and a hori- 


course, 
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zontal arm fixed to its lower end. The dial gauge is 
attached, with its plunger vertical, to the horizontal 
arm, and this arm can be rotated in a horizontal plane 
without altering the bending moment on the arm, 
though the plunger will, of course, move slightly 
should the table surface not be a true plane. The report 
is fully illustrated as regards methods of using a dial 


| gauge in which the position has to be changed, but it 


is considered that the above brief outline will make 
clear the precautions which have to be taken in some 
cases and not in others. 

Part of the tests consisted of an investigation of the 
effect of the bending of the gauge arm on the reading 
of a gauge. The first series of tests consisted of mea- 
suring the deflection of a solid steel bar, } in. in diameter 
and 6 in. long, from the point of support to the point 
of loading, the bar being horizontal and firmly clamped 
at one end. The bending load was applied by sus- 
pending weights at the free end and a rigidly clamped 
dial gauge, with its plunger directly above the point 
of load suspension, was used to measure the deflection. 
The bar had a square head for convenience of weight 
suspension, etc. The second series of tests wasmade 
with a brass tube, { in. in external diameter by 3} in. 
thick, but three different lengths of overhang, viz., 
6 in., 8 in. and 10 in., were experimented with. The 
results of all these tests are given in Table II, opposite, 
the figures in the “load” columns being the deflec- 
tions in numbers of divisions of 0-0001 in. It will be 
seen from the table that with the steel bar a load of 
10 oz. caused the dial gauge pointer to move 16 divi- 
sions, t.e., to indicate a deflection of 0-0016 in., and 
that one of 12 oz. caused a movement of 20 divisions, 
i.e., it indicated a deflection of 0-002 in. These deflec- 
tions are, respectively, 1-6 times and twice the admis- 
sible tolerance for the divergence from truth of the 
parts already referred to in the example of the swing- 
round method of testing a capstan lathe. If the arm 
were of steel and of the dimensions given, when the 
arm was in the bottom position, there would be a 
downward load of 6} 0z., viz., the weight of the instru- 
ment plus a downward mean spring pressure of 3} 0z., 
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i.e., a total of 10 oz. The arm would, therefore, deflect | of the spindle with mandrels in the tool holes in a 
0-0016 in., and the gauge reading would be useless. |‘‘ warmed up” state of the machine and 0-0025 in. 
The experiments with the brass tube indicate a con- | 


siderable improvement in stiffness, but in spite of this 


it is apparent that the mounting of a dial gauge on a | 
cantilever arm when the gauge has to be swung round | may be noted that it shows (a) modern dial gauges of 
| good British make are accurate and reliable in them- 
(6) Where inaccuracy is evident, this is usually |The scheme marks a 


in a vertica] plane does not give reliable results. 
In view of this unreliability, it was decided to 


investigate a different method of mounting for the ' due to a wanc of rigidity in the arms on which the dials 
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lower in a “ cold state,” 
practice. 
Summing up the findings of the investigation, it 


selves. 



























































TABLE Il. 
} Load in Ounces. 
Type of 
Bar. onye = aon a —— i l —___——— 
1 2 | 3 4. 5 € 8. 10. 12. 14, | 16. | 18 | 20. 24. 
Solid | | | | | 
Steel. j | , | | | 
Length, 6in. | 1-5| 2 ee ee 16 | 20 | 24 | 2 | a25] 35 | 42 
Brass | | | | | | | j | 
Tube. | } | | | | | | 
Length, 6 in. 0-8; 2-0; 3-5 4-0 | 5°5 7°5 9-5 12-0 | 14-0 16-0 18-0 20-0 23-0 27 
” 8 in. 1-2]; 3-4] 5-4 7:0 9-0} 11-0 14-7 | 18-2] 22-2 26-0 | 30-0) 34-0 38-5 46 
m Win, | 2-5] 6-6) 82) 1-4] 14-2] 18-0) 24-0) 30-0 | 36-0] 42-0 48-0 | 54-0] 61-0] 74 
j ' | | | 
TABLE III. 
Load in Ounces. 
Type of Arm. oe ——" = ome a eo a ine r | ae 
4 e ft @ 1. | 12 16. | 4. | 82 48. 
| | 
34-in. Steel Tube, 10 in. long, | | 
Gauge Downward oe - 0-1 O-2 | O-4 0-5 | OF 10 | 1-7 
Do., Gauge Upward , | O12 | O-2 | O-4 0-6 | O-7 1-0 | is | 22 3-8 


swihg-round use of a dial gauge, and these investiga- 
tions led to the development of the device shown in Figs. | 
2 to 4, opposite. This consists essentially of a length 
of steel tube 34 in. in external diameter by } in. thick. 
To the free end of the tube is welded an angle projecting | 
radially and slotted as shown. The lug of the dial 
gauge enters the slot and the gauge is locked in position 
by a knurled screw. On the side of the tube opposite 
to the angle is welded a block, which carries a micro- 
meter screw in line with the gauge plunger. As shown, 
this screw is set at the centre line, so that the gauge 
can be adjusted from it. Normally, of course, the 
screw is withdrawn clear of the mandrel, with which the | 
gauge plunger makes contact when measuring, though | 
it can, itself, be used for measuring when required. | 
The micrometer screw is locked by a pinching set screw. 
The micrometer screw and the block are the same 
weight as the slotted angle, so that the tube is balanced. 
The dimensions given above are suitable for testing a | 
mandrel of any diameter up to 2} in., and any length 
up to, say, 12 in. Since stiffness is the prime requisite | 
of the tube and as there are no moving parts on its 
surface, it does not require machining. Other diameters | 
may, of course, be employed, the actual tube tested | 
being, however, 34in. by 10 in. The method of attach- 
ment to the machine under inspection is optional. 
It may be held in a self-centring chuck as indicated at | 
the right of Fig. 2, or may terminate at that end in a| 
parallel or taper adapter for use in automatic screw | 
machines, milling machines, and so forth. Fig. 5 
shows the method of using the tube in testing the | 
squareness of a face to a spindle by the swing-round | 
method, while Figs. 6 and 7 illustrate the method used | 
for attaching the gauge by the plunger stem, instead of 
by the lug. 

In tests made with this tubular arm, a 0-0001-in. | 
reading dial gauge was used. The arm was attached | 
to the spindle of a capstan lathe and tests made with | 
the gauge in both the upward and downward positions. | 
Weights were suspended from, or imposed on, the | 
micrometer screw, which was locked in position. The 
weights were first increased from 1 ounce to 48 ounces 
and then decreased to 1 ounce again. The resulting 
deflections are indicated in Table III, the figures under 
the loads in ounces, as before, being given in ten- 
thousandths of an inch. An examination of Table III 
shows that loads up to 10 ounces caused negligible 
deflections and that a load of 12 ounces, viz., the 
weight of the gauge plus the strongest spring pressure, | 
caused a deflection of 0-00007 in. only. Increasing the | 
load to | Ib. caused a deflection of one division, 1.e., 


| 
| 
| 
| 
| 
| 


|The General 
Henrion Carbons, Limited, Messrs. The Morgan Crucible | 


| for medical purposes, 


are carried. (c) It is possible to mount a dial gauge 
for the most difficult tests, i.e., by the swing-round 
method, by employing a stiff tube, concentric with the 
spindle and mandrel under observation. 








THE DISTRIBUTION OF ARC- 
LAMP CARBONS. 


An organisation entitled the British Arc Lamp 
Carbon (War Emergency) Pool has been set up with 
headquarters at 42, Oxford-road, Putney, 8.W.15, the 
independent chairman of this body being Sir Sydney 
Chapman, K.B.E., C.B.E., and its members Messrs. 
Electric Company, Limited, Messrs. 


Company, Limited, and Messrs. Charles H. Champion 
and Company, Limited, four firms which, between them, 


are responsible for the manufacture of carbons in this | 


country. The organisation, which is a voluntary 
combination of these concerns, has the approval of the 
Ministry of Supply, and the desirability of its formation 
may be indicated by stating the present position with 
regard to the distribution of the commodity with 
which it is concerned. On the outbreak of war, the 
demand for arc-lamp carbons from the fighting services 


enormously increased and is likely to remain at a | 


high figure throughout the period of hostilities. Though, 
temporarily, the civil market was upset by the closing 
of the cinematograph theatres, this part of the demand 
has now resumed normal level and is also likely to 
increase as entertainment is provided for the troops. 
In addition, there will continue to be a growing demand 


drawing offices. 


on | 
To ensure that all these demands are met on an} 


equitable basis presents the carbon makers with a 
problem that, at first sight, is very difficult of solution. 
To begin with, arc-lamp carbons take many weeks to 
make and before manufacture can start raw materials 
must be secured and adjustments of labour made in 
accordance with the now prevailing conditions. To 
enable demands to be met, it is, therefore, essential 
that manufacturers should have a complete knowledge 
of the demands of some 100,000 consumers at least 
eight weeks in advance. In addition, some scheme 
must be formulated whereby every consumer stands a 
fair chance of having his needs met. With this end 
in view, each consumer will, therefore, be asked to give 
details of his present stock, his expected consumption, 


which result confirms actual | 


by process houses, and for | 
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as closely as possible to his normal working conditions. 
Prior to the beginning of the “ rationing” period, all 
carbon supplies as between manufacturers and suppliers 
will cease, in order that stock may be taken of the situa- 
tion. Arrangements have been made whereby con- 
sumers who have exhausted their stocks may obtain 
an emergency supply through their usual supplier. 
real attempt to deal with a 
difficult situation and its success must, of course, 
depend on close co-operation between manufacturers, 
suppliers and consumers. 








ANNUALS AND REFERENCE BOOKS. 


The Railway Handbook, 1939-40, has been issued by 
The Railway Publishing Company, Limited, 33, Tothill- 
street, S.W.1, price 2s. 6d. net. The preface to the 
sixth annual edition of this compilation states that it 
“jis designed to provide the railway student with a 
collection of useful statistics and other information.” 
If the term, student, is to be read with its usual meaning, 
it may be submitted that this claim is too modest ; 
most engineers have gaps in their memory which the 
work is well qualified to fill, while, in view of the by 
no means inconsiderable railway bibliography, they 
should appreciate this concise presentation of facts and 
figures in its handy and inexpensive form. Although 
much of the material in the new edition has, of neces- 
sity, appeared in previous issues, it has, for the most 
part, been brought up to date ; thus, the rates of pay 
for British railway staff are those obtaining at August |, 
1939. Again, the section on the electrification of steam 
railways, which covers the railway systems of the 
whole world, is brought up to the present year and a 
study of it may prove disconcerting to the admirers 
of the steam locomotive. The chronological account 
of railway development, always an attractive feature, 
has, this year, been increased by some 9 per cent., 
the addition including such recent information as 
the constitution of the Railway Executive Committee 
set up on September 1, 1939. This year the Ministry 
of Transport is not publishing the usual census of 
railway employees, but, by the courtesy of the Minister, 
the figures for the week ending March 11, 1939, have 
| been given in The Railway Handbook. The statistics 
of railway capital expenditure, revenue receipts and 
so forth, are well set out, and should prove as useful 
to the economist as to the engineer. Of the items 
making particular appeal to those interested in railway 
matters in a non-professional way, the revised table 
of non-stop runs, fastest scheduled runs, ete., are 
typical. The fact that the index contains over LOO 
entries will give some idea of the extent of the field 
|covered by the 96 pages of which the handbook 
consists. 


Minerals Yearbook, 1939.—Every year the Bureau 
|of Mines, at Washington, publishes a bulky volume 
containing an economic review and statistical summary 
of the mineral industry in the United States during the 
previous year. Thus, the recently issued Minerals 
Yearbook, 1939, deals with the 1938 production. The 
volume is divided into four main sections, the first of 
| which consists of a survey of the mineral industries, 
much of the data given being in the form of tables. 
| Part IL is entitled ** Metals,” Part III * Non-Metals,” 
}and Part IV “ Mine Safety.” The section on metals 
| covers a very wide field and contains much interesting 
information and statistics on such metals as beryllium, 
columbium, tantalum, indium, zirconium, and other 
rare products, as well as on the more commonly used 
metals. The section on non-metals includes data on 
abrasives, asbestos, asphalt, cement, clays, coal and 
coke, phosphorus, helium, mica, natural gas, peat, 
| petroleum, potash and slate. Part IV consists mainly 
|of employment and accident statistics in collieries, 
|mines, quarries, coke ovens and smelting plants. 


While, naturally, the book is mainly of service to 
metallurgists and engineers resident in the United 
| States, much of the information on overseas trade, 
|imports, world production, and the prices of metals 
and mineral production is of direct interest to technical 
and commercial men in Europe. A new chapter on scrap 
|iron and steel has been added this year for the first 
| time, and from the statistics given it appears that the 
| United States exported nearly 3 million tons of ferrous 
| scrap in 1938 and upwards of 4 million tons in 1937. 
|In each case nearly half of these quantities was 


0-0001 in., and one of 3 lb. a deflection of 3-9 divisions, | the arc lamps he has in use, and alternative types or | purchased by Japan, while imports into the United 


i.e., 0-0039 in. When it is realised that the overhang | 
of the new device as tested was 10 in., compared with 
the 6 in. of the steel rod and brass tube arms, and that | 
these latter deflected 0-002 in. and 0-0014 in., respec- 

tively, for a 12-ounce load, as against 0-00007 in. for | 
the 34-in. steel tube, it will be granted that the new | 


sizes of carbons that could be used in the event of a 


shortage in a particular direction. Forms for this pur- 


pose are being distributed and should be returned to the 
Pool not later than Friday, January 5, for the first 
rationing period, which begins on Thursday, February 1, 
1940. It is emphasised that no attempt will be made to 


device possesses the requisite degree of rigidity for | interfere with the channel of supply through which the 


precision testing. This is, moreover, maintained in 
whatever position the dial gauge may be. A test on a 


consumer obtains his carbons. 
main object of the scheme is the prompt and equitable 
well-levelled capstan lathe showed good concentricity | distribution of stocks so that the consumer may adhere 


On the contrary, the 


Kingdom totalled 847,177 tons in 1937 and 387,347 tons 

|in 1938. The data in this chapter, in common with 
|those given throughout the work, indicate the unre- 
| mitting care used in compilation and editing, and are 
| obviously as reliable as it is possible for them to be. 
The volume, which contains 1,447 pages, is published 
by the Superintendent of Documents, Government 
| Printing Office, Washington, D.C., U.S.A., and the 
| price is 2 dols. in the United States, Canada and 
| Mexico, and 2 dols. 50 cents in other countries. 
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LABOUR NOTES. 


ACCORDING to the latest Trade Report of the United 
Patternmakers’ Association, there was, as compared 
with the October figures, of four in the 
number of unemployed members, a decrease of 14 in 


an mcrease 
the number of members in receipt of sick benefit, and a 
decrease of one in the number of members on super- 
annuation. The total 12,067. 
New members enrolled in November numbered 110, as 
compared with 55 in the previous month. Though 
we have not made so many new members this year 
Mr. Findlay, the 


ourselves 


membership is now 


compared with the previous year, 
yeneral secretary, : 
with the knowledge that only in the peak years of 
1920-21-22 has our membership been higher 


SAYS, we can console 


The Chamber has laid down 
certain guiding principles for vocational training in 
wreement with the Minister of National Economy. 
The Chamber that the training of highlv- 
qualified workers continues to be necessary. In this 
connection special attention should be paid to occupa 
tions which are of importance from a political point 
of view. The war should not lead to any decline in 
the number of apprentices and learners. Indeed, many 
undertakings should be able to engage a larger numbet 
and learners. Such engagements, 
only be made if justified by the 
training that is to be given. If changes take place in 
in undertaking which make the training that had been 
provided for impossible, steps must be taken to place 
the young workers in other undertakings of a similar 
The same applies if an undertaking should 


German Economi 


de« lares 


of apprentices 


howe ver, should 


character 


be compelled to close down. The apprenticeship 
period must always be concluded by a final examina 
tion An examination before the conclusion of the 


normal period of apprenticeship can be admitted only 
in exceptional cases. If the young workers are called 
up for military or labour service the normal period of 
upprenticeship may be reduced by not more than half 


t year if the training may be considered as having 
ittained its object. 
\n amendment to the Australian Supply and 


Development Act which was recently passed, and came 
into force on September 26, provides for munition 
workers in Government factories in Australia the same 
guarantees as had previously been provided for workers 
in private factories, notably the deter- 
mination of conditions of employment and the freedom 
of the worker to change his employment 


regards 


as 


\ communication received by the International 
Labour Office at Geneva states that in order to cope 
with the unemployment which resulted from the 
outbreak of the Greek Government called upon 
undertakings to re-engage their workers, making use 
where An Act 


parssed on October 2 provides for the organisation ot 


war, 


necessary of a system of rotation. 


such a system, and also establishes an institution for 
the transfer and protection of unemployed persons. 
The headquarters of the institution for the transfer 
ind protection of unemployed persons are at the 
Piraeus, and it will derive its revenue partly from a 
deduction of 5 per cent. from the total amounts paid 
in unemployment allowances each year by the different 
unemployment insurance organisations and partly from 
s levy of 0-05 per cent. on the annual revenue of all 
the social insurance institutions under the jurisdiction 
of the Under-Secretariat of Labour. Further revenue 
will be derived from an annual contribution of 250,000 
drachmas by the Genera! Confederation of Labour and 
its affiliated organisations, an annual contribution of 
150,000 drachmas by the Workers’ Institute, and other 
special contributions and any donations that may be 


received, 


Chis organisation, which will be under the direction 
of the Under-Secretariat of Labour, will be administered 
by a council of workers elected by the 
yoverning body of the General Confederation of Labour. 
\ Government Commissioner, appointed by an Order 
of the Cabinet, will take part in the sittings of the 
council, but will not have the right to vote. Any 
decision of the council which the Commissioner deems 
contrary to the provisions of the Act or the regulations 
of the organisation will be suspended until the point 
it issue has been settled by an Order of the Under- 
Secretary of Labour issued on application of the council. 
Che regulations of the organisation must be approved 
by the Under-Secretary of Labour 


consisting 


Unemployed persons who, at their own request, have 
been transferred at the expense of the organisation 
with a view to finding employment and who refuse 
to accept the employment offered them, will be de- 


prived, by Order of the Under-Secretary of Labour, 
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of the unemployment benefit or allowance to which 
they may be entitled from the social insurance system. 
The Council of the organisation may, if it thinks fit, 
require in such cases the reimbursement of the sums 
expended for the transfer of the person concerned and 
may request his employer to deduct from his wages 
the amounts to refunded to the organisation. 
Penalties are provided for infringements. 


be 


Labour, the official monthly organ of the Trades 
Union Congress General Council, states in the course of 
an interesting article, that any contract of employ- 
ment or apprenticeship in Germany to-day is auto- 
matically terminated when the worker is called up or 
volunteers, and he has no claim to be taken back by 
his former employer. ‘ But,” the writer goes on to 
say, “* although the employment contract is terminated, 
the period of active service must be taken into account 
if the worker's rights under his contract depend on his 
length of service, either in the trade or in the particular 
undertaking. Thus the period of military service is 
treated as the period of service spent in the undertaking 
for the purpose of calculating the period of the annual 
paid holiday. (Holidays with pay, however, have now 
been abolished in Germany.) Workers called up for 
military service are under an Order of March, 1939, 
deemed to be on leave. The contract, therefore, is not 
terminated, and so cannot be cancelled by the employer. 
The employer, on the other hand, is not required to 
pay wages during the worker's leave of absence.”’ 


Under an Order of September, 1939, applying to 
persons called to the colours in consequence of the war, 
the principle that the contract of employment shall be 
maintained is,” the writer goes on to say, * enforced ; 
that is, the employer may not terminate the contract 
unless the Labour Trustee authorises him to do so. 
The worker retains the right to terminate the contract. 
A contract concluded for a specified period is, however, 
automatically terminated on the expiration of its term. 
Where a house is occupied in connection with the 
worker's employment, the worker or his family may 


remain if the dwelling continues to be necessary to 
them. Workers called up for compulsory air raid 
precaution services—service is compulsory for every 


citizen and, indeed, for every resident in 
Germany—must be given leave for the purpose if the 
service cannot be performed outside normal working 
hours. No employer can dismiss a worker on account 
of this leave. The worker retains his right to wages 
if the leave does not exceed two working days. The 
employer, however, can require him to make up lost 
time to the extent of one working day. And if the 
leave is longer the employer is not required to make 
any payment to the worker even for the first two days.” 


person 


Industrial and Labour Information states that owing 
to the exceptional circumstances arising out of the 
war, new measures have been taken in Belgium to 
hasten the re-employment of unemployed persons, the 
number of whom remains very high, and to provide for 
the safety and defence of Belgian territory. A Legis- 
lative Order of September 30 organised the voluntary 
participation of unemployed insured workers in work 
of national defence or passive defence. A second such 
Order of October 28, supplemented by a Ministerial 
Order of October 30, considerably strengthened these 
measures. Both these Orders were promulgated under 
the Act of September 7, which vests exceptional powers 
in the Crown. Under the regulations previously in 
force, the Provinces, the local authorities, and the 
public assistance committee, which engage unemployed 
persons for the execution of works not ordinarily 
carried out by private enterprise will receive from the 
National Employment and Unemployment Office a 
subsidy for each day of employment on condition that 
they pay to unemployed persons thus engaged a wage 
at least equal to the minimum fixed by the Appeals 
Board for work of the same kind. The results achieved 


by these measures have been found in the present 
circumstances to be inadequate, 
The Legislative Orders of September 30 and 


October 28 establish a new system in so far as they 
authorise the engagement of unemployed persons for 
certain works on the of the maintenance of 
unemployment allowances or benefits plus a small 
wage. Such a measure had hitherto been rendered 
impossible by the Royal Order of May 31, 1933, which 
made it illegal for the Provincial and local authorities 
to grant to unemployed persons allowances in any 
form for the purpose of increasing the statutory benefit. 
By the Legislative Order of September 30, the Pro- 
vincial and local authorities are authorised, in spite 
of these provisions, to grant to insured unemployed 
persons, voluntarily taking part in work connected 
with national defence or passive defence, allowances in 


basis 


DEC. 29, 1939. 


cash or in kind at a rate not to exceed five francs per 
day of employment and not to be deducted from the 
benefit by the unemployed 
persons concerned. 


or allowances received 


The Legislative Order of October 28 makes three 
important additions to this first measure. It gives 
to State Departments and public or public utility 
establishments the same right as that already granted 
to the Provincial and local authorities; it makes 
the proposed measures applicable not only to work of 
national defence and passive defence but to all works 
of public utility carried out under State concessions ; 
and it compels all unemployed persons to accept such 
work on pain of losing their right to unemployment 
benefit and allowances in the same way as if they 
refused ordinary employment. The Legislative Order 
fixes at five francs the allowance which the adminis- 
tration or establishment concerned must pay to the 
unemployed persons in question who continue to receive 
their unemployment benefit or allowances. As the total 
amount thus received by the unemployed person will 
be less than a normal working day’s wage it is provided 
that the hours to be worked by the unemployed person 
shall be reduced to five inthe day. In the case of works 
of national defence or passive defence, however, this 
maximum may in urgent be exceeded to the 
extent required by circumstances. 


cases 


Special provisions of the Legislative Order regulate 
the conditions of the unemployed persons thus engaged 
in regard to the legislation relating to social insurance. 
family allowances and holidays with pay, which does 
not, in general, apply to them. It is further provided 
that continuous supervision shall be exercised over the 
efforts actually made by the local authorities to secure 
work for unemployed persons. The Minister of the 
Interior will draw up at the end of each quarter, after 
consultation with the National Employment and 
Unemployment Office, a list of those local authorities 
whose efforts in this connection must be regarded as 
inadequate. Such local authorities will be penalised. 








THE LATE MR. H. J. FEREDAY. 


WeE regret to record the death of Mr. H. J. Fereday, 
which occurred at Epsom on Wednesday, December 20, 
at the age of seventy-six. Mr. Fereday was connected 
with civil engineering for the greater part of his working 
life and was well-known for his work on the design of 
steel bridges, in which branch he was responsible for a 
number of interesting developments. 

Harry John Fereday was born at Wednesbury on 
December 26, 1862, and was educated at Wolverhamp- 
ton Grammar School and at the Finsbury and South 
West London Technical Colleges. At the age of eighteen 
he became a pupil with the Patent Shaft and Axletree 
Company, under Mr. Robert Braithwaite, and on the 
completion of his articles was appointed assistant 
manager at the firm’s Old Park Bridge Yard. During 
his pupilage, Mr. Fereday made an early connection 
with steel bridge construction when he assisted in the 
manufacture of the first all-steel bridge ever sent to 
India—the Dufferin Bridge over the River Ganges. 
In 1892 he was appointed assistant engineer, under 
Arnold Mills, in the bridge-yard of the well-known 
and historic Thames Ironworks, and four years later, 
after a short period as assistant engineer with Messrs. 
Crompton and Company, Limited, Chelmsford, joined 
the late Sir Alexander Rendel, K.C.I.E., who was then 
senior partner of Sir Alexander M. Rendel and Son. 

He continued in the service of this firm, which is 
now designated Rendel, Palmer and Tritton, until his 
retirement in 1937, first as a member of the staff and 
then, after 1929, as partner. During the greater part 
of this time he was in charge of the firm’s steel bridge 
department and was largely responsible for the design 
and supervision of the many bridges constructed by 
them in India and other parts of the world. Among 
the more important of these, mention may be made 
of the Khusalgarh cantilever bridge over the Indus, 
the Hardinge bridge over the Ganges, the Attoch 
bridge over the Indus, and the Willingdon and Howrah 
bridges over the Hooghly, the last being the longest 
cantilever bridge in the world. In Africa, he 
was connected with the construction of the Lower 
Zam besi bridge, which is the longest bridge in the world, 
and in this country, coming to more recent times, 
with the reconstruction of Chelsea Bridge over the 
Thames and with the demolition of Waterloo Bridge 
over the same river. He contributed papers on both 
these latter works to the Institution of Civil Engineers, 
of which he was elected member in 1927. For earlier 
communications he was awarded a Telford Premium 
and a Coopers Hill War Memorial Prize. In 1917, he 
designed an optical stress recorder, which has been 
extensively used for recording stresses in steel struc- 
tures under working conditions. 


road 








noe 


DEC. 29, 1939. 


CONTOUR 


MESSRS. CONTINENTAL 














Fig. 1. MAcHINE IN OPERATION. 


CONTOUR METAL-SAWING 
MACHINE. 


THE account of the “ Do-all”’ contour metal-sawing 
machines given in ENGINEERING, vol. 146, page 83 
(1938) may now be supplemented by one of a new 
design just introduced by Messrs. Continental Machines, 
Incorporated, 1301, Washington Avenue South, Minnea- 
polis, Minnesota, U.S.A., this new machine, which has 
a gap of 26 in., not only embodying several improve- 
ments, but forming a useful size between those with 
gaps of 16 in. and 36 in., respectively, previously manu- 
factured. Externally, the 26-in. machine does not 
differ greatly in appearance from those already des- 
cribed, but it has an increased capacity, as saws 
ranging in width from 1 mm. to | in. in width can 
be used, the maximum saw width of the earlier 
models being } in. File bands up to 3 in. wide, in 
addition to the }-in. and j-in. previously available, 
can be used, this also representing an advance. The 
table has a working surface of 30 in. square and can be 
tilted for angular cutting up to 45 deg. towards the 
front and up to 10 deg. towards the rear, or either 
side. An automatic power feed for the work has been 
embodied. This supplies the pressure against the saw, 
and, it is stated, any curve can be cut by manipulation 
of a handwheel which controls direction only and not 
pressure. By way of a test a spiral of 2} complete 
turns, resembling in appearance a large coiled watch 
spring, was cut from a forged block of steel 24 in. 
thick in 1 hour 48 minutes, the total length of cut being, 
on a rough approximation, 140 in. 

This part was cut with the automatic power feed ; 
the feed arrangement shown in Fig. } is by hand with 
a pedal-operated chain round the work to give addi- 
tional pressure when required. Work up to a thickness 
of 10 in. can be cut. The upper wheel is 26 in. in 
diameter, and the saw guide has a vertical traverse of 
10 in., so that the saw can be supported close up to 
work of any thickness. The 26-in. machine is driven 
by a 14-h.p. motor through an infinitely-variable trans- 
mission running in oil, which enables any saw speed 
between 50 ft. and 1,500 ft., lineal, per minute to be 
obtained. The speed in use is indicated on a tachometer 
dial and the correct speed and type of saw and file 
most suitable for 48 different materials is determined 
by the appropriate setting of the large dial seen on the 
head of the machine in Fig. 1. The device on the 
column and visible just above the operator’s hand is 
the automatic saw butt-welding attachment described 
in detail in the previous article. The illustrations, 
Figs. 2 and 3 show two typical jobs done on the new 
machine. The parts on the left centre in Fig. 2, viz., 
a quadrantal lever and a curved strip with two holes, 
were required in quantity, though not in sufficient 
numbers to justify the making of blocks and dies for 
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Fig. 2. Txuin Parts Cut ry SINGLE OPERATION. 


stamping them. The blanks, of rectangular form and 
of steel 0-020 in. thick, were built up in blocks of 50 
and tack-welded at the ends. The two holes were then 
drilled through the assembly and the block was put 
in the saw, after, of course, marking off the top sheet. 
The lever part required 22 minutes of sawing and the 
drilled part 13 minutes. The discarded block is shown 
to the right of Fig. 2. towards the top, with the piles of 
parts cut from it below. Some of the separated parts 
are seen at the top and bottom of the illustration on the 
left. The finish was all that was needed for the purpose 
intended, but in similar cases, if close toleranees are 
required at any points on the parts, these can be 
clamped together again, and, when the saw has been 
changed for the file-band, can be filed to the exact 
size required. 

The part shown in Fig. 3 is a poppet-valve lever, of 
which 20 were required for experimental] purposes. 
Here, again, it was not worth while to make moulds 
and dies for drop forging the parts, while machining 
by planing, slotting and so forth, would have proved 
both costly and slow. The part was sawn from the 
marked out block, seen to the right of the illustration, 
to the shape shown at the left, in 3 hours. The equip- 
ment of the 26-in. machine includes a reciprocating 
air pump for supplying an air jet to blow away swarf ; 
a table lamp with a conical reflector; an illuminated 
magnifying attachment, magnifying to two diameters, 
with a 15-watt lamp; a swarf chute; a saw-weld 
grinder having a wheel 3 in. in diameter driven by a 
}-h.p. motor, and a wheel guard and squaring jig. The 
machine is fitted with ball bearings throughout. The 
wheels are of cast aluminium alloy, rubber-covered, 
and the saw guides are of the sealed adjustable roller- 
bearing type. The standard 1}-h.p. motor runs at 
1,750 r.p.m. The starting switch is a box-type push- 
button with overload protection. The body of 
the machine is of welded steel. The agents in Great 
Britain for Messrs. Continental Machines, Incorporated, 
are Messrs. George H. Alexander Machinery, Limited, 

2-83-84, Coleshill-street, Birmingham, 4. 








TRE Uwnirrep STATES COLLIERY INDUsTRY.—Bitu- 
minous-coal production in the United States for the 
week ending December 2 averaged 1,600,000 tons daily, 
against an average of 1,755,000 tons in the preceding week 
and 1,417,000 tons in the corresponding week of 1938. 

MoTorR-CAR INDUSTRY IN THE UNITED ST4STES.— 
During the week ending December 9, the number of 
motor-cars manufactured in the United States totalled 
115.488. This total is indicative of the resumption of 
work at a number of plants recently idle on account of 
strikes, as, in the preceding week, the total was only 





93.368 motor-cars. 
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THE PARIS HIGH-TENSION 
CONFERENCE. 


(Concluded from page 689.) 


Fire Prorection tn ELEctTRICAL INSTALLATIONS. 

In addition to the paper by Herr Meiners, which dealt 
with the question of fire protection in electric power- 
stations from the point of view of German practice, a 
paper on the same subject, dealing with French proce- 
dure, was presented by Monsieur M. Laborde, of the 
Union d’Electricité of Paris. We gave a summary of 
Herr Meiners’ paper on page 635, ante. In his intro- 
duction, Monsieur Laborde said that the security of 
electrical installations was a matter of great importance ; 
it was a complicated problem and many factors had 
to be taken into consideration. Such security was a 
function of the lay-out of the network to which the 
installation was connected ; it was dependent on the 
nature and frequency of the control operations ; on 
the characteristics of the material of which it was 
constructed ; on the manner in which it was operated 
and maintained; and on external influences, such as 
thunderstorms, dust or corrosive vapours. Safety in 
operation might be sought by simplification of the 
control, by the use of interlocking, and by a careful 
selection of the station personnel. 

Properly to evaluate the safety of any particular 
type of electrical installation, it was necessary to 
examine statistics covering the operation of similar 
installations over a considerable period. The frequency 
of accidents or failures depended on the actual con- 
struction of the gear, on disturbances of external origin, 
on operational mistakes and on the reliability of control 
relays. The seriousness of accidents was independent of 
external factors and depended on the construction of 
the gear itself and the manner in which it was installed. 
It was desirable that the gear should be of as homo 
geneous a character as possible. That was not to 
say that every item of the gear should have the same 
factor of safety, but that the factors of safety should 
be related to the nature of the item concerned ; the 
most delicate apparatus should have the highest factor 
of safety. This condition might not be easy to obtain 
when various parts of an installation were supplied by 
different makers, although the progress made in the 
design of electrical apparatus over the previous twenty 
years was such that homogeneity of the type suggested 
should be realisable. 

When, owing to a fault, internal or external, an arc 
was formed in an electrical installation, it rapidly 
propagated itself along conductors in the neighbourhood, 
and might destroy insulation lying in its path and cause 
abnormal heating, fusing of conductors and destruction 
of contacts. It would continue to travel forwards until 
it was checked by meeting a fireproof partition or by 
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reaching the limit of the conductors between which 
it was formed. It might cause explosions owing to 
the presence of gaseous mixtures formed by the decom- 
position of oil or organic insulating materials. It 
would also ignite any combustible matter in the neigh- 
bourhood and might give rise to large mechanical 
stresses in conductors. A secondary effect might be 
the imposition of high-voltages on secondary circuits, 
leading to their breakdown and to further arcing. 
Finally, metallic vapours, or the fumes from the 
combustion of some types of insulation, might cause 
deposits on conductors not directly affected by the 
are. This might lead to subsequent breakdowns. 

One way in which the effects of explosions or fires 
might be greatly reduced was by the adoption of out- 
door gear. This also considerably reduced building 
and civil-engineering costs. It, however, introduced 
some difficulties of its own; insulating material 
had to be capable of standing up to outdoor conditions 
and the apparatus was subjected to considerably greater 
variations of temperature. Maintenance work had 
also to be carried out under less favourable conditions. 
The advantages of outdoor installations depended to a 
considerable extent on the fact that it was usual to 
arrange the various pieces of apparatus on a common 
level. Multi-stage outdoor stations were not to be 
recommended. The advantages of outdoor stations 
increased with the voltage. With indoor installations, 
the danger from fire was reduced by the proper use of 
partitions dividing-up the gear. The danger from 
explosion was practically eliminated if the dangerous 
apparatus were installed in cells in direct communica- 
tion with the outside air. To be efficient, a fireproof 
partition should effect complete isolation between 
neighbouring compartments and the separation should 
extend to the connecting cables and operating gear, 
especially when the control was centralised. 

Dangers arising from the propagation of an are 
might be limited by the rapid isolation of the circuit 
affected. The development of modern rapid-action 
breakers had greatly assisted in that direction. Cellular 
division should also be carried out in such a way that 
an are formed in a circuit-breaker chamber could not 
spread to the "bus bar chamber and when there was 
than 

not 


bars, an are affecting one set 
be able to spread to the other. Ares 


more one set of 


should 


affecting high-tension gear should also not be able to} 


low-tension control circuits or to non- 
electrical services such as ventilating or compressed-air 
Partitions should not only prevent the spread 
of the are but should also form a barrier against metallic 
vapour and ionised gases. Objections had, at times, 
been raised that the extensive use of partitions tended 
to reduce the visibility of the apparatus. This objection 
had no weight except in the case of hand-operated 
section links. Systems of distance control, either 
electrical or mechanical, with proper indicating arrange- 
ments, made such direct visibility and 
increased the safety of the personnel. 


spread to 


pipes. 


unnecessary 


In considering the question of danger in electrical | 


installations, it was desirable to study the circumstances 
of the various serious accidents which had occurred 
in recent years. It was not possible to present even 
a summarised analysis of these accidents in detail, and 
their consideration had to be limited to some general 
observations. In a number of cases, owing to the 
absence of proper isolating arrangements, the explosion 
of a piece of apparatus had resulted in the destruction 
of a large part of the installation and of the building. 
In the category of dangerous apparatus, appliances 
containing small quantities of oil had to be included 
equally with those containing large quantities. In 
one case, an explosion following on the decomposition 
of 4 litres or 5 litres of oil, contained in one pole of a 
circuit breaker, destroyed the switch house. In a 
large modern station with two sets of ’bus bars, a 
trivial accident on one set of bars resulted in 
damage and the interruption of service for a 
period, In this case, the two sets of *bus bars were 
theoretically in separate compartments, but the 
compartments were connected by ventilating ducts, 
which allowed the are to pass from one to the other. 
Moreover, the earthing connections and 
wiring were not properly isolated. 

In another large modern station operating at a 
moderate voltage, and in which the main switchgear 
was well subdivided, the explosion of a junction box 
connecting to the cables of one of the alternators had 
disastrous results. The box contained about 700 litres 
of oil and in the fire which followed the explosion, walls, 
and what were presumed to be fireproof partitions, 
gave way, allowing the fumes of burned oil to cause 
a general conflagration. A third case concerned an 
installation of totally-enclosed switchgear of good con- 
struction. One of the instrument current transformers 
exploded and, owing to the insufficiency of the separat- 
ing divisions between the various parts, the fire spread 
to the whole of the gear. This resulted in burning oil 
being projected on to the main cables and auxiliary 
wiring owing to their being insufficiently isolated .and 
a general fire resulted. It was of importance to realise 
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that these last three accidents occurred in stations 
of modern design, and that in each case the serious 
results were due to an insufficient or incomplete appli- 
cations of the principles of sub-division. 

As fire was the main danger with electrical gear, 
it was a matter of great importance that the amount 
of combustible material used in its construction 
should be reduced. The decomposition of such materials 
by arcs or by heat resulted in the production of explosive 
mixtures. Unfortunately, these materials were in 
general use in electrical work for insulation purposes, 
and any attempt to eliminate them resulted in difficult 
constructional problems. This matter had given rise 
to considerable controversy. In Europe, the majority 
of manufacturers, with the aid of experiment and 
research, were making great efforts to reduce the 
employment of such materials. The reaction to the 
problem of some other manufacturers, especially in 
America, had been indifferent or even, in some cases, 
negative. The whole question had occupied the atten- 
tion of the High Tension Conference over a long period, 
and the first practical steps towards the elimination of 
combustible materials had been taken more than ten 
years ago. 

The fundamental problem which had to be dealt 
with concerned the design of circuit breakers, as these 
were subjected to the most difficult conditions. Breakers 
containing large quantities of oil, such as were exclu- 
sively employed twenty years ago, had gradually been 
replaced by those in which the quantity of oil was 
reduced by a better disposition of the parts; and by 
those containing a very small quantity of oil. In this 
latter type, the oil was used only for the actual extinc- 
tion of the are and not for general insulation. The 
total content could be reduced to some ten litres or so, 
depending on the voltage. Breakers of these two latter 
types had given satisfactory results in practice and it 
was not possible to claim any marked superiority of 
one over the other. The breakers containing very 
small quantities of oil were, however, somewhat more 
complicated, and the cooling of the contents and of the 
gases produced by the are not quite so good. A further 
point to be noted was that, as already pointed out, 
breakers containing only a few litres of oil were capable 
of giving rise to serious explosions. 

During the previous ten years, three other types of 
breaker had been developed. These were the water 
breaker, the air-jet breaker and the breaker provided 
with means for the automatic generation of inert 
gases for are extinction. The use of oilless breakers 
had increased rapidly in Europe in recent years ; some 
important manufacturers reported, in 1933-1935, that 
the output of breakers of this type was 50 per cent. 
of their total circuit-breaker production. Some 
makers now reported that the figure had reached 
80 per cent. Breakers of these types did not introduce 
any operational difficulties and greatly increased safety, 
any failure having much less serious results. There 
were, none the less, various directions in which progress 
was still desirable. With all breakers of the oil-less 
type, there was the possibility of overheating if normal 
current densities were employed, and the elimination 
of all combustible material, or material which might 
be decomposed by an arc, had not yet been achieved. 
With water breakers, there had been some dielectric 
troubles, which tended to limit the voltages on which 
they could be employed, and, in certain cases, such 
breakers had not interrupted the circuit properly 
and explosions had followed. The cause of these had 
not yet been elucidated. With compressed-air breakers, 
in which the pressure used varied from 3 kg. to 18 kg. 
per square centimetre, the troubles had been mainly of 
a mechanical nature, such as the sticking of valves, or 
leaky joints. Matters had been considerably improved in 
recent Breakers of the gas auto-generation 
type had hardly yet passed the experimental stage. 

Up till about 1936, water and compressed-air breakers 
seemed to have been in about equal favour, but in 
the course of the previous three years preference had 
been given to the compressed-air breaker, which was 
employed for the whole range of voltages. From the 
point of view of cost, oilless breakers were not more 
expensive than oil breakers, except for low voltages 
and small powers. The present tendency, for indoor 
installations, was to employ compressed-air breakers 
except for small plants, for which water breakers were 
preferred. For outdoor installations, air breakers and 
breakers containing only a small quantity of oil seemed 
to be in about equal favour. The question of the fire 
danger with instrument transformers was also being 
given attention and various types containing little or 
no inflammable material had been developed. The 
main insulation consisted of ceramic material and the 
amount of impregnated insulation was reduced to a 
minimum. Efforts were also being made to eliminate 
the combustible compounds and oil with which the 
junction boxes of main cables were filled, and some 
makers were using a chlorine plastic material, which, 
under the action of an arc, did not give off inflam- 
mable gas. Another method was to eliminate the 
joint box and reconstruct the insulation at the ends of 
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the cables. The connecting cables and wires to control 
apparatus and measuring instruments were another 
source of danger to which attention was being given. 

In some cases, in place of the standard lead-covered 
connections, multi-core cables with a steel armouring, 
but without any outer protective coating of jute or 
other material, were being used. To protect the steel 
armouring from corrosion, galvanising was employed. 
Another form of wiring, known as Pyrotenax, was 
insulated with compressed magnesia, which was 
unaffected by heat. For connections behind switch- 
boards, various synthetic resins had been developed 
for insulation purposes. They showed remarkable 
resistance to water, petrol, oil, ozone, acids and fire. 
and showed no deterioration at temperatures of 
80 deg. C. 

A number of substations in the Paris area had been 
fitted with apparatus which embodied the ideas of 
protection against fire that had been expressed in 
the paper. Some of these stations were old and had 
been partly reconstructed. They were all connected 
to a 60-kV network and stepped down to various 
voltages to supply local distribution services. The first 
installation of oilless circuit breakers was made in 
1931, when some water breakers were put into service ; 
these were followed, in 1932, by two installations of 
air-jet breakers, one operating at high pressure and 
the other at low. There were now 25 transformer 
substations in operation fitted with breakers of these 


types. Of these, 11 were new stations and 14 recon- 
structed old stations. In all, they contained 572 oilless 
circuit breakers, made up of 235 water breakers, 


159 low-pressure air breakers, and 178 high-pressure 
air breakers. Several breakers of each type had had 
to deal with heavy short circuits. Both in this and in 
normal work, their operation had been entirely satis- 
factory. La Société Inter-Paris was installing three 
air breakers and three small-content oil breakers to 
operate at 220 kV. Instrument transformers of various 
modern “ dry ” types had also been installed in these 
stations, there being about 1,800 current transformers 
and 150 potential transformers in use. Experience 
had justified their adoption. Non-combustible junction- 
box filling compound had so far only been adopted in 
two new substations, but had given satisfactory service 
for three years. Experience with various types of 
fireproof instrument and control-circuit wiring was yet 
too limited to enable any expression of opinion regard- 
ing its service results. 

The 60-kV substations in the immediate outskirts of 
Paris were supplied by three single-core cables which 
were connected to the switchgear through concrete 
cubicles. In the outer areas they were supplied through 
overhead lines. They all had two sets of ’bus bars. Out- 
door switchgear had been used in all stations constructed 
since 1926. Since 1930, further progress had been 
made from the point of view of fire danger, by arranging 
a complete separation of the phases for stations in the 
inner area. This applied to all new stations, and older 
stations were being reconstructed on these lines as 
opportunity offered. For the medium voltage side of 
the stations, which was in general of the order of 10 kV 
of 15 kV, indoor switchgear was universal, except for 
the new station at Billancourt. As up till the year 
1933, oil circuit breakers were still in use, security 
against the spread of fire was sought by a complete 
separation of the phases. The arrangement gave the 
safety desired, but was somewhat complicated. With 
the introduction of oilless circuit breakers, a new and 
simpler layout was adopted and a number of stations 
had been reconstructed. The stations had three sets of 
‘bus bars, of which one was exclusively used to connect 
a feeder to a spare panel, in case it was desired to 
inspect or repair the actual feeder panel. The sec- 
tionalising switches were distance-controlled by com- 
pressed air, and all movements were interlocked. 

The most recent stations consisted of three floors. 
The upper contained the air-break switches and the 
two main sets of ‘bus bars; the second contained the 
instrument transformers and the relays and control 
for the compressed-air apparatus; the third floor 
housed the incoming cable connections and the transfer 
bars. The gear on the various floors was divided by 
longitudinal partitions as required; thus the transfer 
bars on the lower floor were entirely separated from 
the incoming cables. Cross-partitions also divided up 
the apparatus and the two sets of main ’bus bars were 
well isolated one from the other. An arc in a feeder 
panel could not reach the bus bars. All gear of a less 
incombustible nature was well separated from the 
main apparatus, as were also all low-tension control 
connections. 


Hicu-Tension Susstation Layout. 


Belgian practice in the layout of high-tension sub- 
stations was dealt with in a paper contributed by 
Monsieur S. Margoulies, Chief Engineer of Linalux 
power undertaking. His descriptions referred to recent 
stations operating at 70 kV. In his introduction, the 
author stated that there had been important modifica- 
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tions in high-tension substation layouts in recent years. 
Owing to increasing loads and the extensions of net- 
works, operating companies had become more exigent 
in their requirements. Manufacturers had responded 
by the development of oilless circuit breakers, or 
circuit breakers of small oil content, and by the elimi- 
nation of through-type insulators in apparatus of this 
kind. Instrument transformers with porcelain insula- 
tion had also been introduced. These and other 
developments had resulted in greater safety and a 
decrease in service interruptions. 

As the complexity and capacity of networks was 
increased, the security and ease of control of sub- 
station gear became more important. The apparatus 
should be installed so that the electrical layout could 
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The large amount of power which might feed into a} 


short circuit on modern networks also greatly increased 
the loads which might come on to instrument trans- 
formers. They should be designed to withstand short- 
circuit conditions. The tendency towards the elimina- 
tion of oil was as marked with these appliances as 
it was with circuit breakers. For medium voltages 
dry-type transformers were used, and for high tensions, 


porcelain containers had been developed with which the | 


amount of oil required was reduced to a minimum. 
Bush-type insulators were also not required. In 
connection with these appliances, which dealt with 
large quantities of energy, accuracy was of great 
importance. A small percentage error might represent 


a large amount of energy. 


| Namur-Luxembourg Company (U.C.E. Linalux). 
| station, which was illustrated in Fig. 53, had four 


|*bus bar coupling arrangements. 
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be understood at a glance. Connections should be as | 





short and direct as possible, so that the function of | Fig. 54. 

each piece of apparatus could at once be understood. | > 2 
The gear should not be obscured by the structural | z = 
frame in which it was mounted, or by long chains of | $ & 
insulators or by insulator supports. Control should | K z 
be as easy and rapid as possible ; for this purpose all — = 
controls should be centralised. This applied to the 

operation of section switches, as well as circuit breakers. 

w i 


In a 10-kV Belgian substation controlling 24 out-going 
teeders, the time necessary to change over to the second 
set of *bus bars was originally 35 minutes; after the 
fitting of pneumatic operation to the section switches, 
this time was reduced to 5 minutes, with increased 
safety for the personnel and increased reliability of 
operation. 

It was clear that this centralised control contributed 
directly to the safety of the operators, as they had no 
need to approach the high-tension gear. Security of 
operation was obtained by means of interlocks. The 
air control was also of value in enabling rapid reconnec- 
tion to be made when any section of the gear had been 
shut down for inspection or repair. With the increase 
in the size and importance of distribution networks, the 
complete closing down of substations had become 
impossible. For maintenance purposes, it was thus 
necessary that arrangements should allow it to be 
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put out of service in sections. This was greatly 

facilitated if the gear were easily accessible and the . pay & 
various panels definitely separated one from the other. | a8 Se SF 
Maintenance was greatly facilitated by the use of ~4 4 e <5 
auxiliary *bus bars. By their use a feeder circuit ee gs ge 

. . -} 
could be transferred to a spare panel while the main ie % z =r 
as =é 
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panel was under repair. A further point was that 
facilities should be arranged for the erection and | 
dismantling of all heavy pieces of apparatus. It | 
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With the operation of all apparatus from a central 


these lines it would actually occupy less space than the | great importance. As all operations were carried out 
usual older type of arrangement. from it, and it was unnecessary for the charge-hand to 

The great increase in the amount of power connected | enter the high-tension part of the station during 
to networks necessitated an increase in the breaking | normal running, it was necessary that the board 
capacity of circuit breakers. Owing to the development | should be fitted with indicating gear which would 
of modern circuit-breaker testing stations, makers were | show when operations had been carried out. The 
now in a position to supply breakers to satisfy any | board should be as simple as possible, and should not 
specified conditions and which would prove reliable | carry apparatus not required for the operation of the 
in service. Two principal modern types were now | station. The control room should contain the operating 
available —air breakers and breakers containing a small | board and a separate board carrying the measuring 
quantity of oil. It was not the purpose of the paper | instruments. The protection and “metering apparatus 
to discuss the relative advantages and disadvantages | should be in a separate compartment. It should be 








of these two types, but it might briefly be said that the | possible to test the various relays periodically without | 
|has an unbroken length of 4,000 ft. 


interfering with the normal operation of the station. 


small oil-content breaker, requiring no compressed-air | 
lin summarising the requirements for the greatest 


installation, was suitable for small stations with but 


few feedets. For larger stations, the compressed-air | possible safety in operation, the author said the three | 


breaker had the advantage that it entirely eliminated | main conditions were : the almost total elimination of 
the use of oil. An incidental advantage was that the | the use of oil; the employment of apparatus of the 
compressed-air plant could also be used for the operation | greatest possible reliability ; and the use of distance- 
of the section switches in the way already referred to. | controlled section switches. 





would be found that if a substation were laid out on| point, the arrangement of the control board was of 


These ideas had been carried out in a recent 70-kV 
substation at Romsée on the network of the Liége- 
The 


30,000 kVA incoming feeders and contained two trans- 
formers, one of 10,000 kVA and the other of 25,000 
kVA. The high-tension switchgear also controlled 
As the station was 
situated alongside a colliery power station with a 
number of cooling towers, the atmosphere was both 
dusty and moist, and it was necessary to adopt an 
indoor arrangement to protect the apparatus and 
reduce upkeep costs. The danger of oil fires had been 
eliminated by the use of compressed-air circuit breakers, 
and as the gear was well spaced, both in the vertical 
and horizontal directions, dividing partitions were not 
necessary. It had thus been possible to place the 
, whole of the gear in a single room, except for the 
transformers, which were contained in separate com- 
partments. As shown in the diagram of the main 
| connections, given in Fig. 54, there were two sets of 
*bus bars, a straight-central set and an outer set of 
hairpin form in plan, which passed round the inner 
bars. By means of section switches any circuit could 
be coupled to either set of bars. In addition, a by-pass 
connection, containing a section switch, was made 
round each panel so that the circuit breaker and 
instrument transformers could be isolated for inspection 
or repair without closing down the circuit. The circuit 
breakers and instrument transformers were mounted 
| at ground level, so that they were easily accessible for 
maintenance. Balanced swing ladders were fitted for 
| use when work had to be done on the section switches. 

The compressed-air circuit breakers had a current- 
carrying capacity of 600 amperes and a breaking 
capacity of 1,000,000 kVA. Each pole was controlled 
independently and with slight modification they could 
be arranged so that, if the system of rapid reclosing to 

| clear a fault were adopted, then one, two or three 
| phases would operate, as determined by the conditions. 
| The section switches were operated pneumatically and 
were controlled by electrically-operated valves. The 
| instrument transformers were of the porcelain insula- 
tion type and the current transformers could stand a 
short-circuit current of 15,000 amperes for two seconds. 
They had two secondary windings, one for the pro- 
| tective gear and the other for the measuring instru- 
ments. 

Compressed air was supplied by two motor-driven 

compressors, each with a capacity of 51 cub. m. per 
| hour. They fed four air reservoirs of a total capacity 
of 8,800 litres. This was sufficient to cover three 
openings and two closings of all the circuit-breakers in 
the station without the pressure falling below the value 
at which the breakers were guaranteed to operate. 
| There were three compressed-air pipe systems. One 
| of these was for the circuit breakers; the second was 
for the section switches ; and the third was a reserve 
which could be used for either service. The valves 
on the compressed-air control board were of the 
| quarter-turn type with self-indicating handles. The 
control boards were of polished metal and carried a 
series of black strips representing the connections. 
Electrically-operated indicators showed the position 
of the breakers and switches. The section-switch con- 
trols were interlocked so that it was impossible to cause 
a short circuit by a wrong connection. The metering 
instruments were not mounted on the control board, 
but on an independent board in a separate room. 

A station based on the same principles, and operating 
at 6 kV, has been constructed by the Linalux Company 
at Ougrée. This controls 28 outgoing feeders; all 
circuit breakers are of the compressed-air type and have 
a breaking capacity of 600,000 kVA. All section switches 
are also operated by compressed air. 








UNDERGROUND MINING AT 
RIO TINTO, SPAIN.* 


By C. R. Junian. 


Tue large pyrites ore bodies, the underground mining 
of which is to be described, are situated at Rio Tinto 
|in the Province of Huelva in Southern Spain. The 
San Dionisio ore body is the largest single deposit in 
| Rio Tinto, having on its upper levels a length of 
| 3,500 ft. On the upper levels the average width is 
| approximately 200 ft., but in places on the lower 
levels there is a width of 900 ft. of unbroken pyrites. 
| The ore body in the upper part lies between slate and 
porphyry walls, but in depth is enclosed in porphyry 
walls. On the upper levels, the South Lode ore body 
The massive 
pyrites has a maximum width of 300 ft., and an average 
of about 100 ft. Ore has been proved to a depth of 
1,000 ft. This ore body, to the depth at which it has 


* Paper read before the Institution of Mining and 


Metallurgy in London,on Thursday, October19. Abridged. 
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been proved, lies entirely between slate and porphyry | fill with waste the openings in a number of transverse | and _ close-grained. The ore is generally much 


The South Lode and the San Dionisio ore bodies 
both by opencast and by underground 
fo date, the following tonnages have been 
San 


walls. 
are mined 
methods. 
mined underground by the present company : 
Dionisio, 22,210,000 metric tons; South 
16,430,000 metric tons. 

In order to be able to appreciate the reasons for the 
development of the particular mining method now 
practised at Rio Tinto, it is necessary to realise the 
position created by the earlier methods. During the 


Lode, | 


eighteenth and nineteenth centuries, mining was carried | 
on somewhat intermittently, in the South Lode only, | 


by the Spanish Government, or by lessees. The pro- 
perty was acquired in 1873 by the English company 
owning it to-day. From the earliest days pillar and 
stall methods were used, the openings at first being 
made very irregularly and with little regard for levels 
or direction. Later, definite horizons at about 33-ft. 
intervals were established and in this way seven levels 
were opened up, and a considerable part of the extent 


of the mass was honeycombed to that depth, some | 


350 ft. below the outcrop, the drifts and crosscuts 
latterly being laid out at 33-ft. intervals, and being 
driven about 13 ft. by 13 ft. in cross-section, thus leaving 
pillars about 20 ft. square. The English company 
carried on the same procedure, though with more 
regularity, and established the interval between floors 
at 41 ft. and set out the openings on each successive 
floor vertically below those on the floor above. The 
same system of mining was applied to the San Dionisio 


mass, and by the year 1900 the South Lode mass had | 


been completely developed and honeycombed down to 
the twenty-second floor, and to maintain the output, 
the expedient of opening intermediate floors had begun 
to he adopted. 


At the same time, many of the chambers | 


had become much enlarged by caving or pillar robbing, | 


that the danger of large scale subsidences was 
imminent. At the same time, the San Dionisio mass 
had been almost completely chambered to below the 
twentieth floor, and work was proceeding on the 
succeeding floors down to the twenty-sixth, and below 
that level at intervals of 125 ft. on the twenty-ninth 
and thirty-second floors. : 
method, carried out at 


ao 


vertical intervals of 41 


By this pillar and stall} 
ft., | 


20 per cent. only of the whole mass of ore could, | 


theoretically, be extracted. Actually, in the South 
Lode, by closer spacing of levels by intermediate floors 
and pillar robbing, the extraction reached about 30 per 
cent. in part of the mass, but only by risking the 
stability of the mine. It was thus urgently necessary 
that some other method should be devised for exploiting 
the remaining 70 per cent. to 80 per cent. of the ore 
The problems then to be faced involved a 
number of considerations, of which the following were 
of major importance: No method of mining could be 
applied which did not call for prior waste filling of 
existing openings. Mining the ore downwards floor by 
floor was plainly indicated, but it was unsafe to fill 
the openings on the top floor, or to disturb the equi- 
librium of the mass, thus increasing the loading of the 
pillars of the lower floors, without first filling up the 
openings on these floors. The logical procedure was, 
therefore, to begin by waste filling the openings on the 
two or three lowest floors, and when these were secured, 
to fill the floors immediately above, and so on, until 
the whole mine openings were filled. Since, however, 
about 18 million tons had been removed from the two 
ore bodies, making four million cubic metres of space 
to be filled and requiring seven million tons of waste 
rock fill, it was plain that some years would be needed 
te accomplish the task. It was, therefore, decided to 


hodic 4. 


| 


columns extending from the lowest floors to the top | jointed. 
On each floor | greater than 50 ft. wide cannot be trusted to stand 


floor, and from foot to handing wall. 


Except in a few isolated zones, openings 


the longitudinal openings, or gangways, were main-| unsupported. In many parts of the ore bodies openings 


tained through the filling by building masonry arches. 
In each of these columns, stopes were started to take 


out the ore completely from wall to wall and in slices | condition, the rate of oxidation is such that unless t 


50 ft. wide, beginning on the second floor from the 
top and removing first the pillars falling within the 





stope limits and then the ore overhead in ascending | 


horizontal cuts about 7 ft. high, and filling with waste 
rock up to the floor above. 

Stoping was begun on the two top floors to each 
column and the intention was that when the stopes on 
these floors were finished, the next three floors should 
be attacked in the same way. Meanwhile, the waste 
filling of the pillar and stall openings was to be pro- 


ceeding so that alongside the 50-ft. stopes of the top| the process of mining. 


floors, side strips 33 ft. wide could be taken and filled, 


would always be in advance of that on the lower 
floors. In practice this did not work out satisfactorily. 
The ore would stand fairly well while the first 50-ft. 
stopes were excavated, and chain pillars, usually 
about 6 ft. to 7 ft. thick, were left to support the 
arched masonry gangways in the fill of the floor above, 
these openings being necessary to maintain ventilation 
and tramming roads for fill or ore. When, however, 
the stopes were extended by removal of the 33-ft. 
strips, or “‘ ampliaciones,”” the chain pillars began to 
collapse, thus ruining the masonry-built tram roads. 
Work on the upper floors was thus much delayed, 


| 
| 
| 
| 
} 


J 


| the intention being that stoping on the upper floors | necessary. 


The pyrites will oxidise 
In this 
he 
temperature of the ore is kept down, it will rise steadily 
until the ore burns spontaneously, and gives off sulphur 
dioxide. It is necessary, therefore, to avoid extensive 
blocks of caved ground or large piles of broken ore 
such as would result from a caving or a shrinkage 
method of mining. For the same reason, supporting 
pillars of ore cannot safely be left behind in stoping. 
Timber can be used in stoping as a temporary support 
only, since it will burn if left in contact with any ore 
which may have had to be abandoned in the filling in 
‘ Owing to the economic and 


6 ft. wide require support. 
readily, particularly after being broken up. 


commercial considerations, careful classification is 
Except when rich in copper, the pyrites 
derives its chief value from the sulphur content. Any 


method of mining, therefore, which would entail any 
contamination with waste rock and so reduce the 
sulphur content cannot be applied. 

It was decided to carry on mining throughout the 
whole length and width of the ore bodies, with the 
exception of those parts within the limits of the open- 
casts, and to make as complete an extraction as possible 
in one step. Since, under such conditions, no horizontal 
or vertical pillars are left, roof settlement takes place. 
This settlement is controlled by close filling and by 
restricting the size of openings. On adopting the present 


while the crushed pyrites of the collapsed pillars began | method, mining was begun at approximately 40 ft. 
to oxidise and give off heat, adding to the difficulty below the capping, and has since progressed down- 
of mining on these floors, which were already uncom- | wards in lifts of 41 ft. until to-day stopes under pro- 


fortably hot. 
stopes on these upper floors lagged behind the pro- 


| 


As a consequence, the extension of the | duction are at an average depth below the capping of 


400 ft. in San Dionisio and 600 ft. in South Lode. 


gramme, and in order to maintain output, new stopes | Each lift pf 41 ft. is taken in five to six ascending cuts 
were started, so that in a few years the position was | with waste filling, each cut being 6-5 ft. to 8 ft. thick. 


that, in addition to the original pillar and stall workings 
at 41-ft. vertical intervals, the ore bodies down to the 


twentieth floor had been cut up by transverse stopes | 


filled with waste rock at intervals, measured along the 
strike, of 130 ft. to 375 ft. The fine pyrites, necessarily 
left to some extent in the fill, tended to give off heat, 
while the more or less porous columns of fill acted as 
chimneys, so that working conditions on the upper 
floors were becoming steadily worse, and a radical 
change of practice became necessary, a special method 
of mining having to be devised. 

The particular form of horizontal cut-and-fill method 
of mining which is being applied at the present time 


| 


The last cut in each block of ore has for a roof the 
filling on the sill floor of the block above. As the 
removal of the pillar or sill floor cut progresses, 80 
the block of ore settles on to the fill, and continues 
to settle until the fill has become compressed sufficiently 
to take the weight. In order to intensify the rate of 


| mining, the practice of stoping simultaneously on two 


or three floors, one above the other, has had to be 
adopted. Thus, the top and middle stopes of a group, 


|in addition to their own settlement, suffer a certain 


amount of drag due to the settlement of the block or 
blocks below. The net result is that, in practice, when 


| a last cut comes to be mined, it will be found to have 


might be described as bottom slicing and filling with | 


roof settlement. In order that the necessity for adopting 


the cut-and-fill method, instead of one less costly, | 


may be understood, those conditions prevailing which 
have a direct influence upon the mining method to be 
chosen are given. As a result of mining by pillar and 
stall, the ore bodies at vertical intervals of 41 ft. are 
* honeycombed * with 13-ft. by 13-ft. galleries, which 
run both parallel to and at right-angles to the strike. 
Where the ore is very friable and soft, with time these 
galleries have become enlarged by frittering from the 
roof and sides. On many floors, the galleries have 
been filled to the back or half filled with waste. Also, 
above the twenty-first floor, these two ore bodies are 
cut into sections by the 50-ft. wide vertical transverse 
stopes (see the above illustration). The slate-pyrites 
contact is almost invariably weak, and the porphyry- 
pyrites contact varies between weak and very strong. 
In the same zone, the ore may vary in 


settled below its original level a distance of 16 ft. to 
20 ft. if in a group of two floors, and 22 ft. to 30 ft. if 
in a group of three floors. The cut-off stope is mined 
either on a fourth floor, or at the same time as the 
third floor, in this latter case care being taken to 
ensure that settlement does not begin before the cut-off 
stope has been completed. It is found that, if more 
than three floors are mined at the same time, settle- 
ment is excessive, and as a result much ore is liable 
to be lost on last cuts. In some parts of South Lode, 
where the ground is particularly weak, only two floors 


|at a time can be mined without the ore breaking up 


| were sited in the ore body itself. 


unduly. With the earlier or transverse stoping system, 
ore-passes, manways, fill shafts, and tramming levels 
However, owing to 


| the high cost of maintenance, once general settlement 


had begun, it was soon found to be both cheaper and 


|more convenient to place ore-passes, etc., in the 


character | 


porphyry away from all ground movement. At the 


from friable, soft, and granular to hard, compact,' present time, tramming levels are spaced at }23-ft. or 
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164-ft. intervals, corresponding to three or four floors, 
respectively. Including the ore which has been won 
previously by the pillar and stall method, the average 
total extraction amounts to 92 per cent. 

In the layouts adopted, blasting to one free face only 
is seldom necessary. In cutting the pillars on the sill 
floor, there are invariably two free faces to which to 
break, even if one is often tight against old filling. 
On subsequent cuts, there are generally three free faces, 
two vertical and one on top of the filling. Thus, cut 
holes are seldom required. Care has to be taken in the 
drilling of top holes to ensure that the ends do not 
penetrate the ore of the cut above, otherwise in blasting 
the roof may become unduly shattered. For many 
years in stopes, dynamite containing 22 per cent. 
and 49 per cent. nitroglycerine was used, the latter 
strength in relatively small quantities for hard ground. | 
During recent years, however, ammonium nitrate 
explosives, containing 77 per cent. ammonium nitrate, 
5 per cent. nitroglycerine, and 14 per cent. nitro- 
cellulose, have been used almost exclusively, since for 
a small increase in price the tonnage broken per pound 
was increased by 30 per cent. In stopes, all loading 
is done by hand, use being made of the espuerta (a two- 
handled basket) and rodo (a hoe-shaped tool) in pre- 
ference to the shovel. When loaded, the espuerta is 
carried a maximum distance of 15 ft. and tipped into 
the car. 

The material used for fill consists of porphyry and 
slate overburden from the opencasts. Porphyry is 
preferred to slate as providing more rocks for dry 
stone wall building, and a better roof under which to 
mine last cuts. The porphyry generally is slightly 
mineralised with pyrites, which, under the action of 
heat and water, forms sulphates. The sulphates act as 
a binding medium. During the last fifteen years, 
numerous attempts have been made to mechanise the 
operations of loading ore and placing fill. It is to be 
regretted that so far little progress has been made 
in this direction. The comparative efficiency of manual 
labour in Spain is the factor largely responsible for the 
failure to cheapen costs by mechanisation. The 
necessity for careful classification of the ore and the | 
need for keeping ali openings small also makes the | 
problem one of difficulty. 








Transport is now mainly | 





—— sf 2eQgec ace esoene 
aed 


“ENGINEERING” 


| 1t is then drawn across the stopes to the south or slate 


side, through short cross-cuts in the slate equipped 
with regulating doors, and through small ventilating 
shafts, one or more serving each section, to the main 
return airways. Owing to these low velocities and the 
relatively short travel of any one split, more than 
800,000 cub. ft. per minute are exhausted from the 
two mines by the various fans, with a mean static water 
gauge of 1-2 in. The five fans in use are all of the 
double entry Sirocco type. Some of the air exhausted 
from the mine is so heavily charged with SO, and 
SO,, and acid salts in suspension, and in wet weather 
with water vapour, that the corrosion of fan blades 
becomes a serious matter, in spite of frequent painting 
with tar and acid-resisting paints. Rubber- and lead- 
covered blades have, therefore, been tried, the former 
being preferred. A propeller-type fan, made on the 
standard aeroplane-propeller pattern of mahogany 
with a cellulose-acetate covering, is now being installed, 
which it is hoped will prove to be more efficient in 
operation and more easily maintained. Portable 
Coppus fans, which are driven either electrically or by 
compressed air, and have a capacity of 5,000 cub. ft. 
per minute through 100 ft. of 16-in. piping, are used 
freely for ventilating headings. 





OIL-PURIFYING EQUIPMENT FOR 
MARINE AND LAND USE. 


A NEW self-contained turbine lubricating-oil purifying 
equipment has recently been put on the market by 
Messrs. Alfa-Laval Company, Limited, Great West- 
road, Brentford, Middlesex. The unit, which is illus- 
trated in Figs. 1 and 2, above, is suitable for turbine 
vessels, power plants, or central stations, and can 
be made in capacities up to 1,600 gallons per hour, 
the model shown having a throughput of 250 gallons 
per hour. The bowl is of the De Laval triple-purpose 
type, which can be arranged for purification, clarifi- 
cation, or positive washing, and the necessary inter- 
changeable parts are supplied with the machine. 
The bowl, which is self-draining, is constructed of 
materials which will resist corrosion and _ erosion. 
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| no joints have to be broken when the covers are opened 
|for inspection or cleaning. The clean-oil and water 
| discharge ports are provided with inspection glasses. 
As will be seen in the accompanying illustrations, the 
| base-plate forms a clean-oil de-aerating tank having a 
capacity of approximately 22 gallons. This tank is 
fitted with a valve, float-controlled and adjusted so 
that the clean oil remains in the tank for a predeter- 
mined period of time before being discharged. A 
further compartment, shown on the left in Fig. 1, 
is provided in the bedplate into which the separated 
| water is taken, and the tank top immediately above 
this chamber has a large drainage hole, protected by a 
gauze strainer, into which is drained any surplus oil 
collecting on the tank top. The contents of the bowl 
are also emptied into this tank before the bowl is 
|cleaned. The water tank is fitted with an oil-level 
| pipe which effects continuous discharge of the water, 
| while any oil lying on the top of the water is periodi- 
cally taken through the separator and, in this way, 
can be recovered. A third space in the baseplate is 
| arranged as a tool cupboard with hinged door, opening 
vertically and having an automatic catch. The base- 
| plate is extended at one end to take the oil heater. 
| The oil heater is of the “indirect” type which 
| has now been standardised by a number of leading 
|turbine users. In this design, a nest of tubes is 
| surrounded by a water jacket. The oil to be heated 
flows through the inside of the tubes, and the space on 
the outside of the tubes is filled with water. The 
electric heating elements are situated in the water 
| jacket, so that they are not in direct contact with the 
oil, and heating is even over the whole of the tube 
surface and at a comparatively low temperature, so 
that there are no local “ hot spots” and consequently 
there is no possibility of burning or charring the oil. 
The outlet temperature of the oil is automatically 
maintained at a level previously decided upon, and 
depending upon the condition and grade of oil, by 
means of an adjustable control device comprising a 
thermostat and special contactor switch. The heater 
contactor is combined with the motor-starting contactor, 
so that in the event of the latter failing, the current 
supply to the heater is automatically discontinued. 
Further, a double-pole double-throw switch is fitted, 
permitting the temperature of the heater jacket to be 
raised before starting up the separator. The heater 
water jacket is arranged so that a supply of hot water 
can be fed into the dirty-oil line for sealing the purifier 
bowl or positive washing, if necessary. The pipework 
|is neatly arranged, as shown in the figures, and is 
mostly situated inside the tanks. All oil and water 
connections are located at the back of the equipment, 
as are also the cable entries. The dirty-oil inlet has a 
special protective strainer with a quickly removable 
| basket. The controls, both electrical and mechanical, 
are on the front and grouped at one end. The oil feed 
has a thermometer of the dial type with open scale. 
| As regards the anti-flood device, there are two possible 
causes of oil flooding. Flooding may occur if the oil 
purifying equipment is below the level of the turbine 
| tank, and the control valve between the two is left 
| open when the separator is shut down. Again, it may 
| occur due to loss of the water seal in the separator bowl 
| through incorrect operation. In this case, the oil 
will discharge through the water port, and, in normal 
| circumstances, will go to drain with the water. To 
|guard against the first possibility, a spring-loaded 
| check valve is fitted on the discharge side of the inlet 
|}pump. With the spring set at a pressure slightly 
| higher than that due to the difference in heads so 
|that the pump is developing no pressure, the valve 
}remains closed and seals the line; and when the 
| pump is started up with the separator, it develops 
sufficient additional pressure to overcome the spring, 
|and so delivers oil to the heater. If the clean-oil 








by storage-battery and compressed-air locomotives, |The cover is made from light aluminium alloy and | return pipe to the turbine tank is below the level of 


and hand tramming is reduced to a minimum. 
tramming system which serves the glory holes of the | 
San Dionisio opencast, consisting of 8-ton electric 


trolley locomotives, box cars of 4 tons capacity, and | position during the cleaning operation. On the larger | being lost, taking care o 


compressed-air operated 4-ft. 6-in. Fresnillo type | 
chutes, is now being extended to the San Dionisio 
underground. So much heat is given off by natural 
oxidation of the ore that ventilation of the stopes | 
presents an unusually difficult problem. Air entering 
at 65 deg. F. is heated in its passage through a stoping | 


section to anything from 80 deg. to 100 deg., and is| is incorporated in the drive between the motor and | lever. 
| the float rises, operating the switch, which, in turn, 


| de-energises the tractive coil on the contactor, shutting 
|down the motor and the heater. 


frequently contaminated with SO,, so that it is ext 
usually fit to be used to ventilate another working 


It was, therefore, decided, when a complete | 


place. 


ventilation system was installed, that each stope must 
be ventilated by an independent split of the air current, 
resulting in the elaborate system of return airways to 
which stope is separately connected. Fresh air enters | 
the mine on the north or porphyry side of the orebodies, | 
through the various hoisting shafts, which are normally | 
all downcast, and through the main haulage tunnels | 
and various openings from the opencast workings. The | 
air then travels along the tramming drifts in the | 
porphyry, and through the manways into the stopes. ! 





quick access to the bowl. An automatic clamp is 
provided on the hinge, retaining the cover in the open 


machines, bowl-handling gear of the davit type is 
fitted to facilitate bowl cleaning. The drive is direct 
from a horizontal flange-mounted motor, arranged as 
shown in Fig. 1, so that belts or chains, which have 
been somewhat troublesome in the past, are now not 
necessary. An automatic centrifugal friction-clutch 


the centrifuge, enabling the latter to be accelerated 
to full speed quite smoothly, and the starting current 
to be kept down to a low figure. One or two pumps 


The | is hinged to the frame, as shown in Fig. 2, giving | the oil in this tank, it is, of course, necessary to provide 


| a simple non-return valve in this line. 

Precautions against the water seal in the separator 
f the second of these two 
possibilities, offers greater difficulties, but in the 
present equipment, an effective and simple device 
has been incorporated to prevent loss of oil from this 
cause. The outlet from the water tank is regulated 
so as to pass not more than the normal quantity of 
water, say, 25 g.p.h., and the tank has a float-operated 
In the event of a rush of oil into this water tank, 


The centrifuge 


can be provided, as necessitated by the position of the | would run for a considerable period of time before 
separator in relation to the turbine oil tank. These | coming to rest, and during this period oil could be lost. 
pumps are an integral part of the centrifuge, being | This, however, is prevented by means of a lever- 
gear-driven from the cross-shaft. The pump drive is | operated valve located on the dirty-oil line, and 
within the body of the separator and consequently | operated by the float in the water tank. The rising 
runs in an oil bath. Ball bearings are used throughout, | float puts the valve into the “ closed” position, so 
and the lubrication is automatic... There are no oil | that no further oil can pass to the separator, and the 
cups or grease lubricators requiring attention. The | float lever is retained in this position with the valve 
oil inlet and discharge pipes are permanently connected | closed by means of a latch. The apparatus cannot 
to the lower stationary part of the separator, so that | be started again until the float is re-set by hand. 
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PATENT RECORD. 


ABSTRACTS OF SPECIFICATIONS RECENTLY 
PUBLISHED UNDER THE ACTS OF 1907 TO 1939. 


The number of views given in the Specification Drawings 
is stated in each case; where none ia mentioned, the | 
Specification is not illustrated. | 

Where inventions are communicated from abroad, the | 
Names, etc., of the communicators are given in italics. | 

Copies of Specifications may be obtained at the Patent | 
Office Sales Branch, 25, Southampton Buildings, | 
Chancery-lane, London, W.C.2, price 18. each. 

The date of the advertisement of the acceplance 
Complete Specification is, in each case, given = 
abstract, unless the Patent has been sealed, when the 
word “* Sealed’ is appended. 

dny person may, at any time within two months from the 
date of the advertisement of the acceptance of a Complete | 
Specification, give notice at the Patent Office of 
opposition to the grant of a Patent on any of the 
grounds mentioned in the Acts. 


| sufficient 


HYDRAULIC MACHINERY. 


513,531. Hydraulic Coupling. H. Sinclair, of London. 
(2 Figs.) April 7, 1938.—-The invention is a modification 
of the Vulcan-Sinclair type of coupling which enables | 
the working circuit to be rapidly filed under heavy load | 
conditions and minimises leakage. The coupling shown 
is of the type used for driving centrifugal separators in 
The casing 21 has a central aperture 
accommodating the upper end of tubular manifold 
sleeve 24, the lower end of which is carried by a bracket 
fixed to a rigid support. A reservoir shell 32 is welded 
to the ring 21 


sugar refineries. 
a 


which secures the casing and carries 























5/3,53/) 





central accommodating the 


The scoop tube 36 is fixed in a boss 


the 
manifold sleeve 24 
which is mounted in a groove in the manifold sleeve and 
fixed to a control shaft. 
a cooler circuit to filling ducts 45 formed axially through 
the hub of the runner. Bores 46 in some of the runner 
vanes connect the core of the working circuit to the space 
between the casing 21 and the runner. The inner part 
of the casing 21 is spaced somewhat from the back of the 
runner, and twelve uniformly distributed radial vanes 48 
are fixed to this part of the casing with a working clear- 
ance of the runner. The inner ends of these vanes are 
as near to the axis of rotation as possible and extend to 
the radius at which the centre of section of the 


sleeve round aperture 


about 
core of the yorking circuit lies. 
At rest, the reservoir is filled to the level 

The scoop tube is in its inner position 
The oil in the reservoir now 
of the 


as follows 

shown at 47 
and the motor is started. 
forms a ring lying against the cylindrical part 
reservoir shell, the runner remaining at rest 
motor has reached full speed, the scoop tube is moved 
out until its mouth engages the ring of oil and oil is 
delivered through the cooler to the working chamber. 
As soon as a substantial quantity of oil has entered the 


END OF 


| which is turned up within the coil to a level below the 


al 


The scoop delivers oil through | 


This coupling operates | 
| upturned 


When the | 


ENGINEERING. 


action drives oi] under | 
relatively high of the working circuit, | 
through the gap the vaned elements and | 
through the bores 46, into the space between the runner | 
and the casing 21. Normally, this pressure would be 
to retard substantially the delivery of oil by 
the scoop tube and cause excessive leakage to the reser- 
voir, and between the driven shaft 14 and the manifold 24. | 
The however, which with the impeller, 
exert a powerful centrifugal action opposing the leakage | 
and assisting the flow of oil into the working chamber, 
which can, therefore, be filled rapidly as is desired. For 
couplings of sizes up to 20 in. outer profile diameter, 
twelve vanes 48 give ( Accepted 
October 16, 1939.) 


the 
pressure 
50 


working circuit, vortex 
out 


between 


vanes, rotate 


satisfactory results. 


512,427. Hydrometer. The Parsons Marine Steam 
Turbine Company, Limited, of Wallsend-on-Tyne, and 
W. R. Parnall, of London. Figs.) March 1, 1938.— 
The hydrometer is designed to give a continuous reading | 


of the density of brine in evaporator systems. A vertical | 





(3 


open-top vessel 1 is furnished near its lower end with a 
feed pipe 2. The vessel is enclosed in an annular jacket 
with an outlet 4 connected to the suction of a brine pump. | 


Within the vessel is a coiled tube 5, the lower end of 


upper edge of the vessel. Encircling the upturned end 


of the coil is an open-ended glass tube 7, the lower end 
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difference in levels indicating the density of the brine. 
Since the density of the mixture is dependent on the 
relative rates of flow of water and brine, the scale reading 
must be corrected for these values. The longer the 
instrument the more open is the scale and the more 
sensitive the instrument becomes. Columns of about 
3 ft. in height enable satisfactory readings to be obtained 
for ordinary practical purposes. (Accepted September 15, 
1939.) 


RAILWAYS AND TRAMWAYS. 


513,477. Remote-Control System. The Associated 
Equipment Company, Limited, of Southall, and C. F. 
Cleaver, of Slough. (4 Figs.) -April 1, 1938.—The 
invention is a compressed-air remote-control system 
which is particularly intended for use on multiple-unit 
trains for gear changing or operating contactors. Co-axial 
cylinders 10, 11 and 12, of the same bore, are connected 
end to end to constitute a composite cylinder. The 
pistons are operated independently by compressed air. 
The two adjacent pistons 13 and 14 are interconnected 
by a lost-motion connection consisting of projections 
20 and 22. These projections limit the minimum and 
maximum distances between the pistons, and thus 
define the stroke of the piston 13 relatively to the piston 


14. The piston 13 is at the output end and has a toothed 


| neck to engage a sector 25 keyed to the adjusting spindle 


of a pre-selector gearbox. The stroke of the piston 14 


| is limited in one direction by a ring between the cylinders 


10 and 11, and in the other by the end wall of the 
cylinder 12 through the piston 15. The pistons are 
shown in their neutral positions, to which they are 
returned, when the supply of compressed air is cut off, 
by a spring. The strokes of the pistons 13, 14 and 15 
are different so that, by operating the pistons singly, 
different movements of the sector 25 can be made. By 
operating the pistons 13 and 14 simultaneously, and the 
pistons 13 and 15 simultaneously, two further strokes are 
obtained, giving five alternative strokes in all, or six 
different settings of the sector.—(Accepted October 13, 


| 1939.) 








A scale on | 
height of 
The | 


being held above the bottom of the vessel 1. 

the upper end of the glass tube measures the 
water in the 
jacket is connected by a pipe 9 to the vapour portion of 
an evaporator A 12 carried by 
float 13 in the jacket prevents the brine from flowing 
back and flooding the apparatus. A valve 16 is normally 
held open by the float, but should the brine be nearly | 
all withdrawn from the jacket the float falls to close the 
valve and prevent the pump from drawing vapour from 
the evaporator. Shut-off cocks isolate the instrument 

for repair or removal. In operation, brine is admitted 
through the feed pipe 2 to the vessel 1 at a low rate 
from the evaporator and fills the Boiler feed 
water flows down through the coil and up through the 
This pure water than down 
between the upturned end and the glass tube 7 to mingle 
at the lower end with the incoming brine, the mixture 
then passing upwards and spilling over into the jacket 
to be drawn off by the brine pump. The water in its 
passage through the coil 5 is brought to the same tem- 
perature as that of the mixture. Owing to the greater 


tube above the top of the vessel 1. 


| tion. 


non-return valve al 


vessel. 


end. Passes 





density of the mixture, the pure water rises in the glass 


tube above the level of the top of the vessel 1, the 


HE ONE HUNDRED AND 


FORTY-EIGHTH 


MISCELLANEOUS. 


512,410. Ice-Rink Floor. J. and E. Hall, Limited, 
of Dartford, and A. G. Guthrie, of Farningham. (2 Figs.) 


| April 20, 1939.—The floor is of the monobloc type laid 


on a bed of cork. It is simple and cheap to construct 
and overcomes the difficulties of expansion and contrac- 
It has been found that the heat losses below the 
floor are negligible, and therefore the layer of cork need 
not be so thick as is customary. Upon the cork layer 1 
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are placed at intervals tiles 4 to support reinforcing 
bars 5, which assist in preventing the cracking of the 
cement and also support the cooling pipes 6. Concrete is 
then poured over the whole assembly. The cork layer 
itself accommodates any relative movement between the 
concrete monobloc and the foundations due to differences 
in temperature. By reducing the thickness of the cork 1 
this difference is reduced and hence also the relative 
movement is less, which obviates the necessity of a sand 
layer to take up the movement. (Accepted September 1, 
1939.) 
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